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Foreword

The present text arises from an extensive revision of our previous book {Advanced
Methods of Data Exploration and Modelling}. Since so much new material is included,
particularly in those sections dealing with linear models and latent variable models, we
thought it appropriate to regard the work as new rather than simply a second edition.
Consequently we have taken the opportunity to give the book a more appropriate title.

Preface

The Fortran 90 standard represents the first significant change in Fortran in over 20 years,
and brings it into line with most modern structured programming languages. This book is
one of a handful on Fortran 90, and one of even fewer in which every program (unless
otherwise clearly stated) has been tested on a working compiler: the FTN90 compiler for
PCs.

If you are a newcomer to Fortran, you should read the book in the conventional way, from
the beginning.

However, if you are a Fortran 77 user you may like to dip immediately into later chapters to
see some of the new features of the language. Probably the two most important advances
are the new array facilities (Chapters 9 and 15) and the impressively enlarged collection of
intrinsic procedures (Appendix C), including the so-called elemental functions which
operate on all or selected elements of array arguments. You may now define your own
types, or structures (Chapter 12) and even construct linked lists with them using pointers
(Chapter 13). Modules (Chapter 8) may be independently compiled, and may contain type
definitions and variable declarations, as well as procedures. The use of interface blocks
(Chapter 8) makes it possible to overload specific procedure names with generic names,
and also to overload operators. Conditional loops are possible now with DO WHILE
(Chapter 6), and there is a new CASE statement (Chapter 6). However, you should



probably first have a look at Sections 2.2--2.5 (program layout, variable declarations, etc.)
and Section 3.5(kind) to see some important changes in the basics of Fortran.

In keeping with the spirit of the earlier edition, this book is a problem-solving exposition of
Fortran 90, and not a technical reference manual. You will therefore not necessarily find all
the references to a particular topic in one place in the text (e.g.\ arrays are covered in
Chapters 9 and 15) as this would interfere with the informal style of the book. There are,
however, appendices with summaries of all the statements and the intrinsic procedures,
and a comprehensive index.

| should like to thank the following in particular: David Mackin of Edward Arnold for his
helpful editorial suggestions, and for arranging the loan of an FTN90 compiler; Peter
Anderton of The Numerical Algorithms Group for the loan of the compiler; the University of
Cape Town for leave in order to write this book, and for financial support for the project; my
long-suffering colleagues for leaving me alone while | was writing; and my wife, Cleone,
who patiently reminds me when programs won't work, that computers are like that, aren't
they?

Brian D. Hahn

Department of Applied Mathematics
University of Cape Town
Rondebosch

South Africa

June 1993

Preface to Problem Solving with FORTRAN 77

So many books on FORTRAN have been written that the appearance of yet another one
seems to require some justification. There are three particular areas where this book can
claim to make a distinctive contribution.

Firstly, the approach taken is a problem-solving one, developed over many years of
teaching programming to first-year university students with no computing experience. The
computer is presented as a tool (probably the most exciting one of the 20th century) for
solving interesting, real world problems, and examples from many areas, particularly
science and engineering, are discussed. The technicalities of each new FORTRAN
construction are therefore generally presented only after motivation by the posing of a
suitable problem. Since the objective of this book is to enable you to solve problems using
a computer, the first 12 chapters are in a sense a preparation for the final three. In these
later chapters you will be introduced to some modern computer applications such as
simulation, modelling and numerical methods. There are also a large number of exercises,
involving a variety of applications. Most of these have solutions provided. Those that do
not have solutions may be suitable for use as class projects in a teaching situation.

Secondly, structured problems are developed throughout. The beginner is shielded from
the devastating effect of the GOTO statement until well into the text. When it is introduced,
the use of GOTO is encouraged in one well-defined situation only: this feature appears to
be unique in all the vast literature on FORTRAN.

Thirdly, emphasis is laid throughout the book on what has come to be called programming
style, and guidelines for writing clear, readable programs are presented.

This book has developed out of notes originally written as a supplement to lectures for
students taking courses in applied mathematics at the University of Cape Town, with no
prior experience of computing. It can therefore be used as a ““teach yourself" guide by
anyone who wants to learn FORTRAN 77 (officially known as FORTRAN ANSI X3-9 1978),
the current international standard, which is the version used here.

Although this is primarily a text for beginners, the more experienced programmer should be
able to find plenty of interest, particularly in the applications. He may even learn something!
The appendices contain summaries of all the FORTRAN 77 intrinsic functions and



statements (including those which are not recommended for stylistic reasons), with
examples of their general usage.

No specialized mathematical background is needed to follow most of the examples. There
are occasional forays into first-year university mathematics, but these are self-contained
and may be glossed over without loss of continuity (you may even find them instructive!).

Thanks are due to John Newmarch of the University of Cape Town Information Technology
Services for his critical reading of the original manuscript on which this book is based, and
for his invaluable suggestions regarding programming style. Thanks are also due to the
generations of students who have patiently endured my efforts to improve my methods of
teaching computing. | also wish to thank my colleague, Ruth Smart, who collaborated with
me on an earlier version of this book, for her helpful advice and painstaking reading of the
manuscript. Finally, | should like to acknowledge a deep debt of gratitude to my wife,
Cleone, for her continual support and encouragement during the preparation of this book.

It is hoped this book will give some insight into the ways that computers may be used to
solve real problems, and that after working through it you will be better able to find out
more about this fascinating subject for yourself.

Epilogue Programming Style

Throughou thi s book t he e nphasi s has been on writing d ear, coherent progranstosd veirnteeting
prod ens. Aprogramwhi chis wittenany ol dhow dthoughit may do what isrequired i s gd ngto
be dfficdt t o undergand when you gothroughit aga nafter a nonth or two. Seri ous programners
theref are pay afdr amount of atertionto what iscdled programming style, inorder tomakethar
progans d earer and norereadald e bahtothensd ves, andto aher paetid users You nay find
thsirritaing if you are stating to programfor the firg ti ne because you wll naudly be
i npatiert to get on wththejoh Bu alittle edra atetionto your proggamlayout wll pay
enar mous d\videndsinthel ong run esped dly whenit cones to debugg ng

Sone H rts onhowtoi nprove your programmi ng syl e ae g ven bd ow

e You shodd nake liberd use of commerts bah & the begnnng of a program unit o
subprogram t o descri be bri efly what it does and any sped d met hodst hat may have been used,
and d sothroughou the codngtointroduce dfferert | ogicd sedions. Any restridions onthe
dzeandtype of daatha may be used as input shod d be saed d ealyinthe comments(eg
maxi nums zes d arays).

e The nean ng of each variald eshou d be described brieflyinacomnent atitsded adion You
shou d ded arevariald es systeeticdly, e g ind phabeticd order by type

e Subprograns shou d be arranged in d phabeticd order with a |east one b ank li ne bet ween
them

e Hanklines shod d be fredy used to separade sedions of cod ng (eg befae and after | oop
drud ures).

e Cod ngind dedruaues(l oops deddons etc) shod dbeindertedafewcd ummsto nakethem
gand ou.

e Hanks shodd be used in staenentsto nake them more readale eg on ether side of
opeaasand equd 9 gns dte comnas

e However, Hanks may be omttedi np acesinconplicaedexpress ons whereth s may naket he
druduedeaer.

e [FORMAT gaerents shou d be g ouped toget her.
e The GOTO gaenert shod dnever be used, under any drcunstances
e Youshoddtrytoavadhlreaking ou o sructuesinthe mdde eg WthCYCLE o EXIT

e Saenerts whch generae an obsd escence warnng shou d be ava ded —+hey codd wel
d sappear duingrevidonfa the nedt s¢andard
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1.1. Introduction

In the period since | first became an undergraduate student, some 25 years ago, | have
been fortunate enough to witness the remarkable revolution in computer technology which
future historians will surely regard as one of the outstanding features of the twentieth
century. The first computer | programmed occupied a large room. Only one person could
use it at a time, by pressing an impressive array of switches, and programs had to be
punched on cards. Its "fast" memory could store about 240 numbers. Its slow memory
could hold a few thousand numbers, and was located on a rotating drum which you could
hear ticking as it spun.

As technology advanced, and computers became more powerful, they also became much
smaller. From occupying a whole room, they now only require part of a desk, a lap, or even
a palm. They have banded together to form networks, and during an average working day,
it is not uncommon to send electronic mail messages around the world, and to connect
directly to a computer on the other side of the world.

You may not have used a computer before (except possibly to play games) but you are
probably familiar with using a calculator. The simplest sort can only do arithmetic and
display an answer. Smarter ones have memory locations—where intermediate results may
be stored—and function keys such as sin, log, etc. The most sophisticated calculators
allow you to store the sequence of operations (instructions) needed to calculate the
solution of the problem. This sequence of instructions is called a program. To carry out the
entire set of calculations you only need to load the program into the calculator, press the
run key, supply the necessary data, and sit back while the calculator churns out the
answer. A computer, whether it is a small personal one like the IBM PC, or a large
impersonal mainframe, is in principle only an advanced programmable calculator, capable
of storing and executing sets of instructions, called programs, in order to solve specific
problems.

You may have used a computer before, but only to run software packages that have been
written by someone else. Spreadsheets, databases and word processors fall into this
category. If you have taken the trouble to start reading this book, you probably have an
interest in science or engineering, and are curious enough about programming to want to
write your own programs to solve your particular problems, instead of relying on someone
else's more general package.

1.2. Fortran

The paticda s o rdes fa codngtheindrudionsto a conpuer is cdled a programming
language. There are many suchlanguages fa exanp e Fortran BAS C, Pascd and C++ Fortran
whi chstandsfar FORmul a TRANS &ion wasthefirg "hghlevd" progranningl anguage It made
it possdeto usesynbdic nanestorepresert mathensaticd quartities andto wite nmet henati cd
famiaeinaressonady conprehensdefar m suchas X = B/ (2*2). Theidea of Fortran was
proposedi nl ae 1953 by John Backus, i n New York andthefirg Fortranprogramwas runin April
1957.



The use of Fortran spread soraddy tha it soon becare necessay to sandardzeit, sotha a
progamwitteninthe standard wou d be guararteedto run a any ingdlaion whichda nedto
suppart the sandard In 1966t he firg ever sandard for a progranmning | anguage wes published
This verson becane known as Fortran 66 (nmore coredly FORTRAN 66, bu the pradice of
captdizng acronyns is becomng unfashionald €). A new standard Fortran 77, was pudishedin
1978 In spteof conpetition fromnewer languages such as Pascd and G Fortran cortinued to
flourish so much sotha thelaes sandard Fortran 90, cane ou in August 1991 Thisisthe
verson usedinth s book Conndsseus d Fortran will beineetedinthe isay of thel anguage
sketched by M chad Metcdf and John ReidMetcdf and Radin Fortran 90 Explained, O«ford
Uni versty Ress (Odard 1990).

If you are dready experiencedin Fortran you nigh liketo consut the Preface whichind caes
wheret he newfea ures may befound You will dsoneedtoknowt ha sone d df eat ures have been
ded ared obsolescent These (which may ind ude sorme of your ddfavouites) have been made
redundart by the new standard and are recommended for dd @ioninthe next sandard i.e the
recommendaionisna bindng Append x B contdamnsasumnary of dl Fortran 90 staenerts and
ind caes whi ch are obsd geand o na recommended

1.3. Running Fortran Programs

If you are new to Fortran, you should run the sample programs in this section as soon as
possible, without trying to understand in detail how they work. Explanations will follow in
due course. You will need to find out, from a manual or from someone else, how to enter
and run Fortran programs on your computer system.

Greetings
Thispogamwll ged youif you g veit your nang

! My first Fortran 90 program!
! Greetings!

CHARACTER NAME*20

PRINT*, 'What is your name?'
READ*, NAME

PRINT*, 'Hi there, ', NAME
END

You shou d g& thefdl owng ou put (your responseisinitdics):
What is your nane?

Garfield

H there Gafidd

AIDS cases

Thefdlowng proggamconpuesthe nunber of accunu ated Al DS cases At) inthe United Saes
inyear taccard ngtothefamul a

A(t) = 174.6(1 — 19812)°

PROGRAM AIDS
! Calculates number of accumulated AIDS cases in USA

INTEGER T ! year

REAL A ! number of cases

READ*, T

A= 174.6 * (T - 1981.2) ** 3

PRINT*, 'Accumulated AIDS cases in US by year', T, ':', A

END PROGRAM AIDS



If you supfd y the vd ue 2000 fa the year you shou d get the out put

Accumulated AIDS cases in US by year 2000 : 1.1601688E+06

The answer i s g veni n scientific notation. E+06 means muti dythe preced ng nunber by 106, o)
the nunmber of casesisabou 116 million Usingtrid and erra runthe programrepeated ytofind
ou whenthere wil be about 10 nilli on accumul & ed cases.

Trytypgnga mgakeinthe vdue d (2000 fa exanp € to see how Fortran responds.

Compound interest

Suppose you have $1000 savedi nt he bank, whi ch conpoundsirntees attherae of 9% per year.
What wll your bank bd ance be afte one year? You nust obvioudy be adeto dothe prodemin
prind d eyouwrsdf, if you warttoprogramtheconpu e todoit. Thel og cd breakdown, o structure
plan, d the prod emis asfdlows:

1 CGathedaa(intid bdance andinees rae) intotheconpue

2 Cdcdaetheintees (9%d $1000 i.e $90)

3 Addtheinteest tothe bd ance ($90 + $1000 i.e $1090)

4 PRint (dsday) the newbd ance

Thisis howthe programl ooks:

PROGRAM MONEY
! Calculates balance after interest compounded
REAL BALANCE, INTEREST, RATE

BALANCE = 1000

RATE = 0.09

INTEREST = RATE * BALANCE
BALANCE = BALANCE + INTEREST
PRINT*, 'New balance:', BALANCE
END PROGRAM MONEY

Runt he programand nat et hat noi nput (fromt he keyboard) i srequi red now( why na ?). The ou put
shoudbe 1.0900000E+03 (1090).

Summary

e Aconpue pogamisasd of codedingrudionsfa sdving apaticda prodem
e The Fotrandaenernt READ* isfa geting detaintothe conputer.
e The Fotrangaenent PRINT* isfa prirting (dsdayi ng) resuts

Chapter 1 Exercises

1.1 Witeaprogamtoconpueand prirt thesum dfference produd and quati ert of t wo nunbers
A and B (suppied fromthe keyboard). The synbds for sultradion and dvison are - and /
respedivdy. Usethe programto d scover how Fortranreadtstoan @tenpted d vis on by zera

1.2 Theenergy saedonacondenseris cr? /2 where Cisthecapadtanceand Visthepaertid
dffeence Witeapogamto conpuetheenergy fa sone sanpevduesdf Cand ¥

Sd uionsto most exerd ses aein Append X E
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Chapter 2 Introduction

Inthschaper andthe next one we wll lookindeaal & howto wite Fortran prograns to sd ve
d nple pold ens. There aetwo essertid requirenentsfa successfuly nesteingths at:

e Theexad ruesfa cod ngingrudions nust belearn;

e Alogcd danfa sdvingtheprod em nust be devd oped

Theset wo chaptes are devaed nairytothefirg requrement: learn ng some bas ¢ cod ngru es
Once you have nasteredthese we can go onto nore substartid prodens

Al Fortran 90 staenertsirtroducedi nt h sand subsequert chapters (and some which are nat) are
sunmnarizedin Append x B

2.1. Compound Interest Again

In Chapgter 1youranthe programMONEY toconpu e conpound i nees:

PROGRAM MONEY
! Calculates balance after interest compounded
REAL BALANCE, INTEREST, RATE

BALANCE = 1000

RATE = 0.09

INTEREST = RATE * BALANCE
BALANCE = BALANCE + INTEREST
PRINT*, 'New balance:', BALANCE

END PROGRAM MONEY

We wll now dscussin detail howt he programworks. When you run a Fortran 90 programt wo
separde processestake dace Frdlythe programis compiled This meanstha each staenert is
trand aedi ntosone sort of machine codet ha the conpu er can undersand Second y, the conpil ed
programi s executed. | nthsstepeachtrand aedi ndrudi oni s carried out. The sdft ware packaget het
caries ou bahthese processesis generdly cdled a compiler.

Duri ng conpilaion spaceinthe conpue’s random access memory (RAM is dlocaed for any
nunbers(datad whi ch wil be generaed bythe program Thi s part of the me nory nay bet hought of
as abank of boxes, or memory locations, each of whi ch canhd d only one nunber & ati ne These
menorylocaions aeredearedto by synbdic nanesinthe progam Sothe gaenent

BALANCE = 1000

dlocaes the nunber 1000 to the nenory | ocaion naned BALANCE Snce the corterts of
BALANCE nay change duingthe programitiscdled avariable

Thetrand @ed (conpiled fam of our programl ooks rough y asfdlovs:

1 Pu the nunber 1000irto nenory | ocaion BALANCE

Pu the nunber Q09irto nenorylocaion RATE

Multidythe corterts & RATE by the cortets d BALANCE and put the answer in INTEREST
Add the cortents  BALANCE tothe cortentsd INTEREST and pu the answer in BALANCE
Rirt (dsday) a nessage fdlowed by the corterts  BALANCE

Sop

During execution thesetrand aded staenerts are caried ou in order fromthetop down Ate
execution themenory | ocaions used wll havethefdlowng vd ues

o O~ W DN

BALANCE : 1090
INTEREST : 90
RATE : 0.09



Notethet the orig nd corterts d BALANCE islcd.

The PROGRAM staenert inthe firg lineirtroduces the proggam It is optiond, and may be
fdlowed by anopti ond nane. Thesecondling sarting wth an exd anaion nark isacomnert for
the benefit of thereader, and has no effect onthe conpilaion Variadesina program can be of
dffaert #ype the REAL statarent ded aesthartypeinthisexanp e Thefirg threenon-H anklines
of th'sprogramare non-executable i.e no attioniscarried out bythem(they have no counterpatin
thetrand @edfor md the programabove).

Trythefdlowng exerdses
1 Runthepogam

2 Change the firg executable staenen to read
BALANCE = 2000
and nmake surethd you undersand wha happens when you runthe program aga n

3 Leave ou the lire
BALANCE = BALANCE + INTEREST

andrerun Gan you exd d nwhat happens?
4 Trytorewitethe progamsothd the aignal corterts d BALANCES not | o8

A nunber o questi ons have probald y occurredto you by now such as

e \What nanes nay be used fa nenory | ocdions?
e How can nunbers be represented?

What happens if agaenert worit fit on oneline?
e Howcan we argan zethe ouput nore nealy?

These quegti ons, and hopef uly nany nore will be amsweredinthefdl on ng sedti ons

2.2. Program Layout

The generd strudure of a sinpe Fortran progamis as fdlows (itens in square brackes are
opti ond):

[PROGRAM program name]
[declaration statements]
[executable statements]

END [PROGRAM [program name]]

As you cansee, theony conpusaystaemnent ina Fortran programi s END. Thsstaenent i rfar ng
the conpil e thet there ae nofuther Fortran gaenertstoconpile

The na aion

END [PROGRAM [program name]]

meanst hat t he programnane may be omittedfromthe END staenert, bu thet if thereisaprogram
nane, the keywor d PROGRAM nay not be omtted

Statements

Saenensfamthe bass of any Fortran proggam and may contanfromOto 132 chaades (a
daenert may be dank Hank staenerts are encouraged to make a program nore readald e by
separaingl og cd sedions). Ealie verd ons of Fortrani nsgedtha certdn partsdof astaenen sat
incatancd ums;, Fortran 90 has no such restri i on

Al sdenerts excep the assignment staement (eg BALANCE = 1000), sat wth a keyword
Sone keywords encounteredsofa ae END PRINT, PROGRAM and REAL

Cenerdly, there wil be onestaenernt perline However, mitidesaenerts nay appear onalineif
they are separ ated by seni-col ons. For t he sake of d aity, thsisrecommended oy wth very short
ass gnrents such as



Long g&aenents nay corti nue over severd lines as d scussed bd ow

Significance of blanks

B anks are generdly nat s gificart, i.e you can use themto i nmprove readakility by i nderting
daenens (add ng Hanks onthe | €ft) o padd ng wthin staenens However, there are d aces
where Hanks are not dl owed To be spedficit is necessary to defi ne atechn cd ta m thetoken

A tokenin Fortran 90is a bas ¢ s grificant sequence of charades eg labds keywords nanes,
consarts operaas and sepaaas (these itens are dl dscussed | aea). Banks nmay na appear
wthnatoken So INTE GER BAL ANCEand < =arend dlowed(<=isanoperda), whlea *
B isdlowed andisthesane as A*B

A nang congart o labd nug, however, beseparaedfroman ad acert keyword name constart or
labd by a least one Hank So REALX and 30CONTINUE are nat dlowed (30isthelabd inthe
second case).

Comments

Any charagtersfdlowng an exd anation mark (1) (exceptinacharader sring) are comnentay;,
and arei gnored by t he conpile. An ertireline may be a comnent. Abanklineisdsoinepeaed
as comnent. G mrerts shod d be usedliberdlytoi nprove readalility.

Continuation lines

If agaenen istoolongtofit onaling it will be cortinued onthe next lineif thel ast non-H ank
cheraderinitis ananpersand ( &:

A =174.6 * &
(T - 1981.2) ** 3

Cortinuationis nor malytothefirg character i nthe next non-commert line However, if thefirg
non H ank characer of the cortinuaionlineis & cortinuationistothefirg charadter afterthe & In
ths way atoken nay be sdit over t wolines dthoughthisis na recomrended s nce it makesthe
codel ess easy toread

An & at theend of acommentline wil na corti nuethe comnent, s ncethe &is construed as part
o the comment.

2.3. Data Types

The concept of a data type is fundamental in Fortran 90. A data type consists of a set of
data values (e.g. the whole numbers), a means of denoting those values (e.g. -2, 0, 999),
and a set of operations (e.g. arithmetic) that are allowed on them.

The Fortran 90 standard requires five intrinsic (i.e. built-in) data types, which are divided
into two classes. The numeric types are integer, real and complex. The non-numeric types
are character and logical.

Associated with each data type are various kinds. This is a basically the number of bits
available for storage, so that, for example, there might be two kinds of integer: short and
long. There is a full discussion of kind in Chapter 3.

In addition to the intrinsic data types, you may define your own derived data types, each
with their own set of values and operations. This is discussed in Chapter 12.

Integer and real intrinsic types are discussed below. Character and complex intrinsic types
are discussed in Chapter 3; the remaining intrinsic type, logical, is dealt with in Chapter 5.

2.4. Literal Constants
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Literal constants (often simply called constants) are the tokens used to denote the values
of a particular type, i.e. the actual characters that may be used. Before we consider
constants in detail we need to look briefly at how information is represented in a computer.

Bits 'n bytes

The basic unit of information in a computer is a bit: something which has only two possible
states, usually described as on and off. The binary digits 0 and 1 can therefore be used to
represent these two states mathematically (hence the term digital computer). The word "bit"
in a contraction of "binary digit".

Numbers in a computer's memory must therefore be represented in binary code, where
each bit in a sequence stands for a successively higher power of 2. The decimal numbers 0
to 15, for example, are coded in binary as follows:

Decimal  Binary Hexadecimal Decimal  Binary Hexadecimal
0 oooo 0 8 1000 B
1 Qoo 1 g 1001 g
i ooqo i 10 im0 A
3 o1 3 11 1011 B
4 oo 4 12 1100 G
5 o101 5 13 1101 ]
& o110 6 14 1110 E
7 0111 I 15 1111 F

A byte is the amount of computer memory required for one character, and is eight bits long.
Since each bit in a byte can be in two possible states, this gives 2 8, i.e. 256, different
combinations.

Hexadecimal code (see table) is often used because it is more economical than binary.
Each hexadecimal digit stands for a power of 16. E.g.

f (x) =x’+x-3
One byte can be represented by two hex digits.

Microcomputer memory size (and disk capacity) is measured in bytes, so 64K for example
means slightly more than 64,000 bytes (since 1K actually means 1024). Microcomputers
are sometimes referred to as 8-, 16- or 32-bit machines. This describes the length of the
units of information handled by their microprocessors (chips). The longer these units, the
faster the computer.

Integer literal constants

Integer literal constants are usedt o denaethe vd ues of thei rteger i rtrirg ctype Thesi npl et and
nost obvi ous represertdionis an uns gned or 9 gnedirteger (whd e nunber), eg

1000 0O +753 -999999 2501

Inthe case o a positiveirteger constart, thesgnis ogtiond.

The range of theinegersisna spedfiedinthe sandard bu on a 16-bit conpu er, for exanp e
’ _ 2 .

cou d befrom-32768to +32767 (i.e ! (x) =3x"+1 to10 6).

Therange nay be sped fied on a particd a conpu e by using a kind parameter. Thi sisd scussedi n
Chapter 3

Positi ve whd e nunbers nay dso bereresertedinbinary, odtd (base 8 o hexaded nd fam eg

binary: B'1011"
octal: 0'0767"
hexadecimal: Z'12EF"
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Lower case may be used Quotaion narks(™) may be usedi nstead of apostrophes( ') as delimiters.
Thesefor ns areredridedto use wththe DATA staenert, andi ninterna andexend filesas d gt
grings, wthout thelead ngletasandthe deli nters

Real literal constants

These are usedtodendte vd ues o red intrirs ctype andteketwofar ns.

Thefirg fa misthe obvi ous one andi s cdled positional form or fixed point and cons sts of astring
of dgtswthaded nd pan. It may besgned a und gned Exanpl es

0.09 37. 37.0 .0 -.6829135

There may be no d gtstothel et of thedeci nd pant, or nod gtstotheright of theded na pa r,
bu aded nd part byitsdfisna dlowed

The secondf ormi s cdl ed exponential form o floating point |t bas cdly consgsd dther ani rteger
(dgned or unsigned) or afixed part red (sgned or unsi gned) fdlowedinba hcases bythel eéte E
fdlowed by anineger (sgned or unsgned). The number fdlowng the Eisthe exponent and
ind caesthe power d 10 by whi chthe nunber reced ngthe E nust benultigied Eg

2.0E2 (= 200.0)

2E2 (= 200.0)

4.12E+2 (= 412.0)
-7.321E-4 (= -0.0007321)

Red congatsaesaedi nexponertid famin menory, no natte howthey areactudly witten If
ared hasafradiond patit mythedaeberepresentedapprox nady (thsissonetinesreferred
toas finite machine precision). BEvenif thereisnofradiond patthered issaed dffeenlyfrom
anirtege of thesane vdue. Eg 43isaninege, whle430isared. They wll be regreserted
dffeertlyinnmenory.

The range and predson of red constarts are na specified by the ssandard Typicdly, reds will
f(x +h)—f(x)

n!:n*(n—l)! h , . .
range bet ween and , Wth a predson o abou seven ded na
dgts Therange and pred s on nay be spedfied wthak nd parangter.

2.5. Names and Variables

We have dready seentha menory| ocai ons can be g vensy nbdi ¢ names, such as BALANCE and
RATE I n Fortran 90, nanes can be g vent o a her th ngs apart from nemory | ocai ons, such asthe
progamitsdf. A nane nust conss o baween 1 and 31 alphanumeric characte's and nust stat
withaldte. The d phanumeric charadesarethe 261 dters the 10 d gits and the underscore ().
(Fortran 77 users wil ndethat nanes may now bel onger than 9 x charaders)

Except i nthe case of characte srings Fortran 90i s case insensitive, i.e the names MYNAME and
MyName represert thesaneth ng Perhapsit shod d be natedt hat Fortran programrers have al ong
tradtion of witing prograns i n uppercase only. This goes back tothe days (which | renenber
well!) when card punch nach nes had to be used —+hese can represent only uppercase | éters A
m xt wre of upper- andl owercasei s however, mich eas e toread(it conta ns norei rf or nati ont han
pue uppercase). Soit night be better to use NoOfStudents than NOOFSTUDENTS. It is dso
genedly better to use meaninggd nanmes (which ae na o long however), such as
NoOfStudents, indead of 9 nply N

There are no reserved words in Fortrarr you may therefare use the nane END for a menory
locaion dthoughthisiscatany na recommended

The fdl owng tald e shows some vdid andinvdid nanes

Valid names Invalid names (why?)

X

X+Y

R2D2 SHADOW FAX
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Pay Day 2A

ENDOFTHEMONTH OBI-WAN
A variableis a menory | ocaion whose v ue nay be changed duri ng execution of a program A
variald ésnaneisconstruded accard ngt o theaboverd es. Avariald e has atype whi ch deter nines
thetype d congart it nay hold Itisdvenatypeina ype declaration, eg

INTEGER X

REAL INTEREST
CHARACTER LETTER
REAL :: A =1

Notetha a variade nay be initializedinits dedadion Inths case a doudecdon(::) nust be
used Thevd ue dof avariald eintidizedinth's way may be changedl aerinthe program Athough
nore conplicaed expresd ons aredl owed wheninitidizng itisreconmendedf ar styligicreasons
thet iritidization berestridedtod np e assi gnnerts as shown above

Athoughthe vaiades X, INTEREST and LETTER have been declared i nthe programfragnent
above they are as ya undefined, asthey have no vd ue You shou dava dref erend ng an undefi ned
vaiade Avariade nmay be definedin a nunber o ways eg by intidizngit (A above) or
asd gring avd uetoit, asinaha exanp eswe have seen

A varialde may dso be g ven aniritid vdueina DATA Saenen, dte bang ded aed eg
REAL A, B

INTEGER I, J
DATA A, B /1, 2 /1, 3/ 0, -1/

A naneinaprogamnust be unque For exanpl g if a proggami s naned MONEY, an dtenpt to
ded ae avaidd e d the sane nane wll cause an ara.

The vari ad es descri bed hereare scalar becausethey can hd d oy asngle vd ue
Implicit type rule

Earlie versons o Fortran had wha wes cdled an implicit type rule Variad es sating wththe
laters] to Nind usve were auonaticdly spedfied wthirtege type whilevariad es stating wth
any ad her ldte wereauonaticdly spedfiedred. This (unhelpful) rule still applies in Fortran 90
by default toensure conpaihility o codewritten under earlie vers ons

Thei npidttyperuecanleadto serious proganmmng eras Ared vd ue mgh unwttingy be
ass gnedt o avari ad e whi chisi teger by defadt; thefradiond partisthentrunca ed(chopped off).
For exanp g the gaenent

Interest rate = 0.12

inapogamwherelneest raeisna ded aed exdiatlywll assgnthevd ue Otothevaiiad e
To guard aga ng such @rasit is strongly recommended tha the saenent

IMPLICIT NONE

beuseda the dat of dl prograns. Thssaenent swtches off thei ngidttyperd e consequertly
all variad es usedi nthe programmust be ded aed Thisinddertdly promot es good programning
gy e havngto ded ae avaiald e neansthat you have been facedtoth nk about what it reresents

2.6. Vertical Motion under Gravity

If astoneisthrown verticdly upwerd wthani ritid speed 4 itsverticd disd acenernt s after ati ne ¢
3

has d apsed is g ven by the fa mia f(x)=x ,vhere gisthe accd eration due to gravity. Ar
res gance has beenignared We wou dliketoconpuethevdued s givenuand ¢ Notetha we
ae na concerned here wth howt o derive thefa mig bu howto conmpueitsvd ue Thel og cd
preparaion o tHs programis asfdl ows:
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1 Getvduesd g uand tirtothe conpuer

2 Conmpuethevd ue d saccard ngtothefamul a

3 Rinthevdued s

4 Sop

Thisdan may seemtrivid to you and a waste of ti ne writing down Yet you wou d be surprised
how many beginners preferingtorushstragh totheconpu e, trytoprogamstep 2 befaestep 1L

Itiswel worth devd og ngthe mentd dscidine df danning your programfirs — pen and paper
tuns you off why nat use your wor d processar? You can ever erte the danas commert li nesi nthe

program
The programis asfdl ows:

PROGRAM Vertical
! Vertical motion under gravity

IMPLICIT NONE

REAL, PARAMETER :: G = 9.8 ! acceleration due to gravity
REAL S ! displacement (metres)

REAL T ! time

REAL U ! initial speed (metres/sec)

PRINT*, ' Time Displacement'

PRINT*

U = 60

T =6

S=U*T -G/ 2 * T ** 2

PRINT*, T, S
END PROGRAM Vertical

The strange way of ded aing G makesit a named constant, s nceits va ue shod d defiritdy na
changeinthe proggam Naned constarts ae dscussed f uther bd ow

Table 2.1 Numeric intrinsic operators

Operator Precedence Meaning Example
* % 1 Exponertigion 2 ** 4 (=24)

2 Multidicgion 2 * A

3 OvisonB / DELTA

3 Addtiona unaydus A + 6.9

2.7. Programming Style

Roganstha ae wittenany d dhow whilethey may dowhat isrequired canbe dfficuttofdlow
when read afew nonthslaer, in order tocaored o updatethem(and progans tha are worth
writing wll needtobe na ntd nedi nthis way). Itisthereforeextrend yinportart t o devd opt he art
of witingprograns whichare well ladout, wthadl thelogcdealy desaibed Thisisknown as
programming style, and shouldbe manifes in nost of the progransint his book (occas ond | apses
aeinade tosave space...). Guiddinesfa good gyeaeladou inthe Hil ogue

The programinthe previ ous sedti on has been witten wththisin nind

e Thereisaconmen & the beginn ng desariing wha the programdoes

e Al thevariades have been ded aed and described on separaeli nes, i nal phabeticd order. You
may liketoincludeiritidizaion wththe decl aaion and description eg
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REAL :: T = 6 ! time

e Hanks have been used on eéither sde o theequd s gns andthe operaars(eg **), and after
commes.

e Hanklines have been usedto separae dgind pats o the program
You nay li keto devd op yor own ¢y e thepad rt isthat you must pay atertiontoreadahlity.

2.8. Numeric Expressions
The pogamverticalin Sedion 2 6 nakes use d thefdl ow ng code

U*xT-G/ 2*xTx*x*x2

Thisis an exanpe of a numeric expresson—a far nula conbinng constarts variad es (and
functions li ke square rod) us ng numeric intrinsic operators. 1t spedfiesardefo computing a
vd ue Snceit onlyconpuesas ng evd ueitisa scalar nunericexpresson Therearefivenuneric
irntrindc operaas shownin Tade 21 Typng banks on ethe sde o operaas wll make
express ons norereadald e

These opera as are cdledi rtrirs ¢ because they are built-in W wil seel ae howt o defi ne new
operaas and howto overload anirtrirdc operd ar, i.e gveit adffeert mean ng

An operaa withtwo operands, asin A2 + B iscdled a binary o dyadic operador. \When an
operaa appears wth oy one operand asin -z itiscdled unary o monadic

The order i n whi ch operdionsinan express on are carried ou i s determ ned by the precedence of
the operaas accadngtothe tad e above, except tha parertheses () d ways have the hi ghest
precedence Snce mutifdicaion has a h ghe precedence than addtion ths means, for exanp e
thae 1 + 2 * 3isevdudedas? whle (1 + 2) * 3isevdudedas9 Notedsotha -3 **
2 evd ugdesto—9 na 9

When opera as wt ht he same precedence occur i nt he sane express on they are wit h one excepti on
d vays evd uagedfroml eft toright, so1 / 2 * Aisevdudedas (1 / 2) * Aandna 1 /
(2 * A).

The exception tothe precedencerdesistha inanexpress on o thefam
A * * B * * C

the right-hand opergion B ** Cisevd uaed first

Integer division

Thi s causes so much heartache anongst unsuspedti ng beg nnersthat it deserves asedi on of itsown
When ani neger quartity(constart, vari ad eor expresd on)i s d vi ded by ana her i rnteger quartityt he
resutisdso d irneger type it is truncated towards zero, i.e thefradiond patisliod. Eg

10 / 3 evaluates to 3

19 / 4 evaluates to 4

4 /5 evaluates to 0 (which could cause an unwanted division
by zero)

-8/ 3 evaluates to -2

3 * 10 / 3 evaluates to 10
10 / 3 * 3 evaluates to 9

Mixed-mode expressions

Fortran 90 dlows operands inan expressonto be of dffaert type The generd rdeistha the
weaker or S np e typeis converted o coerced intothe stronger type Snceirneger typeisthe
s nped, ths means tha operaions invdving red and irnteger operands wll be doneinred
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aithnetic This apdiesto each operaionseparady, na necessailyto the expressonas a whd e
So, far exanp e

10 / 3.0 evaluates to 3.33333
4. / 5 evaluates to 0.8
2 ** (= 2) evaluates to 0 (?)

However, ndetha

3/ 2/ 3.0
evd uatest0 0333333 because 3 / 2isevduaedfird, gvingirnege 1

2.9. Numeric Assignment

The pur pose of t he nuneri c ass gnnert i st oconpu et he val ue of anuneric expresd onand ass gnit
toavaiade Its generd fa mis

variable = expr

The equd s gndoes not have thesanme neani ngast he equal s gni n et hemeti cs and shou d beread
as "becones". Sothe asd gnnent

X =A + B

shou d beread as "(the contents d) x becomes (the corterts o) A d uws (the corterts d) B".
Inths way the ass gnrent

N =N+ 1

is neari ngf U, and neans "i ncressethe vd ue d N by 1", whereasthe nathenaticd equation
n = n+l

isna generdly neanngfu.

If exprisna of thesanmetypeas var; itisconvertedt ot hat type bef areass gnrert. Th's neanst ha
there night beloss d predd on For exanp e, assuning Nisirteger, and Xxand Y aered:

N = 10. / 3 (value of N is 3)
X =10 / 3 (value of X is 3.0)
Y =10 / 3. (value of Y is 3.33333)

The danger of perfa ningi nteger d vid onsinadvertertl y canna be stressedt oo much For exanpl e
you night wart to averagetwo narks which happento beirntegers M1 and M2. The nost nat urd
daenert to witeis

FINAL = (M1 + M2) / 2

bu thslosesthe ded nd part of the average Itisd ways safet to wite constarts as redsif red
aithneticis wha you wart:

FINAL = (M1 + M2) / 2.0

Examples

Thefa mi ae

107

may betrand a@edirntothefdlow ng Fortran ass gnnerts

F
C

/
B ** 2) ** 0.5 / (2 * A)
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A =P * (1L +R/ 100) ** N

The second can dso be witten wththe SQRT intrinsic function as

C =SQRT (A ** 2 + B ** 2 ) / (2 * A)

bu never as

C = (A *x* 2 + B **x 2) **x (1/2) / (2 * A)

(1/2inthe exponert evd uaesto zero because o irteger d vis on).

2.10. Simple Input and Output

Inthissedion we wll ook & the READ* and PRINT* daenernts nored osdy. The process of
gettingi o netioninoand ou of the conpue isan asped of wha is cdled data transfer. The
d nples fa md daatransferinFortran 90is wth READ* and PRINT* andi s cdl ed list-directed
Mor e advanced fa ns o ddatransfe ae dscussedin Chapger 10

Input

Sofarinthschape variad es have been g ven va ues by usi ng nuneri c ass gnnent satenents as
inthe rogamMONEY:

BALANCE = 1000
RATE = 0.09

Thisisanirflexide way of supdying daa sncetorunthe progamfa dffeaert bdances or
ineet raes you wou d have to find and change these saenerts There may be many such
ass gnrrertsina noreconplicaed program anditisa wase d ti netoreconpil et hemeveryti ne
you wart to changethe daa The READ* gaenent, however, which we sawin Chapter 1, dl ows
yout osupp ythe deta while the program is running Rep acet heset wo ass gnnent staenerts wth
thes nd egaarert

READ*, BALANCE, RATE

When yourunthe progamthe conpile wil wat fa you totypethe vd ues of thet wo variad es a
the keyboard if you are usng a PC(an | BM conpail e persond conpuea). They may be onthe
saneling separaed by banks acomng, or aslash o on dffeert lines You cancoredt anunber
withthe backspace key while enteringit. If you are us ng sone a her system you nmay need sone
advi ce on howtosupd y datafa READ*.

The generd far md the READ* sdenert is

READ*, Ilist
where listisalig o variad es separaed by comnas.
Notethefdlon ng generd rd es

e Asindelineofinpu o oupuiscdledarecord(eginthecasead aPGC fromt he keyboard or
onthe screen).

e [Each READ gaenert requires anewinpu recard Eg thedaenent

READ*, A, B, C

w il besaidied wth onerecord contdringthree vd ues

345

whereasthe saenerts
READ*, A

READ*, B
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READ*, C
requrethreeinpu recards each wth one vd ueinit:

3
4
5

e \Whentheconyile encourtesanewREAD, unread dadaonthe curert recardis d scarded and
the conpil e | coks fa anewrecardtosupdy the daa

e Datafor a READ may run over ort o subsequert recards Basicdlythe conpil e searches dl
inpu recards for data urtil the l/ O(Input/ Qutput) lig has been sdi i ed

o |Ifthaeaenda enough daatosdidy a READthe roggamwill aash wth anera nessage
Example

The gaenerts

READ*, A
READ*, B, C
READ*, D

wththeinpu records

8
10

O 3 b =

havethe sane effed asthe asd gnnerts

o QW
[ T | |
O J P

Reading data from text files

It often happenst hat you needt otest aprogramby read ngal @ of deta Suppose you were writinga
programt ofi ndt he average of, say, 10 nunbers It becorres a great nuisancet o have totypeinthe
10 nunbers eachti ne yourunthe program (s nce prograns sd domwork corredlythefird ti ne).
Thefdlowngtrickis very usefu.

Theideaistopu thedatai nasepaae(edernd) file whi chisstared on your conpuer sysem e g
onitshaddskif youareusinga PC The proggamt henreadsthe daafromt hefileeachti neitis
run ingead of fromthe PC keyboard As an exanp e use you word processar to stare the
fdlownglineinthe ASAl (text) filecdled DATA

345

Now usethis programt oread thesethree nunbersfromthe fileand d sg ay themonthe screen

OPEN( 1, FILE ATA' )
READ (1, *)
PRINT*, A,

END

L "D
A, B, C
B

QW

4
4

The OPEN statenernt connedst he unit number (1) tot he externalfile DATA Thefamof the READ
gaenent shown heret hen diredsthe conpil e tol ooki nthefileconnectedtounit 1foritsdaa(the
urit nunber naytypcdly befroml1to 99.

Output
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The PRINT* gaenent isvery usefd fa oupu of smal anmourts of dag usudly whileyou are
devd op ng a program s nce you dorit needt o be concerned withthe exad dedlsd thefa mof the
out put.

The generd farmis
PR NT*, list
where list may be alid of constarts variad es expressons, and character strings, separded by

commas. Achaade gringisasequence of charaders deli mited by quotes (") or apostrophes (V).
Eg

PRINT*, "The square root of", 2, 'is', SQRT( 2.0 )

Here aesone generd rdes

e [Each PRINT* daenert generaes anewoupu recard

e The wayredsaeprirneddepends onyour paticda sysem The FTNOOconpiler ona 386 far
exanp e dsdaysreds bet ween —-99 999 and +99.999infixed part form and dl othersin
exponertid for m If you wart to befussy, you haveto use format specifications ( Chagter 10).
Eg the fdlowng saenents wll prirt the nunber 123 4567 in fixed part fa mover 8
cd ums carect totwo ded nd (daces

X = 123.4567
PRINT 10, X
10 FORMAT( F8.2 )

o If achaade stringin PRINT*istool ong tofit ononelineit wil be d sd ayed wthout a break
if &dsoappearsinthe corti nuationline

PRINT*, 'Now is the time for all goé&
&od men to come to the aid of the party'

Sending output to the printer

This may be done asfdl ows (on a PQ:

OPEN( 2, FILE = 'prn' )
WRITE (2, *) 'This is on the printer'
PRINT*, 'This is on the screen'

Notethad WRITE nust be usedi ncorjundion wthaunit nunber. Thisisa nore generd saenent
than PRINT

Summary

e Successfu prodemsdving with a conputer requires knowedge of the codngrues and a
soundlogcd dan

e Theconplea trand desthe pogamsaenertsirto nach ne code
o Fotrangaenerts may be upto 132 charaderslong and may sat anywhere ontheline
o Al gaenerts except ass gnnents sat wth a keyword

e A Fortrantokenisasequence of charadesf o ning al abd, keyword nane constart, opera o
o separda.
e Hanks shod dbe usedtoi nprove readahility, except i nd de keywor ds and nanes.

e Comnents nmay be typed afte the exd andgtion They shou d be used liberdly to desaribe
variad es andto exd @ n howa programworks.

o Adgdenent wth &asitslas non-Hank character wil be cortinued ortothe next line
o Thereaefiveintrind c datatypes irteger, red, conpex logcd and charade.
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e Vaues d each dtatype aerepreserted by literd congtarts.

o Irteger congtants nay dso berepresertedink nary, odd and hexaded nal.

e Red consgatsaereresertedinfixed pan o floating pant (exponertid) fam

e A phanunericchaatdesaetheldtes dgtsandthe underscare

e Nanes nay cotanupto3ldphanuneric charades dating wthaldte.

e Avaiaddeisthesynbdic nane o a nenory | ocaion

e The IMPLICIT NONE staenent shodd be used to avad variades beng g ven a type
i nplidtly.

e A nuneric vaiad eshod d beded aredirteger a red inatype ded ardion gaenert.

e Numeric express ons nay be fa ned from constarts and variades with the five nuneric
irtrind c operaars whch operaeaccard ngtodrid rdes o precedence

e Ded nd patsaretruncdedwheninegesaedvided a wheninegasaeassgnedtoreds

e Numeric ass gnnert conpuesthe vd ue of a numeric expresson and asignsittoared o
irnteger vaiade

e Qoupsd vaiades nay be gveniritid vduesina DATA daenert.

e PRINT*isuedtopirn (dspay) oupu.

e READ*isuwsedtoinpu ddafromthe keyboard whleaprogramisrunnng
e Data may dsobereadfroman exend file(e g adskfile.

Chapter 2 Exercises

2.1 Evduaethefdlowngnunericexpressions gventhat 2 = 2, B = 3, C = 5(reds);and I
= 2, J = 3(irneges). Aswers aegvenin parertheses

A * B+ C (110

A* (B + Q) (16 0

B/ C*A (12

B/ (C* B (a3

A/ I/ J (0333333
I1/3J3/A Q0

A * B ** I /A ** J* 2 (49
C+ (B/A) **3 /B * 2, (729
A *% B *x T (5120

- B ** A **x (C (_45@

g/ (1 / 3 (dvis on by zerg)

2.2 Dedde whichd thefdlow ng constarts aena witteningandard Fortran and $ae why nd:

(a) 9,87 (b)y .0 (c) 25.82 (d)—-356231
(e) 3.57*E2 (f) 3.57E2.1 (g) 3.57E+2 (h) 3,57E-2
2.3 Sde gvingreasons whichd thefdlon ng aena Fortran vari ad enanes.

(a) A2 (b) A.2 (c) 2A (d) "A'ONE
(e) AONE (f) X1 (g) MiXedUp (h) Pay Day
(i) U.S.S.R. (3) Pay Day (k) min*2 (1) PRINT

24 Fndthe vdues of thefdlowng express ons by witing short prograns to evd uste them
(answersin parert heses):

107
thesumad 5and 3dvided by ther product (Q 53333
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thecuberoa o the roduat of 23 and 4 5(2 17928
the square d 2t (39 4784 —take n = 3 1415927

2 3

+ b b
e =l+x+—+—+-
20 3!

107 (2107. 18 —+the bd ance when $1000 is deposited far 5 yeas @& 15% p.a comnpounded
nont h'y)

2.5 Tradaethefdl owng express onsirto Fatrarn

(a)ax2+bx+c=0 O* ©F (d0<X<x

—05_ 2 3
o) q)(x) ) q)(x)—O.S r(at+bt +ct)
t= 1/(1 + 0.3326x)

2.6 Suppose thet thelargestirteger on your sysemis <. Witea Fortran staenert which wll
conputethis nunber, bearingin mndthet an atenpt toconpute < vill cause an overfl ow erra.

r= exp(—O.Sx2 )/\/ﬂ

(9) (h)

2.7 Witeapogamtocdcudex where
FO
and a=2 b=-10 ¢=12(use Read*toinpu the datd. (Answer 30

2.8 Thereaedght pgrisinagdlon and 1.76 prtsinalitre The vd ure of atankis g venas 2
gdlonsand 4 pris Witeaprogamwhi chreadsthsvduneingdlonsand p rtsand convertsitto
litres (Answer: 11 36litres)

2.9 Witeaprogamtocdcdae peard (gas) consunption It shod dass gnthe d sancetravdled
(inkilonetres) andthe amourt of petrd used (i nlitres) and conpu et he consunpti onin knilitre as
well asi nthennore usud famof litresper 100 km Witesone hd gf head ngs, sot hat your ou put
| ooks sonething(?) likeths

Distance Litres used Km/L L/100Km

528 4623 1142 876
2.10 Witesonelines of Fortran whi ch w il exchangethecortertsof twovariades Aand B using
oy one addtiond vaiade T.

2.11 Trytheprevi ous prold emwithout usng any addti ond veriad esl

2.12 Trytospa thesyrntax eras(i.e mistakesincod ngrues)inthsprogambef aerunn ngit
onthe conpu er to check your amsswers wththe era nessages generaed by your conpiler:

PROGRAM Dread-ful
REAL: A, B, X

X:= 5

Y = 6,67

B=X\Y

PRINT* 'The answer is", B
END

2.13 A nortgage bond (1 can) of anmourt Lisoltanedto buy a house Theinees raeris15%
(015 p.a Thefixed morntHy paynert P which wil pay off the bond exadly over Nyearsis g ven
by thefa mi a

F20

Witeaprogramtoconpueand prirt Pif N=20 yeas andthe bondisfor $50 000, You shou d get
$658 39
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It'sineaeging tosee howt he pay nent P changes wththe period N over whi ch you pay thel oan
Runthe programf or dfferert val ues of N(use READ*). Seeif you canfindavd ue of Nfor which
the pay nent islessthan $625

Now go backto having Nfixed & 20 years, and examnethe effed of dffaet ineetraes You
shou d seethd rasngtheirterest rae by 1% (Q 01) i ncreasesthe mort hly pay nert by about $37.

2.14 It'susefu tobe ald etowork out howt he peri od of abondrepay mert changesif youi ncrease
o decrease your nontHy paynernt P The fa miafo the nunber of years Ntorepaythel canis

dven by F,=F, +FfHWite a new programto conputethsfamia Wetheinrinsc

function 1.OG fa thelogarithm Howlong wll it taketo pay off the lcan of $50 000 a& $800 a
nonthif theineet remansa 15% ( Answer: 10 2 years —eal yt wcee as fast as when payi ng
$658 a nort h)

Use your programtofind out by trid-and-errathesndlest nontHy paynment tha can be madeto
paythel oan off —ever. Hint: recdl thetitisna poss Hetofindthel ogarithmaof a negative nunber,
so P must nat belesstren 0 =1 =1

2.15 Thesteady-saecurent Iflownginacircuttha cotansaressance R =5, capadtance C =
10 andinducance L =4insaiesis g ven by

Po(x) - 1whereE =2 and Pl(x) =X aethei npu vdtage and angu & frequency respedi vd y.
Conpuethevd ue d I (Answer: Q0396
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Chapter 3 Elementary Fortran: 11

Chapter 3 Introduction

3.1. DO Loops

e Sguareroding wth Nevion
e Money agan

e [Dffgentidinaes raes

3.2. Deciding with IF-THEN-ELSE

e Thel Fconstrud
e ThelFddenen

3.3. Characters

e Chaade constats
e Chaadeg vaiddes

3.4. Named Constants

o |rteger knds
e Red kinds

e Chaade knds

3.6. Complex Type

3.7. Introduction to Intrinsic Functions

e PRdgedile mtion
e Sone usef U intrimd cfundions

e |rtrind c sulr outi nes

Chapter 3 Summary
Chapter 3 Exercises

Chapter 3 Introduction

Sofa we have seen howt oread da ai ntoa Fortran program howt o dosone arithngtic wththem
and howt o outpu answers Inthischape wel ook & t wo powerfu construdi ons whichfea urein
nost red prograns. DO and IE W dsolook a two noreirtrirng ctypes charadte and conpl ex,
and d scussthe concept o kind The chapter ends wth a brief i rtroducti ontoi rtri rsi ¢ functi ons
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3.1. DO Loops

Runthefdlowing program

INTEGER I
REAL R

DO I =1, 10
PRINT*, I
END DO
END
To get sone random nunbes intead redace the PRINT staenent wth the fdlowng t wo
saenens

CALL RANDOM NUMBER( R )
PRINT*, R

Everyti ne yourunthe new programyou will get the same 10 "randomt’ nunbers whichisra her
baing Toseehowto ga adffeert sd eachti ne you wll haveto wat until Chapter 14

For achange trythefdlowng

DO I = 97, 122

WRITE( *, 10, ADVANCE = 'NO' )ACHAR( I )
10 FORMAT ( Al )
END DO

The fa mof the WRITE staenent aboveinroduces a new feauwue which ddhands will we cone
wthrgddng nonadvand ng I/ O

To get the d phabet backver ds red acethe Do vith

DO I = 122, 97, -1

The DO loop (o its equivdent) is one of the nmost powerfu saenertsin any progamning
language Qnedf itss ndest fansis

DO I =J, K
block
END DO

where /isanineger vaiade Jand K areinteger expressons, and block stands f ar any nunber of
gaenerts Thed ockisexecuedrepeaedy; the vd ues of Jand K determ ne how many repeadsare
made Onthefirg loop /takesthevdue of J andisthenincreased by 1 & the end of eachl oop
(indud ngthe lagt). Loop ng g ops once / hasreachedthe vd ue of K, and executi on proceeds wth
thegaenent ate END DO 7 wll havethevd ue K+1 dter conpl i on of thel oop (narmel exit).

You can probald y guess howDO worksinreverse

Square rooting with Newton

The squareroa x of any postive nunber a may be found usi ng orly the arithn@i c operai ons of
addtion sultragtionand d vis on wth Newton's method. Thisis aniterdive (repditive) procedure
thet refines anintid guess thare ae nore generd exanp esin Chager 16.

Thegruduepland thed garithmt ofi ndt he squareroat, andthe progam withsanpl eou pu for a
=2isasfdlons:

1 Inpu a
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2 Intidizextol

3 Repea 6 ti nes (say)
Rep ace X by (x + axi2
Rint x

4 Sop

PROGRAM Newton
! Square rooting with Newton

IMPLICIT NONE

REAL A ! number to be square rooted

INTEGER I ! iteration counter

REAL X ! approximate square root of A

WRITE( *, 10, ADVANCE = 'NO' ) 'Enter number to be square rooted: '
10 FORMAT( A )

READ*, A

PRINT¥*

X =1 ! initial guess (why not?)

DO I =1, 6
X = (X+A7A/X) /2
PRINT*, X

ENDDO

PRINT*
PRINT*, 'Fortran 90''s value:', SQRT( A )

END

Qut put:
Enter number to be square rooted: 2

.5000000
.4166666
.4142157
.4142135
.4142135
.4142135

[ S S

Fortran 90's value: 1.4142135

The vd ue of X convergesto ali nit, whichis \/5_ Notethet itisiderticd tothe vd uere urned by
Fortran 90 si rtrirs ¢ SQRT function Most conpueasandcdcdaasuseas nila nmethodi tendly
toconpu e squarerods and ather sandard met henaticd functi ons.

Not e

e theused a"pronpt"inawWRITE staenenttodidtinpu fromt he user—el d hands nateaga n
thet nonradvanad ngl/ Odl owstheinput onthe saneline asthe pronp;

e thatopin anapostrophe (') in adringthe goostrophe nust berepeated (),

e thd sone pars d keywords such as ENDDQ do ha haveto be separaed
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Money again

The next programconpu es conpoundi rteres on anirtid bd ance over anunber of years Runit
fa aperiod of abou 10 years and seeif you canfdlowhowit works Saveit far usein Exerdse
314 a theend of the chapter.

PROGRAM Invest
! compound growth of an investment

IMPLICIT NONE

REAL Bal ! balance
INTEGER Period ! period of investment
REAL Rate ! interest rate

|

INTEGER Year year counter

PRINT*, 'Initial balance:'
READ*, Bal

PRINT*, 'Period of investment (years):'

READ*, Period

PRINT*, 'Interest rate (per annum, as a decimal fraction):'
READ*, Rate

PRINT*

PRINT*, 'Year Balance'

PRINT*

DO Year = 1, Period
Bal = Bal + Rate * Bal
PRINT*, Year, Bal

END DO

END

If youfed uptoittrytoinpl enent non-advand ngl/Oto ge each inpd onthesaneline asits
pronpt.

The next programi s a varidion onthel agt one Suppose we haveto servi cefour dfferert savi ngs
accourts wthbd ances of $1000, $500 $750, and $12050. W wart t o comrput et he new bd ancef or
each o themafte 9%i neest hes been conpounded Tryit ou.

PROGRAM Accounts
! processes customers accounts

IMPLICIT NONE

INTEGER Acct ! counter

REAL NewBal ! new balance after interest
REAL OldBal ! original balance

REAL Rate ! interest rate

Rate = 0.09 ! 9% pa

DO Acct =1, 4
WRITE( *, '"(A)', ADVANCE = 'NO' ) 'Old balance: '
READ*, 0OldBal
NewBal = 0ldBal + Rate * 0OldBal
PRINT*, 'New balance: ', NewBal
END DO

END

Notet he effeds of i nderting thestaenerntsirs detheDol oop It makesit eas & far youtospad the
b ock when youreadthe program
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Differential interest rates

Most banks offer dffeertid ineest raes—morefa therich lessfor the poor. Supposeinthe
above exanpl etha theraeis 9%f o bd ances| essthan $5000, bu 12%at her wse We can easily
anmendthe progamtodlowfa thsby dddingthestaearent Rate = 0.09 andi nsertinga new
b ock o gaerents &ta the READ* asfdlows:

IF (0ldBal < 5000) THEN
Rate = 0.09

ELSE
Rate = 0.12

ENDIF

Tryths ou withsens Hy chosen daato verifytha it works For exanpl e $4000 will growto
$4360, whereas $5000 wll growto $5600

3.2. Deciding with IF-THEN-ELSE

We wll dscussthe ITF-THEN-ELSE saerent jwt irtroduced morefulyinths sedion

As an exanp g suppose that the find course nmark of studerts atendng a un versty couseis
cdcd aedasfdlows. Two exaningionpapersare wittena theend of thecourse Thefind narkis
dther the average of t het wo papers o the average of the t wo papers andthed assrecard nark (dl
wel ghted equally), whichever is the higher. The fdlowng program conputes and prirts each
gudert's nark wththe comment PASS o FA L (50%bd ngthe pass nark).

PROGRAM Final Mark
! Final mark for course based on class record and exams

IMPLICIT NONE

REAL CRM ! Class record mark
REAL ExmAvg ! average of two exam papers
REAL Final ! final mark
REAL Pl ! mark for first paper
REAL P2 ! mark for second paper
|

INTEGER Stu student counter

OPEN( 1, FILE = 'MARKS' )
PRINT*, ' CRM Exam Avg Final Mark'
PRINT*

DO Stu =1, 3
READ( 1, * ) CRM, P1l, P2
ExmAvg = (P1 + P2) / 2.0
IF (ExmAvg > CRM) THEN
Final = ExmAvg
ELSE
Final = (P1 + P2 + CRM) / 3.0
END IF
IF (Final >= 50) THEN
PRINT*, CRM, ExmAvg, Final, 'PASS'
ELSE
PRINT*, CRM, ExmAvg, Final, 'FAIL'
END IF
END DO

END

As exddnedabove thedaaaresaedi nanexternd file( MARKS) t o makeread ng nor e effid ert.
For exanp e for asanpedass d three suderts the datacou d be
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40 60 43
60 45 43
13 98 47

i.ethefird sudernt hasad assrecard of 40withexammnarks of 60and 43 Her find nark shod d be
51 5(dassrecord na used), whereast he second st udert's mar k shou d be 49 3 (d assrecard used).
Runthe progamasit ¢ands

The IF construct

I nt he above exanp e we seea situgi on wheretheconpuer nust make ded g ons whether or nat to
indudethe d assrecard and whet her to pass or fal the sudert. The programmer canna artid pete
whi ch of t hese poss Hlities wll occur when writi ngt he program soit rmugt be des gned tod! owf or
dl o them We need a conditional branch, whichis and her of the nost powerfu fadlitiesinany
programm ng language Acomnon fa md the TF construd, asitiscdledin Fotran 90, is

IF condition THEN
blockl

[ELSE
blockE]

END IF

where conditioni s a logical expression havinga"truh' val ue of ether true or fd se and blockl and
blockE are Hocks of saerents If the condtionistrue blockl is execued (and na blockE),
a her wse blockE is execued (and nat blockl). The ELSE pat is optiond and nmay be | &t ou.
Executi on cortinuesinthe nor na sequertid way wththenext daenent afte END IF

The condti on may be f or med fromnuneric express ons withthe relational operators, such as <,
<= ==(equds) and /=(na equds), andfromat her | og cd express ons witht he logical operators,
suchas .NOT., .AND. and .OR.. Theseared!| dscussedfuly wththe nost generd for mof IF
inChape 5

The IF statement
A shote famd the IF construat isthe IF statement.

IF (condition) statement

Inthiscase orly asng egdaerent isexecuedif the condtionistrue Nathing happensif itisfdse

The word"congrua"i npi esaconstrudionwth norethanone staenert (and hence noret han one
keywor d).

3.3. Characters

A d aingshatconing o the above programi sthe thestuderts names arenether read nor prited
Torenedy this we make use of character vaiades Make thefdlowng changesto Final Mark

Insert the s aarent

CHARACTER (Len = 15) Name ! Name

irtothe ded arati on secti on Changethe gaenen tha pintsthe head ng:
PRINT*, 'Name CRM Exam Avg Final Mark'
Changethe READ gaenert:

READ( 1, * ) Name, CRM, P1, P2

Changethetwo gaenertsthet prirn the narks:
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PRINT*, Name, CRM, ExmAvg, Final, 'PASS'
PRINT*, Name, CRM, ExmAvg, Final, 'FAIL'

H ndly, changethe datafileMARKS by i nserti ng sone nanes (dorit faget the apostrophes):

'Able, RJ' 40 60 43
'Nkosi, NX' 60 45 43
'October, FW' 13 98 47

If youruntheanended progamyou shod dget oupu likeths

Name CRM Exam Avg Final Mark

Able, RJ 40.0000000 51.5000000 51.5000000 PASS
Nkosi, NX 60.0000000 44.0000000 49.3333321 FAIL
October, FW 13.0000000 72.5000000 72.5000000 PASS

Character constants

Sofa we havededt nanywtht wo of Fortran90sirtrind ctypes integer andred. We nowcone
totheirtrind ctype charad &.

The bad ¢ character literal constanti s astring of charadersend osedinapar of athe apostrophes
(" o quaes(™). Most charaderssupported by your conpu er are per nitted wtht he excepti on of
the "cortrd charades' (e g escape). The apostrophes and qua es serve as delimiters and are na
pat d the congart.

A dankinachaade congant isdgrificart, sotha
"B Shakespeare"

isnd thesane as

"BShakespeare"

Fortran 90is "case sendtive' onlyinthe case d charader constarts so
Charlie Brown

isnd thesane as

CHARLIE BROWN

There aretwo ways of represerting the ddi niter characesthensd ves i n a characte constart.
Hthe sat d ddi miter may be enbeddedi na gring ddi nited by the a her sat, asin

'Jesus said, "Follow me"'
Ateandivdy, the ddi niter shod d berepeaed asin

'Pilate said, ''What is truth?'''

A charade gring nay be enpty, i.e '’ or “ “. The number of chaadesinasringiscdledits
length. Anenpty dring has alengh o zera

Character variables
The gdenen

CHARACTER LETTER

ded aes LETTERtO be acharade vaiadeof lengh 1, i.e it can hd d as nd e character. Longer
charades may beded aed asintheprogam And _Mark
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CHARACTER (Len = 15) Name
This neansthet the charadter variald e Name can hd d agring of up 15 charatters
An dtenaivefa md the decladionis

CHARACTER Name*15

Charad e constarts nay be ass gnedto vari ad esinthe obvious way:

Name = 'J. Soap'

On aninpu recard the quaeor apostrophe ddi niters are nat neededf or a charadter constart if the
congtart does na cortanahbank comma or dash S ncethe nanesinthe exanp e above contan
comnas and Hanks, ddi niters are neededintheinpu file

3.4. Named Constants

Intheprogamverticalin Chage 2 theded ardion saenent

REAL, PARAMETER :: G = 9.8

was usedto ded are G as a named constant o parameter. The effed of thsistha G may na be
changed|a e inthe rogam—any atenpt todoso wll generadean arar nessage

The PARAMETER attributeis one of many that may be spedfiedin atype ded ardi on staenert.
Further atribues wil beirtroduced|aer.

Naned constats nay thensd ves be used when intidiang The expressonthus fanedis an
initialization expression (i ritidi zati on express ons arei nfad sped d cases of constant expressions,
whi ch nay appear inaher cotexts). Eg

REAL, PARAMETER :: Pi = 3.141593

INTEGER, PARAMETER :: Two = 2

REAL, PARAMETER :: OneOver2Pi =1 / (2 * Pi)
REAL, PARAMETER :: PiSquared = Pi ** Two

S nceintidizationexpress ons areevd uaed & conpil etine, therearecertanredridions onthar
fam A thsdgage therdevart ones ae

o they nay orlyinvdveirtriric operaas
e theexponertiaion oparaa nmust have anirteger power;
o intrirdcfundtions must haveineger a chaadte agunensandresuts

Thefdlowngistheeae not dlowed gventhe ddfiritiondf Pi above

REAL, PARAMETER :: OneOverRoot2Pi = 1 / SQRT(2 * Pi)

In generd, a dould e cdon must appear wherever an atribue is spedfied or an intidizaion
express onisused o herwseitisogiond. Ifthe PARAMETER atribueisspedfied anintidizaion
ex[r ess on must appedr.

If the naned congtart is of chaade type itslengh nmay be ded ared withan asteisk The actud
leng histhen deter nined by the conpil e, savi ng youthe bather o courting dl the charaders Eg

CHARACTER (LEN = *), PARAMETER &
:: Message = 'Press ENTER to continue'
LEN = *, character constantcharacter constant: LEN = *
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3.5. Kind

The concept of kind is a new feature of Fortran 90 with which experienced Fortran
programmers will need to get to grips.

Each of the five intrinsic types has a default kind—this is required by the standard. There
may be a number of other kinds—these will be system-dependent and are not specified by
the standard. Associated with each kind is a non-negative integer called the kind type
parameter. The value of the kind parameter enables you to identify the various kinds
available.

Integer kinds

For exanp e the FTNOO conydl er suppartsthreei neger kinds ona PC The defadt ki nd has a ki nd
paramete vd ue 3 andrepresertsirtegersintherange —2°' to 2% -1,

Therearea nunber of i rtri rsi cf uncti ons whi ch enald e yout o estaldishkindrd aed properties and
norei nportantly, tospedfy a k nd whi ch will suit your preds onrequrenerts

Inege constats auonaicdly have defalt kind (that is wha the word defadt nmeans). The
fundtion KIND( I )

KI NDreturnsthe vd ue of theki nd parangter of itsargumrert (red orirnteger), SOKIND( 0 ) wll
reunthe defadt irteger kind. Thed npl e ded ardion

INTEGER I
spedfies T vith default irteger K nd default.

Thefundion HUGE ( I ) retunsthelagest va uerepreserted byitsargument (red orirteger). To
find the smallest vdue s ndy add 1 and prirt the result. The vd ues of anirnteger kind cycle
bet weenthar ower and upper bounds (under the FTNOO conpil &). The fdlowng fragnert will
esdadish default integer ki nd and upper and | ower bounds:

INTEGER

BIG = HUGE (I)

SMALL = BIG + 1

PRINT*, 'Default kind: ', KIND(I)
PRINT*, 'Largest: !

PRINT*, 'Smallest: ', SMALL

Notethe the argunents  KIND and HUGE need na be defi ned

Havi ng estadishedt he defadt ki nd parangter vd ug you can experi nernt ahittoestaldishthe a her
ki nds avalald e on your conpila. Eg thegaenent

INTEGER ([KIND =] 2) I

spedfies T wtha kind paranete o 2—more preasdy, a kind type parameter (cortents of square
brackesis opiond).

Thefundion SELECTED INT KIND( N )reunsthekindparaneter vd uefa thekindthet will

be adetorepresert dl irteger vd uesintherange —10" to 10" Thisfunction can be usedto
edadish wha ki nds ae avdlad e

INTEGER K, N

N =0

DO
N=N+1
K = SELECTED INT KIND( N )
IF( K == -1 ) EXIT

PRINT*, N, K
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END DO

END

The nunericd vd ue of the ki nd paranetersis sysemdependert. Tha is whiletheinteger ki nds
avaladeunder FTNGO are 1, 2 and 3 unde a dfferert conpile thar vd ues nay be 2, 4 and §
dthoughthe kinds may havei derticd propeties Thisrasesthe quesion of portakility —ean we
witeaprogram whi chspedfiesacertankind and whi chwll runonany conpil erthat supportst he
dandard? The answer i sthet we can, usingthe SELECTED INT KINDfundiontonameaconstart
whi chisintun usedinthetype ded araion gaenert:

INTEGER, PARAMETER :: K6 = SELECTED INT KIND( 6 )
INTEGER (K6) I

Theright-hand side of thefirg gaenernt isan exanp e of a constant expression. Thi s guarantees
thet kind K6 will be adetorepresert dl inegasinthe range -999999to 999999 (and poss Hy
nor e).

Athough literd constarts have defaudt kind a dffeert kind nay be spedfied by fdlowngthe
congtart wthan underscare and an uns gned i rteger constat a nanedirteger condart, e g

123 2 123456 K6

spedfies 123 with kind 2 (whi chis system dependert), while 123456 isspedfiedwththe kind
K6 sd eded by t he ded araion above (whichis potad €. dealythe portad ef a mis sfer to use
andistheref aerecommended

Inthe evd uation of expressons where operands have d fferert ki nd paraneter va ues theresut has
the k nd paraneter o the operand wththe geder preddon

Real kinds

Thefuncdions KIND and HUGE descri bed above d sotake red argurrents. WWthred type andtenpt
to go beyond HUGE causes anoverflowera.

Thefundion SELECTED REAL KIND( P, R )reunsthekindpaareter of thered type wth

predsona P (nunber o s gificat ded ma's) and an exponert range of a leag 107" to 107 (if
avalade. pand R nust beintegers

The knd o ared congtart ray be spedfiedinthe sane way as anirteger constart.

Thestandardrequirestha i naddtiontoadegfadt red kind,there nmust bea | east onered ki nd with
ageda predsonthanthe defadt (this corespondsto the now obsd eée DOUBLE PRECISION
type of ealie versons). If this nmore accuraerepresertaion has far exanp e a kind paraneter
vdued 2 theAIDS progamd Chape 1nay be anended by red ad ngthe REAL gaenent wth

REAL (KIND=2) A ! number of cases

andthe nuneric ass gnnert with

A =174.6 * (T - 1981.2 2) ** 3

Notetha to ga as grficantly dfferert answer the expresd on nust be coercedirtot he stronger
type Runthisto see howtheanswer dffers

Further fundtionsrd @ingtored k nd are descri bedinthe gopend ces
Character kinds

The defadt kind of charadter constart i ndudes dl charadters supparted by your conputer sysem
wththe exception of the contrd charades The standard requirestha the defadt kind saidies a
certdn collating sequence. Thisistoenal e sorting o charades wh chisd scussedin Chage 11
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Q her charader sés(eg Geek) nay be supported by your sysem andt hese wou d have d fferert
ki nd parangters I nt he case of charad e congarts the ki nd parangt er, if any, precedest he constart.
So if the named congarts ASCIT and GREEK had the vd ues of the defaut and Greek kind
congtarts d those ki nds cod d be witten as

ASCII "abcde”
GREEK "afyde"

We sawi nthe case of i tegarsandred sabovet ha the ki nd parangter may be spedfied wthatype
parange. Sncethelenghof achaade vaiad e may d so bespedfied onded adion chaadeis
the orl y typeto have motype paranges onefa lengh and onefa knd. Exanp es

CHARACTER (LEN = 10, KIND = GREEK) Greek_Word

CHARACTER (LEN = 10) English Word ! default kind
CHARACTER (KIND = GREEK) Greek Letter ! default length of 1
CHARACTER (10, GREEK ) Greek_Word

Notethe the spedfiegs "LEN =" and "KIND =" are optiond. However, if only one unnaned
paraneterisgven itistakentobethelengh na the k nd

Thefundion KIND d sotakesa charact e argunert. ( You may be wonderi ng howt he sarre f uncti on
cantake argunerts o so many dfferert types If sq you wll haveto wait fa the discuss on of
overl cad ngtosee howth's may be done)

3.6. Complex Type

Conpl ex nurbers and conpl ex aithneti c ae supparted by Fortran 90 Eg

COMPLEX, PARAMETER :: i = (0, 1) ! sqgrt(-1)
COMPLEX X, Y

X = (1, 1)

Y = (1, -1)

PRINT*, CONJG(X), 1 * X * Y

Qut put:

( 1.0000000, -1.0000000) ( 0.0000000E+00, 2.0000000)

When aconpl ex constart isinput wth READ* it nust be end osedi n parent heses
Many o theintrind ¢ functi ons cantake cond ex argunerts.

3.7. Introduction to Intrinsic Functions

So far you should be able to write a program which gets data into the computer, performs
simple arithmetic operations on the data, and outputs the results of the computation in a
comprehensible form. However, more interesting problems are likely to involve special
mathematical functions like sines, cosines, logarithms, etc. Just as most calculators have
keys for these functions, Fortran allows you to compute many functions directly. These
functions are called intrinsic (or built-in) functions.

Projectile motion

We warnt to wite a proganto conpuethe position (x and y co-ord nates) and the vd odty
(nmagnitudeand dredion of aprgedile gven¢ theti ne g ncel aunch u,thel aunchvel odty, g the
iritid and e d launch (in degrees), and g the accd erdi on dueto gavity.

The harizortd and verticd d i acenernts ae g ven by thefor mil ae
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x=utcosa, y =utsina-gt?/2

VZ — ’VZ VZ
The vd odty has magnitude ¥ such that x Yy , Where its horizortd and verticd
conponerts Vs and Vy, aedvenby

V,=ucosa, V, =usina-gt

tano=V, /V,

and Vrrak%anangee wththe ground such thet . The rogramis

PROGRAM Projectile

IMPLICIT NONE

REAL, PARAMETER :: g = 9.8 ! acceleration due to gravity
REAL, PARAMETER :: Pi = 3.1415927 ! a well-known constant

REAL A launch angle in degrees

REAL T time of flight

REAL Theta direction at time T in degrees

REAL U launch velocity

|
|
|
!
REAL V ! resultant velocity
|
|
|
|

REAL Vx horizontal velocity
REAL Vy vertical velocity

REAL X horizontal displacement
REAL Y vertical displacement

READ*, A, T, U
A=A * Pi / 180 ! convert angle to radians

X =U * COS(A ) * T
Y=U®*SIN(A) *T-g*T*T/ 2.
Vx = U * COS( A )

Vy =U * SIN(A ) - g * T

V = SQRT( Vx * Vx + Vy * Vy )
Theta = ATAN( Vy / Vx ) * 180 / Pi

PRINT*, 'x: ', X, 'y: ', Y
PRINT*, 'V: ', V, 'Theta: ', Theta
END

If yourunthsproggamwththe daa

45 6 60

you Wil seefromthe negative vdue of @ tha the prgedileis coning down The argunent o a
function may be any vdid Fortran expresson of appropriaetype i nd ud ng and her fundion So V'
cou d have been conpued drectly asfdl ows

V = SQRT( (U * COS( A )) ** 2 + (U * SIN(A ) - g *T) *x* 2 )

(The argunent o SQRTis dways pasiti ve here (why?) so no prod ens can aise)

And es far thetri gonometric functions nug be expressed inrad ans, and arereéuwned i nrad ans
whereappropriade To convert degreestoradians mutidythe and ei ndegrees by « 180, where wti s
the well-known transcendertd nunber 3 1415926.... If you wart toi npress your friends, however,
you can cunnng y exd at the nathenatica fadt tha the arctangert (inversetangert) of 1is w4
and wsethe ATAN fundion (try it).

Some useful intrinsic functions
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Descri i ons of dl thei rtri nsi c procedur es supported by Fortran 90 appear in Append x C Alig o
sone of the nore comnon ones fdlows. X stands far ared expresson un ess a her wse staed

Optiond argunents areind ca edi nsquare brackes

e ABS(X): ABS absd uevdue d irteger, red a conpex x

e ACOS(X): ACOSaccodnre(invasecasing d X

e ASIN(X): ASINacsned x

e ATAN(X): ATAN arctangert d Xintherange-n2to 72

e ATAN2 (Y, X): ATANZ actangert d yxintherange-nton

e COS(X): COScosned red o conplex X

e COSH(X): OOSH hyperbdiccosned X

e COT(X): COT caangert o X

e EXP(X): EXP vdue d the exponertid fundione, where X nay bered o conpl ex

e INT(X [,KIND]):| NTconvertsirteger, red o conpl ex xtoi rntege type truncatingt oner d
zerg eg INT(3.9) rduns3 INT( - 3.9) rauns-3 Iftheopiond agument KINDisS
presert, it specifiesthevad ue of the ki nd parangter of theresut. Qher wsetheresut hasdefaut
irnteger knd

e LOG(X):LOGnaud logarithmof red o conplex X Notethat ani nteger argunent wll cause

aneara.
e TL0G10 (X): LOGILO0 base 10| ogarithmd x

e MAX (X1, X2[, X3, ...]1): MAX nmaxi mumd two or noreirteger or red agunerns
e MIN(X1, X2[, X3, ...]1): MNmnnumod two a noreirteger o red agunens

e MOD(K, L): MODrena nder when Kisdvided by 1. Argunerts nmust be bathineger o
bahred.

e NINT(X [,KIND]): N NT nearestinegertox eg NINT (3.9) reuns4 whleNINT (-
3.9) reuns-4

e REAL(X [,KIND]): REAL fundion convertsirteger, red or conpex X tored type eg
REAL (2) /4rguns Q5 wheress REAL (2/4) réunsQQ

e SIN(X): INsSredred aconpex X

e SINH(X): SNHhyperbdicsned X

e SQRT (X): SQRT squarerodt d red a conpex X
e TAN(X): TANtangent d X

e TANH (X): TANH hyperbdictangert d X

Intrinsic subroutines

Fortran 90 d so has a nunber o i rtri nd ¢ subrouti nes Subr outi nes differ dightly fromf unctionsin
thet they areinvoked wtha CALL staenernt, andresuts aeregwnedt hrough argunernts They are
d so descri bed in Append x C. The exanp e bd owshows howyou can d sd aythe date andti ne It
dsoill straesthe use d character substri ngs and concat enati on

DATE AND TIMECHARACTER*10 DATE, TIME, PRETTY TIME
CALL DATE AND TIME ( DATE, TIME )
PRINT*, DATE

PRETTY TIME = TIME(1:2) // ':' // TIME(3:4) // ':' // TIME(5:10)
PRINT*, PRETTY TIME

END

Qut put:
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19930201
15:47:23.0

Chapter 3 Summary

e A DOloopisusedtorepea al ock (s¢) d gaenens

e The IF-THEN-ELSE congruct enad es aprogramto ded de bet ween dter ndti ves.

e The IFdaenen isashate fa md the IF condrud.

o Charade constatsaedrings d chaatesend osedinapostrophes (') or quaes ().

e Naned congats (paranges) nay na bechangedinapogram

e Variades nay beiritidizedin atype ded ardion

e FEach of theintrindc daatypes has a defalt ki nd and a sysemdependert nunber of o her
ki nds.

e Thekindtype paraneter assod aed wthadaatypeisaninteger wh chevd uadestothe ki nd of
thet detatype

e Thevdued kndtype prangesissysentdependert.

e Charades may havet wotype paangersinthartype ded araions onefor lengh and onefar
ki nd

e Conpl ex nurbers and arithneti c are supported by the COMPLEX i rtrind ctype

e Conplex congarts nust be end osedin parerthesesfar input wth READ*.

e Intrindc(bult-in fundions may be usedto conpute a vaidy of nat henaticd, tri gononetric
and d her functions dredly.

Exercises

31 Traddethefdlowngirto Fotran gaenerts

(8 Add 1tothevdued Tand daetheresultin T

(b Qube 1, add Jtoths and saetheresdtin

(0 & Gequd tothelager of thetwo vaiddes Eand E

(d If Disgeder than zarq set Xequd to ninus B

(& Dvidethesumd AandB bythepodud o cand ; anddaetheresutin x

32 If Cand Fare (dd usand Fatrenhat tenpera uresrespedivdy, thef a mi af or convers on
fromGddusto Fahrenhdtis F=905 + 32

(& Witeaprogram which wil ask youfar the Gds ustenperaue and d sg ay t he equi vd ert
Fahrenhdat one wthsone sat o connernt, eg

The Fahrenheit temperature is:

Tryit ok onthefdlowng Cds ustenperauwes (answersin parentheses): 0(32), 100 (212), -40(-
40, 37 (nor md humantenperaue 93 6).

(b Changethe proggamto use a DO | oop to conpue and witethe Fahrenhet equivdert o
Cdduwstenperauresrang ngfrom20°to 30°ingeps o 1°.

33 Witeaprogamtha dsdaysalis of i tegersfrom 10t o 20i ncl s ve each wthitssquare
rod next toit.

34 Witeaprogantofindand d sdaythesumaf thesuccess veitegers ], 2 ..., 100 ( Answer:
5050)

3.5 Witeaprogamtofind and d sday the sumaf the success ve eveninegas 2 4 ..., 200
(Answer: 10100
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3.6 Tensudentsinadass witeates. The narksareou of 10 Al the narks areenteaedi nan
exend file MARKS Wite a proggamwhi ch wll read dl ten narks fromt he fileand find and
dsdaytheaverage nark Tryit onthefdlon ng narks (each on aseparaelineinthefile):

5 8 0 10 3 8 5 7 9 4 (Answer: 5.9)

3.7 Thepass nerkfarthetegintheprevious prodemis5ou of 10 Change your progamsoit
uses an IF-THENtofind out how nany g uderts pessedthetest.

3.8 Witeaprogamwhi ch generaes sorrerandomnummbers R wth

CALL RANDOM NUMBER( R )/

and courts how many of themare grester than 0.5 and how many arelessthan 05 Tryincreas ng
the nunber o randomnunbers generaed What do you expedt ?

3.9 What arethe vd ues of x and A (bahred) ate thefdlowng programsedi on has been
execut ed?

XX XX X H
Il
XX B XX PO o

++ + +++++
HoHHHHHH H

3.10 Rewitetheprograminthe previ ous exerd se noreecononicdly by us ng a Dol oop
3.11 Workou by handthe ouput o thefdlowng program

PROGRAM Mystery
REAL S, X
INTEGER N, K

S =S+ 1/ (X * X) ! faster than X ** 2
END DO

PRINT 10, Sqrt(

6 * S )
10 FORMAT( F10.6 )

END

If yourunthsproggamfor larger andl arger vd ues of N you wil findtha the out pu approaches a
wel [-known linit.

3.12 The dedridty accourts of resderts in a vey sndl town are cdcdaed as
fdl ows: endexerd ses

e if 500 unitsa less ae usedthe cost is 2 certs (100 certs =$1) pe unit;

e if norethan 500 bu na norethan 1000 units are used the cost is $10 far thefirg 500 units
andthen 5certsfa every unit inexcess o 500,
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e if morethan 1000 unitsareused thecost is$35far thefirg 1000 urits plus 10 certsfor every
urit i nexcess of 100G,

e inaddtion abescsavicefee d $5ischarged no nate how nuch d edridtyis used

W itea program whi chreadst he names and consunpti ons of thefdl owing usersfroman externd
fileand d sd aysthe nang, consunptionandtad chargefor each user:

Ahmed, A B 200
Baker, C D 500
Essop, S A 700
Jansen, G M 1000
Smith, Q G 1500

(Ansvers $9 $15 $25 $4Q $90)

3.13  Supposeyou deposit $50 per nort hinabank accourt every northfaor ayear. Every north
dte the deposit has been nade inaet a therae o 1%is addedtothe bdance Eg after one
nmont h the bdanceis $50 50 and &te two nonthsitis $101 51

Witea programt oconpute and pri rt t he bd ance each monthfar ayear. Aranget he ou put t ol ook
songhinglikeths

MONTH MONTH-END BALANCE
1 50.50
2 101.51
3 153.02
12 640.47

3.14  If youinvest $1000for oneyear & anineaest raedf 12%theretunis $1120 atthe end of
theyear. Bu if ineesisconpounded & theraed 1%monthly (i.e 1/12 of the annud rae), you
get dightly noreintaesinthel ongrun Adapttheprogram InvestinSedion3 1toconpuethe
bd ance after ayear of conpound ngirnteresinthis way. The answer shou d be $1126.83 Evd uae
thefa mlafa thisresut separady as acheck 1000ti nes 1. 01 "2

3.15 A plunber opens a savi ngs accourt wth $100, 000 & the beg nni ng of January. He then
makes a deposit of $1000 a the end of each nmonthfor the next 12 nonths (sating a the end of
January). Interest iscd cd aed and addedt o hi s accourt &t he end of each nont h (bef aret he $1000
depositis nade). The nontHyi nterest raedepends ontheanourt Ainhisaccourt a theti ne when
ineetiscdcd aed inthefdl owng way:

A<110,000: 1%
110,000 < A<125,000: 1.5%
A>125,000: 2%

W itea program whi ch d sdays fa each of the 12 nonths under sutabl e head ngs thestudion a
theend of the month asfdlons: the nunber of the nonth, theineet rae theamount o inaex
and the new bdance (Answer: vduesinthelas row of oupu shodd be 12 002 2534 58
130263 78)

3.16 It has been suggested t hat the popd &ion of the United Saes nay be nodelled by the
famia

197273000
P”):1+emmnm4muw

where tristhe daeinyears Witea programt o conpute and d sg ayt he popu &i on every ren years
from1790t0 2000. Wsetheirtring cfunction EXP (X) toconputethe exponertid e
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Use your programt o find out if the popu ati on ever reaches a "seady ga€’, i.e whether it sops
chang ng

3.17 Afruit packag ng conpany wartsa programt hat readst he nunber of apd estha can be
packedi rt o one box (BOX) andthetad number of apd esto be packed (APPLES), and prirts ou
the nunber o boxes needed (FULL) andthe nunber d apples| &t over (IEFT).

(8 Witeadgruduedanfa the podem
(b Wwitethe Fortran program

3.18 Thereae 39 37inchesina netre 12inchesinafod, andthreefegd inayard Witea
progranmtoread al eng hi n metres (whi ch may have a ded mal part) and convert it toyards, fee and
inches (Check: 351 natres convertsto 3yds 2ft 619in)

3.19 Witesome Fortran staenerts wh ch wil:

(& findthelenghCof the hypaenuse o aright-angd etriand ei nter ns of thel enghs Aand B of
the dher two sides

(b findthelengh Cof asided atriangeg venthelenghs A and B of the ather t wo si des and
theszeindegees d theinduded and e § usingthe cosnerd e

C?=A%+B?-2ABcos 6

320 Trandaethefdlowngfa mi aeinto Fortran express ons:
C) log(x + x* +a?)

0 (e +t? sin 4t)cos® 3t

(0 4 arctan 1

d sec® x +cot y
© cot'[x / a]

321 Aspheaed nass m,i npinges odiqudyonastaionaysphere df nass m, the dredion of
the i ow making an ang e awiththeline of notion of thei np ng ng sphere If the coeffidert of
regituti onis e it can be showntha thei npi ng ng sphereis

m,(1+e)tan a defl ededthrough an and e Ssuchthet

tan g = 3
m,—em, +(m,+m,)tan” «

Wite a progamtoread values of m, m,, ¢ and a (indegees) and toconpuethe ange Sin
deg ees.
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Chapter 4 Program Preparation

Chapter 4 Introduction
4.1. Flowcharts

e Quadraic equati on
e Neworls nethodfa sguareroding

4.2. Structure Plans

e  Quadraic equati on

4.3. Structured Programming with Procedures

Chapter 4 Summary
Chapter 4 Exercises

Chapter 4 Introduction

Our examples so far have been very simple logically, since we have been concentrating on
the technical aspects of writing Fortran statements correctly. However, real problems are
far more complex, and to program successfully we need to understand a problem
thoroughly, and to break it down into its most fundamental logical stages. In other words,
we have to develop a systematic procedure or algorithm, for solving the problem. There are

a number of methods which assist in this process of algorithm development. In this chapter

we outline two: flow-charts, and structure plans, which have already been mentioned

briefly.
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4.1. Flowcharts

This approachisrahe ddfash oned and tendsto be fromed uponin cetanconpuingdrdes
However, eng neers often prefer thisvisud nmethod sofortha reason andfor hidaicd ineaes,
sone exanp es ae g ven here.

Suppose we wart to witea programt o convert atenpera ure ont he Fatrenhdt scd e (where wet e
freezes and boils & 32° and 212° respectivd y) tothe norefamlia Gdd us centigadescde The
flonchart far the prodemisin Fgue41

The na nsynbd s usedinfloanchats aeexddnedin Rgure4 2

Figure 4.1 Fahrenheit to Celsius conversion

(Input Farenheit £}

(Compute Celsius £)

(Output £3

Quadratic equation

When you were at school you probably solved hundreds of quadratic equations of the form

ax’+bx+c=0

The complete algorithm for finding the solution(s) x, given any values of a, b and c, is
flowcharted in Figure 4.3.

Newton's method for square rooting

In Chapgter 3we waeaprogamNewtontofindsquareroas whchuseda DOl oop Thereisno
un versdly accepted way of flowchartinga DOl oop, but one way i st o uset hed ongated d anondt o
dve the condtions under whichthe b ock of ssaenertsintheloop (the body of theloop) is
execued wthasndl drdeto markthe end of theloop, asshownin Fgue 44 Notetha the
corterts d theboxes can be dther Fartrangaenens a nore generd nat henaticd express ons

4.2. Structure Plans

This is an alternative method of program preparation, which has advantages when the
equivalent flowchart gets rather big. It is an example of what is called pseudo-code. The
plan may be written at a number of levels, each of increasing complexity, as the logical
structure of the program is developed. For example, a first level plan of the temperature
conversion problem in Figure 4.1 above might be a simple statement of the problem:

Figure 4.2 Flowcharting symbols
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Flow of Togic

Start/Stop

Input or assignment of data

Processing (e.g. calculation of formulae)

Header for loop structure
Decision

—
]
]
2
Q End of Toop structure
l 7

Decision (two— or three-way branch)

Output

1. Read Fahrenheit temperature
2. Calculate and write Celsius temperature
3. Stop.

Step 1 is pretty straightforward, but step 2 needs elaborating, so the second level plan
could be something like this:

1. Input Fahrenheit temperature (F)

2. Calculate Celsius temperature (C):
2.1 Subtract 32 from F and multiply by 5/9

3. Output the value of C

4. Stop.

Figure 4.3 Quadratic equation flowchart

YES YES YES .
{ 2=07 o b=07 }+{ o=07 Windfggﬁﬁgate /
ND

o tho

|x = —c.-"b| /N-:- su:-]uti-:-n/—b—

kL =

YES C 1
2 armplex
b < ase2
r
YES
<b2 = 4&¢?>_._| = =hiED m
MO

Ky = b +vbE - dac)f(2a)
xq = (=b—w'b - dac)i(2a) s

STOF +

There are no hard and fast rules about how to write flowcharts and structure plans; you
should use whichever method you prefer (or even a mixture). The essential point is to
cultivate the mental discipline of getting the logic of a program clear before attempting to
write the program. The "top down" approach of flowcharts or structure plans means that the
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overall structure of a program is clearly thought out before you have to worry about the
details of syntax (coding), and this reduces the number of errors enormously.

Quadratic equation

The equivalent structure plan for the solution of the quadratic equation flowcharted in
Figure 4.3 is shown in Figure 4.5.

Figure 4.4 Newton’s method for square rooting

Condition under which
body of Toop is executed

}(hndg of laop)

(repeatl

4.3. Structured Programming with Procedures

Many exanpeslae inths book wll gea rahe invdved More advanced programs like these
shou d be strudured by neans o procedures (subprograms), which are dedt wth in deal in
Chapter 8 A procedureis asdf-cortd ned sedtion of code whi ch can comnunicaewththe man
pat o the programi nspedfic ways and whi ch rmay be invoked or "called' by the ma n program
The main programwll thenl ook very muchlike afirg levd sruduepan of the prodem For
exanp g the quadraic equation prod emnay bedrudured anned & thefirg levd asfdlows:

1 Readthedaa

2 Fndand prirt thesd uion(s)

3 Sop

Using a procedure (acdudly a subroutineinths exanple) ths may betradaed dredlyinoa
Fortran nai n progam

READ*, A, B, C
CALL SOLVE QUADRATIC( A, B, C )
END

The ddals d howtocodeths pod emael €t as anexercisein Chapter 8

Figure 4.5 Quadratic equation struction plan
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1. Start
2 Inputdata[& & <]
3. If & =0then
If & =0then
[f & =0then
Frint "Solution Indeterminate’
elze
Print 'There iz no zolution’
elze
=l
prit & [anly one root; equation i linear)
else if 52 ¢ 450 then
Print 'Complex roots'
elseif #2 = 420 then
w=-5{25]
print & [equal rootkz)
elze

vy =[- S+ 52 a0)d (2 2
Wo=[-&- 524 50)/(2 5]
Frint wy a2

4. Stop.

Chapter 4 Summary

e Andgaithmisasysenaiclogcd nethodfa sdvingapodem

e An dgaithmmust be devd oped fa aprodembef areit can be coded
o Aflowchatisadagamnetic represertaion of andgaithm

e Adruduedanisaregresertaion d and gorithmi n pseudo-code

e Aprocedure(or subprogram isasepaaecdledion o Fortranstaenerts des gnedtohand ea
particd ar task and whi ch nay be adti vated (i nvoked) whenever needed

Chapter 4 Exercises

The prold ens inthese exerdses shod d dl be strudt ure d anned or fl owcharted bef ore be ng coded
iro Fortran

4.1 This strud ure f an defi nes a geometric congrudion Carry ou the pgan by sketchingthe
construdi orn

1 Drawtwo perpend cda x and ) axes

2 Drawtheparns 4(10 0 andB(Q 1)

3 While A does nat ca nd de wth the oign reped:
Draw a stra ght line janng A and B
Move A one urit to the | eft dong the x-axis
Move B one unit up onthe y»axis

4 Sop
4.2  (ons derthefdlowng srudure dan where Mand Nrepresert Fortraniteger variad es
1 S8 M=44and N=28

2 \While M na equd to N reped:
While M > N repea:
Rep ace M by M - N
While N > M repea:
Repace Nby N- M
3 WiteM
4 Sop

(& Workthrough the structure plan sketchng the corterts of M and N during execution G ve
the out put.

() Repea (3 fa M =14 and N= 24
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(9 What generd aithnic procedure doesthed gaithmcarry ou (try nore vd ues of M and N
if necessary)?

4.3 Witeaprogamt o convert a Falrenhdttenperauetoa Gdsusone Test it onthe daain
Exerdse 32

4.4 A bulderisgventhe neasurenernts o five danksinfed (‘) andinches (“). He wartsto
convet thelenghsto metres Cne foa is 0.3048 netres and oneinchis 00254 netres The
neasurenertsof theganksare 4 6, 8 9", 9 11", 6 3" and 12 O’ (i.ethefird dankis4fed 6
incheslong. Saethe daainafile

Witeaprogramtod sday (under suitald e head ngs) t hel eng h of each g anki nfee andi nches, and
innetres andtofindandd sg aythetad leng hof gdankingin netres (Answer: thetotd leng his
12 624 neres)

4.5 Witeaprogamtoread anyt wo red numnbers(wh chyou may assune are na equd), and
witeou thelager o thetwo wthasttad e nessage

4.6 Witeaprogamtoreadase o 10 nunbers(fromafile and wite ou the largest nunber i n
the sd.

Now ad ust the programt o wite ou the position of thelargest nunber inthese as wdl, eg ifthe
detais

(onsepaaelinesinthefile the oupu shod d be 9 (largest nunber) and 4 (fourth nunber i nthe
sa).

4.7  Witeaprogramto corputethe sumadf the saries
1+22+13+..+1100

The programshou d witethecurert sumafte every 10ter ns (i.e thesumafter 10terns, ate 20
te ng, ..., d&ta 100te ng).

Hint theirtring cfundion MOD (N, 10) wll bezeroonly when Nisamultiged 10 Wsethisin
an IF ddenern to witethesumate evey 1adhte m (Answer: 518738 d&te 10tans)
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Chapter 5 Decisions

Chapter 5 Introduction
5.1. The IF Construct

Bend ng nonernt inabeam
Top o thedass

ELSEIF

ThelF Gonstrudt in Generd
Nested | Fs

DGs and 1 Fs

5.2. Logical Type

e Lodcd condats

Log cd Express ons

e Lodcd opadas

e logcd vaiades

e 9 midiond aswtch ngdrctit
e Bt nan pd dionfundions

5.3. The Case Construct
5.4. The Go To Statement

Chapter 5 Summary

Chapter 5 Exercises

Chapter 5 Introduction

Apart fromitsallitytoadd nunbersextrenel y quicky, aconpu e’'sother ng o propertyistobe
al eto make dedd ons as wesawbrielyin Chapter 3 Itisthisfadlity, togeher wthitsakilityto
repeat saenerts endesdy withou geting bored which gvesthe conpue its gest prodem
sdving power. Thefundanerntd ded g onrmaki ng construct i n Fortranisthe IF congtrud, of which
the CASE construdt isandther fam
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5.1. The IF Construct

We have seen sone exanples of the s nde IF staenert and the construdt dready. Further
exanp es whch becone noreinvd ved ae g veninthissedion

Bending moment in a beam

Alight unfambeamO <x < Lisdanped wthitsends atthesanel evel, and carriesa conceriraed
load Wat x =a The bend ng nonment Mat any pairt x alongthe beamis g ven by two differert
famiag depend ngonthevdue o xrdaivetog vz

M=W(L-a)’[al - x(L+2a)] / L* (0<x <a),
M =Wa?[al - 212 + x(3L-2a)] / [* (a<x <L).

Thefdlowng programextradt conputest he bend ng nonert every netred ong a 10 retre beam
wthaload d 100 Nevtons & apant 8 neresfromtheend x =Q

INTEGER X
REAL A, L, M, W

[
©
o
o

L -A) ** 2 * (A*L-X* (L+2*2R3)) /L**3

=W*A*A* (A*L-2*L*L+X* (3 *L-2%*R13))/

PRINT*, X, M

Notethda Xisanirtege fa useinthe DOl oop
Top of the class

A class of sudents witeates, and each studert's nane (nax mumof 15 chaattes) and narkis
erteaedi nadatafile Assunethereareno negdive narks WWe wart to witea programwhi ch prirts
ou the nare of thestudert witht he h ghest mark, together withh g'her merk W are assumngt ha
thereisony one hi ghest nark The prod emof what todo whent wo or nore studertssharet hetop
markis dscussedin Chapter 9. Afirg levd sruduedanfor thspodemcod d be

1 Sat

2 Hndtopgudert andtop nark

3 Pintopstudent andtop nark
Sep 2 needs dabaraing soanore detdledd an nmight be

1 Sat
2 Intidize TopMark (to g& process ga ng
3 Repea fa dl guderts
Read Name and Mark
If Mark > TopMark then
Rep ace TopMark wth Mark

Rep ace TopName Wth Name
4 PRint TopName and TopMark
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5 Sop
The ppogam(for asanpdedass d 3duderts) is

IMPLICIT NONE

INTEGER I ! student counter
REAL Mark ! general mark
CHARACTER*15 Name ! general name
REAL :: TopMark = 0 ! top mark; can't be less than zero
CHARACTER*15 TopName ! top student
OPEN( 1, FILE = 'MARKS' )
DO I =1, 3

READ( 1, * ) Name, Mark

IF (Mark > TopMark) THEN

TopMark = Mark

TopName = Name

END IF
END DO
PRINT*, 'Top student: ', TopName
PRINT*, 'Top mark: ', TopMark

Wbr k t hrough the programby handf ar afewt urnsto convi nce yoursdf that it works Tryit ou on
thefdl ow ng sanp e dat a(reme nber the apostrophes, becausethe nanes corta n commas):

"Able, RJ" 40
"Nkosi, NX" 60
"October, FW" 13

ELSE IF

Recdl the progpam/Fnd _Mark/ in Chapter 3 To oupu the gade (1 2+ 2--, 3o B o each
sudert'sfind mark we night betenptedtored acethe segnent

IF (Final >= 50) THEN
END IF
with a set of simple IF statements as follows:
IF (Final >= 75) PRINT*, Name, CRM, ExmAvg, Final, '1'
IF (Final >= 70 .AND. Final < 75)
PRINT*, Name, CRM, ExmAvg, Final, '2+'
IF (Final >= 60 .AND. Final < 70)
PRINT*, Name, CRM, ExmAvg, Final, '2-'
IF (Final >= 50 .AND. Final < 60)

PRINT*, Name, CRM, ExmAvg, Final, '3’
IF (Final < 50) PRINT*, Name, CRM, ExmAvg, Final, 'F'

(thelog cd operaa .AND. isexdanedfully bd ow. Whleths works, itisinefidet and may
wast e pred ous conputi ngti me Therearefi veseparae IF staenerts Thel og cd express onsin all
five(eg Fin >= 75) havetobe evd uaedfa each st udert, dthough we knowt het orl y one can
betrue astudent canna get afirg d ass passand d sofdl! Thefdlowngisa noreeffidert way of
cod ngthe prold em For good neasurg we wil dsocount how nany passedi nthefirst d ass how
many i nthesecond d ass andsoon Theinege vaiades Firsts, UpSeconds, LowSeconds,
Thirds and Fails represent the nunber of Sudentsineach o theserespedive d asses

IF (Final >= 75) THEN
PRINT*, Name, CRM, ExmAvg, Final, '1'
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Firsts = Firsts + 1
ELSE IF (Final >= 70) THEN
PRINT*, Name, CRM, ExmAvg, Final, '2+'
UpSeconds = UpSeconds + 1
ELSE IF (Final >= 60) THEN
PRINT*, Name, CRM, ExmAvg, Final, '2-'
LowSeconds = LowSeconds + 1
ELSE IF (Final >= 50) THEN
PRINT*, Name, CRM, ExmAvg, Final, '3’
Thirds = Thirds + 1
ELSE
PRINT*, Name, CRM, ExmAvg, Final, 'F'
Fails = Fails + 1
END IF

Thi s saves ti me because Fortran st ops checki ng as soon asit finds atruel og cd expresson Soif
Final >= 75istrugit worlt ba hertocheckfuthe. The onusrestsonyouthereaetocodet he
condrud caredly, sotha only one of thelog cd express onsistrue

Not e d so howindertaion nakesthe srudue esd & tofdlow

The IF construct in general
A nore generd fa md the IF condrud is

IF (logical-exprl) THEN

blockl

ELSE IF (logical-expr2) THEN
block2

ELSE IF (logical-expr3) THEN
block3

ELSE
blockE

END IF

If logical-exprl is true the gaenerts in blockl are execued and contrd passes tothe next
daenert after END IE If logical-exprl is fdse logical-expr? is evd uded If itistruethe
gaenentsin block? are execued fdlowed by the next gaenent ate END IE If none of the
logcd expressionsistrue the saenentsin blockE are execed CGearly, thelogcd express ons
shou d be arranged sotha only one o themcan betrue & ati ne

There nmay beany nunber o ELSE IFs(a nonea dl), bu there nay be no norethan one ELSE

An TIF construd nay be optiondly named as an adtothereader (usudlytodaify conplicaed
nesting), eg

[GRADE:] IF (Final >= 50) THEN
PRINT*, 'Pass'
ELSE [GRADE]
PRINT*, 'Fail'
END IF [GRADE]

An ELSE or ELSE IF bl ock nay onybe nanedifthecorespondng 1Fand END IF blocksare

naned and nugt be g venthesane nane The nane nust be avdidand ui que Fartran nane
Notethat nahing nay fdlowthe keyword THEN onthefirg line o the construd.
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Nested IFs

When IF congdruds are nested the podition ng of the END IFsiscudd, asthsdee mnesto
which IFsthe ELSE IFsbdong AnELSE IF or ELSE bd ongstothe nost recertly opened IF
which has nat yet beend osed Toill strae cons der once aga n programni ngthe sd ution of the
uk quitous quadraic equation, ax > + bx + ¢ = 0 It is necessaryto checkif a = 0 to prevert a
dvisonby zea

Disc =B *B -4 * A * C
Outer: IF (A /= 0) THEN
Inner: IF (Disc < 0) THEN
PRINT*, 'Complex roots'
ELSE Inner
X1 = (-B + SQRT( Disc )) /
X2 = (-B - SQRT( Disc )) / (2 * A)
END IF Inner
END IF Outer

What wlil happenifthe END IF Inneris noved up 3lines as shown bd ow?

Outer: IF (A /= 0) THEN
Inner: IF (Disc < 0) THEN
PRINT*, 'Complex roots'

END IF Inner ! Wrong place now!
ELSE Inner

X1 = (-B + SQRT( Disc )) / (2 A
X2 = (=B - SQRT( Disc )) / (2 * A)

END IF Outer

Well, theconmile wll olj ect because of a d ash of names: ELSE Inner cannd appea ate END
IF Inner closesthe Inner IE However, if dl the nanes are onitted the segnent will
conpile bu will nake advidonby zerocetanif a=0 sncethe ELSE wll now bd ongtothe
first TE---tryit.

Nesti ng may extendt o any dept It i ndert a&ion and o naningshou d be caref ul'y used i nsuch cases
to nakethelogc deae.

DOs and IFs

A DOl oop may cortdnan IF condtrud, andviceversa Thebascrueistha if acongrud beg ns
i nd de ana her condtrud, it nust dsoendinsidetha construct. Thefdlowingistherefareill egd:

DO I =1, 10
IF (I > 5) THEN

END DO ! Tllegal: IF must end before DO
END IF

and so 1s this:

IF ( ... ) THEN

DO I =1, 10

END IF ! Tllegal: DO must end before IF
END DO

5.2. Logical Type

So far four of the five intrinsic data types have been discussed: integer, real, character and
complex. The time has come to discuss the fourth type: logical.
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Logical constants

The defadt kind of logcd type has two liteed congarts . TRUE and . FALSE (upper- o
lowercase). The vdue o the defadt kind parangter isrdunedin the usud way, by KIND (
.TRUE. )

Your conpile may have nondefadt logcd kinds these may be used for exanp e fa staing
log cd arays nmore conpacly.

Logical expressions

We have seenlogcd expressors briefly in Chaper 3 They can be for med i nt wo ways. from
numeric express ons in combi naion wth the sx rdaiond operaors o from ahe |ogcd
express onsincomnb nation withlog cd variad es andthefivelogcd operaas

The relational operators andthar nean ngs, wth sone exanpl es aeasfdlows

Relational Operator Meaning Example

LT. o < lessthanA < 1le-5

IE. o <= lessthana equdB ** 2 .LE. 4 * A * C
.EQ. o == equd B ** 2 == 4 * A * C

.NE. O /= na eque A /=0

.GT. o > gedea than B ** 2 — 4 * A *C >0
.GE. o >= gede than a equd X >= 0

Logical operators

Fortran 90 has fi ve logical operators, whi choperaeonlogcd express ors:

Logical Operator Precedence Meaning

.NoT. 1 log cd negaion

.AND. 2 log cd irtersection

.OR. 3 logcd unon

.EQV. and .NEQV. 4 log cd equi v ence and non-equi ve ence

Thefdlowng "truhtad €' shows the effects of these operaasonthelog cd expressons lex/ and
lex2 (T =true F =fdse):

lex1 lex2 NOT. lex1 lex1 .AND. lex2 lex1 .OR. lex2 lex1 .EQV. lex2 lex1 .NEQV.
lex2

-
=T
mTmA
=
— 7
==

=T

The order of precedence shown above nay be superseded wit h parert heses, whi chd ways havet he
h ghest precedence

Exanp es
(B *B==4*A * C) .AND. (A /= 0)
(Final >= 60) .AND. (Final < 70)

(A /= 0) .or. (B /= 0) .or. (C /= 0)
.not. ((A /= 0) .and. (B == 0) .and. (C == 0))

Ind dertdly, thelast t wo express ons are equi vd ert, and arefdse orly when A = B = C = 0---it
makes youth nk, doesrit it?
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Logical variables
A vaiade may be dedaed wthlogcd typein a LOGICAL staenent. Logcd congarts or
express ons nay be ass gnedtolog cd vaidd es

Figure 5.1 Switching circuits
Series Parallel

LOGICAL L1, L2, L3, L4, L5
REAL A, B, C

Ll

= .TRUE.
12 =B *B -4 **A * C >0
L3 = A ==
L4 = L1 .and. .not. L2 .or. L3
L5 = (L1 .and. (.not. L2)) .or. L3

(The precedencerd es nake L4 and L5l ogicdly equi vd ert.)
Thetruhvdues d logcd vaiades aerepreserted by Tand Finlig-dreded!l/ O

Simulation of a switching circuit

Inthe fdlowng progamsegnent thelogcd vaiades S1 and S2 represert the stae of two
swtches (ON =true OFF =fdse and Lrepresertsthestae of alight. The programsi mi aesthe
drcutsinHgure 51 wherethe swtches aearanged éther insaies o pardld.

LOGICAL L, S1, S2
READ*, S1, S2

L = S1 .and. S2 ! series
'L = S1 .or. S2 ! parallel
PRINT*, L

Whenthe swtches areinseries thelighit will beonony if bahswtchesaeon Thsdtudionis
rereserted by S1.and.S2

Whenthe swtches arein pardld, thelight will be onif one or bah of the swtchesison Thisis
rereserted by S1.or.S2

Bit manipulation functions

Some programming languages, such as Pascal and C, have operators, called bitwise
operators, which operate directly on the bits of their operands. These are usually discussed
in the context of logical (or Boolean) variables. In Fortran 90 their counterparts are the bit
manipulation intrinsic functions which operate on the bits of their integer arguments. These
are described in Appendix C.

5.3. The CASE Construct

The CASE condrud iss mlarto IF It dlons sd edtion be ween a nunber of situdions or cases
based on asded a. I nsuch casesit is more converniert than IF. Consider thefdlowng progam

segnern:
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CHARACTER CH

DO

READ*, CH

PRINT*, ICHAR( CH )
IF (CH == '@') EXIT

IF (CH >= 'A' .and. CH <= '"Z'.or. CH >= 'a' .and. CH <= 'z') THEN
SELECT CASE (CH)
CASE ('A', 'E', 'I', |o|, 'U', |a|, |ev, 'i', va, 'U')
PRINT*, 'Vowel'
CASE DEFAULT
PRINT*, 'Consonant'

END SELECT
ELSE
PRINT*, 'Something else'
END IF
END DO

It ded des whether acharaderisavowd, consonart, or sonet hingd se It g ops whenthesynbd @
isread This codd be progranmmed erntirdy wth TF, but wou d produce ald nore code which
wou d be harder toread (tryit).

The generd formdf CASEis

SELECT CASE (expr)
CASE (selectorl)

blockl
CASE (selector?2)

block?2
[CASE DEFAULT

blockD]

END SELECT

where expr mugt beirteger, charade o logicd. If it evd uaestoa particd a selector, tha blockis
execued aherwse CASE DEFAULTIsSsdeded CASE DEFAULTISopiond, bu there may be
oy one It does nd necessarily haveto bethelas dause of the CASE construd.

The generd for mof thesd ectaisalig of nonoverl app ng vd ues andranges, of the sanetype as
expr, end csedin parertheses eg

CASE( 'a':'h', 'i':'n', 'O':'Z', ' ')

Not et hat the cd on may be usedt ospedfy arange of vd ues. If t he upper bound of arangei s absert,
the cCASEissdededif exprevd udestoavd vetha isgeae than or equd tot hel ower bound and
Vi ce versa

Parts d the CASE congtrudt may be naned inthe sane way asthe IF construd.

The sdedion of grades inthe amended Final Mark progam of Section 51 can dso be
programmed with CASEif the nark Finalis convertedtointeger type

SELECT CASE ( INT(Final) )

CASE (75:)
PRINT*, Name, CRM, ExmAvg, Final, '1'
Firsts = Firsts + 1

CASE (70:74)
PRINT*, Name, CRM, ExmAvg, Final, '2+'
UpSeconds = UpSeconds + 1

CASE (60:69)

54



PRINT*, Name, CRM, ExmAvg, Final, '2-'
LowSeconds = LowSeconds + 1
CASE (50:59)
PRINT*, Name, CRM, ExmAvg, Final, '3'
Thirds = Thirds + 1
CASE DEFAULT
PRINT*, Name, CRM, ExmAvg, Final, 'F'
Fails = Fails + 1
END SELECT

There areti nes when CASE is nore effid et than TF, s nce orly one express on expr needsto be
evd uaed

5.4. The GO TO Statement

It wou d be dfficut to overesi natethe danage donetol anguages li ke Fortran and Basi ¢ by the
indsai ninate and t houghtless use of the GOTO staemnert. Roponertis of the dassicdly nore
srud uredl anguages |i ke Pascd and G regardit ast he programmer' sfour-lete word (I once heard
a particd aly caudti c aitic ask why Fortrand drit have a COME FROM saenert!)

GO TOis an wnconditional branch, and hasthefa m
GO TO label

where labelis astadenert | abd: anunber intherange 1-99999 preced ng astaenert ont he sane
line Gortrd pesses uncondtiondlytothelabdledsaenent. Eg

GO TO 99
X = 67.8
99 v = -1

Thestaenent X = 67.8isnever execued, perhaps causngash ptosink, anardanetocrash or
ashutlelaunchto abort.

Novi ces may ask why GO TOis ever needed Its use goes back tothe bad d d days when d der
vers ons of Fortranl ackedthehl ock TF construdt, and hadto rmake do wththes np e IF staenert.
Consi der thefdl owng (d ear) segnent d code (1.1 and 1.2 aretwo definedl og cd varial es):

1
1
2
ELSE IF (L2) THEN
2
3

J =
ELSE
I =3
J =4
END IF

Inthe absence of the TF congtruct th's nust be coded asthe fdl ow ngtangle d "spaghetti™:

IF (.NOT.L1l) GOTO 10
I

=1
J =2
GOTO 30
10 IF (.NOT.L2) GOTO 20
I =2
J =3
GOTO 30
20 I = 3
J =4
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30 CONTINUE ! Dummy statement - does nothing

Need we say nor e? except that GOTO shoul d never be used -+ wll nat befoundi nany exanpl esin
tHsbook Itisnmentioned here purd yfa histaicd and pedagog cd ressons

Chapter 5 Summary

e The IF congtruct dlows fa the condtiond execuion d Hocks d saenents
e The IF gaenen dlows fa the condtiond execuion o asnd edaenen.

e The IF construct may have any nunber of ELSE IF clauses bu no norethan one ELSE
dause

e The IF condruct nay be nared
e IF condruasmay be nested

e Logcd consgats vaiades and express ons can only have one of two vd ues .TRUE. or
.FALSE.

e Logcd express ons nay befaor ned fromnuneri c expressions wthrd @iond operaas < <=5
ac

e Thelogcd operaas (.NOT. .AND. ec) nay be usedto fomnore conpex|ogcd
express ons fromather 1 og cd expresd ons and vari ald es.

e Fortran has kit mani pu ai on functi ons whi ch operae dredly onthe btsrgresertingintegers

e The CASE congrud nay be usedtosd ed apaticda adion

e The GOTO gaenert kranches uncondtiondly, and shod dbe ava ded & dl cogts

Chapter 5 Exercises

5.1 Wite a program whi chreadst wo nunbers (wh ch may be equd) and wites ou thel arger
one wthaslitad e nessage o if they aeegud, wites out a nessagetothat dfed.

5.2 Witeastrudurep anand programfor thefdl owng prod em read 10i ntegersand wite ou
how many of themare positive negaivea zera Witethe proggamwthan IF construct, andthen
rewiteit s ng a CASE congrud.

53 Desgnand gaithm(drawt hefl owchart or sruduep an) for a mech ne whi ch must g vethe
cared anount of changefroma $10 nate fa any purchase costi ngl esst han $10 The plan nust
spedfythe number andtype of dl naesand ca nsinthe change and shou di ndl cases g veasfew
naes and cd ns as poss d e (Defi ne your own denoninaionsif necessary.)

5.4 Wite aprogamfa the generd sd wion o the quadratic equation ax” + bx +¢ =0.

Usethe strudure p an devd opedi n Chapter 4 Your programshou dbead etohandedl posstde
vdues dtheddag b andc Tryit ot onthefdlowng vdues o g bandc

(@ 1 1 1(conpexrods),
() 2 4 2(equd rodsd —10);
(9 2 2 -12(roasd 20and -30).

Rewite you progamwth conp extypessotha it can hand e conplex rods as wdl as dl the
a her spedd cases

5.5 Devdop astruduepanfao the sd uion of two s mitaneous linear equaions (i.e two
graght lines). Your d garithm nust be adeto hand e dl possdedtuations viz lines which are
ineseding pardld, o coinddert. Witea proggamto i ng enert your d gaithm andtes it on
sone equaionsfa wh ch you knowthesduions eg

X + y= 3
Xy =3

(x=2 y=1). Hint begnby drivingandgelracfa miafa thesd uion o the sysem
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ax+hy =c¢
dx +ey =f
The programshou dreadthecoeffidertsa b ¢ d eandf.
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Chapter 6 Loops

Chapter 6 Introduction

6.1. Deterministic Repetition
Facaidd

B nomd coeffidert

Li nit o asequence

e Conpl extransfe fundion

6.2. The DO in General

6.3. DO with Non-integer Increments

6.4. Nested DOs: Loan Repayments

6.5. Non-deterministic Loops

e A guess ng gane

e DQ condtiond EXT

e DOWHLE

DQ vaidions wh ch ae nd recomnmended
Doubingti ne of aninves nernt

Ri ne nunbers

e Read ng an unknown anourt d dda
e Tayla saiesfor Sne

6.6. Taking Stock: Modelling a Population of Gnus

Chapter 6 Summary
Chapter 6 Exercises

Chapter 6 Introduction

In Chagter 3 wei riroducedt he powerfu DO construdt toexecueal ock of saenertsrepeaedy. A
dtudion where the nunber of repeitions may be deter mned in advance is someti nes cdled
deterministic repetition. However, it dften happenstha the condtionto end arepea strucue(or
loop) is only saidfied duringt he executionl oop of thel oopitsdf. Thistype of repea srudueis
cdl ed non-deterministic. Bath of these(l og cdly quited fferert) Studionsare programed wtht he

DO congtruct in Fortran 90
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6.1. Deterministic Repetition

Inthssedion we wil see howto generdizethe DO congdrud ater firg cons dering sone nore
exanp es

Factorials!

The variald ei na DOl oop nay be usedi nany express oni nd det hel oop, althoughitsvd ue may nat
be changed expidtly, (e g by anass gnnert saenert asa qu ck and d rty way of term naingthe
loop exly). Thefdlowng progpamprirtsalig d nand # where

n =1x2x3X...x(r]) Xn

Do youtrus thered a irteger oupu, and why?

INTEGER :: NFACT = 1
INTEGER N
REAL :: XFACT = 1
DO N =1, 20
NFACT = NFACT * N
XFACT = XFACT * N
PRINT*, N, NFACT, XFACT
END DO

Binomial coefficient

Thisiswddyusedingaidics The nunber o ways of choos ng »olj edsou of » wthout regardto

order is gvenhby
(nj_ n! n(n—1)(n-2)(n—r+1)
r!(n—r)!_ r!

r

b

(IOJ 10! 10x9x8
e.g. = =

3) 31x7! 1x2x3 If thef or mi nvd vi ngfad ari dsis used the nunbers can get
very big causingthe cyding prod emshown inthe previ ous exanp e. Bu us ngthe ri ght- nost
express on aboveis nmuch nore dfidert:

INTEGER :: BIN = 1
INTEGER K, N, R

PRINT*, 'Give values for N and R'
READ*, N, R

DO K =1, R

BIN = BIN * (N - K + 1) / K
END DO
PRINT*, N, 'c', R, '=', BIN

Limit of a sequence

DOl oops areided fa conputi ngsuccesd ve nenbers of a sequence Thisexanp edsohighightsa
prod emthat soneti nes occurs when conputing ali nit. Gong der the sequence

x =a"/nl, n=12,3,...

n

where aisany congtart, and ! isthefad aid fundion defi ned above The questionis wha isthe

li mit of th ssequence as n getsi ndefintd ylarge? Let'staket hecase a = 10 If wetrytoconpue X
dredly we coudge intotroud g because i getslageveryrapdy as nincreases, and cyding o
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overflowcou d occur. However, thestuaionis nealytransfa nedif we spa tha Yrisrdaedto

X

X, =ax,,/n.

n-1 s fdl ows

There are no nunericd prodens now The fdlowng program conpues i for @ = 10, and

inceedangvdues d n and rintsit fa everytethvdue o

REAL ::
REAL ::
INTEGER

X
A
N

DO N = 1,
X=A%*X/N
IF (MOD( N, 10 )

END DO

1
10

100

== () PRINT*,

Complex transfer function

N, X

Theresponse(ou put) o alinear sysem which nmay bet hought of asa"black box", i s charac e zed
indedricd eng neering byitstransfer fundion Aninpu signd wtha g venangd a frequency (o
rad angs)isappieda oneend of the box. The ou put fromt he a her end isthen g ven by t hei nput
multi died by the absd uevd ue of t hetransfer f uncti on wthits phase shifted byt he phase and e of
thetransfer fundi on

Suppose a servonechan smis charact eri zed by thetransfer fundi on
K(1+04iw)1+02iw)

T(iw) =

io(1+25i0)(1+143i0)(1 + 0.02i0)’

where iisthe unit i nag nary nunber V-1 (jindedricd engneering and Kis an anplificaion
fada. Y(ia’)isaconpl ex nunber. If itsred andi nag nary pats(reuned by REAL and AIMAG)

aeaand brespectivd ythenitsabsd uevd ueis va® + b’ anditsphaseand e ¢isg ven by ardan
Ha lfthe ATAN2 intrird cfundionis used theand eretuned wil be intherange-nto m sotha

the cared quadrart is g ven (whichis na the casefa ATAN).

The programbd owshows howt he servonechan smrespondsto d fferentinput frequendes @ This
i rf ar nati oni s necessaryi nthe des gn of sta ef eedback cortrd devi ces Thei ritid i nput frequency
isQ02radans/sec Thisis mltigiedby afada (Fact) of 1 25eachtime fa a g ven nunber of

deps The anplificaionfador Kis90Q The phase shift ¢ of the out put isg venin degrees

Noat et hat anamed conpl ex constart (1) i susedf or \/—_1 The conpl ex variad e 1omisfa medfrom
i and omega purdyfa naationd convenence

IMPLICIT NONE

INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL

REAL, PARAMETER

COMPLEX,
COMPLEX
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PARAMETER ::

:: Steps
A, B
:: Fact

:: Omega
Phase

: Pi

iom

1.25
900
0.02

3.1415927

(0,

1)

counter

iteration count
Re (T), Im(T)
scaling factor
amplification
angular frequency
phase angle

sgrt (-1)
sgrt (-1) * omega



COMPLEX T ! complex transfer function

READ*, Steps

PRINT 20

20 FORMAT( ' Omega', T12, 'Real T', T27, 'Im T', T42, 'Abs T', &
T62, 'Phase' )

PRINT*

DO N = 0, Steps

iom = i * Omega

T = (K*(1 + 0.4*iom)*(1 + 0.2*iom)) / &
(iom* (1 + 2.5*iom)* (1 + 1.43*iom)* (1 + 0.02*iom) **2)

A = REAL( T )

B = AIMAG( T )

Phase = ATAN2( B, A ) * 180 / Pi ! phase degrees

PRINT 10, Omega, A, B, ABS( T ), Phase
10 FORMAT( ¥7.3, T10, E11.4, T25, E11.4, T40, E11.4, T60, F7.2)
Omega = Omega * Fact

END DO
Sample output:
Omega Real T Im T Abs T Phase
0.020 -0.3024E+04 -0.4483E+05 0.4493E+05 -93.86
0.025 -0.3018E+04 -0.3578E+05 0.3591E+05 -94.82
120.371 -0.1651E-01 0.1830E-01 0.2465E-01 132.07
150.463 -0.7512E-02 0.1100E-01 0.1332E-01 124.33

If yourunthe programyou will see howtheinpu signd isanplifieda firg, bu isthenatenuaed
The phase shft gats a abou —90° and nmoves gradudlyto abou —180° ate whichit swngs
backwer ds and fa wer ds acrossthered axisastheinpu frequency geslager.

6.2. The DO in General
Trythefdlowng programsegmerts (ou pu isshown ate each one):

DO I =2, 7, 2
(

WRITE( *, '(I3)', ADVANCE = 'NO' ) I
END DO
Qutpu: 2 46
DO I =5, 4

WRITE( *, '(I3)', ADVANCE = 'NO' ) I
END DO
Qut put: (nahing)
po 1 =5, 1, -1

WRITE( *, '(I3)', ADVANCE = 'NO' ) I
END DO

Qupu: 54321

DO I =6, 1, -2
WRITE( *, '(I3)', ADVANCE = 'NO' ) I
END DO
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Qutpu: 6 4 2
The generd far md the DO construct thet we shdl wseis

[ name] DO variable = exprl, expr2 [, expri
block
END DO [ naméd

where variable (the DO vaiiade isan irteger vaiade exprl, expr2 and expr3 ae any vdid
irteger expressi ons, and namei sthe opti ond congtrud nane expr3isogiond, wthadefadt vd ue
o 1 Theexpress ons exprl, expr2, and expr3 ae cdledthe DO parameters.

The DO vari ald ei si nitidized to expr! bef orea ded S oni s made whet her or nat t ol oop, accord ngto
thefar mia below On conpléion of each loop expr3is addedtothe DO variade agan befae
ded d ng whether or nat tol oop It fdlowstha ate conpl &ion of the DO construd, the DO variald e
w Il not havethe v ueit had duri ngt hel agt executi on of the d ock E g inthefirg segment above
thefind vdueodf Tis8

The nunber o iterdions d aDO construd is g ven by thefor mil a
MAX ((expr2—expri+expr3) | expr3, 0

where MAXistheintrindcfundionrguwnngthe naxi num of itsargunents Snce MAX reguns a
vd ue whi ch hasthesanetype asitsargurents the vd uere unedi n this case wll bethe vd ue of
the express on (truncaedif necessary), a zero, wh chever islager.

Thisfa md ai scdl edt he iteration count or the trip count of the DOl oop. You shod d verifythet t he
iteraion countsfa thefour segments above ae 3 Q 5and 3respedivdy.

Notetha itisposs Hefa the DO W ock natto be execueda dl. Thisiscdleda zero-trip loop, and
wl occur whenever thefirg argunent d Maxinthefa mi aevd uadesto a nonpasiti ve quartity.

DO I=JK L

o |f Lispositive thel ockisexecued wth /statinga Jandi ncreased by L everyti ne urtil it
has been executedfa the geates vd ue d Inot exceeding K.

e |If L>0andJ> KtheHockis na execueda dl (zerotrip court).

o |f Lisnegaive thed ockisexecued wth 7/ gatinga Jand decreased by| 7] everyti ne urtil it
has been executedfar thesnalles vdue d /nat lessthan K

o |If L<OandJ< KtheHockisna execueda dl (zerotri p-court).
Fig. 6.1 DO Parameters

Thefa md afortheiterdioncourt isevd uated bef arethe b ockis execuedfa thefirds ti ne Bven
if the vd ues of t he DO paranmg e's are subsequertl y changedi nd dethe b ock, this wll nat affedt the
iteraion court.

Theserues aesummarizedin Fgue 6l

The DO variableand paraneters may bereal. Thsfeaue however, has been ded aed obsd escert
(i.e nay berenmpovedentird yfromt he next sandard), soyoushou dtry very hard nat touseitif you
aeanddFotranadd d. It gvesrisetodl sorts d nastyround ng eras

6.3. DO with Non-integer Increments

There are many situationsinsd ertific and eng neeri ng conputi ng when one wartsto nmake non-
irnteger increnertsin aloop. Consider againthe stone thrown verticdly upwerds in Chapter 2
Supposeit islaunched & ti e = 0 seconds and we wart to conpueits postion s() beween

t

tines © ~ Ly and r+ every dt seconds. Theseti nes are nost urlikdy to beirtegers.
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One waytosolvethisprod emistocdcd aeowr owniterdioncourt fa the prod em The nunber

o intavasinvdvedis (1 ~ 1)/ g e we wart theresut & each end of thei rterval bet ween
o and tl, ve needtoadd 1toths The obviousvd uefa our iterdion court istherefare

(t,—t,)/ dt +1.

Now sincethis nust be anirteger, do we truncaeit wth INT or roundit wth NINT? To answer

tHs we nust fird ded de wha nust happenif =1 isna anexat mitiged dt Let'ssay we
dorit wart cdcu aions nade ous de or spedfiedrange Tha rudes ou NINT. Suppose ty = O,
ty =35 and dt =04 Qur iterdioncourt is 12 5exadly. Roundng up wth NINT wou d g ve 13
withan unwanted cd cd aionbeyondt, SO INT rnust be used

However, ths dso has its prodens. Because of roundng erra the nunber o intevds

(t‘ _to)/dt coddeaslyjus fdl shat of a whd e nunber (like 100 1 coning out as 99 9999
irgtead of 100), sotruncaing wou dl ase onel oop. Fortran 90 has a neat sd uiontothis prodem
The newi rtring cfundion SPACING (X) reéunsthe absd ue spad ng bet ween SPACING vd ues
nexr X Sothe nost saisaday answer isto add SPACING (df) to theiterdion court befae
truncati ng

The fdl owng programreads vd uesfar [0 (TStart), ‘1 (TEnd) and d4 and prirtstheiteration
court (TRIPS) bef areconputingand pri rtingt he st oneé s positi onevery drseconds. Notet hat 7 must
be exdiatly updatedinthe DO H ock now since Tis used purdy as acourter.

REAL, PARAMETER :: G = 9.8

REAL dT, s, T, TStart, TEnd
REAL :: U = 60

INTEGER I, TRIPS

READ*, TStart, TEnd, dT

TRIPS = INT( (TEnd - TStart) / dT + SPACING(dAT) ) + 1
PRINT*, TRIPS

T = TStart

DO I = 1, TRIPS
S=U*T-G /2 *TH*T
PRINT*, I, T, S
T = T + dT

END DO

Afuther ineesing prod emarises Suppose we still wart to conpute s() every dr seconds, but
oy wart toprirt it every 4 seconds —thisisacomnon prodeminnumericd and yss wherethe
deplengh dr mght be verysnal. Gventha we want oupu onthe firg iterdion we therefae
havet oski pthe next i/dtiteraions befareprirting aga n Becausethe Do variad e T statsa 1ths
means tha we wart oupu whenever (I-1) is an exad nultige of A/dt. This can be achi eved by
red ad ngthe PRINT above with

IF (MOD(I-1, INT( H / dT + SPACING(dT) )) == 0) PRINT*, I, T, S

wherethe sane dl owance has been nade for round ng eror, andthe vd ue o 7 must beinput.

Notetha theloopinths prod emisindeed deter nin gic—we cod d dete nine our own iteraion
court i nadvance Athoughth sistherecommended way of handing norirteger i ncrenerts there
isana her sd uion whichis mertionedlae when welook & nortdeter nini gic
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6.4. Nested DOs: Loan Repayments

If aregu a fixed payment Pis nmade nti nesayea torepay al can of anmount 4 over a period of &
years wherethe nonind annud irnteres raeis s, Pisdven by

_ rA(l+r/ n)™
n[(1+7/n)™ =1]

The next programuses nested Dosto prirnt atad e of therepay nents on al oan of $1000 over 15 20
o 25years & inaes raestha vayfrom10%t 0 20%per annum Pisdredlyproportiond toAin
Equaion 6.1 Therefaethe repaynerts on aloan of any anourt nmay be found fromthetald e
generded by the proggam by s np e propartion The WRITE staenerts usedto makethe ou pu
look nege aeexddnedin Chapter 10 You can probald y figure out howthey work

IMPLICIT NONE

INTEGER I ! counter

INTEGER :: N = 12 ! number of payments per year

INTEGER K ! repayment period (yrs)

INTEGER TRIPS ! iteration count

REAL A = 1000 ! principal

REAL p ! payment

REAL R ! interest rate

REAL RO, R1l, RINC ! lowest, highest interest and increment

READ*, RO, R1, RINC
TRIPS = INT( (Rl - RO) / RINC + RINC/2 ) + 1
R = RO

PRINT*, "Rate 15 yrs 20 yrs 25 yrs"
PRINT¥*

DO I = 1, TRIPS
WRITE( *, '(F5.2, "%")', ADVANCE = 'NO' ) 100 * R

DO K = 15, 25, 5

P=R/N*A* (1 + R/N) ** (N * K) / ((1 + R/N) ** (N * K) - 1)
WRITE( *, '(F10.2)', ADVANCE = 'NO' ) P
END DO
PRINT* ! get a new line
R = R + RINC
END DO

Sone sanp eoupu (Wthinpu Q1 Q2 Q0Y:

Rate 15 yrs 20 yrs 25 yrs
10.00% 10.75 9.65 9.09
11.00% 11.37 10.32 9.80
20.00% 17.56 16.99 16.78

Qealy, youshod d nat use thesane DO vaiadesin nestedl oops (the conpil e fatunady worit
dlowths). If thelevd d netingis deeper it wil probad y hd pto nane the Des.
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You can see why red DO variald es and paramet ers shod d be ava ded by runn ngth's programwth
the ouer DO gaenen red aced by

DO R = RO, R1, RINC

andthedaenert R = R + RINC onitted Round ng era nakestheiteraion court too snal.
6.5. Non-deterministic Loops

Detemngicloops dl rdy onthefad tha you can work ou exadly what theiterdion court is
befaethel oop stats Bu inthe next exampl e thereis no way in principle of working out the
iterdtion court, soadffeert for md the DO construdt is needed

A guessing game

The prodemiseasytostae The proggam”thnks" of an irteger bet ween 1 and 10 (i.e generdes
one a randon). You havet o guessit. If your guessistoo highaor tool ow t he programnmust say sa
If your guessis cared, a nessage d congau aions nust be d sd ayed

Alittle norethought isrequired herg soasrudure dan nmight be hd pfu:

1 Generaerandomi rtege
2 Ask usea (assured nd € fa guess

3 Repea urtil guess is cared:
If guess is too l ow then
Tdl hi m it is too low
Q her wise
Tdl hi m it is too hi gh

Ask h mfa anather guess
4 Pditecongaudions
5 Sop

Bef ore wel ook & the whd e programl &'s see howtherandomi nteger isgeneraed The saenert

CALL RANDOM NUMBER( R )

fird generaesarandomred Rintherange 0<R< l,i.e[Q D. 10 * rRwll beintherange[Q
10, and 10 * R + 1 wll beintherange[1, 11), i.e bet ween 1. 000000 and 10 999999i nd us ve
Usi ng INT onthis wll then g ve anirteger intherange 1to 10 asrequired

If you wart top ay norethanonce wthdfferert randomnunbers eachti nge you wll needto're
seed' t herandomnunber genera a i naspedfic way eachti ne yourunthe proggam Thefirg ti ne
yourunthe program suppy any i rteger youlikefa theseed But on subsequent occas ons you
shou d uset he newseed prirted a the end of the previ ous gane Detdl ed d scuss on of thi s process
isldtto hapter 14

INTEGER FtnNum, MyGuess

INTEGER, DIMENSION (1) :: Seed

REAL R

WRITE( *, '("Seed: ")', ADVANCE = 'NO' )

READ*, Seed (1) ! user supplies seed

CALL RANDOM SEED( PUT=Seed) ! seeds the random number generator

CALL RANDOM NUMBER( R )

FtnNum = INT( 10 * R + 1)

WRITE( *, '("Your guess: ")', ADVANCE = 'NO' )
READ*, MyGuess

DO
IF (MyGuess == FtnNum) EXIT
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IF (MyGuess > FtnNum) THEN
PRINT*, 'Too high. Try again'

ELSE
PRINT*, 'Too low. Try again'
END IF
WRITE( *, '("Your guess: ")', ADVANCE = 'NO' )
READ*, MyGuess
END DO

PRINT*, 'BINGO! Well done!'

CALL RANDOM SEED( GET=Seed) ! get the new seed for another game
PRINT*
PRINT*, 'New seed: ', Seed(1l)

Tryit ou afewti mes. Notethet the Dol oop (whi ch now has no vari ad es or paraneters) repeas as
long as MyGuessis na equd to FtnNum Thereis no way of knowingin prind de how many
loops wil be needed bef are they are equd, and sothi s newfo mof the DO construd i s essertid
here Inthiscasel ood ngter mnates whenthe staenernt EXITis execwed The problemistrdy
non deter mnistic

On refledion you night fed the cod ngisalittle wastefu. The sedtion

WRITE( *, '("Your guess: ")', ADVANCE = 'NO' )
READ*, MyGuess

hast o appear twi ce Once tostat thel oop ga ng (o MyGuess wou d be undefi ned), and a second
tineinthel oopitsdf. Changethe programasind caed bel owandtryrunnngit (ony the section
w th changesis repr oduced):

FtnNum = INT( 10 * R + 1)
! remove two lines

DO
WRITE( *, '("Your guess: ")', ADVANCE = 'NO' ) ! move up
READ*, MyGuess ! move up
IF (MyGuess > FtnNum) THEN
PRINT*, 'Too high. Try again’
ELSE IF (MyGuess < FtnNum) THEN ! ELSE IF now
PRINT*, 'Too low. Try again'
ELSE
PRINT*, 'Well done!' ! congrats here now
END IF
IF (MyGuess == FtnNum) EXIT ! move down
END DO

! remove congrats
CALL RANDOM SEED( GET=Seed) ! get the new seed for another game

The equivd ert drudure danfa the newversonis
1 Generaerandomi rteger

2 Reped:
Ask user fa guess
If guess is too low
Tel hm it is too l ow
Q her wse if guess is too hi gh
Tl hm it is too hi gh
QG her wse
Pdite congaudions

Until guessis corredt
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3 Sop

The essertid differenceisthatthe EXIT occurs a the fop of the DO Wl ock i nthefirg version bu a
the end of the b ockinthesecond vers on Thereis a nmoresultle dffeence however:inthefirg
casethe condtionfa extingisteted & thetog inthe second caseitisonlytested & theend

DO: conditional EXIT

We have seentwo futher versions o the DO construct:

DO
IF (logical-expr) EXIT
block
END DO
and
DO
block
IF (logical-expr) EXIT
END DO

(bath verd ons may be naned).

The EXIT staenert provides a meansto exit froman otherwseendessloop It mayinfad go
anywhereinthel oop However, itisbest forittogoeather athetop or & theend the reader does
na then haveto searchthroughthel ooptofindthe exit condtion

Sone puigs mght aguetha the EXIT shod d d ways be a thetop of such a non-deter mmnistic
loop sotha it isd eartoareader howal oop will end when shefirg encourtersit. The while-do
congrud o | anguagesl|i ke Pascd | endsitsdf norereadlyt ot hsconvention The way Fortran 90i s
des gned makesit norenaturd topu the EXIT a theend. However, | amsure you are d d enough
toded defa yoursdf!

Thereis onesitugioninwhichthe EXIT must be a thetop of thel oop andthisis whenazerotrip
court islog calyposs He Anexanp eisthe arignd famaof the guessing gane above if the user
guesses the nuber caredlyfirg ti ng there shod d be no executi ons d the DO b ock

DO WHILE
A DO construct nay be headed wtha DO WHILE saenert:

DO WHILE (logical-expr)
block
END DO

Thisislogcdly equivd ert to

DO
IF (.NOT.logical-expr) EXIT
block
END DO

The DO WHILEisavery conpdling condrudions ncethe condtiontorepea issaeddealy a
thetop of theloop It nay however i nvd ve opti mhzation pendties under certdn drcunstances
There ae nany exanpl es o its isagel a&.

67



DO: variations which are not recommended
The EXIT gaenent nay d 0 be usedinaDbO congtrud witha DO vaiadeand parangters

DO I =1, N

IF (I == J) EXIT
END DO

Thisfoa mis most strong y not recomnended! If you aretenptedtotrythisinordertoget ou of a
tricky Studionit probald y means you have nat t hought t hrought hel og ¢ d earl y enough. You must
be abd etostaedl the poss He condtionsfor anexit unamh guoud y eéther & thetop or the batom
of theloop Sone exanp eswhereth s Stugti on aises are g ven bd ow

The saenert

CYCLE [name]

transferscortrd tothe END DO staenert of t he correspond ng construdt, soif futheriteradions are
gill tobe carried out the next oneisiritiaded Itsuseis not recommrended ++ makesthel og ¢ nore
dfficdt tosee

The DO construct nay nake use d agaenert labd, assfdlows
DO 100 I =1, N

100 CONTINUE

The CONTINUE is a dummy stadenert wh ch does nahing The congtruct nay dso end wth a
labdled END DO Thisfa mis na reconmended —the labd s are na necessary and obscurethe
log ¢ wthredundart i rf ar nati on

Doubling time of an investment

Suppose we havei nvestedsone nmoney whi ch draws 10 %iteres per year, conpounded. V& wou d
liket o knowhowl! ongit takesfar thei nvesment todoud e, Morespedficdly, we wart astaenent
of the accourt each year, untilt he bd ance has doud ed The Endishstaerent of the prod emhirnts
heavilytha we shou d use a non-deter mnistic DO withthe EXIT condtiona the end of thel oop
The drudureplanand progamfa the podemare

1 Sat

2 Intidize bd ance year, rde ineet
3 Witehead ngs
4

Repeat
Upda e bd ance accordng to ineet rae
Wite yea, ineet, bd ance
urtil be ance exceedst wce arig nd bd ance
5 Sop
IMPLICIT NONE
INTEGER Year
REAL Interest, New, 0ld, Rate

PRINT*, 'Original balance:'

READ*, 01d

Rate = 0.1

New = 01d ! keep a copy of the original balance
Year = 0
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PRINT*, 'Year Interest Balance'
PRINT*

DO
Interest = Rate * New
New = New + Interest
Year = Year + 1
PRINT*, Year, Interest, New
IF (New > 2 * 01ld) EXIT
END DO

The condtionNew > 2 * 0ldischecked eachti ne bef are and her iterdion Repetition occus
onyif the condtionistrue The DO bl ock nmust be execued a | east once S nce you st i nvest
your noneyfor aleast ayea for anythi ngto happen Consequertly, the EXIT nmust be & theend of
the bQ The output | ooks likeths (far an openi ng bd ance of $1000):

Year Interest Balance

1 1.0000000E+02 1.1000000E+03
2 1.1000000E+02 1.2100000E+03
7 1.7715611E+02 1.9487172E+03
8 1.9487172E+02 2.1435889E+03

Notethat whenthel astiteraionhas beenconpl éed the condtionto Ex1Tistruefathefirdti ng

sincethe new bd ance ($2143 59) is norethan $2000. Noted sotha adee ninigic DO cannot be
used her e because we dorit knowhow manyiteaions arega ngt o be needed until afterthe program
hasrun (dthoughinth s exanpl e perhaps you could work ou i n advance how nanyiterdions are
needed?).

If you wart to witethe newbd ance only whil eit i s less t han $2000, all that hasto be doneisto
nove

PRINT*, Year, Interest, New

urtil itisthefirg saenert inthe DOl oop (tryit). Notetha the statingbd ance of zerois witten
now

The EXIT condtion can be placed & thetop d the aignd DO H ockif itisrephrased asfdlows:

IF (New < 2 * 0ld) EXIT

Notethat > has beenredaced by < Trythisdsa Hthe famis accepald ¢ dthoughthe purigs
mght prefer the vers on wth EXIT a thetop This condtionisi mmed ady apparert to anyone
read ngthe program you do nat havetosearchfa the end of thel ooptofindthe condtionto ext.

Prime numbers

Many peod e are obsessed wthpri ne nunbers and nost books on progranni ng have toi nd ude a
progamtotes if agven nunberispi ne S heréds mine

Anunberisprineifitisna anexad mitig ed any a her nunber except itsdf and 1, i.eif it has
nofactasexcept itsdf and 1L The eas et g an of atackthenisasfdlows. Suppose Pisthe numnber
tobeteted Seeif any nunbers N can be foundtha dvideinto P withou rena nder. If there are
none Pisprime. Wi ch nubers Nshoud wetry? WA |, we can speedt hi ngs up by restridting Pto
odd nunbers so we onl y havet otry odd d visas N When do we stoptegsing? When N = P? No, we
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canstopal a sooner. | nfad, we can st op once Nreaches \/ﬁ ,anceifthaeisafada gederthan

\/ﬁthsre nmust be a correspond ng onel esst han \/F whi ch we wod d havefound And where do
we stat? W I, since N=1 will beafada of any P, weshoddgat & N=3 Thestruduepanis
asfdlows

1 Read P

2 Intidize Nto3

3 Fndrena nder Rwhen Pisdvided by N

4 Repea urtil R = 0 or N Z\/;:
| norease N by 2
Fnd R when Pisdvided by N
5 If R#0 then
P is pri ne
Hse
Pisnd pine
6 Sop

Notethet the exit condtionistested a the top of thel oop because R mght be zerothefirg ti ne
Note dsotha there are mvo condtions under whichtheloop wil ssop Consequertly, an IFis
requred dter conpl i on o thel oopto deter nnne whi ch conditi on ¢ oppedit. Hrésthe program

PROGRAM Prime
! Tests if an odd integer > 3 is prime

IMPLICIT NONE
INTEGER :: N = 3
INTEGER P, Rem

PRINT*, 'Gimme an odd integer:'
READ*, P
Rem = MOD( P, N )

DO
IF (Rem == 0 .OR. N >= SQRT( REAL(P) )) EXIT
N =N+ 2
Rem = MOD( P, N )
END DO

IF (Rem /= 0) THEN

PRINT*, P, ' is prime'’
ELSE

PRINT*, P, ' is not prime'
END IF
END

Tryit ou onthefdlowng 4, 058 879 (na pri ng), 193 707, 721 (pri n&) and 2, 147, 483, 647 (pri ne).

If suichthngs inaes you thelagest prine nunber a theti ne of witingis 27689 =11t has
227,832 d gts andtakes up abou 7 pages of newsprirt. Covioud yths progamcanna test such a
lage nunber, sinceit's gedea thanthe larges irteger which can be represerted by a Fortran
irtring ctype Ways of testi ng such huge numbersfar pri ndityaredesaribedin D E Knuh The Art
of Computer Programming. Volume 2: Seminumerical Algorithms ( Add son Vd ey, 1981) Knuth
The DO WHILE formof the DO construct wou d be very conveniert to use here Sep 4 of the
srudue danneedsto be changedto

4 Wile R#0 andN<\/$ reped:
andthe DO nug bereptrased &

70



DO WHILE (Rem /= 0 .AND. N < SQRT( REAL(P) ))

N =N+ 2
Rem = MOD( P, N )
END DO

Notethet the condtionisthelog cd negaion o the condtiontoext asgven aigndly.
Reading an unknown amount of data

The next programuses DO WHILE wthaspedd feadued the generd READ staenent toread an
unknown anourt o detafromafile DATA andtofindtheir nean

REAL :: A, SUM
INTEGER :: N = 0
INTEGER :: IO = 0
OPEN( 1, FILE = 'DATA' )
SUM = 0
DO WHILE (IO == 0)
READ (1, *, IOSTAT = I0) A
IF (IO == 0) THEN
SUM = SUM + A
N =N+ 1
PRINT*, A
END IF
END DO
PRINT*, "Mean:", SUM / N

Thisisthe crudest sd uiontothe prod emthe daa nmust be supgdied one vd ue per lineinthefile
Mor e d egart sd uions wll begvenlaea. IOSTATIS a specifier whichissa tozeroif the READ
succeeds or toa negative vd ueif an end-of-file condtion occurs duri ng the READ It is d scussed
norefdlylaer.

Taylor series for sine

You nay have wondered how a conputer cd cu aes functions such as sine and cosne Redly
andert conputes adudly usedtolook uptades enteredin nenory, bu young and upwerdy
nobil e ones are nore cunning Mathenaticdly, it can be showntha snx fa exanp e isthesum
o anirfiritesaries(cdled aTayl o saies), asfdlovs.

3 5 7
X X

sinx=x——+"——"—+
3t 57!

We obvi oud y carit conput ethe sumof ani nfi iteseries bu we cana | east arrangeto s op afterthe
tansintheseriesaedl lessthan sone prescribed va ug say 10 € It can be showntha we can
d vays ge ater ml essthansone arlitraily snal nunber by ga ngfar enoughinthe Tayl o series
As an exerdseyou shod dtry to draw a flowchart o structure g an befae studyi ngthe program
bd ow The nainideaistoconstruct eachter mi nthe seriesfromt he previ ous one as describedin
theli nit prodemin Section 6 1 I nconstructi ngt he denom na a eachti ng use has been nade of
thefad thet if kisanyirneger, 2kisevenand 2k+1is odd. Soif k= 0labdsthefirg ter m(x), the
secondte m(labdled by k£ =1) can be oitdned fromthefirg tee mby mitigyingit by

—X2

2k(2k +1)°

Wor k ou thefirg fewte ns by hand as acheck The programis asfdlows:
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PROGRAM Taylor
! Computes sine(x) from Taylor series

INTEGER, PARAMETER :: Pi = 3.14159278

INTEGER :: K =1 ! term counter

INTEGER :: MaxTerms = 10 ! max number of terms
REAL :: Err = le-6 ! max error allowed
REAL Sine ! sum of series

REAL Term ! general term in series
REAL X ! angle in radians

PRINT*, 'Angle in degrees?'

READ*, X

X =X * Pi / 180 ! convert to radians
Term = X ! first term in series
Sine = Term

DO WHILE ((ABS( Term ) > Err) .and. (K <= MaxTerms))

Term = - Term * X * X / (2 * K * (2 * K + 1))
K=K+ 1
Sine = Sine + Term
END DO
IF (ABS( Term ) > Err) THEN ! why did DO end?
PRINT*, 'Series did not converge'
ELSE
PRINT*, 'After', K, 'terms Taylor series gives', Sine
PRINT*, 'Fortran 90 intrinsic function: ', SIN( X )
END IF
END

The DO WHILE nay bered aced by

DO
IF ((ABS( Term ) <= Err) .or. (K > MaxTerms)) EXIT

END DO

Not e howthelog cd condtion nust be negated —+ is nowthe condti onto ext.

DO WHILE or EXIT & thetop of thel oop isapproprideheresincetheirnitid te mnight besnal
enough, in wh ch case & wll ill be 1

Note dsotha there aret wo condtions far ter mnaingthel oop Consequertly, an IFisrequred
ate the Dotoestadish wh ch condtion was sai i ed

You may betenptedto use a DO wth paranete's and an EXIT to escapeif Term ges sndl
enought

DO I = 1, MaxTerms
IF (ABS( Term ) <= Err) EXIT

END DO
Athough ths works perfectly wal, it is defiritdy not recommended (sorme progammers will
defintdy dsagyed). Thereasons areasfdlows. My oy ectionistha dl condtionsfa exit are na

dex a the verytop of thel oop —afte acursay d ance you night thrkitisa deem ngicl oop
But, you may argue | amsplitting hars ate dl, the second condtion fa exitisinthe very next
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line Bu afte afew nonths you mght i rtroducef uther condti onslae intheld ock Thetroud eis
thet thisinnocert 1ooking drudue dlons fa adhoc anendnernts laea —at which stage the
progamer mght easlylosetrack o wha dl the condtians fa exit ae

The prind deis all conditions for exit should be stated clearly in one place —at the top or the end of
the loop.

6.6. Taking Stock: Modelling a Population of Gnus

Once you have nasteredl oops a gred viga of i neresing and sd val eprod ens begnstounfd d
One such prodemis presertedinth s sedi on

The w debeest (gnu) popu aioninthe Kruger Netiond Park, Souh Africg dedined fromabou
14,000i n 1969t0 6, 700i n 1975 g Vi ngriseto cons derad e concern(see Tad e 6. 1). Mat heneti cd
node li ngtechni ques wereappiedtothsprod em asdescribedin A M Safiddand A L Hdoch
Building Models for Conservation and Wildlife Management ( Mac Ml an 1986).

The popd aioni nyear k nmay be d videdintofou bidogcdly dgind age groups: k, the nunber

o newborncalves Yk | the number of yealings t, the nunber o t wo-year-d ds; Wk | the nunber
of aduts(d der thantwo years).

We canthink of the popuaion as a vecdar wthfou conponernts each measured annudly (in
January, whenthefend es cd ve). The essence of the prodemisto pred d the next yea's vedt ar,
dvenanintid popd diona soneti ne A thsstage weturntothe gamerangers whotdl ustha
yealings do na produce young —thisisthe prerogaive of thet wo-year-d ds and adults Ve t hus
havethe equation noddlingthe dynanics o cd ves

_ '
Cisr =AW,y +a't

where gand ¢ arethe birthrates (nunber of expected offspring per ind vidud per year) far aduts
andt wo- year-d dsrespecti vdy. Itturns ou that the best wayto nodd yearli ng popu &i on dynanics
isdndy

Y1 = bCy

where bisthe overdl survivd-raefa cdves Cbvioudy thsyea's yearlings can ony conefrom
leg year'scdves sobh<1

For the a her two age groupslifeisfaryunconplicaed Ther menbersd ed pradicalyory one
cause —H ondtack Thisis noddledasfdlows. It seensthat lionareindisai mnateinthar atacks
on dl goups except the cdves Therdore the nunber of yearlings taken by lionisin dred
propationtothe fradion of yealingsinthetad non-cdf popuaion and so on G cousethe
nunber taken inyear kis dsoin propationtothe number of hurtinglionin year k—edl ths
nu nber lk. S we can nodd the nunber o two-year-d ds and addts wth

9l Y«

t .=y, —
ka1 = Yk Yo+t W,

and

_ gl (t +wy)

w,,=w, +t
k+1 k k
N Y, +t, +w,

where gisthelion kill-rae(nunber o gnutaken per li on per year).
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w, +1 t, +1

The order in which these equaions are conputed is inportart. and nust be

conput ed before € +1.

After consutaion wthganeranges aisedi ntedas 045 andd as 0.15(Safid dand B d och).
Thelionkill-rateis be ween 2.5and 4 (li on have a her choices onther menu), and cdf survivd bis
beweenQ5and Q7.

More predse vd ues of gand o fa each year werefound "experi nertdly"' by sed ng whi ch vd ues
gaveatad popd aiontha agreed norear less wththeannud censusfigures Fttingthe nodd to
the census data wes f uther conplicaed by the cdling (killing by rangers) of wil debeest bet ween
1969 and 1972, tordieve pressure on the vegetaion However, snce culingisindscri mnae
anongt he non-cdf popu aimitiseasytoarguethathetermglk inequaions(64) and(6 5 nust
be red aced by (8l +dy)  ypere 4
accurady known.

kisthetad number cdledin year £ Ths nunber is

The mode runstatsin1969 (k= 1), vith €1 =3660 Y1 =2240 1 = 1680and 1 = 6440 These
figres arefromt he census Tal e 6 1shows thetad popu aion pred cted by the nodd conpared
wththe census daa The cd um headed Model 1 shows prgedionstakingthe annud culinginto

accourt, whereas Model 2 assumnes no culing (by seting d, =0 whenrunn ng the nodd). Nae
l; =500, d, =572

dsotha apaticda prgedionisbasedontheinputinthepreviousrow e g if
b=05and g=4 the nodd predds

Cy,+Yy,+t, +w, =12617

Table 6.1 Wildebeest model data and output

Year

1969

1970

1971

1972

1973

1974

1975
The paraneters gand bareredidic 19701972 were dry yearsi nthe Park, whenlionkilledregu aly
a waterhd es Thisj Wdtifiesthe h gher gandl ower b vd ues | nsubsequert yearstheliond d na kill
sofredy, sncethei nproved vege aion and dedin ng wl debeest popu &ion madethe prey nore
dfficdt tofind. The sane fadarsleadtoahigher cdf survivd-rae

The programbd owi np enertsths nodd. Notetha t wo sets of vari ald esare usedtorepresert the
agegoups G Y, Tand Wrepresert v ues inyear k while NG NY, NT and NW represert vd uesin
yea k+1 Qnhem ght have beentenptedto codethe updat e equai ons asfdl ows:

Y
T

B * C
Y (

G*L+D) *Y/ (Y +T+ W)

This however, woud d neantha we wou d be us ng next year's Y, oltd nedfromequation (6 3, on
theri ght hand si de of equation(6.4), i nstead of this year's Usi ngt wo setsof variad es meanstha the
sd represertingthe curert year's vd ues must be updated a the end of each year i nread ness for
next yea'supdae Trythe proggamou wth dffeert paranmeter va ues t o see wha happens. A so
try runn ngit for | onger.

IMPLICIT NONE
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INTEGER Year

REAL :: A = 0.45 ! adult birth-rate
REAL :: Ad = 0.15 ! a-dash: 2-yr-old birth-rate
REAL :: C = 3660 ! calves
REAL :: T = 1680 ! 2-yr-olds
REAL Tot ! total population
REAL :: W = 6440 ! adults
REAL :: Y = 2240 ! yearlings
REAL NC, NT, NW, NY ! next year's population
REAL L, D, B, G ! other model parameters
DO Year = 1969, 1974
WRITE( *, '(I4, "™ data: ™)', ADVANCE = 'NO' ) Year
READ*, L, D, B, G
NY = B * C
NT =Y - (G*L+D) *Y/ (Y+ T+ W)
NW =W+ T- (G*L+D) * (T+W) / (Y +T+ W
NC = A * NW + Ad * NT
C = NC
Y = NY
T = NT
W = NW

Tot =C + Y + T + W
WRITE( *, '(I4, " projection: ", F6.0)' ) Year+l, Tot
PRINT*

END DO

END

Chapter 6 Summary

e A DO condruad wth paanges shod d be usedto programa deter mridicloop wherethe
nunber of iterdions (theiteraion court) is known to the progam(i.e in prinddetothe
programmer) before theloop is encourtered This Studionis charaderized by the generd
druduedan

Repea Nti nes:
Bock o gaenentsto berepeated

e where Nis known or conputed beforethel oopis encourtered for the fird ti ne andis na
changed by the H ock The syntaxfa Dointhiscaseis

[name] DO rariable = first last step
block
END DO[ namé|
Al fa ns o the consruat nay be ogi ondly naned

If stepisonitted it defadtsto L If stepisnegative variable Wil be decreased asl ong as firsti s
grede than a equd to last

e DO Wth EXIT may be used to programa non-deer nristicl oop wheretheiteraion court is
not known i n advance, i.e whenever thetruh va ue of the condtionfor exitingis changedin
the DO d ock This dtugionis charadteized bythefdlowngtwo srudue dans

Repea urtil wnditionistrue

Bocktoberepeaed (rese truth vd ue o condition).
o
Repest:

Bocktoberepeaed (rese truwh vd ue o condition)
urtil condition istrue
Notethet conditionisthe condtiontoext fromthel oop
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The syrntax df thesefa nsis
DO
| F (condition) EX T
block
END DO
and
DO
block
| K condition) EX'T
END DO

e A nondae mndicloop nay dso be programmed wtha DO WHILE construdt. Herethe
generd druduredanis

Whi | e conditioni struerepea:
Block of gaenentsto berepeated
Notethet conditionis nowt he condtiontonake ana her iteration notrtoexit.
The syrtaxfa thisdrudueis
DO WH LE (wndition)
block
END DO

This construd may i ncur ogtim zati on pendties

e The DO variald e and paraneters shod d bei rtegers

e The DO vaiade shod d na be exdiatly changedinthe DO H ock

e Theitedioncourt (wWich may bezerg iscdcd aedfromtheiritid vd ues d the pranges
e DO condruasmay be netedtoany depth

e (oodproganmi ng stylerequrestha an EXIT froma DO occurs as near tothetop or t he end
of theloop espossde

e The IOSTAT spedfia nay be used wth READto deed an end- o -fil e cond ti on

Chapter 6 Exercises

6.1 Witea progamtofindthe sum of the successve evenirtegers 2, 4 ..., 200 ( Answer:
10100

6.2 Witeaprogramwhi chproducesatabled s nxand cos xf o ang es xfrom0°t 0 90°i nsteps
o 15°

6.3 A person deposits $1000i na bank | terest i's compounded nortHy & therae of 1%per
nonth Witeaprogramwhich wll compuethe nortHy bd ance bu witeit ony annuallyfor 10
years(use nested DOl oops, withthe ouer | oopfor 10 years, andt hei nner loopfar 12 nornths). Note
thet afte 10 years the bd ancei s $3300 39 whereasif i terest had been conpounded annudly a t he
raed 12%per year the bd ance wou d orly have been $3105 85

6.4 There are many formiae fa computing = (theraio of adrdésdrcunfierencetoits
dangte). Thed ndesis
T

Z=1—1/3+1/5—1/7+1/9—---

whi ch cones fromt he seri es

3 x5 x7 x9

arctanx = x — —+ —— — 4 ——-..
35 7 9
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when x=1

(& Witeaprogamtoconpuer usngseies (B 1). Useas nmanyter nsinthe series as your
conpue wll ressonal y dlow(stat nodedly, wth 100 te ns, say, andrerunyour proggamwth
nore and noreeachti ne). Youshou dfi ndthet theseriesconvergesverydowy, i.eittakesal @ of
tenstogd farlydoseton
(b  Rearrang ngthe seri es speeds up t he conver gence
1 1 1

— + +

1x3 5x7 9x11

z
8

Witeaprogantoconpuen us ngthsseriesi nstead You shou dfindt ha you need fewer ter ns
toreachthesare levd o accuracy tha you ga in(a).

(90 Onedthefades saiesfa nis

Z_ 6 arctan l + 2arctan i +arctan L
4 8 57 239

Usethisfa milatoconpuen Dorit usethe standardfundion ATANto conputethe ardangents
dncetha woud be cheating Rat her uisethesaies (B 2.

6.5 Thefdlowng n&thod of conpuingnisdueto Achi nedes
1 Let A=1andN =6
2 Repea 10ti nes say.
Replace Nby 2N

Replace 4 by /2 —+/(4— 47)

LetL =NA/2
LetU=L/N1-4%/2

Let P=(U + L) /2 (estimate of )
Let £ = (U — L)/ 2 (estimate of error)
Print N, P,E

3 Sop
Witeapogamtoi ngenent thed garithm
6.6 \Witeaprogamtocomputeatad e of thefuncti on

f(x) = xsin[m}

overthe(dosed) intervd [-1 1] us ngincrerentsinx of (8 0.2(b 0 land(c) Q0L Wsea DO with
irnteger varialde and parangters conpuetheiteraion court exdidtly asin Section 6.3 Use your
taldestop a agraph of f{x)f orthethreecases and observethathetad esfa (@ and(b) g vetadly
the wong gdue d f{x)
6.7  Thetranscendertd number e(2718281828...) canbe shownto  betheli nit o

1

(1 _ x)1/x
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as xtendstozero(fromabove). Witea programwhi chshows howt h s express onconvergesto eas
x gets d oser and d oser to zero (usethe red kind wththe gregtes predson avalad e on your

sysen).
6.8 Asquare wave o peiod T may be defi ned by t he functi on
f(t):{ 1(0<t<T)
-1 (-T<t<0)

The Foui e seriesfa f{t)is g ven by

&1 Sm{(Zk + 1);:?

:02k+1 T

4
T

ltisd ineettoknowhow many ter ns are needed f o a good approxi nmeti ontothisirfiritesum
Taking T=1, witeaprogamtoconpueand d sdaythesumtonte nsd theseriesfar tfromOto
lingeps d Q1, say. Ruinthe pogamfa dfferert vduesdof n eg 1 3 6 dc

6.9 If anamount of noney disinvesedfa kyearsa anomnd annud interes rae »(expressed
asaded nd fration), the vdue V'd theinves nent &te kyearsis g venby

V=Al+r/n)™

where nisthe nunber of compound ng peri ods per year. Witea programto conpue V' as n ges
lage andlager, i.e asthe conpound ng peri ods become nmore and norefrequent, like nmortHy,
daily, houly, eéc Take 4 = 1000, »r =4%and k£ = 10 yea's You shou d observetha your out pu
oradud |y approaches ali nit. Hint use a DO | oop whi ch doul es neachti ng, gating withn=1

A'soconpuethevdue o thefamida Ae™ fathesame vdues of 4 rand k(usetheintrindc
fundion ExP), and conpare this vdue withthe vdues of ¥ conpued above What do you
cond ude?

6.10 Witeaprogamtoconpuethesumof theseies1+2 +3.. suchthathesumisaslageas
poss H e withou exceed ng 100 The program shou d wite ot how many te ns are usedinthe sum

6.11 One o the progransin Section 6.5 shows that an anourt of $1000 wll doul ei n about
seven years Wthanineaet raed 10% Usngthesane ineaet rae runthe progam wthirtid
bd ances of $500, $2000 and $10, 000 (say) to see howl ongt hey d| taketo doud e The resuts nay
Sur pri se you

6.12 Witea progamtoinpl enert thestrudue dan of Exerdse 42

6.13 bethe Tayl o saies

2 4 6
X X

x
cosx=1-—+——-——+
20 41 6!

towiteaprogramt o conpue cos x coredtofou ded md daces(xisinradans). See how many
te ns ae neededto ga 4figure ageenment withtheirtri nsicfundion Cos.

6.14 A manborrows $10,000t o buy a used car. I terest on hi sl cani sconpounded & therae of
2%per nmonth whilethe oustand ng bd ance of thel canis nmorethan $5000 and & 1%per north
a her wse He pays back $300 every nonth except far thel agt month whentherepaynent nust be
less than $300. He pays a the end of the nonth d&te theineaes on the bd ance has been
conpounded The firg repaynert is made one north after theloanispadou toh m Wite a
programwhi ch witesou amontHy staerent o the balance (after the montHy paynment has been
made), thefind paynen, and the nonth o the find pay rert.

78



6.15 Aprgedile theequations of notion of whichared venin Chapte 3 islaunchedfromt he
part Owthanintid vd odty of 60 nisa anang e d 50°t othe horizortd. Witea programwhi ch
conpuesand wites ou theti neinthear, and hori zortd and verticd d sd acenert fromt he pa it
O evary Q5seconds, aslongasthe prg edtile renai ns above a hari zortd @ anethrough O.

6.16 Whenaresda (R, capadta (O and bateay () aeconnededinseries acharge O bul ds
up onthe capadta accard ngtothefami a

Qt)=CV(1-e ")

if thereis no charge onthe capadta a tine 1 = 0 The prodemisto nonita the charge onthe
capadta every 0. 1secondsi nordertodeted whenit reachesal evd of 8 uritesof charge g vent hat
V=9 R=4and C=1 Witeaprogamwh ch witestheti ne and charge every 0 1 seconds urtil
thechar gefirg exceeds 8 urits(i.e thel agt charge wittenmust exceed 8). Once you have donethis
rewitethe programto ou pu the charge oy whileitisdridlylessthan 8 urits

6.17 If apopdaiongrowsaccardngtotheloggic nodd, itssize (/) &tinetisgvenbythe
famia
KX,

XM= kX )e "+ X,

where X, istheinitid Szea tine =0, risthe growh-radeand Kisthe carrying capacity of the
environment. Wite a program which wll conpue and prirt vd ues of X() over a period of 200

yeas Take X, =2 r=01and K =1000 Expei nent wthdffeert vd ues of K andseeif youcan

inepda Khdogcdly.
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Chapter 7 Errors

Chapter 7 Introduction

7.1. Compilation Errors

7.2. Run-time Errors

e FErainecegion

7.3. Errors in Logic

7.4. Rounding Error

Chapter 7 Summa
Chapter 7 Exercises

Chapter 7 Introduction

Rogans sddomrun coarectly the fird tine, even far experienced proganmners. In conpue
jagon anerarinaprogamiscdleda bug Thestayistha a mothshort-drcutedt wo ther monic
vadvesinone o the exliet conpuers This pri nevd (charcod ed) "bug' took daysto find The
process d daedti ng and caredti ng such erarsis cdl ed debugging Therearefour typesof eras

e compilation erors

®  run-time @ra’s

o @arasd logic

e rounding &ra.

Inthischapgte we ded wththesot of errarstha can arise withthe programni ng we have done so
fa.
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7.1. Compilation Errors

Conpilaionerasaeearasinsyrntax and construdion like spdling mstakes tha arepicked up
by the conpiler during conyalaion the process whereby your programistrand @aedino nach ne
code They aret he most frequent type of error. The conpiler prirts messages, whi ch may or rmay na
be hd U, whenit encourters such an ara.

Cenerdly, there aethree sats o conpil e eras

e rdnayeras—the conpiler wll atenpt to cortinue conpil &ion after one or nore o these
erras hes occurred eg

missing ENDIF statements

o fad aras-theconple wil na atenpt futher conpil gion &ter ddeding afad era, eg

Program too complicated-too many strings

e warnngs—these are na dridly eras but aeinendedtoinfa myoutha you have done
son# hing unusud whi ch might cause pod ens | e, eg

Expression in IF construct is constant

o that you have used an obsd escert fegurg e g

Non-integer DO control variables are obsolescent

(these nessages are generaed by the FTN9O conpil &; your conpil e might have dightly d fferert
Messages).

Thereareal age nunber of conpil e errar messages which wil beligedinthe user'snanud tha
cones wth your paticda conpile. Sncethe conpile isna asirndliget as you are the erra
nmessages can soneti nes be raher unhd pffu —even nid ead ng Some comnon exanples are g ven
bd ow

Inappropriate use of symbol X at line N

The name X has been usedt o represert nmor et han one ol ect, most probald yt he programnane as
well esavaidde The dudicaed occurence wll bed line N

Implicit type for X at line N

The vaiade X has nat been ded ared exgidtly, fdlon ng an IMPLICIT NONE staenert.
Spdling mstakesin ded ared variald es wil be spatedinthis way.

Syntax error at line N

Thisisone d the nost i rf uri i ng nessages, and covers a mititude o erars eg

G=29,8 !comma instead of decimal point
IF (A =0) X =1 != instead of == in a logical expression
IF (A == 0) THEN X = 1 !incorrect use of THEN in a simple IF ..
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!'.. or incorrect placement of a statement after THEN

X=1+ (2 * 3 'unpaired parentheses

One wonderswhy the conpi le cod d nd ke alittle nore spedfic

Symbol X referenced but not set at line N

Thisisahd gfd message which war ns you that no va ue has been ass gned by t he programt o X
However, theline nunber g venseenstoreer tothe lstlineinthe program

Curioud 'y, honever, thefdlow ng cod ngruns wthou eror (under FTNOO):

IMPLICIT NONE

REAL X

Theresutisgarbage (1.4209760E+14 withthe FTN90 conpil @ on one occas on) because of
course Xi s undefined It seens asif t he conpil e th nkstha because X appears ont he | €t-hand si de
o anasdgnnert it must be defi ned

Thereare many, nmany nore conpile eras—you wll probald y have d scovered a good nunber on
your own by now Vit h experi ence you wll gadudly becone nore adept & spdting yor nisakes.

7.2. Run-time Errors

If aproggamconpiles successfuly, it wll run Bras occuring & ths stage are cdled runtti ne
eras andaeinvaiadyfad, i.e the progam"crashes”. An era nessage such as

Floating point division by zero

o

Floating point arithmetic overflow

is generded The ldte is qute comnon. It occus for exanple when an atenpt is nade to
conpueared express on whichistool arge, o when SQRT has a negative argunent, or whent he
agunent d LOGis norpositive

Sone conpil ers havei i eracti ve debugg ngfadlities where you can for exanpl e septhrough a
progaminebylineurtil youfi ndtheli ne wheret herun-tine erra occu's o whereyoucan nark a
linei nthecodeandruntotha pa rt. Thesefadlitiesareextrend y hd pfu, esped dl yfor debugg ng
lageprograns; youshod d makeapa nt o find ngou and meki ng use of what your conpil & dffers
inthsline

Error interception

Fortran 90 has facilities for intercepting and handling certain run-time errors, such as
input/output errors (e.g. attempting to read past the end-of-file, or from a non-existent file).
These are discussed later, when we deal with advanced I/O and file handling.
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7.3. Errors in Logic

Theseareerasintheactud d garithmyou areus ngtosd veaprod em and arethe nost dfficut
tofind the proggamruns, bu g vesthe wrong answers It's even worseif you dorit redizethe
answers ae wong Thefdlow ngtips night hd p youto check ou thelog c

e Trytoruntheprogramfa some spedd cases where you knowt he answers

o |f you dorit knowany exad answers tryto use your i nd ght i ot he prold emt o check whet her
the answers seemto be o theright arder d nagnitude

e Try workingthroughthe programby hand (a usethe debugg ngfadlities) to seeif you can
spa wherethings gat gd ngw ong

7.4. Rounding Error

At ti nes aproggamwll g ve nunericd answersto a problemwhi ch appear i nexdicaldy dfferent
fromwha we knowto bethe cored mathernaticd sd ution This can be dueto rounding error
whi chresutsfromt hefiritepred s onavalad eont he conputer, e g t wo or four bytesper variald g
ingead o anirfirite nunber.

Runthefdlowing programextrad:

X =0.1
DO
X =X + 0.001
PRINT*, X
IF (X == 0.2) EXIT
END DO

You wll findtha you needto crashthe proggamtostop e.g wth ctrl-break ona PC X never has
the vd ue Q. 2 exactly, because of round ngerra. Infadt, X nissesthevaue of Q2 by abou 107, as
canbeseenby prirting X - 0.2 as well eachti ne It wod d be better tored acethe EXIT dl ause
with

IF (X > 0.2) EXIT

o

IF (ABS(X - 0.2) < 1lE-6) EXIT

Ingenerd, itisd ways better totes fa "equality’ d twored express onsinthis way, eg

IF (ABS(A - B) < 1lE-6) PRINT*, 'A practically equal to B'

Round ng error may be reduced (dthough never conpl eédy di minaed) by us ngthered kind wth
h gher preds onthanthe defadt, eg

REAL(KIND = 2) A, B

Round ng error nay d so be reduced by a mat hen#ticd re-arangenernt of theprodem If the wall-
known quadr&ic equaioniswittenintheless fanlia fam

x2-2ax+e=0

thet wo sd ui ons nay be expressed as
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x,=a++a’-e
x,=a—-+Ja’-e

If eisverysndl conparedwith g thesecondroa i s expressed ast he d ff erence bet weent wo nearl y
equa nunbers, and cons derad es grificanceislogt. Eg takinge=5x 10°and e = 1 g ves x, =—
9,42 x 10° with FTN9Q. However, the second rodt nay d so be expressed et henaticdly as

e

e
Xy =~ —
a+Ja’l-e 2a

Usingthis fam with FTN9O gves x, = 10 7 whichis nore accuate Roundng erar is dso
dscussedin Chapter 16

Chapter 7 Summary

e Conplaionearasae maakesinthe syrtax (cod ng).

e Execuion(runti ng) eras occur whil ethe programisrunn ng

e Inpu/oupu eras nay beirntercepted & runti ne

e Debugg ngfacilities nay be usedto warkthrough aprogam saenent by gaenert.
e logcd arasaearasinthedgaithmusedtosd vetheprod em

e Round ng error occus becausethe conpuer canstare nunbers orlyto afiniteaccuecy. Itis
reduced bu not necessarily di mnated by usingreds wthh gher redd onthanthe defaut.

Chapter 7 Exercises

7.1  The Newt on quai ert

f(x+h)-f(x)
h

may be usedt oesti natet hefird derivaive f(x) of afundion (), if Ais"small". Witeaprogamto
conpuethe New on qudiert fa thefuncti on

f(x)=x*

athepan x=2(theexadt answeris4) fa vd uesof hstatinga 1, and decreas ngby afada of 10
eachti ne The effedt of round ng errar becomes apparent when # gets "toosndl”, i.e lessthan
abou 10°

7.2 Thesduiond thesd d § mitaneous equaions

ax + by = c
dx+ey=f
(Exerdse 55 is gven by
X = (ce-b)l (ae-bd),
v =(af~cd!(ae-bd).

If (ae—bd) issmll, round ngerra may cause quitel ageinaccurad esi nthesd uion Cons der the
sysem

0 2038x + 0 1218y = 02014
0 4071x + 0 2436y = Q4038
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Showthat wthfou-figureflcgting pa it aithmeticthesd uion oltdnedis x=1714 y=4286
Thislevd d accuacy nay bes mi aedinthe sd uion d Ex. 55 wthsore saenertslike

AE = NINT( A * E * 1E5 ) / 1lE5

and appr opri &e changesinthe cod ng The exact sd ui on, however, which can be ohktaned wth
defadt preddon isx =2 y =5 If the codffidertsinthe equaions arethensd ves sujed to
expei nentd ara, the"sd wion" o thissysemus ngli mted accuracy istadly nean ng ess

7.3 Thisprodem suggested by R V. Andree denonstrates ana her nurericd prod emcdl ed ill-
conditioning where asndl changeinthe coeffid erts causes al arge changeinthe sd uion Show
thet thesd uion d thesysem

x + 5 000y = 17.0
1 5x + 7,501y = 25 503

isx=2 y=3,wngthe progamfa Ex 55 wthdefadt predson Now changetheter monthe
ri ght-hand s de of t he second equati ont 0 25501, a change of abou one part i n 12, 000, and observe
tha atadly dffeert sd uionresdts Asotry changngthiste mto 25502 25504, ec If the
coeffiderts are suljedt to experi nentd eras the sduionis agan neaningess One way to
artid patethissat of erraristopefa ma sensitivity analysis ont he coeffid ents change themdl in
tun by the sare percertage and observe wha efed thishas onthe sd ution
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Chapter 8 Introduction

We saw in Chapter 4 that the logic of a non-trivial problem could be broken down into
separate subprograms (or procedures), each carrying out a particular, well-defined task. It
often happens that such subprograms can be used by many different “main” programs, and
in fact by different users of the same computer system. Fortran 90 enables you to
implement these subprograms as functions and subroutines which are independent of the
main program. Examples are procedures to perform statistical operations, or to sort items,
or to find the best straight line through a set of points, or to solve a system of differential
equations.

Subprograms may be internal or external. Useful procedures may be collected together as
libraries. Such collections are called modules. Main programs (i.e. everything we have
seen so far), external subprograms, and modules are referred to as program units.

Basically, an internal subprogram is contained within another program unit—and therefore
compiled with it, whereas an external subprogram is not—it is in fact compiled separately.
An important difference between the two types of subprogram is that an internal
subprogram may use names of entities declared by the program unit that contains it,
whereas an external subprogram is not contained within another program unit.

We deal first with internal subprograms.

8.1. Internal Subprograms

There aetwotypes d subprograns: fundions and sutroutines. V& wil firg ook & functi ons.

We have dready seen howto use sone of thei rtri ns ¢ functi ons supdied by Fortran 90, such as
SIN, COS, LOG eéc Youcan witeyou own fundions, to be usedi nthesane way i na program
Bef ore we dscusstherdesin dddl, we wil ook & sone exanpl es

Newton's method again

New ori's net hod (seed so Chapter 16) nay be usedt osd ve agenerd equétion(x) =0 by repeding
the ass gnnent
xbecomesx—ﬂ
fr(X)!

where f(») isthefirg derivaive o (¥, urtil {x hes cone d ose enoughto zera

_ 3 _ ’ — 2
Suppose t ha f(x)—x +X 3.Then f(x) 3x +1.Tne proggam bd ow uses Neworls

nmet hodt osd vethisequation gating wthx =2 andstoppng ether whentheabsd uevd ue of (%)
islessthan 10_6, or ate 20iterdions say. It usest wo fundions F(X) far (x and DF (X) for

J(3.

PROGRAM Newton
! Solves f(x) = 0 by Newton's method

IMPLICIT NONE

INTEGER :: Its =0 ! iteration counter
INTEGER :: MaxIts = 20 ! maximum iterations
LOGICAL :: Converged = .false. ! convergence flag
REAL :: Eps = le-6 ! maximum error

REAL HEREED ¢ = 2 ! starting guess

DO WHILE (.NOT. Converged .AND. Its < MaxIts)
X = X-F(X) / DF(X)
PRINT*, X, F(X)
Its = Its + 1

87



Converged = ABS( F(X) ) <= Eps
END DO

IF (Converged) THEN
PRINT*, 'Newton converged'

ELSE
PRINT*, 'Newton diverged'
END IF
CONTAINS
FUNCTION F (X)
! problem is to solve f(x) =0
REAL F, X

F =X ** 3 + X-3
END FUNCTION F

FUNCTION DF (X)
! first derivative of f (x)
REAL DF, X
DEFE = 3 * X ** 2 + 1
END FUNCTION DF
END PROGRAM Newton

Notetha therearet wo condtionstha wil stopthe DOl oop e@ther convergence o the conpl éion
of 20iteaions. @Qher wsethe programcod d runi ndefi ritdy.

Rotation of co-ordinate axes

Funcions are particdaly useéfd when aithn&tic expressons, which can beconme long and
cunbersong, needto be evd uadedrepeaedy. A good exanpleistheraaion of a Cartesan co-
ord naesysem If suchasysemi sraaed courter-d ockw sethroughan and e of arad ans, the new
coadnaes (¥, y) d apdr rderedtotheraaed axes ae g ven by

X = X cos a + y sin a
Yy ==xd9na+ycosa

where(x )) areitsco-ad naes befareradion of t heaxes Thefdl ow ng funci ons cod d be usedto
definethe newco-ard naes

FUNCTION Xnew( X, Y, A )
REAL XNew, X, Y, A
Xnew = X * COS( A ) + Y * SIN( A )
END FUNCTION Xnew

FUNCTION YNew( X, Y, A )
REAL YNew, X, Y, A
YNew =—X * SIN( A ) + Y * COS( A )
END FUNCTION Ynew

Internal functions

S nce fundions and subroutines are very si mla, comnon fead ues are described by referingto
themcdledive y as subprograns. Most of thefdlowngruesapdy dsotoexternd subprograns,
except where ather wse gaed.

Al inend subprograns are d aced bet ween a CONTAINS staenent andthe END staenent o the
mai n program Subprograns ook d most like a mai n program except for ther headers and END
ddenens Inend subprogans may na cortdn aher subprograns, and so nay na t hensd ves
have a CONTAINS gaenert.

The generd syntax o anirtend fundionis
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FUNCTION Name ( [argument 1ist] )
[declaration statements]
[executable statements]

END FUNCTION [Name]

The saenernt

FUNCTION Name( argument 1ist )

is cdledthe function statement o header, or ded adion. Notetha if the nmain programhas an
IMPLICIT NONE staenert (and sound progranning stleinsdstha it should have one) the
function nane and argunents must be ded ared wthatype. Athoughthis may be doneinthe main
progamitisrecommendedtha you ded aret hef uncti on name and ar gunrerntsi nt he f uncti on body
itsdf.

S nceavd ueisassod aed wtht hef undti onname thsvd ue nust be assi gnedt ot hef uncti on name
inthe function body. Notetha when the function name appears on the | &t-hand side of an
asd gnnert sdenent, its arguments must be omitted, e g

YNew =-X * SIN( A ) + Y * COS( A )

i nt hef uncti on YNew above Thef undionissa dto return tHsvd uetothecdling o hogt, program
Afuncionvdue nay dsobereuned by means d a RESULT d ause (see bd ow).

Aninternd subprogramaut omaticdly has accesstodl its host's ertities Variades ded aedinthe
hogt progamaretheref ae global inthe sensetha they are aval ad ethroughou t he scope of the
host proggam This scopeind udes dl internd subprogrars. This can songi nes | ead t o seri ous
bugs, whi chiswhyintend subprograns shou donly be usedfa farlysmell tasks pecdia tother
particd a host. More generd procedures shod d be wittenas eternd subprograns.

Snceaninend subprogamisinasense dedaedinitshog, thisscopngrdedsoi npiestha
irnernd subprograns ae knowntoeach aher, i.e they nay cdl each a her.

However, if avariad eis redeclaredin a subprogram tha subprogramnol onger has accesstot he
aignd vaiade o thesane nane ded aedinthe hodt.

Arguments
The agunensinasubprogamstdenen, eg ¥ Yand Ain

FUNCTION YNew( X, Y, A )

ae dummy argunents Tha is they exd only fa the purpose of defiring the function They
represert generd variad es of the sanmetype. Consequertly, the sane nares do nat havet o be used
when calling or invokingthe subproggam E.g YNew rmay bei nvokedinthe host program withthe
gaenent

YNew( U, V, Pi/2 )

You canthink of the vd ues of the actual argunents U, Vand Pi/2 being cop edirtothe dummny
agunerts X Y and Arespedivdy. The actud argunentsaresa dto be passedtothe subprogram
An actud argurrent whi chis avariald e name nmust havet he sanetype and ki ndtype parangters as
its carrespond ng dumny argurrent. The exact way i n which argunerts are passedis d scussed
bed ow

You shod d be awerethat if the vd ue of a dummy argument is changed i nd de a fundion the
change is "cop ed back" intothe carespond ng acdud argunert inthe host progam if itisa
vaiade Thisisan undesrdl e side effect inafundion and shod d be ava dedinthei neets of
sound progranm ng If you wantto change an adud agumert, the carred vehi d eis asuorouine
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Local and global variables

The next programcortans anirtend function Fact (N) which conputes # Thereissonething
wong wthit. Seeif you can work out by hand what thefirg fewlines o oupu wll be befae
runn ngit.

PROGRAM Factorial
IMPLICIT NONE
INTEGER I

DO I =1, 10
PRINT*, I, Fact(I)
END DO

CONTAINS
FUNCTION Fact( N )
INTEGER Fact, N, Temp
Temp = 1
DO I =2, N
Temp = I * Temp
END DO
Fact = Temp
END FUNCTION
END

The prod emistha Tisaglobal variad e i.e the nane I represertsthe sane varialdeind de and
ouddethefundion Factisfird cdled when T =1, whichisthefirgd vd ue witten Thisvd ueis
passedtothefuncioisdunmy argunert N Thesame Iisnowd ventheiritid vd ue?2 bythe DO
| oopi nsi de Fact, but sinceitisgreaathanN the DOl oopisna execued so I still hast hevd ue 2
when Factretunstobe printedinthe mainprogram However, Tis nowincrenentedto 3inthe
DOl oopi nthe mei n program whi chisthevd ueit has whenthesecondcdl to Facttakespdace In
thsway, Factisnever conpuedfa anevenvdued I Al thsisaconsequence of thevariade I
bei ng d obd.

The prod emi ssd ved by reded aing Tinthefuncionto mekeitlocd. Youshou d nakeit arueto
dedae dl vaiades usedinsubprograns. That way you can never i nadvertertly make use of a
d obd variald einthe wong cortext.

If you needto get i f ar nati oni ntoasubprogramfromits hod, thesafes waytodoitist hrought he
dumny argumerts When thereis alage anourt of such irfa nation to be shared by nany
subprogans, the best sduionisto dedae gobd vaiadesina nodde and for subprogans
need ng access tothose vari ablesto usethenodu e (see Sdion 85

The use of IMPLICIT NONEina nanprogamis paticdalyi nportat whenthereareinernd
subprogans. It faces youtodedaedl |ocd variald es and dummy arguments wh ch makes for
good progarming sy e

The RETURN statement

Nor ma exit froma subprogramoccusa its END staenert. However, iti s songti nes conveniert to
exit fromather parts This may be done withthe saement RETURN. Excess ve use of RETURN
shou d be avd ded 9 nceit very eadlyleadsto spaghetti (ungtruct ured code).

Statement functions

Indder vers ons o Fortranafunction cod dbe dfinedinasngeling eg

F(X) =X ** 3 + X -3
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Thisf o missupported by Fortran 90, but i s na recommended s nceit does na fdl owmany of the
gened rdesfar subprograns

Internal subroutines

Subrouti nes ae very S nil a to functions. The dfferences are

e No vd ueisassod aed wththe nane o asubrouti ne henceit nust na be ded aed
e Asubrouineisinvoked wtha CALL Saenert.
e The keyword SUBROUTINE is usedinthe defiriti on andthe END gaenert.

e A subrouine need na have any argumerts in which case the nanme is witten wthou
parertheses eg

CALL PLONK

A fundion wthou agunments nust have enpty perertheses eg Fung ().

The fdlowng programprirts aline wththe subrouine PrettyLine, which has two dumny
agunerts Num isthe nunber of charadersto be printed Symbol isthe ASAI code of the
charagderstobe printed

IMPLICIT NONE
CALL PrettyLine( 5, 2 )

CONTAINS
SUBROUTINE PrettyLine( Num, Symbol )
INTEGER I, Num, Symbol
CHARACTER*80 Line
DO I = 1, Num
Line(I:I) = ACHAR( Symbol )
END DO
PRINT*, Line
END SUBROUTINE
END

Charadte substrings suchasLine (I:1), aedscussedin Chapgter 11

The next exanp eshows howdumrmy argumerts rmay be usedt ot akei rf arneti on backt ot he cdling
progam—nth s casethar vd ues ae exchanged

IMPLICIT NONE
REAL A, B

READ*, A, B
CALL SWOP( A, B )
PRINT*, A, B

CONTAINS
SUBROUTINE SWOP( X, Y )
REAL Temp, X, Y
Temp = X
X =Y
Y = Temp
END SUBROUTINE
END
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What acudly happensisthat the adud argunerts A and B are passed by reference (See Section
8 7). The effectistha the values of the adud argunerts are g ventothe dumny argunents and
any changes madetothe dumny argunerts are copied back to the actual arguments. Inth s way
i far nati on can bere urned fromt he subrouti ne Thi s can have ungd easart s de effeds You night
i nadvertertl y change a dummy argurrert i nsi de a subprogram—after reurntothe cdling program
thecarresponding actud arguent wil dso be changed perhaps wth d sastrous effeds Fortran 90
has a way o prevertingths cdled agument intent whichis dscussedinSecion 87

9 nce Tempi nthe exanp e aboveis ded aedi nt he subroutineitisl ocd toit and nat access Heto
the na n proggam

The generd syrtax o aninend sutrodineistheeae

SUBROUTINE Name|[ ( argument 1list )]
[declaration statements]
[executable statements]

END SUBROUTINE [Name]

8.2. The Main Program

Every conp ée program nust have one and orl'y one main program, whch hasthefa m

PROGRAM name

[declaration statements]

[executable statements]
[CONTAINS

internal subprograms]
END [PROGRAM [name]]

If thelagt saenent ahead of the CONTAINS staenent does na resdtina branch (andit shou d
na), cortrd passes overtheirtand subprogranstothe END staenernt, andthe programstops. In
a her words, thei ternd subprograns are only execuedif properlyi nvoked by a CALL saenertin
the case df asutrouing a by referend ngits nang inthe case o afundi on

8.3. External Subprograms

An external subprogramresdesi nasepaatefilefromthe mai nprogram It wll generdly perfa ma
spedfictask andisexternd inordertobeaccess Heto many dfferert cdlingprograns. Apart from
the header and END s aenert, asubprogramisiderticd ingopearancetoansi n rogram

SUBROUTINE namel[ ( arguments )]
[declaration statements]
[executable statements]

[CONTAINS
internal subprograms]

END [SUBROUTINE [name]]

or

FUNCTION name ([ arguments ])
[declaration statements]
[executable statements]

[CONTAINS
internal subprograms]

END [FUNCTION [name]]

Notethesnal but g grificart dfferences béween exend andinend subprogans
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e eoxeand subprograns may thensdves cortdn irntend subprograns (which wll ony be
access Hetothe host exend subprogram); inend subprograns rmay na cortan further
irternd subprograns

e the keyword FUNCTION or SUBROUTINE is optiona inthe exend subprogam END
daenent bu ddigaayintheintend subprogramEeND saenert.

Note dsotha, since an externd subprogamres desinasepaaefilefromthe man program it
nmust be conmiled separately. Under FTN9O an intenmed de type of nmachne code cdled
relocatable binaryis producedi nafile wththe. OBl extens on Thisinturn nust belinked wtht he
cdlingprogramby neans of asped d programcdl eda linker, findlyresutingi na. EXE vers on of
the mai nprogam Your conpile nmanud will havethe detals of howtodothis Onhceitisfindly
debugged an externd subprogramneed never bereconpiled orlylinked This preverts youfrom
wasting ti ne in conpiling it over and over, which wodd be the case if it was an inend
subprogram

As anexanp e | d'srewitetheitend subrouine SWop of Section 8 1 asanexternd subrouine
The na nprogram(inonefile) becones

IMPLICIT NONE
EXTERNAL SWOP
REAL A, B

READ*, A, B
CALL SWOP( A, B )
PRINT*, A, B

END

andthe external sulrouine (inaseparaefile isthen

SUBROUTINE SWOP( X, Y )
REAL Temp, X, Y

Temp = X
X =Y
Y = Temp

END SUBROUTINE

The EXTERNAL staenert is dscussed bd on  You shod d nowtry conpiling li nki ng and runn ng
thsexanp e

If you wart norethan one externd subprogrami nthe sane file you shou d use a nodu e (Section
85.

The EXTERNAL statement

If you acd dertdly used the nanme of anirtrindc subprogamfao an exernd subprogram the
conpile wou d by defadt assurne you werereferingtothei rntrind c subprogram so your externd
subprogam wou d be inaccessde You nmight think you know the nanes of dl inrindc
subprograns, andt ha thisprod emwll na presert itsdf. However, you cou d have a prod emwhen
transporti ng your code to ana her i nstdlaion because the sandard dlows conpilesto provide
addti ond irtring ¢ subpr ograrrs.

Toavadthsprodemthe names of dl externd subprograns shou d be spedfiedi nan EXTERNAL
gaenent, whchshod dcone ate any USE (Sedion 85 o IMPLICIT staenents Naning an
exend subprogamlikethis enswestha itislinked as an exend subprogram and makes any
i rtri nd ¢ subprogramwththe sane name unavalade Thspradiceisgrond y recommended

8.4. Interface Blocks

Iftheconpileistogeneraecdlstosubprograns coredly, it needsto know certda nth ngs abou
the subprogram nane number andtype of argunernts ec. Thiscdledion of i far nationiscdled
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the subprograms interface Inthe case of irtrind ¢ subprograns, i nternd subprograns and nodu e
subprograns theitafaceisd ways known tothe conpil &, andissa dtobe explicit

However, whenthe conpile generaes a cdl to an external subprogamthisinfa ngionis na
aval ad e andthe subprograminefaceissadto be implicit.

We have seentha the EXTERNAL staenert inthe cdling progamis sufidert tosuppy the
conpiler wththe nane of the exend subproggam andths enaldesit to be found and li nked
However, the inafaceis ill i npidt, andin nore conplicaed cases (such as wth ogtiond o
keyword ar gunrert s, as d scussed bd ow) furtherifar naionisrequredf o asaisfagoyineface
Fortran 90 has a nmechanism cdled an interface block which enal es an expidt intefaceto be
made

The generd far mdf anirteface d ock, which nust be d acedinthe scope o thecdling pogamis

INTERFACE
interface body
END INTERFACE

where the interface body cod d be an exad copy of the subprogram header, ded adions o its
agunerts and resuts and its END staenert. However, the names of the argunerts nay be
changed and other spedficaions may beind uded(e g for al ocd variabl ), dthough not DATA or
FORMAT daearents a irtend subprogans.

The cdling programf or the edend subrouti ne SWop above cod d be rewitten wth ani neface
b ock asfdlons:

IMPLICIT NONE

INTERFACE
SUBROUTINE SWOP( X, Y )
REAL X, Y
END SUBROUTINE
END INTERFACE

REAL A, B

READ*, A, B
CALL SWOP( A, B )

Mor e generd accesstoirnteaface d ocks nay be provi ded by neans of nodu es

Ineface b ocks are dso used far overloading a nunbe o subprogram nanes with a sind e
"generic' nane

When to use interface blocks

It is never wrong to use an interface block for an external procedure. However, there are

situations when one must be used. These are summarized in Figure 8.1. We will encounter
most of these situations later; they are collected here for ease of reference.

Figure 8.1 When to use an interface block
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Aninterface block 1z needed to call an external procedure in the follmwing cases:

when the procedure 1z called with a kepword and/or mizzing argument;

when a procedure iz called which defines or overloads an operator, or the assignment;
when the procedure called iz an array-valued function, or a character function which is
heither a constant har azsumed length;

when the procedure callled has a durmmy argument which iz an azzumed-zhape array,
a pointer or a target;

when the procedure iz a dummy or actual argument;

when the procedure iz called using a generic name.

8.5. Modules

Recdl that there arethreetypes of proggamunit: a main program an extend subprogam and a

module.

A nodu e dffer'sfromasubprogrami nt woinportart ways:

e a nodue nay cortdn norethan one subprogram(cdled modu e subprograns);
e a nodue nay cortan dedarion and spedficaion saerents which ae accessdeto dl

programuritswhi ch usethe nodu e

Modu es e dso conpil ed separa d y.

Inthefdlowng exanp g the subroutine swopis dacedina nodue MyUtils, For the sake of
illwgtraion the moduedsoded aesared paranmete Pi. The nain programnow has astdenert

USE MyUtils whichrendersthe nodu e access Hetoit. The nane pPiistherefaeknowntothe
mei n program The anended mai N programis

USE MyUtils

IMPLI
REAL

READ*
B =P
CALL
PRINT

END

CIT NONE
A, B

, A
i

SWOP( A, B )
*, A, B

whilethe nodu e (aga nsavedinaseparaefile is

MODUL
REA

CONTA
SUB

R

T

X

Y

END
END M

E MyUtils
L, PARAMETER :: Pi = 3.1415927

INS
ROUTINE SWOP( X, Y )
EAL Temp, X, Y
emp = X

=Y

= Temp

SUBROUTINE SWOP
ODULE MyUtils

Notethet the EXTERNAL statenert is now nether necesssary nor i nfad corred, snce SWOPi s no
longer anexternd subprogram—t is nowtechn cdly a module subprogram.

The generd far md a nodu eis

MODUL
[de

E name
claration statements]

[CONTAINS
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module subprograms]
END [MODULE [name]]

Itisaccessed by means of a USE statenert i nthe host programurit, whi ch must precede dl o her
daenerts

USE module—-name

A module subprogram has exadly the same faomas an exend subprogram except thet the
FUNCTION or SUBROUTINE keyword must be presert inthe END staenert. It has accessto dl
a her entitiesinthe nodde indudng dl variald es ded eredinit. Notetha a nodu e subprogram
may cortdnits ownirternd subprogans.

We have now encourtered dl threetypes of proggamunit. The nesting of inend, exernd and
nodu e subprograns rd di vetothese program uritsisill igtraedin Fgue 8 2

A nodu e may USE ather nodu es dthoughit may nat accessitsdf indredlythrough a cha n of
USE stadenertsin dffeet modudes No ordering of noduesis required by the sandard In
devd op nglibraries of nodules however, you shod dtrytodesgnaherachytoensuetha lae
nodu es only use ealie ones

S ncea nodd e may cortdnded adiongaenerts whi chare access Hetodl host programunits
d obd variald es nay be ded aredinthis way f or use by dl hostsaccess ngthe modu e Thisfeadue
ispaticdaly usef far making nmore conyicaed ded araions such asthose far derived types,
dobdlyavdlade

Inparticd a, ineface d ocks may be groupedt ogether i rto modu es As anexanp e cond der aga n
theexternd suorouine SWOP o Sedtion 8 3 Itsirnteaface cod d beina modu e MyMod,

Figure 8.2  Subprograms and program units (Mod-sub: module subprogram; Int-subs:
internal subprogram; Ext-sub: external subprogram)

Fadule
Mad-sub Main program
Int-subs Int-subs

Il
Il

Mad-sub Ext-zub

Int-sub= Int-zub=

]
]

MODULE MyMod
INTERFACE
SUBROUTINE SWOP( U, V )
REAL U, V
END SUBROUTINE
END INTERFACE

END MODULE

whi ch nay be accessed wththe gaenent USE MyModinthe cdling program
The USE statement
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We have seen that the USE staenert dlows accesstoertitiesina nodde Therearetwo spedd
fa ns of the USE gaenent whi ch &fed the node o access

It may beinconvenert (o inposslde tousethe name of a particdar ertityina nodde For
exanp e t woi ndependert! y written modu es nay each have asubprogram witht hesanme nane. O a
nodu e ertity may have al ong and unw ddy nane Modd e ertities may be renamed fa useinthe
host progamunder the new name. Eg if the modu e YourMod has a subprogram or variad e
nanmed YourPlonk it nay berenaned fa use under thenane MyPlonk asfdlows:

USE YourMod, MyPlonk => YourPlonk

The generd formis

USE module-name, rename-1list

where eachitemi n rename-listis o thefam

new-name /=>/ original-name

Any nunber of renanes may appear i nthelig. Thisuseisna redlyrecommended andshou donly
be used as al et resart. It wou d be better to uise atext edtor to changethe aig nd nanmes

The ather way i n which accessto a nodule nay be affededis by the ONLY cdlauseinthe USE
ddenen. Eg thegdaenen

USE YourMod, ONLY : X, Y

dlows accessto onl ytheertities xand Y of the modd e Theitensfdloa ngthecd on may d so be
renanes.

Each nodu e accessed must gppear inaseparade USE saerert.
PUBLIC and PRIVATE attributes

As we haveseendl ertitiesina nodu e areaccess He by defadttoany proggamunit tha usesthe
nodu e However, access nay berestriced by spedfying avariad e wththe PRIVATE atribuein
its ded ar i on

REAL, PRIVATE :: X

Ateandivdy, avaiade a subprogram nay be spedfied wthths dtribueinaseparae saenert:

PRIVATE X, SWOP

This means thet the ertities X and SWOP are nat avalald e outside the nodue They are ill
access Heingdethe nodu ¢ however.

The PUBLIC attribute (the defadt) nay be s mil aly spedfied

The staenernt PUBLIC or PRIVATE wWth no ertity list corfirns or reseésthe defadt. Sothe
saenens

PRIVATE
PUBLIC SWOP

make dl ertitiesinthe nodu e PRIVATE by defaut, except fa SWOP.
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8.6. Scope

The scope of a label or name is the set of lines where that name or label may be used
unambiguously. Scoping rules for labels and names are different.

Scope of labels
The onl y approved use of | abel si nthisbook isin FORMAT gaenents whichwe wll only d scussin

detdl in Chapte 10 However, labds can dso be used in corjundion withthe naaious GOTO
gaenent, ardtoend a Dol oop, dthough such pradi ces are nd recommrended

Figure 8.3 A scoping unit

& zooping unit iz one of the following [Metzalf and Feid)

+ & derived-tupe definition [Chapter 12];

+ & zybprogram interface body; excluding any denved-type definitions and interface bodies,
contained within it; ar

* A program unit or subprogram, excluding dernved-type definitionz, interface bodies, and
subprograms contained within i,

Each subprogam internd o externd, hasits ownindependert se of labds So for exanpl e the
sane labd may be usedina nman programand severd o itsirternd subprogans wthou
anbi guty. The scope of alabd, theeefae isa nman progamor a subprogram exclud ng any
irnternd subprogranstha it contans

Scope of names

The scope of a nane dedaedin a program extends fromthe PROGRAM staenent tothe END
daenent, and does nd extendtoany edxend subprograns that nay beinvoked

A narme ded aredi n a subprogramhas scope fromt he subpr ograms header toits END gaenert. It
fdlowstha anane ded aedina ma nor exteand subprogramhas scopeindl subprograns whi chit
cotdrmns

The scope of a name declaed in an inend subprogram extends throughou tha inend
subprogramonly, and does na extendto aher iternd subprograns. It fdlowstha thescope of a
nane ded aedina programor subprogramdoes na i nd ude any i rternd subprogransin whichitis
reded ared

The scope of the name of aninternd subprogram as well asits nunber andtype of argunents
extends throughou the contaring program or subprogram (and therefare throughou dl o her
irternd subprograns).

The scope of a name ded ared (wherethe naneistha of avariade or a subprogram now) in a
nodu e extendsto any proggamunitstha usethe nmodue bu obvi ously exd udes any i nternd
subprogransin whichthe nare (inthecase d avaiald € isreded aed

Havi ng described t he basic d enerts of scope itis hd pfu to nakethe concep nore predse by
defi ni ng a scoping unit (A gure 8 3.

Sonei npicaions fdlowfromth s defiriti on
e Entities dedaedin dffeaert scopng unitsare d ways dffeert, evenif they have the sane
nanes and fr operties

e Wthnascopdng unit, each naned da a olj ect, subprogram deri vedtype naned construdt and
nandig goup nust have adgind nane wththe exception of generic names o subprograns.

e Thenanes of progamuntsared obd, so programunitsinthesane programmnmay na havet he
sane nang neither nay they havethe nanes o any ertities ded aredinthe programunit.

Thereisaseparaescop ngrulefar the DO variald e o an implied DO (Chagters 9 and 10); it extends
onlytothei nplied DQ
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8.7. Arguments

There are a number of important properties of subprogram arguments which are
summarized in this section for ease of reference.

We first look at precisely how actual arguments are passed to subprograms. This happens
in two fundamentally different ways: by reference, or by value. It is necessary to
understand clearly the difference between these two mechanisms.

Reference arguments

If the actual argument is a variable it is passed by reference. The term "variable" includes
an array name, an array element, an array substring, a structure component, or a
substring; all these concepts are discussed later.

What actually happens in this case is that the address in memory of the actual argument is
passed to the subprogram, and the corresponding dummy argument is made to reside at
the same memory address. In other words, the actual argument and dummy argument both
refer to the same memory location. As a result, any changes made to the dummy argument
are reflected in the actual argument on return to the calling program.

You can therefore think of the value of the actual argument being copied to the dummy
argument on call, and the value of the dummy argument, which may have been changed,
being copied back again on return.

It is bad programming style for dummy arguments of function subprograms to be changed
in this way; if you need more than one value back from a function rewrite it as a subroutine.

Value arguments

If anadtud argunert isaconsdart or anexpress on nore conpl exthan avariad e itis passed by
value.

This meansthatthevd ue of thead ud argunent isliterdly cop edt ot hedumny ar gunert. Changes
made tothe dummy argunert ae consequently notreflededinthe adud argunent onreun

It shoud be nadedtha endosing a vaiadlein parertheses makes it an expresson Sothe firg
agunen o

CALL Plonk( (X), Y )

ispassed by vd ue If thisisna wha wasintended it canbe very dfficdt tospa. Thisverysultle
errar can be preverted by g ving dummy argunerts an intent, thisis d scussed next.

Argument intent

Dumry argunerts may be spedfied wthan intend atribue i.e whether youi nendt hemt o be used
asinpu, a oupu, a bah eg

SUBROUTINE PLUNK( X, Y, Z )

REAL, INTENT (IN) i X
REAL, INTENT (OUT) HHE

REAL, INTENT (INOUT) :: Z

Ifirtert is IN the dumny argunent nay nd haveits vd ue changed i s de the subpr ogram

If theirtert is OUT, the carrespond ng actud agunent must be a variade Such a sped fi cation
wou d prevert thelagt era merti oned above, Snceacdl such as

CALL PLUNK( A, (B), C)
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wou d generde aconpile aror —(B) isanexpresion nd avaiade
If theirtert isINOUT, the correspond ng actud agunert nmust aganbeavaiade
If the dumny argunert hes moirntert, theactud agunent may be avaidd e a an express on

It is recomnended tha dl dumny arguments be gven an irntert. In paticda, dl fundion
agunerntsshod d haveirtert IN

Irntert nay dso bespedfiedin aseparadedaenert, eg

INTENT (INOUT) X, Y, Z

Matching type

Thetype of anactud argunent nmust et ch thetype of t he correspond ng dummy argurrent. Eg if
PLONK i s defined wth one real ar gurrent the saenent

CALL PLONK( 0O )

w Il cause an era, becausethe congtart Ois anirteger.
Optional and keyword arguments

Argunert ligscan get verylong songti nes na dl o themare needed Sone or dl o t he dumny
agunerts nay be spedfiedwththe OPTIONAL atri bute( whi ch nay a so be used as asta enert).
If t he wart ed argunert s happent o be consecuti v s ati ngfromt hefirg dumny argunert, they are
liged nor nallyi nthe CALL staenert. However, the warted argunerts nay be scatered i n which
case a keyword argument list must be provided ate an ord nary (positiond) argunert lig (which
may be enpty). Rrhaps an exanp e wil daifythe stuaion

The externd subrouine Plonk hass xagunerts thel astfour of whichareoptiond. Thefdlowng
mei n progamshows theirtaface Hock requiredfa Plonk togeher wth sone sanp e cdls

INTERFACE
SUBROUTINE Plonk( DumU, DumV, DumW, DumX, DumY, DumZ )
OPTIONAL DumW, DumX, DumY, DumZ
END SUBROUTINE
END INTERFACE

CALL Plonk( A, B ) 11
CALL Plonk( A, B, C, D) 12
CALL Plonk( A, B, DumX = D, DumY = E, DumZ = F ) 13

Inthefirg cdl, onl yt he nonopti ond argumerts are passed. | nt he second cdl, thefirg two opti ond
agunentsaerequred sothelis 9 npy corta nsthefirs four argurments However, thethirdcdl
requresthel ast three optiond argunerts sothey must besuppiedas a keyword argunert lig, the
keyword i n each case ba ng the dummy argurment nane. There may be no futher positiond
agunerns dter thefirg keyword argunert, sothe cdl

CALL Plonk( A, B, DumX = D, E, F ) ! wrong

wou d beinvdid
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Notetha anexdidtineafaceinthefa maof anineface body nmust be suppdied when an externd
subpr oy amhas ogti ond argunrents However, s nce nodules provide exdidtinefaces thsisna
necessayinthe case & nodul e subprograns wth ogti ond argunerts

Arrays as arguments

This is more appropriate to discuss in Chapters 9 and 15, where we deal with arrays and
matrices in some depth.

The SAVE attribute

Locd variad esi nasubprogramdo na normell yretd nther vd ues between cdls un esst hey have
the SAVE atribue eg

REAL, SAVE :: Temp

Locd variad es whi ch ae initialized at ongticdly havethe SAVE dtribute
A dumny variald e nay na be spedified wth SAVE

Subprograms as arguments

We have seen that actual arguments of a subprogram may be variables or expressions. A
subprogram name may also be passed as an argument. This is discussed in Chapter 16,
where there is an appropriate example.

8.8. Generic Subprogram Names: Overloading

You may have wondered havi ngseen howad ud and dummy argunertsmust et ch exad!yi ntype
and nurrber, howsore of t hei riri nd cf uncti ons manageto accept arguerts of noret han onet ype
For exanpl e theargunernt of ABS may beirnteger, red o evenconp ex! The answer i stouse a nea
trick provi ded by Fortran 90 overloading

Overl oad ngisa generd fadlity provi ded by many nmodern programni ngl anguages I nthiscortex,
itistheallitytocdl anunmber o dffeent subprogans withthesane generic name Inprindde
subprograns, with dfferert specific names are witten for dffeert types of argunernts thar
spedfic nanes aret hen overloaded by a sing e generic nane for dl of them The generic naneis
cdled the conpil & ded des whi ch spedfic nametoi nvoke beh ndt he scenes accard ngtothetype
of theatud agunerts

Consider aganthe edxeand subrodine SWOP( X, Y ) of Sedion 83 It accegs only red
agunerts V¢ can nakeit accept i teger agumerts as well, inanunber of ways.

Oneistowitet woseparaeexternd subrouines SwopReals and SwopIntegers, Wthred and
irneger agunentsrespedivdy, eg

SUBROUTINE SwopReals( X, Y )
REAL X, Y, Temp

Temp = X
X =Y
Y = Temp

END SUBROUTINE SwopReals

and

SUBROUTINE SwopIntegers( X, Y )
INTEGER X, Y, Temp

Temp = X
X =Y
Y = Temp

END SUBROUTINE SwoplIntegers
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I ncethese areto be external subprograns each nust resdein a sepaaefile and be conpil ed
separady. The overl cad ng canthen be doneinthe nma nprogram by nmeans of an INTERFACE
gaenent, whch spedfiesthe generic name (SwoP), andi nteaface bodesfa thetwo overl caded
subr outi nes

PROGRAM Main

INTERFACE SWOP
SUBROUTINE SwopReals( X, Y )
REAL X, Y, Temp
END SUBROUTINE SwopReals
SUBROUTINE SwopIntegers( X, Y )
INTEGER X, Y, Temp
END SUBROUTINE SwopIntegers
END INTERFACE

REAL A, B
INTEGER I, J

)

CALL SWOP( A,
I )

B
CALL SWOP ( J

4

A spedfic nane nay bethe sanme asthe generic maneif thisis nore conven ert.

A generi c name nay bet he sane as ana her access H e generi c nang, i nwhi ch casedl subprograns
wtht Hsgenericnane arei nvokedt hroughit. Inth s way, thei riri nd cf undi ons nay be extendedt o
accept agunernts o a derivedtype

If you wart tooverl cad a nmodu e subprogram thei ntefaceis dready exdiat, soitisincorrett to
spedfy anirnteface body. Instead you nust ind udethe saenert

MODULE PROCEDURE procedure-names

intheinteface b ock where procedure-names arethe procedur es (subprogans) to be overl caded
Soif the subroutines SwopReals and SwopIntegers wereddinedina nodde theinteface
b ock wod d be

INTERFACE SWOP
MODULE PROCEDURE SwopReals, SwoplIntegers
END INTERFACE

Thisinefaced ock cod d bed acedinthe nodd eitsdf. Tryit.

We will seelaea howto overloadirtrind c operaas and the ass gnrent i n or der to extend t hese
operaionsto dari ved types

8.9. Stubs

Alageproganwll have many subprogrars. To g anand codet hema | bef areconpilingisaski ng
fatroude A usefu trickis to use stubs, which defi nethe subprogramnanes, bu do na hing (&
firgd). Thenfillthestubsinone a ati ne conpiling afte eachfill in Tha way, it's nucheaserto
cachdl the conple eras You canintidly definethe subprograns asintend, wthal | ocd
vaiades dedaed novingthemou to modues asthey are conpleed This obviaes havingto
reconpileeverything as nore and nore subs aefilledin E g

PROGRAM BigOne

IMPLICIT NONE
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CALL FIRST
CALL LAST

CONTAINS
SUBROUTINE FIRST
PRINT*, 'First here'
END SUBROUTINE

SUBROUTINE LAST
PRINT*, 'Last here'
END SUBROUTINE
END PROGRAM BigOne

It may na doruch & thisdage bu & lesstit conpil es!

8.10. Recursion

Many et herreticd functions (and nore generd procedures) rmay be defined recursively, i.e in
ter ns of 9 npl e cases of thensd ves For exanp e thefad aid function may be defi nedrecursvd y
a

n!:n*(n—l)!
dventha 1 isddinedas 1

Toi np erent thisdefintionasafundion itisnecessayfar thefundiontocdl itsdf. Nor malyin
Fortran 90thisis nat possHe However, if the RECURSIVE keyword is prefixedto the fundion
header, thefundion may cdl itsdf. If thecall isdred (i.et hefuncdion nane occursi nthe body of
the functi on defirition) a RESULT d ause must be addedt ot he functi on header, in order to use a
dffeert (locd) namefor thefundion Thisisillusraedbd ow wherethefundion Factorialis
defi nedrecurdvd y.

IMPLICIT NONE
INTEGER I

I =10
PRINT*, I, Factorial(I)

CONTAINS
RECURSIVE FUNCTION Factorial( N ) RESULT (Fact)
INTEGER Fact, N

IF( N == 1 ) THEN
Fact =1
ELSE
Fact = N * Factorial( N-1 )
END IF
END FUNCTION
END

The RESULT d ausei s needed becauset he name Factorial nmay na appear ont hel eft-hand s de
o anasd gnnert. Notetha thenane Factorial nust notbe ded aedinthe INTEGER & enen:
the ded ardion d Factissufidernt.

Recurs onis an advancedtop ¢ dthoughit appears decetivdy s no e You nay wonder howt he
recusve Factorial fundionredly works. It isi nportart to d gingu sh bet ween the functi on
be ng called and executed Whentheirtid cdl takes gdace N hasthe vd ue 10, sothe ELSE cl ause
inFactorialisevduaded However,thevd ue of Factorial (9)isna knowna thisstage so
acopyis made of dl thesaemrentsinthefunction whichwll needt o be execu ed oncet he vd ue of
Factorial (9) isknown Thereferenceto Factorial (9) makes Factorial cdlitsdf,ths
tine wthavdued 9fa N Aga nthe ELSE d ausei seval uated and agai n Fortran 90 discoverst het
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it doesrit know the vd ue of Factorial (8). So another (dfferert) copy is nade of dl the
daenertstha wil needto be execued oncethevd ue of Factorial (8) isknown And soeach
tine Factorialis cdled separade cojes are nade of dl the saenerts yer to be executed
FHndly, theconpil e findsavd uedf N(1) for whichit knowsthevd uedf Factorial, sodlagtit
canbeg ntoexecue(inreverseorder) the pled staenents wh ch have been damned upi nd det he
e nory.

Thisdscuss onill ugraesthe pa rt that recurs on shou d be used carefuly. Wil eitis perfedlyin
order touseitin acaselikeths it can chewup huge anounts d conpuer nenory andti ne

It shou d be merti onedt ha a RESULT d ause may be used opti ondly when af uncti oni s na defi ned
recusvdy—n ahe words it is never wongto have a RESULT dause Hereitisshown wtha
nonrecusveverson d Factorial

IMPLICIT NONE
INTEGER I

DO I =1, 10
PRINT*, I, Factorial( I )
END DO

CONTAINS
FUNCTION Factorial( N ) RESULT (Fact)
INTEGER Fact, I, N
Fact = 1
DO I =2, N
Fact =
END DO
END FUNCTION
END

When asubrouti necdlsitsdf dredly, the keyword RECURSIVE nust alsobe used Intheexanp e
bd ow Factorialisrewittenas arecursve subrouine Thisisalittlenore sultle

IMPLICIT NONE
INTEGER F, I

DO I =1, 10
CALL Factorial( F, I )
PRINT*, I, F

END DO

CONTAINS
RECURSIVE SUBROUTINE Factorial( F, N )
INTEGER F, N
IF (N == ) THEN
F=1
ELSE
CALL Factorial( F, N-1 )
F=N%*TF
END IF
END SUBROUTINE
END

Whenl firg waethsprogam | pu Ninstead of N-1 by mistake astheargunert i ntherecurs ve
cdl. Consequertly, the programcou d na end snce Factorial was d ways cdledwth N havi ng
the vd ue o 10. The "escape staenert”, F = 1 cod d never be execued Be warned

Thesultlayinthisexanp eis working out whether top ecethestadenent ¥ = N * Fbefaeor
dtatherecusivecdl to Factorial TryrunningtheproggamwithF = N * F beforethecdl
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toFactorial Thedffeaenceistha nowF = N * Fisexecuted oneachcdl,ingead of acopy
be ng nade As aresut, thelast execuionsds Ftol, andthisisitsvd ue onrgéun

Thereare nore exanpl es of recus vefundionsinthe exerases Arecurs ve subroutineis usedto
i nol enert the Qui ck Sort d gorithmi n Chapter 9

Chapter 8§ Summary

Large progrars shod d be broken down i nto subprograns (procedures) to pefams np e
tasks

Subprograns may beinena a edxend.
Externd subprograns are conpil ed separad y fromthe na nprogram

Modu e subprograns are subprograns which have been cdlededino separady conpiled
nodu es (li brari es).

A progamunitisa ndnpogram exend subprogram a nodu e

Inend subprograns are corta ned wth n rogramurnits

Subprograns cons & o fundions a subroutines

Afundionrgurs avd ug which has atype

Afunaionisinvoked by referend ngits nane.

No vd ueis atachedtothe name o asubroutine

A subrouti neisinvoked wtha CALL Saemert.

Dumny argunerts ae wsedin asubprograms ded ardion, atud agumentsinitsinvocati on
The conpil & provi des exdidtirntefacestoinrind g irternd and modu e subprograns.

An EXTERNAL staenent inthecdling programissuffidert tolinktoan externd subprogram
inna ma drecust ances

An intaeface Hock may dways be used to provide an expidt inteface to an edend
subprogram there are St ueti ons when one nust be used (Fgure 8 1).

A nodu e nay corta n ded adions, spedficaion $aenens and subprograns.

Entitiesin a nodu e spedfied wththe PRIVATE atribue nay only be accessed withinthe
nodu e Htities are puldic by defaut.

The scope of anane or labd isthese o lines whereit may be used unambi guoud y. Scop ng
rdesfa labd s and nanes ae dffeert.

Actud argunerts may be passedt o subprograns by reference ar by vd ue An argunent passed
by reference may be changed on reun. Congtarts or express ons are passed by vd ue
Par ert heses around a variad e nane nakeit an express on

Dumny argunerts nay be spedfied wththe INTENT atribite IN( may na be changedi nt he
subprogran), ouT (adud argument nust be a variadesotha it can be changed), or INOUT
(adud agunent nust beavariade). Al dummy argunents shod d be g ven ani rtert.

Functi on dunmy argunentsshod d haveirtent TN

Dummy arguments nay be spedfied OPTIONAL Warted argunerts may be providedin a
keyword argurrent lig. BExdernd subprograms wth optiond arguments rust have an expidt
irnteface provided by ani neface body.

Anirnteface may be usedto overl oad sped fic subprogramnanes wth a generic nane
S ubs (enpty subpr ograns) shou d be used when devd oping | arge prograns.

Subprograns may cdl thensd ves dredlyif they are ded aed as RECURSIVE. Arecusve
function nust have a RESULT d auseinitsheader tord urnits vd ue

Chapter 8 Exercises

8.1

Wite aprogramwh ch uisesthe New on qudi ert
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f(x+h)—f(x)
h

.3
o esti natethefirg darivaiveof /() =% 4 (= 1, using successivdy smalle va ues of 7 1,
10" 107 ¢c e afunction subprogramfar (.

8.2 Wite your own Fortran functi on to conpu e the exponertid fundion dreclyfromthe
Tayl o saies

The seri es shou d end whenthel at ter mis lessthan 10~ Test your f undti on aga net thei rrirsi ¢
function EXP.

8.3 WiteafundionBin( N, R ) whchraunstheh nomd coeffidert, treak nl/ A (n 7!, as
definedin Chapter 6

8.4 Wite asubr outi ne

QUAD( X1, X2, A, B, C, J)

REAL INTENT (OUT) X1, X2
REAL INTENT (IN) :: A, B, C
INTEGER INTENT (OUT) :: J

whi ch conpuestheroas of the quad &i ¢ equeti on ax’ +bx+c=0_ The agunents A Band C
(wh ch may take any vd ues) aret he coeffid erts of the quadrdic and x1, X2 arethet woroas (if
they exi &), which may beequd. See Fgued 5fathesdruduedan Jisa"flag' which nust beset
by the procedure asfdl ows:

-1 conpexrods(dsai mnart < 0);

Q nosduion(a=5=Q ¢70);

1 onerodt (a=0, b7 Q sotherodt is—d §;

2 tworoas(whchcodd be equd);

R any xisasduion(a=b=c=0.

8.5 If arandomvariad e Xisd gributednor naly wthzero meanand unit sandard devi &ion the

probatilitythat 0 < X <X js g ven bythestandard nor ma f uncti on q)(x). Thisisusudlyl ooked
upintades butit nay be approx nated asfdl ows:

<D(x) = O.S—I’(Clt +bt? +ct3)

r= exp(—O.Sx2 ) / 2

where a = 04361836 b =-01201676 ¢ = 0937298 , and
t =1/(1+0.3326x)

Witeafundiontoconpute ¢(x), and useitinaprogamto witeou itsvd uesfar 0 < x < 4in
depsd Q1 Check 1) =Q03413

8.6  The Hbonacd nunbers are generaed by the sequence
11235813 ..
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Can you work out wha the next ter mi s? Witearecurd vef undion F (N) to conpu ethe H bonacd
nunbers £ to 20| (s ngtherd i ansti p

Fn =Fn—1+Fn—2
g venthat K=r=1
8.7 The firg tlree Legendre pdynomals are Po(x):l’ Pl(x):x' and

— 2 _
132(x) B (3x 1)/2 . Thereisagenerd recurrencef o mi afar Legendre pd ynomid s by which
they are ddfined recurs vd .
(n+1)P,,(x)=(2n+ 1)xP,(x) + NP,_/(x)=0

n+l

Defi nearecurd ve Fortranfunction P (N, X) togenerdelLegendrepd ynomds g vent hef o mof

P,

0 and Pl. Wse your fundionto conpue P(2, X) for afew vdues of X, and conpare your

resuts wththose us ngthe and yticfa mo Pz(x) g ven above
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Chapter 9 Arrays

Chapter 9 Introduction

9.1. Mean and Standard Deviation

9.2. Basic Rules and Notation

e Read ng an unknown anourt d dda

9.3. Arrays as Subprogram Arguments

9.4. Allocatable (Dynamic) Arrays
9.5. Top of the Class

9.6. Sorting a List: the Bubble Sort
9.7. Sorting a List: Quick Sort

9.8. More Array Features

e Array condructas

o Array sedions

e |ntidiz ngarays wth DATA
e Array expressons

e Array ass gnnent

e The WHERE construd

e Array-vd ued fundions

e Array handingirtrind cfundions

Chapter 9 Summary

Chapter 9 Exercises

Chapter 9 Introduction

Inred progrars we often needto hand e al arge anourt of daainthesane way, eg tofindthe
nmean of asd of nunbers artosat alig of nunbers or nanes, artoand ysease o studerts tes
resuts ortosdve asysemd linear equations To avd dan enor noudy d unsy program where
per haps hundreds of variad e nanes are needed we can use subscripted variad es o arrays. These
may be regarded as vari ald es wth conponerts raher likevedas or matrices They are wittenin
the nor nd way, except thet the subscri s are end osedi n parert heses after the variad enane, e g
X(3), Y(I + 2 * N)

Fortran 90 has an extrend y powerfu se o aray feawes which Fortran 77 users will be bah
surprised and ddi ghtedto d scover.
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9.1. Mean and Standard Deviation

Toill traethebas cprind ples | &' sconpu et he sanpl e nean and standar d devi &i on of aset of N
observai ons. The neanis defi ned as

N

- 1
X=—> X.
N

where Xistheith observaion. The dandard devi &i on sis defi ned as

s ﬁz(x -X)’

The next programconpu estheset wo quartitiesfromdatareadfromt he d skfile DATA Thefirg
itemof datainthefileisthevd ued N Thisisfdlowed by exactly N observaions —al onsepaae
lines

IMPLICIT NONE

INTEGER :: I, N
REAL :: Std =0
REAL, DIMENSION(100) :: X

REAL :: XBar = 0

OPEN (1, FILE = 'DATA')

READ (1, *) N

DO I =
READ

XBar
END DO

)
, N
1, %) X(I)

Xbar + X(I)

I -~ =~

XBar = XBar / N

DO I =1, N
Std = Std + (X(I) - XBar) ** 2
END DO

Std = SQRT( Std / (N - 1) )
PRINT*, 'Mean: ', XBar
PRINT*, 'Std deviation: ', Std

Tryths wthsone sanp e data(each nunber on aseparaeling):
1051625735991276538744
You shou d gt a nean o 576 and agandard devi a&ion o 2 53 (totwo ded nd {d aces).

The DIMENSION (100) atribueinthetype ded aaion saenen fa the aray X ses as de 100
menoryl ocaions, wthnanmesx (1), X(2),..., X(100). However, thesanp e da aabove cons &s
o only 10 nunbers soonythefirg 101 ocations are used Notetha the val ue of N must beread
firgd (and must be cared), beforethe Nvd ues nay beread

After the READ IS conp ée the nenory aea wherethe arayissaedl ookslikethis

X)) X2 X3 .. X(10

51 62 57 44
Nowtha the daaaresadystaedinthearay, they may beusedagan si noy by referend ngt he
aray nane X wthan denent nunber, eg X(3). Sothesumof thefird t wo d enernts nay be

conpu ed as
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SUM = X (1) + X(2)

Thisfadlityisnecessaryfa conpuings accord ngtot hefar mi aabove—t he data nust dl beread
toconpuethe nean andthermean nust beconpued befare dl the daaisre usedtocompute s

(Tobefar, thereisana her way of cd cu a@ingthe standard devi &i on wh ch doesrit requiret he use
o anaray.

2= 3 x2_NX*
N-15""
As anexerdse rewitethe pogramwthou an aray, read ng dl the daainoasndevaiade x)

Havi ng each datavd ue on a separaelineinthefileisraher cunbersonme —thsisrequred by the
separae execution of each READ (1, *) X(I)inthe DOloop Fortrandlows the use of an
implied DOtoread or prirt dl o pat of anaray. S nplyredacethe ertire DO construdt inthe
progamwth

READ (1, *) ( X(I), I =1, N )

Not et het the syrtax requires parent heses aroundthei nplied pa
9.2. Basic Rules and Notation

The array is our firg exanp ein Fortran 90 of a compound object, i.e an olj ed whi ch can have
nore than one vad ue Arays can be farly conplicaded creaures iy the basics are nenti oned
here nore advanced fegtureswill beirtroduced| e

The gaenert
REAL, DIMENSION (10) :: X
ded aes xtobeanaray (o /is) wth1Ored elements denaded by X (1), X(2), ..., X(10). The

nunber of d enentsinanarrayiscdleditssize(10i nthscase). Eachd erent of anarrayisascd &
(dnd e vd ued).

Array denerts aereeenced by nmeans o a subscript indcaedin parertheses afta the aray
nane Thesubscrip rust be ani rteger express on—Hsvaue nmust fdl withntherange definedin
the aray ded adion S

X(I+1)

isavdidreeaencefa and ement of X as ded aedabove aslongas (I+1) isintherange1-10. A
conpile ara occusif thesubscrip isou o range

By defaut arrays have a lower bound of 1(thel owest vd ue asubscri pt cantake). However, you can
have any | ower bound youli ke

REAL, DIMENSION(0:100) :: A

ded aes Atohave 101 d enerts froma (0) toA (100). The upper bound must be spedfied if the
lower boundis missngit dfadtsto 1

An aray nay have norethan one dimension. The bounds of each d nension nust be spedfied

REAL, DIMENSION(2,3) :: A
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Aisatwo-d mend ond aray. The nunber of d enerntsd ongad nens oniscdl edt he extenti nt ha
d nenson A hasanextent of 2inthefirg d nenson and anextert of 3inthe second d nens on
(andasizedf 6). Fartrandl ons uptosevend nens ons The nunber of di nens ons of anarrayisits
rank, andt hesequence of extertsisits shape Theshape dof Ais(2 3), or (2x3)in netrixnataion A
scdaisregardedas havingarank of zera We will concertrate na iy onone-d nensiond arraysin
ths chape -+ is more approprigeto dscusstwo-d nensond araysinthe context of matrices
(Chapter 14).

The DIMENSION atributeis optiond. It provides a defadt O MENS ON optiond shape for
variad es whose nanes ae not fdl owed by a shape

REAL, DIMENSION(5) :: A, B(2,3), C(10) ! only A is (1:5)
INTEGER I(10), K(4,4), L(5) ! all different

An array subscrit can be used asthe cortrd vaiadeina Dol oopto generaearay d enents The

fdlowng code assgnsthe firg five eveninegastotheten denents of x (assurmed corredly

ded ared):

DO I =1, 5
X(I) =2 * I

END DO

The sane dfect can be ach evedinanunber o dffeert ways wth an array constructor.

Xz(/2l4l6l8llo/)

A congtart aray nay be ded redinths way, wththe PARAMETER étribue
An ertirearay nay beread

READ*, X

O couse theexad nunber of daavd ues nmust be supdied An ertire array may be ass gned a
scd a vd ue

X =1
Thisisaspedd case d array assignment Whi ch we wll encourter aga nlaer.

Reading an unknown amount of data

Thei nplied DOtogaeher wththe TIOSTAT spedfier in READ provides a nedt way of read ng an
unknown anourt o detairto anaray, where orl ythe naxi rums ze d the arayis g ven

INTEGER, PARAMETER :: MAX = 100

REAL, DIMENSION (MAX) :: X

OPEN (1, FILE = 'DATA')

READ( 1, *, IOSTAT = IO ) ( X(I), I = 1, MAX )

IF (IO < 0) THEN
N=1IH-1
ELSE
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N = MAX
END IF

PRINT*, ( X(I), I =1, N)

The data may be arrangedi nany f or nat i nthei nput file Notethat Iisonegeae thanthe nunber
o vduesread: itisinoenentedinthei ndied DO before the end o -fil eend of -fil econdtion i s
deteded Nxedsotha onnornd exdt fromthei npied DOits vd ue wou d be MAX+1.

9.3. Arrays as Subprogram Arguments

An array nay be passed as an argunert to asubprogaminanunber of ways. The neadest wayis
showni nthe next program wherethe cd cu aion of the mean and standard deviaionisrd egatedto
thesulrotine stats:

IMPLICIT NONE

INTEGER :: I, N
REAL, DIMENSION(100) :: X

REAL :: Std = 0
REAL :: XBar = 0
OPEN (1, FILE = 'DATA")

READ (1, *) N, (X(I), I =1, N)
CALL Stats( X, N, XBar, Std )

PRINT*, 'Mean: ', XBar
PRINT*, 'Std deviation: ', Std

CONTAINS
SUBROUTINE Stats( Y, N, YBar, S )
REAL, DIMENSION(:), INTENT(IN) :: Y
REAL, INTENT (INOUT) :: S, YBar
INTEGER, INTENT (IN) )

INTEGER I

YBar

Il
o
~
n

Il
o

DO I =1, N
YBar = Ybar + Y (I)
END DO

YBar = YBar / N

g
(@)
—
Il
—
=2

END DO
S = SQRT( S/ (N - 1))

END SUBROUTINE
END

The conpil & requirestha the shape d actual and dummy argunerts agee. The ded ardion

REAL, DIMENSION(:), INTENT(IN) :: Y

o the dumny argunent nmakesit an assumed-shape, i.e it takes on whatever shapeis i nposed by
theatud agurent. The cond eéesyrtaxforthed nens oninthiscaseis

[Iower bound]:
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Thel ower bound defadtsto 1if onitted Take carefu naetha t he shapei s passed not bounds So
inthsexanp g,

REAL, DIMENSION(O:), INTENT(IN) :: Y

wou dresutin X(T) carespond ngto Y (I-1).

If the lower bounds arethe same inthe dedaaion of the acdud and dummy arguments the
carrespondence wll be exad.

Notethat if Statsisconpledsepaadyasanexteand subprogram anexdidtirnteface wll have
tobepovdedinthecdling progam eg

INTERFACE
SUBROUTINE Stats( Y, N, YBar, S )
INTEGER, INTENT (IN) i: N
REAL, DIMENSION(:), INTENT (IN) :: Y
REAL, INTENT (INOUT) :: S, YBar

END SUBROUTINE
END INTERFACE

9.4. Allocatable (Dynamic) Arrays

The programi n Secti on 9 2reads an unknown anourt of datai toanarray. However, the maxi num
szed thearray must bededared I nprograns whi ch haveal arge denmand on nenoryth scou dbe
wastefu.

A nore menory effidert soluion na possdeinealia versons o Fortran isto use dynamic
memory. Thetypes of varialdes we have seensofar have all been static variald ¢ dthoughthis was
never mertioned This meanstha whenthe variad eis declaed theconpil e assgnsittoacertan
addressin nenory (wthafixed amount of g arage space), andt hereit says asl ong as the program
isrunnng By cortrad, chunks of dynamic nenory ae used oy when needed, while the
programming is running and then d scarded Thisis dtena nore éfidert way o us ngmenory.

A variade is spedfied as dynamc wth the ALLOCATABLE atribue In paticda, a one
d nens ond aray nay be spedfiedthus

REAL, DIMENSION(:), ALLOCATABLE :: X

Athoughitsrankisspedfied it hes nodzeurtil it appearsinan ALLOCATE g&enert, such as

ALLOCATE ( X (N) )

Whenitis nolonger needed, it nay be ded| oca ed

DEALLOCATE ( X )

thus fred ng up the nenory used

Thefdlowng progamextradt shows how to use allocatable arrays, as these beasts aecdled to
read an unknown arount of data whi chunfatunady mug besupdied oneitemper |ine because of
the way READ wor ks

REAL, DIMENSION(:), ALLOCATABLE :: X, 0ldX
REAL A
INTEGER I0, N

ALLOCATE ( X (0) ) ! size zero to start with?
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1, FILE = 'DATA' )

READ (1, *, IOSTAT = IO) A
IF (IO < 0 ) EXIT
N=N+1
ALLOCATE ( OldX( SIZE(X) ) )
0l1dX = X ! entire array can be assigned
DEALLOCATE ( X )
ALLOCATE ( X (N) )

X = 01dx
X(N) = A
DEALLOCATE ( 01dX )
END DO

PRINT*, ( X(I), I =1, N)

We wou dliketobe adetoinressethesze of xfao each vd ueread However, bef ore X can be
dlocaed wthalager sze it must be deall ocaed —+osng dl the previous dataread So ana her
dynanic aray, 01dx nust be uisedtotake care o ths

Notethefdlon ngi nportart fegdues

e anaray nay have zero 9ze—t hi sis dten conven ert;

e ertirearays nmay be asd gned

e anaray wichiscurertly dlocaed may nat bedlocaed agan
e anaray whchisdedlocaednust be curently dl ocated

You nay betenptedto witet hisas asubrouine However, dummy na ALLOCATABLE nay nat
havethe ALLOCATABLE dtribue

9.5. Top of the Class

The programin Chager 5tofindthestudert withthe highest narkinadassassunes tha thereis
orl y onetop studert. If t here cou d be nore than one nane a thetop youcan useanarrayto make
alig d thetop nanes.

IMPLICIT NONE

INTEGER HEE ! student counter
INTEGER :: IO ! value of IOSTAT
INTEGER, PARAMETER :: MAX = 100 ! maximum class size
INTEGER :: NumTop = 1 ! must be at least 1
REAL :: Mark ! general mark

REAL :: TopMark = 0 ! can't be less than 0
CHARACTER*15 :: Name ! general name
CHARACTER*15, DIMENSION (MAX) :: TopName ! top student

OPEN( 1, FILE = 'MARKS' )

DO

READ( 1, * , IOSTAT = IO) Name, Mark
IF (IO < 0) EXIT
IF (Mark > TopMark) THEN ! new top mark here
TopMark = Mark ! reset the top mark
NumTop = 1 ! only one at the top now
TopName (1) = Name ! here she is
ELSE IF (Mark == TopMark) THEN ! tie for top mark here
NumTop = NumTop + 1 ! advance top counter
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TopName (NumTop) = Name ! add his name to the list
END IF
END DO

DO I = 1, NumTop

PRINT*, TopName (I), TopMark
END DO
END

To undergand what t he programdoes runt hroughit by hand ( nake alig of the variad es and enter
thar vd ues) withthefdlowng daa

Botha 58
Essop 72
Jones 72
Murray 72
Rogers 90
Tutu 90

Thenrunit onthe conpue as acheck Notetha a the endthe nane Murray wil gill beinthe
aray, in TopName (3), but hisnane wll not be prited because NumTop hes beenrese to 2

You cod dtrytorewiteths progamwth TopName as andl ocaad e aray to save nenory space
9.6. Sorting a List: The Bubble Sort

One of the sandard apdicaions of araysissatingalig of nunbersing le us say, ascend ng
order. The bad ci deaistha theunsatedlig isreadi mtoan array. The nunbersarethenordered by a
process whi ch essertidly passesthroughthelig nany times, swopp ng consecuti ve elenentst ha
aeinthe wong order, urtil allthed enentsareintheri ght order. Sucha processiscdled a Bubb e
Sort, becausethe sndl @ nunbersrisetothetop of thelid, likebubdesof arinwae. (Infad, in
the vers onshown bd ow the lages nunber wil "s nk"tothe batomof thelig ate thefirg pass
whichredly mekesit a" Lead Bdl" sart.) There are many a her nethods of sorting which may be
foundin nost text books on conpu e sd ence (one of them the Quick Sort, is g veninthe next
sedion). Theseare generdly nore effid ert thant he Bubd e Sort, but itsadvartageisthatitisbyfar
theess et nethodtopogam Adruduedanfa the bubb esatisasfdlows:

1 Intidize N(lengh d lig)
2 FReadthelig X
3 Repea N-Itimes wthcourter K
Repea N-Ktimes wth courter J
If X >X, then
Swopthe corterts o X and X,

4 Pirntthelig X whichisnowsated
As anexanp e cons der alig o five nunbers 27, 13 9 5and 3 They areintidlyreadinothe
aray X Pat oftheconpuer nenoryfaor thsprod emisskachedin Tale 9 1 Each cd urmm shows

thelig duri ng each pass Astrokeinarowind cates achangei ntha variad e duri ngt he pass ast he
programwor ks downthelig. The nunber of tests (X, > X;+17) nade on each passis d so shownin

thetade Work throughthe tade by hand withthe strugure g an urtil you undersand howt he
d gaithmworks.

Figure 9.1: Memory during a Bubble Sort

1st pass 2nd pass 3rd pass 4th pass
X(1): 2713 139 95 53
X(2): 13279 9135 593 35
X(3): 9275 5133 3F9 9
X(4): 5273 313 13 13
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X(5): 321 27 27 27

4teds 3teds 2teds lted
Sorting d garithns are conpared by cd cd aingthe nunber of teststhey carry ou, Snceth stakes
up nost of theexecutionti me duringthesort. Onthe Kt h pass of the Bubl e Sort thereare exadly
M Ktess sothetad nunber of tessis[1+2 +3 +das+(M1) = MN-1)/2 (approxinetdy N72
falageN. For alig o fivenunberstherearethaeae 10tests bu for 10 nunbersthere are 45
tets The conpu e ti ne needed goes up asthe square o thelengh o thelig.

The program be ow uses the subr outi ne Bubble Sort tosot 100 randomnunbers It departs
dightlyfromthe strud ue g an above which wll nmake M 1 passes, even if the list is sorted before
the last pass. Since nost red ligsarepartidlysated it makes senset o check after each passif any
swops were made If none were thelid mug besarted sounnecessary (andt heref areti ne- wasti ng)
tegscanbedim nated I nthesubrouting thel og cd variad e Sortedisusedtodaed whenthelis
issated andthe oue loopis codedindead as anontdeernminisic DO WHILE | oop

IMPLICIT NONE

INTEGER, PARAMETER :: N = 100 ! size of list
REAL, DIMENSION (N) :: List ! 1list to be sorted
INTEGER I ! counter

REAL R ! random number

DO I =1, N
CALL Random Number ( R )

List(I) = INT( N * R + 1) ! random integers in range 1-N
END DO
PRINT 10, List ! print unsorted list

10 FORMAT( 13F6.0 )

CALL Bubble Sort( List ) ! sort
PRINT 10, List ! print sorted list
CONTAINS
SUBROUTINE Bubble Sort( X )
REAL, DIMENSION(:), INTENT (INOUT) :: X ! list
INTEGER :: Num ! size of list
REAL Temp ! temp for swop
INTEGER J, K ! counters
LOGICAL Sorted ! flag to detect when sorted
Num = SIZE (X)
Sorted = .FALSE. ! initially unsorted

K=20 ! count the passes

DO WHILE (.NOT. Sorted)

Sorted = .TRUE. ! they could be sorted
K=K+ 1 ! another pass
DO J = 1, Num-K ! fewer tests on each pass
IF (X(J) > X(J+1)) THEN ! are they in order?
Temp = X (J) ! no
X(J) = X(J+1)
X (J+1l) = Temp
Sorted = .FALSE. ! a swop was made
END IF
END DO
END DO

END SUBROUTINE
END
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Bubble Sortis wittenhereas anirtend subrouing bu wll run asit stands as an externd
subroutine a in a nodu e § et

9.7. Sorting a List: Quick Sort

Try sorting 1000 nunbers wththe Bubl e Sort. It takes qutea while Sorting 10 000 nunbers (a
na inconca val e rod em) wou dtake about 100ti nes | onger.

Thefanous Quick Sort d garithminvertedby C A R Hoarein 1960, isnmuchfaster. Itis based on
the"d i de and conquer" approach tosd ve ahbi gprod em breakit down irtosndl e subprol ens,
and br eak each subprold emdowni nt hesare way, urtil they aresnal enought osd ve As someone
has renarked "EBvery podemhas asnale prod emins deg watingto get ou.”

How do we break our sarti ng prod emdowni rt o nanageald e subprol ens? W I, have al ook & the
fdlownglig:

Number: 19 30 14 28 8 32 72 41 87 33

Postion: 1 2 3 4 5 6 7 8 9 10
The vd ue 32in position 6 has aspedd property. Al thevd uestothe It of it arel essthan 32
whiledl thevd uestotherigt of it aegede than 32 The vd ue 32i s sa dt o partitiont he sorting
prod emi it otwo subprol ens: al &t subprod em and aright subprod em These may each be sarted
separa dy, because no vd ueint hel €t subprod emcan ever get i rtothe ri gt subprod em and vi ce
versa Futhernore thevd ue 32isi nthecoarredt positionintheright subprod em—+t isthesnal e
vd vethere

You nmight thinkit was al ucky sha that 32 nealy partitionedthelig to gat wth The brilliance of
thed garithmi sthat g venanylig, we canal ways crea ea partiti on wit hthel t- most val ug wit hout
too much dfficuty.

Have al ook now & arearrangenernt o thelig:

32 19 41 14 28 8 72 30 87 33

L L, R, R
Theextreneends arelabdled Land R W arega ngt o partitionthelis withthevd ue 32, curertly
a postion L We definecourters L, and R, wthintid vdues as shown

Theideanowisto nove L,totheright, whle nmaki ng suretha

o every value to the left of position L,|eq partition value
e andthento nove R,tothel &t, whle naki ng surethea

o every value to the right of position R, > partition value.

Doi ngthis gets ustothis gtueti on

32 19 41 14 28 8 72 30 87 33

L L, R, R
What now? Thereseensto beadead ock But ng just swopthevd ueinpostion L, (41) wththe
vd vein padtion R, (30):

32 19 30 14 28 8 72 41 87 33
L L, R, R
We can nowcarry on noving L,and R, suljed totherdesgaed above util we ge tothi s scene

32 19 30 14 28 8 72 41 87 33

L R, L, R
However, thesituaion nowi sd fferert. L, and R, have crossed, so we nmus havef oundt he partiti on
part:itisa postion R, Al tha rema nst obe done nowistoswopthevduesa L (32 and R, (9),
g \Ming us a pertitioned array, with 32 asthe partiti on
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8 19 30 14 28 32 72 41 87 33

L R, L, R
We can now partition any prodemwthits|&t- most vdue Sothe resuting subproblens can be
partitionedi nthe sane way. We si npl y corti nue partiti ani ng subprold ers, urtil the subprol ens
have oy 1 nenber, which must be sated

Thistyped "divideand conquer” d garithmis wha recurson was nadefor. Thefdlowng program
i no enertsit recurs vdy.

IMPLICIT NONE

INTEGER, PARAMETER :: N = 100 ! size of list
REAL, DIMENSION (N) :: List ! 1list to be sorted
INTEGER I ! counter

REAL R ! random number

DO I =1, N
CALL RANDOM NUMBER( R )

List(I) = INT( N * R + 1) ! random integers in range 1-N
END DO
PRINT 10, List ! print unsorted list

10 FORMAT( 13F6.0 )

CALL Quick Sort( List, 1, N ) ! quick sort now
PRINT 10, List ! print sorted list
CONTAINS
RECURSIVE SUBROUTINE Quick_Sort( X, L, R)
REAL, DIMENSION(:), INTENT (INOUT) :: X ! list
INTEGER, INTENT (IN) :: L, R ! left, right bounds

INTEGER L1, RI1 ! etc

IF (L < R)THEN

L1 = L
Rl = R
DO
DO WHILE (L1 < R .and. X(L1l) <= X (L)) ! shift L1 right
L1 = L1 + 1
END DO
DO WHILE (L < R1 .and. X(R1l) >= X (L)) ! shift Rl left
Rl = R1 - 1
END DO
IF (L1 < R1) CALL Swop( X(L1l), X(R1l) ) ! swop
IF (L1 >= R1l) EXIT ! crossover -
! partition
END DO
CALL Swop( X(L), X(R1l) ) ! partition with X (L) at R1
CALL Quick Sort( X, L, R1-1 ) ! now attack left subproblem
CALL Quick Sort( X, RI1I+1, R ) ! don't forget right subproblem

END IF
END SUBROUTINE Quick Sort

SUBROUTINE Swop( A, B )

REAL, INTENT (INOUT) :: A, B
REAL :: Temp
Temp = A
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B
Temp

END SUBROUTINE Swop
END

Notetha the swopp ngisinpl enerted as a subroutine If yourewite Quick Sort as an extend
subrouine Swop coud dbeintend toit. Youshou dtry worki ngt hrought he programby hand with
thesanp e aray inthefigures.

Trythe Quick Sort ot on 1000 nunbers You shou d bei mpressed It has been provedt ha Qui ck
Sort needs approxi natdy N og,, conpari sons as opposedtothe Bubd e Sort's N7 2

You nay beinterestedtol earntha Qui ck Sort 4 ows downtrenendoudyiftheligisalready nearly
sated (tryit onasatedlig). However, it will workjust asfagt inthiscaseif you choose a vd ue
near the mdde o the subprod emfor the partition vd ue, i nstead of thel &t- most vdue Happy

sarti ng
9.8. More Array Features

Fortran 90 has some powerful new array features, which are ideally suited to numerical
analysis applications. They are summarized in this section.

Array constructors

A one-d nensiond congtart array may be condruded fromalig o denent va ues end osed
bet weentheseparaas (/and /). Eg

(/ 2, 4, 6, 8, 10 /)
isanaray o rank one wthfive denens

The generd for mad an array constructoris

(/ array constructor value list /)

where each valueis @ther anexpress on a an implied DO of thefa m

( value list, variable = exprl, expr2 [, expri] )

The parangters o thei nplied DO operaeinthe sane way asthose o the D Eg

isthe sane as

(/ 2, 4, 6, 8, 10 /)

The optiond paraneter expr3is sonei nes cdledthe strideinthe context of ani mpied DO An
i ndied DO nay be nestedirsi de and her, naki ng
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If thelid is enpty, a zerosized array is construded The scope of thei npied DO variadeis
redridedtothei npied Do—t wll na afed the vdue of anaher vaiade of the same nane
d sewhereinthe scop ng urit of the congtructa.

A congtart array of rank greder than one can be construded froman array construcor usingthe
RESHAPEIrtrinscfundion Eg

RESHAPE ( SOURCE = (/ 1, 2, 3, 4, 5, 6 /), SHAPE = (/ 2, 3 /) )

fansthe(2times 3 natrix
13 5
2 4 6

Array sections

A subarray, cdled a section may beref erenced by speafyi ng arange o subscripgs eg

X(I:J) ! rank one array of size J-I+1

Y(I, 1:J) ! rank one array of size J (e.g. the Ith row of a ..
! . matrix with J columns)
I

X(2:5, 8:9) rank one array of size 4+2

An array sedtioni stechri cdly an array, and may appear i nstaenerts whereanarrayis appropriae
dthoughitsindvidud denents may na be referenced diredly. So we carit witd X£J)(2)/ to
referencethesecond d enert of thesedtionx (I:J). Raher witeX (1+1) (sncethefirg d enent
isnagudly X(1)).

One a bah d the boundsinasedion nay be onitted and a gride d her than 1 may be used

1) ! the whole of row J
A(J, 1:K:3 ) ! elements 1, 4, 7, ... of row J

A sedionsubscripg nmay even beaone-d nensond aray, of irteger type Eg, the cod ng
REAL, DIMENSION(10) :: A 20, 2) /)

= 2,
INTEGER, DIMENSION(5) :: B = (/ 5, 4, 3, 2, 1 /)
PRINT*, A(B)

produces t he out put

10.00 8.00 6.00 4.00 2.00

Asubsarip o thsnauweiscdleda vector subscript. The d enerts of a ved a subscript nay bein
any arder. Eg

A(C (/ 3, 5, 1, 2/))

isasedionof A wthdenensa(3), A(5),A(1), andA(2), intha order. Sone of the vd uesin
theved o subscripg may berepeated Thisiscdl eda many-one section, since noret han one d enert
o the sedionis mapped ontoasngearay denert. Eg

isasedion wth bahdenens2and 4rderend ng A (5).
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A many-onesedion may na appear ont hel eft of anasd gnrent saenert. If anarray sedion wtha
ved o subscript isanactud argunert of asubprogamitisregarded asan expresson andit nmay
na be changed by the subprogram It nay therefae nad haveirtert OUT or INOUT

Initializing arrays with DATA

Al o pat of anaray nay beirnitidizedina DATA staerent. Thereareanunber of poss hlities
eg

REAL, DIMENSION(10) :: A, B, C(3,3)
DATA A / 5*0, 5*1 / ! first 5 zero, last 5 one
DATA B(1:5) / 4, 0, 5, 2, -1/ ! section 1:5 only

DATA ((C(1,J), J=1,3), I=1,3) / 3*0, 3*1, 3*2 / ! by rows

Array expressions

Anirtrirdc opeada nmay opergdeonanaray as wdl as ascd a, to produce an array expression.

Whenaunaryinrirs coperador adsonanarray, it adsoneachd enent of thearay. E g- Xreverses
thesgnd each denent d the aray X

Whenah naryirtrind coperationisappiedtoapar o arays of t he same shape (i derticd rank and
exterts), the operaionis appliedtothe carrespond ng d ements of the operands The resut of the
operdionisanarray o t hesane shape One of t he operands nay beascd ar, i n whi chcaseitis used
inthe operaion on each denent o the aray operand (the scda is cons dered to have been
"broadcast” toan aray o the sane shape asthe aray operand). Eg, gventhe ded aaion

REAL, DIMENSION(10) :: X, Y

thefdlowng are exanpl es d array express ans:

X +Y ! result has elements X (I) + Y (I)

X * Y ! result has elements X(I) * Y(I)

X * 3 ! result has elements X(I) * 3

X * SQRT( Y ) ! result has elements X(I) * SQRT( Y (I) )

X ==Y ! result has elements .TRUE. if X (I) == Y(I),
|

. and .FALSE. otherwise

Notetha when an array isthe argunert of an elemental f unction the funcion operates on each
denent d thearay.

Two arays d the sane shape are conformable. Ascd & is oonf o nald e wth any aray.

Note that ki nary operaions apdy to correspond ng positionsinthe extert, na to correspond ng
subscrigs Eg

X(2:5) + Y(4:7)

has d enert va ues
X(I) + Y(1+2), I =2, 3, 4, 5.

Array assignment

An array express on(thsind udes ascd a express on) may be assignedtoan array variade of the
sane shape Eachdenent o the express onisasdgnedtothe correspond ng d enent of thetar get
aray. Agan correspondenceis by positionwith nthe exdent, raher than by subscaripg vdue Eg

REAL, DIMENSION(10) X, Y
REAL, DIMENSION(5,5) :: A, C
X =Y ! both rank one with same size
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'Y full of zeroes

|
X=1/X ! replace each element of X
! with its reciprocal
X = COS( X ) ! replace each element of X with its cosine
X(1l:5) = Y (4:8) ! both rank one with size 5
A(I, 1:J) = C(K, 1:J) ! row K of matrix C assigned to row I of
|

matrix A

Thesefadlities aeextrend y usefu innunericd procedures such as Gauss redudi on

If the expresson ontheright o an array assgnnernt refersto pat of the aray onthe |l &t, the
express onisfuly evd uated beforethe assgnment beg ns Eg

X(1:3) = X(2:4)

resutsin each denent of X(I), I =1 2 3 havingthevduetha X (I+1) had befaethe
ass gnrrent began

The WHERE construct
WHEREconstruat nay be usedto parfa man operadionononly catdndenerts d anaray, eg

WHERE (A > 0)

A = LOG( A ) ! log of all positive elements
ELSEWHERE

A =0 ! all non-positive elements set to zero
END WHERE

The ELSEWHERE d auseis optiond. The congtrud is and ogousto IF-THEN-ELSE

The express on i n parerntheses ate the keyword WHERE i s a logical array expression, and nmay
s npy bealogicd aray. It issoneti nes cdled a mask

Thereisacarespond ng WHERE Saenern:

WHERE (A /= 0) A=1/ A !

red ace nortzerod enerts by red procd s

Array-valued functions

A function may be array-valued. If it is an external function, it needs an interface block.

Array handling intrinsic functions

Therearea nunber of irtrinsicfundions whichrd aespedficdlytoarays The conpldeligisin
Append x C Asanp eisdven here

ALL (X) raunsthevdue .TRUE. ollyifdl thedenents d thelogcd aray xaetrue

ANY (X) reéunsthevd ue .TRUE. if any denent of thelogcd aray xistrue Qherwiseitrauns
.FALSE.

SUM (X) and PRODUCT (X) réuwnthe sum and product of the d enerts of theirnteger, red or
conpl ex aray X respedivd y.
Indl these cases X can be anaray express on, eg

INTEGER, DIMENSION(5,5) :: A
REAL X (3), Y(3)

IF (ANY(A > 0)) A =1 ! if any element > 0 replace all by 1
IF (ALL(A == 0)) A = -1 ! if all elements = 0, replace all by -1



Dot = SUM( X * Y ) ! scalar product of X and Y

Chapter 9 Summary

o Araysaeusdu fa represerting and process nglarge anourts o data

e Anarayisacdlediond subscriped variadd es wththe sane nane

e Menbersd anaray aecdled denents

e Thenunber o denentsinan arayisitsdze The dze nay be zera

e Upper and| ower bounds of array subscri gsarespedfiedwththe DIMENSION attri butei nthe
array type specificai on saeren.

e An araysubscripg nay na fdl outd dethe bounds spedfied by DIMENSTON

e An araysubscrig nay be any vdid nuneric express on (rounded if necessary).

e Thenunber of d nend ons of anarrayisitsrank Anarray may have uptosevend nend ons. A
scda hesarank o zera

e Thenunber o denentsdong ad nensiondf anarayisthe edert o the d nension
e The sequence dof the exerts o anarayisits shape

e An aray nay be passed as an adtud argurrent to a subprogram The dumny argunert nust
havet he sane shape If the carrespond ng dummy argunert i s an assuned-shape array it wil
take onthe shape o the actud agunent.

e Adynanmcvaiade(whch may beanarray)isspedfied wththe ALLOCATABLE attri bute and
may be dl ocated nenory whileapogramisruning The menory nay be dedl ocaedlae.

e Adumnmy agunent nmay nd be dlocaad e

e Arank-one aray condart may befa ned wthan array consructa.

e Aninpied DO may be usedin an aray construd a.

e An aray sedionisasubaray.

e Asedionsubscrip gven by arank-oneirnteger express onisaveda subscrig.
e Arrays wththe sane shape are corfa nald e.

e Asedioniscofa nad e wthany aray o the sane shape

o Ascdaisconfa nad e wthany aray.

e Array expressons nmay befamed fromconfor nahl e arays.

o Arrayexpressons nmay be assignedto corf amabl e arays

e \When an denerntd irtrind c functiontakes an array argunent, thefunctionis apdiedt o each
denent d thearay.

e The WHERE congtrud cortrds operdions on aray d enents accaod ngtoalogcd nask

Exercises

If Numisaninteger aray wththeatribue DIMENSION ( 100 ) witethelines of cod ng whi ch
wll pu thefirg 100 positiveintegers (1, 2 ..., 100) irnto the d enents Num (1), ..., Num (100);
pu thefirg 50 positive evenirntegers(2 ..., 100) irtothe denernts Num (1), ..., Num (50);

Assigntheirntegersin reverse order, i.e as gn 100t0 Num (1), 99to Num (2), €c enddphdig

Witesonestaenentstopu thefirg 100 F bonacd numbers(l, 1, 2 3 5kreak 8 ...)intoanaray
F(l), .., F(100).

S aylevdsat an educati onal i ngituionare(inthousands of ddlas): 9 10 12 15 20 35 and 50
The nunber of enpl oyees a eachlevd are respectivdy, 3000 2500 1500 1000 400 100 25
Witeapogam whi chfindsand wites theaveragesd aylevd;

The nunber o enp oyees above and bd owthe averagelevd;
The average sd ay earned by anind vidud intheingituion
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W itea program whi chreads 10 nunbersintoan array, and pri rtsthe mean andt he number i nthe
aray futhest in absd ue vd ue fromthe nean

Devd op a strudue danfor the prodemof witing dl the pri nes lessthan 1000 (1 and 2 are
generdly regarded as pri nes pri ne number generaionand wll probaldy have to be dedt wth
sepaady). Witethe rogam Hint use an araytosaethe i nes asthey arefound

Inan experi mert N pars o observaions (X, Y) are made The best straight lind east squarest het

may be drawn throught hese pa nts(us ngthe nethod of Least Squares) hasintecept 4onthex-axs
and d ope B where

B=(S,-S,S,/N)/(S,~S; /N)
A=S,/N-S,B/N

and
S1 :ZX/'YH 82 =ZX,-, 33 :ZYM 84 :ZX,'Z

The correlation coefficient Ris g ven by
NS, - S,S,

R =
JNS, - SZ[NS; - S?

where S; =sum Y,> (R=1inpliesaperfet linear rd aionsh p bet ween X; and ¥, Thisfad can be
usedtotes your proggam) Al the summéions are over therange 1 to N The observaions are

daedinatex file Itis na known how many observaionsthere are Witea proggamtoreadthe
dataand conpue 4 Band R Hint you don't need arays!

If asa of pdnts(X, Y) aejanedby stragt lines thevalued Ycorrespond ngtoavd ue X which
liesonadragt line bt ween X and X, is g ven by

(¥.q-)

i1 T
(X

Y=Y +(X-X) X

i+1

This processis cdled linear interpolation. Suppose ndinear i rterpd diorirterpd aion norethan
100sesd daaparsaesaed inascend ng order of X, inatext file Witea program whi ch will
conpueanintepdaed vdue of Y gvenan ahtray vdue of X keyedina the keyboard Itis
assunedt ha Xisintherangecoveredbythedaa Natetha the data nust besartedi rnt oascend ng
order wthrespect tothe X, val ues If th's were nd sg it wou d be necessary to sat themfirg.
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Chapter 10 Advanced Input and Output

Chapter 10 Introduction
10.1. Rabbit Breeding the Fibonacci Way
10.2. The PRINT Statement

10.3. Formatting Features
e FEdt desaipgas

e Deataedt desaigas

e The charade dring edt descriga
e Contrd edt desaipgas
e Reped courts

e Carriage corird

10.4. Formatted READ
10.5. Formatted WRITE
10.6. Internal Files

10.7. External Files

e Hlepodstionng

e Sequertid files

o Unfa nattedl/O

e [Dred accessfiles

e Thel NQU RE daenent

10.8. Non-advancing 1/O

10.9. Miscellaneous

o Lidg-drededl/O
e NAMELI ST

Chapter 10 Summary
Chapter 10 Exercises

Chapter 10 Introduction

So fa we have concertraed on witing progans to sdve various prod ens wthou payi ng t oo
much atertion to how the oupu looks. Inths chage we wll see howto use FORMAT
spedficaionsto produce neger ouput. Ve will dsol ook a detatransfer invd vingfiles
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10.1. Rabbit Breeding the Fibonacci Way

To naketheexerdse noreinteeting we wll witea progamto nodd arabhit popu &ion usi ng
thefdl ow ng assunpti ons

1 We gat wth one newbarn ndedfend e par.
2 Anewbanpar poduce a nddfend e par dte two norths,
3 Mal dfendeparsd agetwo nonths and dder produce anel éfend e pair every north

If werepresertthe nunber of nal éfend eparsate n northsbythevaiade F, sone scrachng
aound wthapend!| and paper soonrevedstha F takesthefdlowng vd ues

Month nl 2 3 4 5 6 7 8

Population F, 1 1 2 3 5 8 13 ?
The sequence { F,} i s cdl edthe Fibonacci sequence W wart to witeaprogramtha conpuesthe
tad popuaionfo uptq say, 12 nonths. Notetha ths nodd does na dlowfo deahs ths
poss blityis discussedi n Chapter 15 It can be shownt ha eachter mi nt he sequencei st he sumof
the revi oustwo, i.e

We therdaeneedto havethree variadesinthe progam Fr, Fn 1 and Fn 2, which needto be
upda ed each nonth (assuningtha we arenat ga ngto usean array). Anineestingfeaue of the
H bonacd sequenceisthat

We wll dsoconpuethisratiqtoverifytha it hasalimt (infad, theli nit isthe sane what ever
thefirg t wo val uesinthe sequence a e).

The progambd owuses FORMAT staenertstocortrd thel ayou of the ou pu, tog ve you ani dea
o wha can bedone The ddalsaethen d scussed

! Rabbit breeding the Fibonacci way

IMPLICIT NONE
INTEGER Month
REAL Fn, Fn 1, Fn 2

! Format specifications

10 FORMAT( 'Month', T12, 'Population', T27, 'Ratio' / &
5('-"), T12, 10('-'), T27, 5('=-") /)

20 FORMAT( I3, T12, F7.1, T27, F6.4 )

! Now the executables

Fn 1 =1
Fn 2 =1
PRINT 10 ! heading

DO Month = 3, 12
Fn = Fn_ 1 + Fn 2
PRINT 20, Month, Fn, Fn / Fn 1
Fn 2 = Fn 1
Fn 1 = Fn
END DO

END

Qut put:
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12 144.0 1.6180

Briefly, we havered aced PRINT* wWith PRINT n, where nisthe label (intherange 1-99999) of a
FORMAT gaearent, wh chspedfies howthe oupu islddou.

The fird FORMAT staenert prirtsthe head ngs T12 tabu aesto cd um 12, bef are pri rti ng any
futher oupu. The dash (/) statsanewrecard (linefeed). The 5(asin 5('-")) repeas wha
fdlowsi mmrediady. Ind dertdly, the best waytoge your head ngsright istopu themin after you
have ga theres d the outpu | 0oki ng as you wart it.

The second FORMAT staenert cortrdsthe oupu of the variades I3 prirts anirnteger over 3
cdumns. F7.1 prirtsared over 7 cdunms wthone ded nd pace F6.4 prirtsared over 6
cdums wth4 ded nal daces

FORMAT staearerts which ae non-execual einthe sensetha they dorit actudly iritige any
adion aeuwudly goupedtoge her far esseof rdfaence eg athebegnming d apogam

10.2. The PRINT Statement

The generd for mdf the PRINT Saenert is
PRINT fnt[, lisq
where fint nmay be one d thefdl owng

o asgdenen labd refaringtoa FORMAT staenent wththef o nat spedficai onsi n parert heses,
eg

PRINT 10, X
10 FORMAT( 'The answer is: ', F6.2 )

o anadeaiskasinthelig-dreded|/ Owe have been us ng uptonow eg
PRINT*, 'The answer is: ', X
e achaade expresson a constat whichevduaestoafa ma spedficaioninparertheses, eg
PRINT " ( 'The answer is: ', F6.2 )", X
The quartitiesin list nay be constarts express ons, vaiades aindiedDoligsd thefam
do-list, variable = exprl, expr2 [, expr3] )
whereitens i ndo-list nay thensd ves bei ngdied DoOlids

READ can be usedinthe sane way as PRINT, except tha the quartitiesinthelig nust be variald es

10.3. Formatting Features

In this section we discuss the details of format control for input and output.

Edit descriptors

Edit descriptors, suchas F7.1inthe programabove spedfy exadly howa quartity shou d appear
on oupu, o inprepaaionfa inpu. Moretechncdly, they spedfy how a vd ue represerted
irntendlybytheconpue shod dbe convertedi ntoa(readal € charac er stri ngon an ou put devi ce
o file a convetedfromacharacter sring on aninput device a file

Thereaethree caegaies o adt desaripas datg charadter sring and cortrd.
Data edit descriptors

Inthe descriptions bd ow the synbds w, m d and e dl represert integer constants while b
represerts adank
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Indl casesinvdving numeric oupu, if the spedfiedfidd wdhistoo narrowit isfilled wth
ad eisks

Integer vd ues are converted by the I edt desaripga. The usud far mis Iw; where wspedfiesthe
fidd wadh Thevdueisrigh juifiedinthisfidd whchmust dlowroomfao alead ng ninus s gn

An dtangivefamfo ouputis Tw.m, whichensurestha a mn numof md gtsisprirted wth
lead ng zerosif necessay. Eg 16.3 prints-99as bb-099.

B nary, odd and hexadednmsl vdues are dso converted by binary the Bwy Ow and zw edt
descipgasrespedivdy. The min numnunber of dgtsm nay dso be spedfied For i npu, the
lead ngldte (B oo 7) andthe ddi mitersnust be onitted Eg

READ '(B4)', I
w | convert theinput sring 1111irtothe ded na vd ue 15
Real vd ues ae conveted by the F, E EN o ES edt desariptars

The F (fixed pd ) desaripgor hasthefa mEw.d where wdefinesthetad fidd wdh(indud nga
possHesgn andthe ded nd part), and d definesthe nunber of d gits after the ded nd part
(roundedif necessary). Eg —12 345is prirted under ¥8.2 a bb-12.35.

Oninpu, iftheinpu string has aded na pa i, theva ue of disignoed Eg b1.2345bisread
under the descripga F8.2 as 1 2345

If thei nput string has no ded nel pa rt, theright nost dd gtsaretaken asthe ded nd pat. Eg b-
12344 isreadunder F7.2 as-12345

There aretwo ather fans of inpu posshe under the F descriga. If theinpu is in sandard
sd etificnadion o if the Eis onttedfromt he sandard f o mandt he exponent issigned the d
spedfigisagainignaed Eg 12.345E-2 (a 12.345-2h) isread under F9.1 as Q12345

The E edt descripga hast wofar ns. For bothof themtherdesfa inpu arethesane asthosefor
the F descripgor. On outpu, Ew.d produces a martissamartissa (d gnficand) of d d gits wth an
absd uevd uelessthan 1 over afiddof w This nust i nduderoomf or aposs des gn theded na
pa rt, and an exponert of four charadters consgingether of Efdlowed by asignandtwo d gts o
o asgnandthreed gts Thefamwth E isna usedif the magnitude of the exponentis greaer
than 99 Eg 1234ti nes 10"23is wittenunder E10.4 asbh.1234E+24 @ b.1234+024.

The aher famof the E descripgais Ew.dEg where e deta mnesthe nunber of d gtstoappearin
the exponert fidd Thisfamis nandaay fo exponerts wth a nagnitude greater than 999, E g
1 234ti nes 10'***is witten under E12.4E4 as b.1234E+1235,

The EN (engineering) edt descripga isthe sanme asthe E descripga except that on oupu the
exponert isdvistdebythreg the nartissais gregde thanor equd to 1 andl essthan 1000, andt he
scdefada (see bdow isignored Eg 000217 is witten under EN9.3 as 2.170E-03 or
2.170-003

The ES (scientific) edt descripa isthe sane asthe EN descripga except thet the mantissais|ess
than 10

Complex vd ues may be cortrdled by pairs of F, F EN o ES edt desaripas The red and
i nag nary parts may have dfferert descriptas which may be separaed by charader string and
cortird edt desaipas

Logical vd uesarecortrdledbythe L edt desaipga inthefamLw Onoupu To F wil appear
intherigh-nost postion of thefidd w. Oninpu, ogiond Hanks are optiondly fdlowed by a
ded nd pan, fdlowed by T or F (upper- or | owercase), optiondly fdlowed by addtiond | etes
Thiscuious arangenert issnpl ytodlowthe srings .TRUE. o .FALSE. to beinpu.

Character va ues arecortrdled by the A edit descripgainone of twoforms —& or 2w Inthefam
A thewdhofthel/ Ofid dsisdee mined bythelengh of thecharadter variad e or expressonin
thel/ Oli¢. Eg if NaAME is ded ared
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CHARACTER NAME*7

then 7 charaders ae ot pu, and 7 charad e's aei npu.

Inthe second fa m( Aw), the wl &ft- most charaders are prirted on out put. If necessary, t he ou put
fid dis Hank-filled fromt hel &ft.

Therdesfa input under the second far mare alittle srange Suppose lenisthelengh of the
vaiadebd ngread If wislessthan len thel eft- nost wcharadesaeread padded wth bl anks on
theright. Eg under A5 theinpu string NAPOLEON isreadino NAME (as ded aed above) as
NAPOLbbA

However, and thisisthe strange hit, if wisgreade than len, the right-most len charaders areread
So under A8, for exanp e thestring NAPOLEON i sreadin o NAME as APOLEON. One woul d have
expectedthel ft- most charadersto beread

ouindert Fnaly, there arethe general Gw.d and Gw.dEe edt descripgors whi ch nay be used for
any of thei rtring c datat ypes. These descriptasare usefu fa prirti ng vd ues whose nagritudes are
na wdl-knownin advance Where posse vd ues are ou put under the equivd et F descripar;
aherwsetheequivd et fa mwth Eis used

The character string edit descriptor

A charad e congart (astring of charade's end osedi n apostrophes or quates) rmay be output by
enbedd ngitin afa na specificaion as we have dready seen eg

PRINT 10
10 FORMAT( 'Fortran 90 is the language for me' )

For conp éeness we shod d nertiont he obsd escert H edt descrigar. It was nanedin honour of
Hal l erithh who i nverted punch cardst o process acensusi nthe United S ates duri ngthel ast cert ury.
An oupu characte sring (wthou ddi niters) may be preceded by an »nH descriggor, wherethe
irnteger constant nisthe nunber o charadeasinthedring eg

10 FORMAT( 24HWe must count carefully! )

The drawback istha you nust court the nunber of charactesinthestring itisvery easyto nake a
m stake

Control edit descriptors

These edt descripgas enald eyouto position ouput predsdy, sat anewrecard skipcd ums on
inpu, ec

Embedded blanksi ni npu fid ds aretreged either as zeros, ar as ndls (the defadt). The defautis
overri dden by the BN (H anks nul) and Bz (Hanks zero) edt descrigas The new node hd dsfar
theres of the fa mat spedficaion o urtil exdiatlychanged E g theinpu string 163153 isread
under (BN, 13, BZ, I3) asthetwovdues 13and 103.

Therearethreedesaigas whichcortrd the leading s grlead ng s gnon ou pu. Al eading minusis
prirted by defaut. The sp (s gn prirnt) edt descarippa causes|ead ng postive s gnsto be prirnted
The SS (9 gn suppress) descriga suppresseslead ng dussgns while SPisin efed, andthe s
descripga redaresthedefadt opion Eg the vd ue 99 wittenthreeti mesunder (sp, 13, ss,
I3, S, 1I3) appeas as +99b99h99 A sign descripa hdds for the ret of the fo na
spedficaion ul ess changed by anather S gn descripgar.

Scale factors of thef o miP may be appiedtoi npu of red quartitiesunderthe & F, EN, ESand G
edt descripas kis aninege condart spedfying the scde fada. Any quartity without an
exponent field is reduced by afada 10X Eg 1.0isreadunder (2P, F3.0) asQ 0L Quartities
wthan exponert ae na afected

Ascdefada dsoafedsoutptt under £ F or Gedting Under F, ascdefada kP multipliesthe
ouput by afacta 10% Under E edting and under G whenthe E opti oni staken t he exponert o the
ou put isreduced by & whilethe nartissaismulti died by 10%
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A scdefada hdds fa theres o the fanmat spedficdion o urtil anaher scale fada is
encourt ered

Tabulation i ni npu or out put fid dsis possideinfour ways Trn causestabu &ionto position » of
thecurent I/ Orecard TRu(or nX) tabu &es n podtionstot heright of the currert position and TLx
tabu a es n positionstot hel eft of the current positi on( wherei ndl casestabu &i on can never goto
thel &t o position 2).

Oni nput, tabul &ioncan be usedtoski p past data ortorereaddaa Eg. under (11, 2X, 1I1)
theinpu gring 1234 isreadasthetwo vd ues 1and 4

On ou pu, tabu aion can be usedi nt he convertiond way, o fa (patid) red acenent. Eg under
(I3, TL2, 13)thevdues 91l and 999 are outpu as 9999

A new record nay bestated a any pad rt inafa nat spedficaionbythedash( /) edit descripgar.
It may have a repeat count so ///isthesane as 3/. It only needsto be separaed by a comma
froma preced ng descripgar if it hes arepea court.

Colon editing Sopsfa nat contrd if thereareno noreitensinanl/ Olig. Inpaticd &, itisusef u
inpeverting unwarted charader gringsfrombe ng prirted Eg thegaenens

PRINT 10, (X(I), I =1, N)

10 FORMAT( 'X1:', I2 : ' X2:', I2 : ' X3:', I3 )
producethe out put
X1: 1

when N hasthe vd ue 1 WWthou the cd ons the out put woul d have been

X1: 1 X2:
Not et het the cd ons do nat needt o be separated fromnd ghbours by conmas.
Repeat counts

The daaedt descripgas descri bed above as wall asthe newrecard (dash) desaipga, nay dl be
preceded by a repeat countinthefa mof anirneger condart. Arepea court may be apdiedtoa
group d edt descripgas end osedin parert heses, and nay be neted eg

3(2F6.2, 2(I2, 3I3))

If afanat spedficaion withou any itens in parertheses is conpeed befaethe I/ Olig is
exhausted anewrecardbeg ns andt hef armat spedficaionisrepeaed Furt her recor ds beg ni nt he
sane way urtilthel/ Oligisexhausted Eg.thefdlowngcode printsanarray of 100 el enerts 20
denerts per line

PRINT 10, (X(I), I =1, 100)
10 FORMAT( 20I3 )

S nil aly, oninput, anewrecardistakenfromt hei npu fileeachti net he spedficationisrepeaed
Any excess input data on the record is ignored E g the code

READ 10, I, J
10 FORMAT( Il )

readstwo vd ues, 1and 3 fromtheinpu records

12
34

A for nat specificaion wthou parertheses nay theref ae bethought of as atenp ae of howthe
conpil er seesthe ertirel/ Orecard
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However, if a fa mat spedficaion contansitensin paerntheses whenthefa nat is exhausted a
newrecardis taken and farnet cortrd revertstothel &t parerthess correspond ngtothe second
last right parenthess—nd udng a poss e repea court ous dethe paertheses Thisis cdled

reversion. Eg in

10 FORMAT ( F5.0, 2(F6.1, 3(F7.2) ), F8.3 )

newrecaodsdat & 2(F6.1, ...

Carriage control

Fortraiisfa netted ou pu saenents wereorigndly designedfar line prirtes For ou put tosuch
devi ces thefird chaade of eachrecardisusedfor carriage control (an d d-fash oned wor dfrom
the days d nechani cd typewiters). There aefour opti ons:

b (Hank) gat anewline

+ rena nonsaneline (overprir)

0 skipaline

1 advancetothebeg nn ng d anew page

A blankinthefirg cd um ef fedi vd y means no acti oni staken, soit isgood practi cet o makesurea
b ankissen asthefirg character, e g by statingdl far nat spedficaionswith T2 (beg nwritingin
position 2). Qherwise fa exanp e prirting anirteger under FORMAT ( I3 ) wll cause a page
throweverytime theirteger isintherange 100199

These convertions wll na necessaily work on a da- natrix prirter connededtoa PC However, a
conbi nation of OPEN and WRITE wththe CHAR () irtrindc function can be usedto send any
sped d cortrd charagdestothe pirte. Thefdl ow ng code sends afa mfeed charad e (new page):

OPEN( 1, FILE = 'prn' )
WRITE( 1, 10 ) CHAR( 12 )
10 FORMAT( Al )

Thecortrd chaad e isna resridedt ot hefirg positionintheou pu recard it canbe anywhere In
th's way you can send any o your printe’sspedd pirting codes

10.4. Formatted READ

Thefa md the READ gaemert we have used sofais
READ fint [, lis]
where fintis alabd, ateisk or cherader 4ring asin PRINT.

Thereisa noregenerd fa m whichdl owsinpu fromfil es, and whi ch cani rtercept errorsand end-
of-file condtions gracef uly, withou caus ngthe progamto aash Itis

READ ([UNITHy [ FMTH fint [, IOSTAT=ios| [, ERR=errorlabel [, END=endlabel ) | Ilisq

Theolyodigaayitens aethefa nat spedfie fmt as descri bed above, andthe unit spedfier u

A unitisanl/Odevice such as a prirter, teemnd, o dsk dive fa exangde which nmay be
connected by the conpile toyour proggam Such a unt may have a unit number atachedtoit,
whi chis usudlyintherange 1-99 fa the drdion d apogam

We have seenthe onl ytwo dtugions wherea unit number is nat required The PRINT nor ndly
expectstooupu tothete mind, andthefirg fa mof READ above normally expects toreadfrom
theter mnd. Insuch cases theter mnd iscdledthestandard!l/ Ounit. Your sysemnay dl owyou
tochangethe standard urit.

The unit spedfie y whenitisrequred may be of three fa ns. aninteger express on, an ast erisk
(whichi npiesthe sandardinpu unt), o acharade variadeinthe case of aninternd file(see
bd ow).
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Therena nngspedfiesaeopiond, and may beinany order. If TOSTATI sspedfied, ios must be
aninege vaiade Atea execuion of READ ios has dfferert (systemdependert) negaive vd ues
depend ng on whet her anend-d-recard or end- o -fil econditi on occured apositivevd veif anera
was deteded o the vd ue of zero aherwse The presence of IOSTAT preverts acrashif an
excepti on occurs

Further dealsare g venin Append x B
10.5. Formatted WRITE

The generd far md the WRITE saenert for for natted okpu is
WRITE ([UNIT=]u [EMT=]fnt[, IOSTAT=ios] [, ERR=errorlabel ) [ lisd
The spedfieshavethe sane mean ngs asinthe READ saenert.

The oupu device may be sdeded during programexecution You may be devd oping alarge
program whi ch will evertualy spew vast anourts of dataou onthe prirter. To save ti ne (and
paper) while writingthe program you rmay wart to be ald et ospedfy whilethe programi srunn ng
wherethe ou put shod d go. The fdl ow ng code shou d hd p(PRN and CON arethe nanes of the
PC prirter and ter nind respecti vd y):

CHARACTER OutputDevice*3

PRINT*, 'Where do you want the output ("prn" or "con")?'
READ*, OutPutDevice

OPEN( 1, FILE = OutputDevice )

WRITE( 1, * ) 'Output on designated device'

10.6. Internal Files

It was merti oned abovet hat the unit spedfierin READ or WRITE cou d be an internal file. Thisis
bas cdly acharadter vaiad e (a aray) which nay be wittentoa readfrom Eg

CHARACTER (50) CAPTION

WRITE ( CAPTION, 10 ) YEAR
10 FORMAT( 'Sales figures for the financial year: ', I4 )

CAPTION couldthen be used as acagtioninagaphcd dsd ay.

Inend files provi de a generd neans of converting nuneric daatostrings, and vi ce versa READ
may be usedtoreverset he above process Inthe code bd ow thestring "1984"is convertedtoan
irneger wththe v ue 1984

CHARACTER (30) STRING
STRING = "1984™"

READ( STRING, 10 ) NYEAR
10 FORMAT( I4 )

10.7. External Files

Qutpu froma program may be sert to an external file (.9 resd ng per manertly on a d sk), and
inpu ray d sobefeched by aprogramfromsuchafile This powerfu fadlity provi des a means of
keep ng recards whi ch may needto be updaed exanined and and ysed

Thereisacetananourt o jagontha needsto be overcone bef are we can proceed In Fortran a
fileissadtoexistif aprogamis able to access it BExistenceisthereforeardaiveter my defined
fromthe pa rnt of viewof the programattenpti ng access Afile whichexgsfa aprogram may or
may na be enpty, andit may or nay na be connectedtotha progam Afileis connected by
assod aion wthaunit nunber knowntothe program Thisconnedtionis usudly made by an OPEN
gaenent, bu catanfiles nay be atonaticdly pre-connected
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A file may bethought of as a streamof dag arangedirno records Therecards are dl ather
fa natted o unformatted Hles may be accessed sequentially, o directly, nor ndly aparticd & file
isresridedt o one node of access If accessisdred, dl recards nust havethesanelengh thisis
na necessary under sequertid access

Intheres o thischapte we outlinethe na nfilehandingfadlities of Fortran 90 Moresubstartid
exanp esfdlowinlae chaptes

File positioning

Afile has a current position whi ch nay be

e wthnarecad,

e be weenrecards

o ahead o thefirg recard (the mitial poini);
o dtathelat recard (the terminal poini).

Sequential files

A sequertid file may bethought of as a corti nuous tape, whererecards arel ocated sequertidly
dongthetape If thefileisfar natted therecards may be of varyinglengh i.e therecardlengh
does na needto be spedfied

A sequertid file nay beread ol yfromt he beg nning This nakest he accessti ned ower thanfor a
drea accessfilg s ncetofind soneth ng near the end of asequertid file you havetoread every
recard fromt he beg nning You dso canna red ace or renove arecord dredly, as you can wth
dred accessfiles However, sequertid filesare hd pfu i nStugti ons where you might needt o access
thefile wthaword processor —+nthscortext thefile wou dbeatext (or ASAI) file We have seen
sequertid filesinadioninread ng daafrom d skfiles

The fdl ow ng exanp e shows howt o update a sequertid file It reads aline of text fromt hefilg
and asks youif you wart to dd eéetheline If you dorit wart to dd éetheling itiswittentoa
temporay (SCRATCH) file The arignd fileisthen dd eéed anewenptyfiled thesane naneis
cregsted andfindlythecontents o thetenporaryfil ei scop ed back It sounds cunbersome, because
itiscunbersore. Man pd a&ion of sequertid filesusudlyis Trythe programou onatex file with
afewnanesinit, wh ch youcansd up wth you text edtaor.

CHARACTER (80) Name, FileName, Ans
WRITE( *, '(A)', ADVANCE = 'NO' ) "Name of file to be updated: "
READ*, FileName

OPEN( 1, FILE = FileName )
OPEN( 2, STATUS = 'SCRATCH' )
I0 =0
DO WHILE (IO == 0)
READ( 1, *, IOSTAT = IO ) Name
IF (IO == 0) THEN
PRINT*, Name
WRITE( *, '(A)', ADVANCE = 'NO' ) "Delete (Y/N)? "
READ*, Ans ! could be upper or lowercase
IF (Ans /= 'Y' .AND. Ans /= 'y') WRITE( 2, * ) Name
END IF
END DO
REWIND( 2 ) ! back to the beginning of SCRATCH
CLOSE( 1, STATUS = 'DELETE' ) ! delete original
OPEN( 1, FILE = FileName ) ! recreate original
IO =0

DO WHILE (IO == 0)
READ( 2, *, IOSTAT = IO ) Name
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IF (IO == 0) WRITE( 1, * ) Name

END DO

CLOSE( 1 ) ! keep
CLOSE( 2 ) I delete
END

Notethet thetwo DO WHILEI oops nmake use of the TOSTAT spedfiertoava dan atenpted READ
past theend o thefile

The OPEN saenent hasthefar m

OPEN ( [UNIT =]y speclist )

where uisthefileunt nunber, and speclistis alig o spedfies many of wh chare optiond, and
may beinany order. The unit nunber nust appear fird, unessitisspedfied wth UNIT= The
spedfias ae chaade express ons or congarts If charace express ons are used traling b anks
aeignored BExcep fa the FILE spedfie, lowercasel dters ae converted to uppercase

You a so need toknowt hat the OPEN staemert can be executed on a unit nunber whichis dready
connecdedto afile Thsisto enad ethe propeties o a connectionto be changed andis only
dlowed wth cetanspedfias fa exanple the BLANK spedfie which sesthe defadt far the
inegpdaaiono Hankstondls a zeros

Sone of the more comnon spedfies are desari bed bd ow; you shou d consut Appendix Bfor dl
the gory detdls

The FILE spedfieisachaade express on which g vesthe nane of thefile If thsspedfieis
onitted (and the unit is nat dready connected) the STATUS spedfie nmust appear withthe vd ue
SCRATCH

If SCRATCHIsspedfiedfa the STATUS spedifie (as above on unit 2), atenporayfileiscreaed
It ceasestoexid whenthe uritisd osed or whenthe programter nnnates If NEWis spedfied the
file nust nat dready exi&. If OLDisspedfiedit nust dready exi 4. If REPLACEI sspecified thefile
iscegedifit doesna exid;if it doesexist, itisddeed and a newfileis creged wththe same
name

The s npdefamof the OPEN staenert usedi nthe programabove conneds afil efa sequertid
access (the defaut mode of access), wthfor natedrecards(the defadt for sequertid access). These
properties may be changed by the ACCESS and FORM spedfias as we shall see bd ow

New data may be witten at the end of a sequertid file by settingthe POSITION spedfie to
APPEND

Bras(eg dtenptingto open a non-ex dert file wth staus OLD) nay beirterceped wththe
IOSTAT and ERR spedfias Thsavd ds acrash you canprogama nore gacef U response

A sequertid file nay berepostionedtoitsintid part wththesaenen
REWIND u

The gaenert

BACKSPACE u

positions asequertid filebeforethe curert recardif itis podtioned wthinarecard or befarethe
preced ngrecordifitis postioned bet ween recards Thisstaenert i s costlyi nconputer over heads
and shou d be ava ded

The end of asequertid fileis marked by a sped d recard cdl edthe endfilerecard Mo conputer
sydens wll atonaticdly wiitethsrecarda the end of asequertid file However, if you arein
doukt, you can witean endfilerecard exdidtly wth

ENDFILE u

Afileisdsconnected wthaCLOSE saenert. It cantakethefam

CLOSE( [UNIT =]u[, STATUS =)
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wherethe STATUS spedfiea may be spedfiedas KEEP or DELETE. Afile nmaytherefore be erased
on d sconnedion asinthe exanp e above The defaut vd ueis KEEP, unessthefile has saus
SCRATCH in which case the defadt (and only) vdue is DELETE Al connected units are
auonaticdlyd osed when a programt e mnates nor naly(evenif thereare no CLOSE saenents),
and a CLOSE on an unconnected urit does na causean erra. However, you shou d make a pa it of
d asing dl your files (and no a herdl), d nceit shows that you know wha you are dd ng

Unformatted I/O

Afilésrecards may be unformatted The advartage of thisisthet they take up nuch less s arage
thanf o natitedrecards Eg thel argest i nteger aval ad e under the FTNOO conpil e (2 147, 483 647)
takes up only 4 bytes on an unf ar nattedrecard (S nceit can berepreserted wth 32 bits), bu 10
bytes on afanettedrecard (the nunber o charadersrequiredtorepresent it).

A sequertid fileis fo natted by defadt, so the FORM spedfie mud be usedif it isto be
unfar natted asinthe next exanp e whchwites anirnteger aray andreadsit back

INTEGER, DIMENSION(10) :: A = (/ (I, I = 1,10) /)
OPEN( 1, FILE = 'TEST', FORM = 'UNFORMATTED' )
WRITE (1) A

REWIND (1)

A =0 ! just to be sure !

READ (1) A

PRINT*, A

CLOSE (1)

END

Notethe toreadthefileit must berewound, nceit issequertid (by defadt).

Each READ and WRITE transfes exadtly onerecard Thefilecregedinthisexanp etherefare has
onerecard cotannganaray o 10irtegers

When ou pu istoasequertid filearecard of suffidert lenghiscreded Oninpu, the nunber of
itensintheimpu lig nmust nat exceedthe nunber o vd uesintherecard

Direct access files

Inthe case of direct or random accessfiles aparticd a record may beread and o rewitten unlike
the case wth sequertid accessfiles whererecards may na ingenerd beredaced Recards nay
dsobe added a& the end of adred access file wthou rewitingthe whd efile Dred accessfiles
aeunfa natted by defaut, anddl ther records must bethesanel eng h. Thisrecardl ength nust be
spedfied wththe RECL specifia inthe OPEN staenert. Recardlenghisgenerdlythe nunber of
bytes occup ed by the item wittento the file bu may be sysem dependert. The INQUIRE
daenent may be usedtofindtherecardl eng h(see bd on). Thefdlowi ngexanp ereads alig of
nanes fromt he keyboard witesthemtoa dred accessfile readsthemback, andfindlyred aces
thethrdrecad

CHARACTER (20) NAME

INTEGER I

INQUIRE (IOLENGTH = LEN) NAME

OPEN( 1, FILE = 'LIST', STATUS = 'REPLACE', ACCESS = 'DIRECT', &
RECL = LEN )

DOI =1, 6

READ*, NAME

WRITE (1, REC = I) NAME ! write to the file
END DO

DOI =1, 6

READ( 1, REC = I ) NAME ! read them back
PRINT*, NAME
END DO
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WRITE (1, REC = 3) 'JOKER' ! change the third record

DO I =1, 6

READ( 1, REC = I ) NAME ! read them back again
PRINT*, NAME

END DO

CLOSE (1)

END

Notetha adred accessfile behaveslike an array. Infact, if menoryisinshot supply, daacan
easly be handled wtha dredt accessfile raher thanin an array. If thefileisstaed on a RAM
(virtud) dskthereis pradicdly no dfferencei n accesstine.

The recard nunber is gven by the REC spedfig inthe READ and WRITE staenerts which
a her wse havethesane fa ns asfa sequentid files

The INQUIRE statement

This sadenert nay be used to ascetanthe saus and atributes of connected files and unt
nunbers and therecardlengh of an oupu lig. It hasthree far ns INQUIRE by oupu lig (as
above), INQUIRE by unt, and INQUIRE by file

Inquiry by oupu lig hesthefa m

INQUIRE (IOLENGTH = length) output list

Thisfamnay be wsedtoesaddishthelengh o the ufanettedrecardof anouput lig.
An exanped inqury by unt nunber is

INQUIRE ([UNIT = ]u, EXIST = allowed)

Thel og cd variad e allowed will beass gnedthevd ue . TRUE. if unit nunber uisan dlowed unt
nunber fa your sysem and . FALSE. aher wse

The exigence of afile nay be etadished amlaly.

INQUIRE (FILE = filename, EXIST = allowed)

You can usethe EXIST spedfier toavad d acd dertdly overwriting a dd eting an ex gi ng file
The nunber d therecard nog recertlyread a wittenisrewned wththe NEXTREC spedfie.
Further dadlsarein Append x B

10.8. Non-advancing I/O
Nor ndly READ and WRITE transfer conplderecards. Ths can be a nusance A newfeaue of
Fortran 90is mon-advancing 11 Q whereby afileisl et posti oned withinthe curert recard

We have seenthe use df nontadvand ng WRITE i h g Ving screen ronpts

WRITE (*, '(A)', ADVANCE = 'NO') 'Enter a number: '
READ*, Number

Non-advand ng READ can d so be usefu, for exanp e inread ngi ndvidud chaadesfromatext
file Thefdloa ng programcourtsthe nunmber o charadersinatex file

CHARACTER (1) ch
INTEGER IO, Num

OPEN( 1, FILE = 'TEXT' )
I0 =0
Num = 0
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DO WHILE (IO /= -1) ! EOF

READ (1, '(Al)', IOSTAT = IO, ADVANCE = 'NO') ch
IF (IO == 0) Num = Num + 1 ! genuine character read
END DO

PRINT*, Num
CLOSE (1)
END

Under FTNI0 the TOSTAT spedfiea reuns- 1 whent he end o -fil ei sencourt ered as opposedto- 2
fa endd- record

Non-advand ng I/ Ois nd avalade wthlig-dreded!/ O

10.9. Miscellaneous

For conpl @eness two futher tog cs needto be nertioned here lig-dreded |/ Q and NAMELIST.
List-directed 1/0O

As we have seen thistakesthefam

READ*, list
PRINT* [, fisf]

Dataintheinpu lig may be separaed by comnas, dashes or & | east one b ank ( separators). The
red andi nag nary pats d conpl ex constats nust be end osedi n parent heses

Charad e constatsend osed inddi niters(‘apostrophes o "qua es’) nay be spread over noret han
onerecard Deli niters may be onittedif the charadt e congart does nat cortda na b ank, comng, o
dashifitiscontaned wthnonerecard if thefird charaderisna addi nter; andifthel ead ng
charagdesaena nunericfdlowed by an aseisk

Thereasonfarthelast provsoistha adaavd ue whichistoberepeated nti nes may be g ven a
repegt court n~. Eg 6*0 meansthe vd uezeroistoberead 5 xti nes.

If thereis no daa vd ue bea ween success ve separdas the correspond ng i nput itemis | eft
undefi ned (under the FTNOO conpil @ —althoughthe ssandard requiresthat it isl| €t unchanged).
E g thecode

CHARACTER (20) Name
A =3; B=3;C=3
READ*, Name, A, B,

PRINT ' (A, 4F6.2)'

; D= 3;
C, D
, Name, A, B, C, D

under the FTNOO conpil e, withinput

"fortran 90", 2%, 2*7

d vesthe ou put

fortran 90 2.20 2.20 7.00 7.00
(2 2is agarbage undefi ned vd ue).

NAMELIST

Thisisacuiousfadlity wh chcan be usedt o nane a group of itens for I/ Opurposes It dl ows you
toonit inpu daafa soneitensinthe ggoup The group of itensis naned in a NAMELIST
gaenert (MYOUT i nthe exanp e bd ow. The group name nmay ether be spedfied withthe NML
spedfig in READ o WRITE, o it may redacethe fornat spedfie. Aninpu record nmust be
prefaced by / & fdlowed by the group nane. Datavd ues may be onitted (i n whi ch caset herecard
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must end wtha d ash), and do na havetobeinthe order spedfiedi nthe NAMELIST staenert.
Itens na spedfiedintheinput record arel &t unchanged Eg

INTEGER, DIMENSION(4) :: A = 7
NAMELIST/MYOUT/A, X, Y

X =1

Y =1

READ( *, MYOUT )
WRITE ( *, NML = MYOUT )

I nput:

&MYOUT A(l:2) = 2*1 Y = 3

Qut put:

sMYoOouUT A =117 7, X = 1.0000000, Y = 3.0000000

The aray sedion A (3:4) andthe variad ex arel €t unchanged

Chapter 10 Summary

e Avrecadcan bethought o as aline d i nput/ou put.
e Fo nat spedfiesthelayou o arecard

e Fornmat nay bespedfiedby al abdled FORMAT staenert, by an asteaik (lig-drededl/ Q, o
by achaacte gring

e The PRINT saenent generdly oy hand es out pu tothe screen

e |npied DOlids nay appear inl/ Olids

e The WRITE gaenent can hand e ouput toafilea pine.

e The READ daenert hand esinpu fromafile a the keyboard

e /Onay belig-dreded fa natted a urf or netted

e Forndt iscortrdled by edt descripgas

e The OPEN gaenert conneds afiletoaunit nunber, toenald etransfer o dta

e The INQUIRE stadenert okltd nsinfa nation abou files unit nunbers and recard |l engths of
oupu ligs

e Variousspedfiers suchas TOSTAT, END, and ERR ray be usedinl/ Ogaenertstointercept
and hand e end-d-fil e conditions and poss e aras

o Data may betransfered drectlyto a fromachaate aray, inthefa mdof anirternd file
e Dskfilsaeexanpdes d exernd files

e FHlescondg d recards, which nay befa natted a unf o natted

e Flesaeaccessed sequertidly (the defadt) or dredly (randomaccess).

e Under sequertid access recards aefa natted by defadt, andther lenghmay vary.

e Newrecads may be appendedto a sequertid fil e(added on a the end), bu ex ging records
may nd berearitten

e Under dred access recards are unfar natted by defadt, must dl bethesanelengh andths
recardlenghnust be spedfiedinthe OPEN daenert.

e Under dred access exidingrecards nay be rewitten and newrecards may be appended
e [Dred accessis genardly nore dfidert than sequertid access
e |If nonradvandng |/ Ois spedfied inconp eerecards nay betransferedby READ o WRITE

Chapter 10 Exercises
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10.1 Gvethe oupu o the fdlowngtwo proggamsegnerts (ind cae Hanks and newlines
caeuly):

(a) 10 FORMAT (1X, 'M=', I3, 'N=', I4, 3X, 'X=', F6.1 / T3, El1l.4)
M= 117
N = =27
X = -0.1235E2
Y = 1234.567

PRINT 10, M, N, X, Y

(b) 10 FORMAT (I3, 1X, F6.2, F5.3, I2)
20 FORMAT (T2, I2, F8.2 / T3. F3.1, I4 )
READ 10, N, X, Y, J
PRINT 20, J, X, Y, N
Data: /0146729.123.61035/

10.2 Show how each of the fdlowng va ues wll be prirted wth the edt descriptars shown
(assunetha carriage cortird has beentaken care d):

(8 -738(19) (b +738(13)
(0 38136(F7.2) (0 -10064(F6.1)
(8 9876 545(E10.4) () -Q 000044009 (E9.2)
10.3 Witeaprogramwhich wil court dl the non-Hank charagdesinatext filed any 5ze

104 @) Witeaprogamwhichseasupadred accessfil e where each unfa nattedrecordcortd ns
aone-d nensond integer aray of Sze 10 say. Witesonetes daatothefile andreadit backto
make sureit got there

(b Witeasepaae program which wil add one exrarecard of thesanmelenghto the end of the
fileaesedinpat (3.

10.5 Witeaprogramwhi ch wll read a positi vei teger (of any s ze), finditsh nary code and pri rt
the b nary code on onelinewth no b anks bet weenthe digts Hint after fi nd ngeach bi nary d gt,
daeitinadffaent denert of andlocaablearay.
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Chapter 11 Handling Characters

Chapter 11 Introduction

11.1. Characters

11.2. Bar Charts and Frequency Distributions

11.3. Sorting Words

11.4. Graphs Without Graphics

11.5. Word Count and Extraction

11.6. General Information

Charact & substri ngs

Assuned charade leng h

Conca enati on

Enbedded f amat

Charad e aray condrud a's
Charag @ handlingi rtri nsi ¢ fundti ons

Chapter 11 Summary
Chapter 11 Exercises

Chapter 11 Introduction

We have seen some simple examples of the use of the intrinsic character type. Armed with
the further weapons of arrays and more advanced 1/O facilities we can now tackle more

interesting problems involving characters, or strings as they are often called.
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11.1. Characters

To recap, a character constantis a string of charadesend osedin ddi nites which are d@ther

"gpostrophes a "quaes'. The ddi nites aena pat d thesring
Charad e vaidl es nay be ded aredinthefdl owng ways

CHARACTER ALPHA ! length of 1
CHARACTER (15) Name ! length of 15
CHARACTER Word*5 ! length of 5

Ass gnnert isdone asfdlows

Name = "Bonaparte, N"

11.2. Bar Charts and Frequency Distributions

Thefirg exand e Uilizes anaray andthe A edt descriga fa prirting charadtes

Suppose we wart to and yse theresdts of ates witten by a d ass of studerts W wou dliketo
know how nmany studerts obtd ned percertage narksintherange -9 10-19, ..., 90-99 Each of
theserangesiscdled a decile, nunberedfromzerofa convenience W dsoneedtocae fo the
bri ght sparks who get 100 (the d everth " ded| €"). Supposet he nunbers of students who get narks

intheseranges aeasfdlows
10129312649 26 246 1

i.e 12 oktd ned narksintherange 2029 Weneedanaray F (0:10), say, wth1ldements where
each d enernt staesthe nunmber of studerts with narksintha paticdarangg eg F(2) shod d
havethe vd ue 12 Thefdlona ng programprirts a bar chat of the frequency distribution F, where

each ag @isk represerts one studert i nthat range

INTEGER, DIMENSION(0:10) :: F = (/ 1, 0, 12, 9, 31, 26, 49,
24, 6, 1 /)

10 FORMAT( I3, ' - ', I3, ' (', I3, "):', 60Al )

20 FORMAT( '100', 6X, ' (', I3, "):', 60A1 )

DO I = 0, 10
IF (I < 10) THEN
PRINT 10, 10 * I, 10 * I + 9, F(I), ('*', J =1, F(I))

26, &

ELSE
PRINT 20, F(I), ('*', J =1, F(I))
END IF
END DO
END
Qut put:
0 - 9 ( 1):*
10 - 19 ( 0):
20 — 29 ( 12):************
30 - 39 ( 9):*********
40 - 49 ( 31):*******************************
50 — 59 ( 26):~k*************************
60 — 69 ( 49):*************************************************
70 — 79 ( 26):**************************
80 — 89 ( 24):************************
90 - 99 () sxFExkx
100 ( 1):*
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Not et he absence of asteisks fathe 10-19 dedle Thisis because F (1) hasthevd ue zerq sotha
thei npied DO inthe PRINT daenent has azeotripcourt when I hasthevdue 1

O couse inared dtuaion thefrequend eswll na be presertedtoyou nealyonapae Youae
norelikdytohavealig of theactud marks You shou d adapt the proggamt oread asanp ese of
mar ks, i ntherange 0-100, andto convert themirtofrequend es The basic nechanismis

READ( ... ) MARK
K = INT( MARK / 10 ) ! K is the decile
F(K) = F(K) + 1 ! another mark in the Kth decile

11.3. Sorting Words

Charades nmay beconparedi n IF staenerts thsisthe basso d phabeicsating Each conpu e
sysemhas a collating sequence Whi ch spedfiesthei rtring ¢ orderi ng of the aval ald e charad e set.
The Fortran 90 ¢andardrequires onl ythet

e A<KB<C..<Y<Z
e (0<1<2..<8<9
e Hank<aandz <0 aldank <0Oand 9<A

If lowercaselatas aeavadlad e there aethe futhe requirenenstha

° a<b<c..<y<z

e PHank<aandz<(Q aoHank<0and 9<a

Not et het the standard does nat i nd & on howt hel owercase charaders aretobe ordered rd aiveto
upper case

Therearetwo intrind cfundionstha rd @aeachaate toits pasitionin the cdlaing sequence (o
nores npy, itscode). TCHAR( 'A' ) retunsanineger codefaitschaade argumnen, eg 65
say, inthscase CHAR( 90 ) rewnsthechaadte coded byitsinteger agunert, eg 7 say.

Further more the ssandardrequirestha access be providedtothe ASA| ( Aneri can Sandard Code
fa Info nati on | rterchange) cd | &ing sequence in which zZ < a (see Append X D. Therearet wo
futher intrindc fundions, which spedficdlyrd de a charade toits ASAl code IACHAR and
ACHAR

However, sonme conmpu es make use of the EBCO C cdlaing sequence ( Extended B nary Coded
Ded nd | nterchange Code—pronounced "ebsad K'). In EBCDO G unfatunady, the | owercase
charade's come beforet he uppercase ones, so z < A This hasi npicaionsfo word sorting s nce
we nor ndlyreguiretha

bOnApArTe < NaPoLeOn
whet ever the case df the charaders

One way ou isd waystouse ASA| code bu ths nay be indffidert onsome conput er sysens. A
nore generd sd uionisto writea subrouineto convert | ower case d phabeticl étersto upper case
based on TCHAR and CHAR, whichdona rdyonthe ASAI| code The subrouine ToUpperinthe
next proggamdoesths It uses ICHAR( 'A') and ICHAR( 'a' ) todee mnethe"d gance’
bet weent he upper- and| owercasel @ters(assuning dl the leéte's of one caset o be cortiguous, i.eto
have consecutive codes). Itthenaddsth sd sancet odl thel owercasel eétesinthe word —earefuly
ava d ng uppercase | dtes and dl nonldters Toted it, the proggamreadst wo words fromthe
keyboard(e g NAPOLEON and bonaparte), prirtsthemi n"ascend ng' or der ast hey are converts
themba hto uppercasg and prirtstheminorder agan

IMPLICIT NONE
CHARACTER (10) Wordl, Word?2
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READ*, Wordl
READ*, Word2

IF (Wordl < Word2) THEN
PRINT*, Wordl, Word2
ELSE
PRINT*, Word2, Wordl
END IF

CALL ToUpper ( Wordl )
CALL ToUpper ( Word2 )

IF (Wordl < Word2) THEN
PRINT*, Wordl, Word2
ELSE
PRINT*, Word2, Wordl
END IF

CONTAINS
SUBROUTINE ToUpper ( String )
CHARACTER (LEN = *) String
INTEGER I, Ismall, IBIG
Ismall = ICHAR( 'a' )
IBIG = ICHAR( 'A' )

DO I = 1, LEN( String )
IF (String(I:I) >= 'a' .AND. String(I:I) <= 'z') THEN
String(I:I) = CHAR( ICHAR( String(I:I) ) + IBIG - Ismall )
END IF
END DO

END SUBROUTINE
END

Notetha anindvidud chaade may be rderenced as asubstring (String (I:I)) andthat a
charage dunmy argunert in asubprogam may be dedared wth an aseriskto have an assumed
length Theirtrindcfundion LEN reunsthe adud leng hof the argunent.

The Bubbl e Sort of Chapter 9 caneasily be anendedt o sort wor ds d phabeti cdly. Suppose we have
upto 100 words each of 10 ldtes or | ess (they can bereadfromatext file. List nust now be
ded aedinthemai n progamas fdl ows:

CHARACTER (10), DIMENSION (100) :: List

The correspond ng dummy argunert i nthe subrouti ne BUBBLE SORT mnust be ded ared &

CHARACTER (*), DIMENSION(:), INTENT (INOUT) :: X

The variad e TEMP i nt he subrouti ne nust be ded aed CHARACTER (10) (dtendivdy, it coud
be passed as an argunent and ded ared wth an assuned lengh. A ndly, youshoudincaporae
ToUpperif the words wil be d nixed case

Noteind dertdly, thet Hanksin words ae dgnficart, sothet

Mc Bean < McBean

dncethe Hank recedestheldteas

11.4. Graphs Without Graphics

Thefdlow ng exanp e shows howeasily as np e graph can be drawn onthetext screen (it cou d
dsobe wittentoafile o the printer). It mekes use of aninend fileand character substringsto
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drawa s ne graph over one period Thistechn que can only draw graphs wth no norethan one
g ating synbol perline d outpu. A nore generd gaph ng rocedureisd scussedin Chager 15

CHARACTER (70) Line

REAL, PARAMETER :: Pi = 3.1415927
REAL dx, X

INTEGER N, Trips

10 FORMAT ( A70 )

dx = Pi / 20
Trips = INT( 2*Pi/dx + dx/2 ) + 1
X =0

PRINT " (' X', T37, '"SIN(X)')" ! heading
PRINT*

DO I =1, Trips

WRITE ( Line, '(F4.2)"' )X ! Line is an internal file
N = NINT( 25 * (1 4+ SIN(X)) ) + 15

Line (40:40) = ':'

Line (N:N) = '=*!'

Figure 11.1 Graph on the text screen

X SIN (X)

.00 *

.15 : *

.31 : *

.47 : *

.62 : *

.78 : *

.94 : *
.10 : *
.26 : *
.41 :

.57

.73 :

.88 : *
.04 : *
.20 : *
.36 : *

.51 : *

.67 : *

.83 : *

.98 : *

.14 *

WNMNDNNDNNDNNNRFREFRPRPRPRPRPRPRPRPRPRPOOOOOOO

PRINT 10, Line
X = X + dx
END DO

END

Part o the ouput isshownin Fgue 111
11.5. Word Count and Extraction

Whenthe authorship of apiece of proseis uncertanit soneti nes hdpsto cdcu aethe average
nunber of words per sertence andthestandard devi aion of thisgaidic Afirg-year class of mine
oncefoundt hat wthsanpl es of abou 700lines G K Chestatonisead|yd gingu shad efromLord
Macad ay, thef o ner havi ng a s gnficartly shorte nean sertencelengh wthalager sandard
devigion Oneof theexerdses a theend of thechapg e invites youtowitea programt o conpute
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theaverage sertencel eng h of asanpl eof text. Ani nportart part of the prod emi stode ed, extract
and court whole wordsinthetext. The next proggamreads atex fileof anylengh prirts out one
wor d per line(toind caethat whd e words have been extradted), courtingthemasit does sa

Itisassumedtha words areseparaed by a |east one H ank—a wor di s defi ned as a stri ng of one or
nore non-H ank characters So punct ugti on mar ks, 1i ke commas andf ul sops wll nat be courted as
separa e words, asl ongasthey are nat preceded by b anks However, punctugi on narks arefiltered
ou befareprintingaword

The nost | nportart part of the prod emisto detedt conpl ée words. Thistakesti netotH nk out. It
often hd psto th nk how you wou d exgdanthe prod em(na eventhe answer) to someone who
d drit knowt hefirgth ngabou it. | nag neastreamof charade’'sconng past you How wou dyou
know when a conpl ée word had passed? Surdy, when a non-H ank changesto a blank —+'sthe
changefromnondanktol anktha s gndstheend of a word Rediz ngthis will g veyout he Ahal
experiencethat prod emsd versrave about. Sothe essence of the prodemistoreadthetext one
character & ati ng, keep ngarecard o the previous character (01dCh) inordertoconpareit wth
the current charade (Ch). If the previous charade is non-H ank whenthe curert oneis dank
we ve found anat her word

Theregtisjust mopp ngup. 01dch nust beintidizedtoald ank togatthebdl rdling If thel ast
charaderinthetext isanon-d ank theabove argunert will na cachthelag word soit'snecessay
tocheck far ths dter conpl eion d the DO WHILE | oop

Non-advand ng READ nmust be usedto get one charade & ati ne The IOSTAT spedfie reunsa
vd ue d —1 under FTNIO whenthe end o -fil eis encourt ered

Thei rtrind cfuncti on INDEXi s usedt o dete nine whet her the current charadterisd phabetic 1 nthe
fa mused hereit hast wo argunerts Thefirdisacharatder congart LETTER condging of dl the
upper- andl ower casel éters. The secondisthe curert charader Ch INDEX reunst he positi on of
Chin LETTER if it occusthere a zero aher wse

IMPLICIT NONE

CHARACTER 01dCh, Ch

CHARACTER :: BL = " "

CHARACTER (*), PARAMETER :: LETTER = §&
"ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz"

INTEGER :: WORDS = 0

INTEGER :: IO =0
OPEN( 1, FILE = 'TEXT' )
0ldCh = BL
DO WHILE (IO /= -1) ! check for EOF
READ (1, '(Al)', IOSTAT = IO, ADVANCE = 'NO') Ch
IF (IO == 0) THEN ! protect against EOR and EOF
IF (Ch == BL .AND. 0ldCh /= BL) THEN ! arrival of blank ...
WORDS = WORDS + 1 ! ... signals end of
! word
PRINT* ! new line
ELSE IF (INDEX( LETTER, Ch ) /= 0) THEN! Ch must be a letter
WRITE (*, '(Al)', ADVANCE = 'NO') Ch ! part of word
END IF
0ldCh = Ch
END IF
END DO

IF (0ldCh /= BL) THEN ! if last char actually read is non-blank ..

WORDS = WORDS + 1 ! ... count another word
PRINT* ! new line

END IF

PRINT*

PRINT*, 'No of words: ', WORDS

END
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11.6. General Information
Character substrings

Supposethefdl ow ng characte vari all e has been ded ared

CHARACTER (80) TEXT

Indvidud charadtesin TEXT nay be refeenced using a substring naaion eg TEXT (I:J)
references a substring of TEXT fromthe Ithcharade tothe thone If Tis gede than J the
substringisenpty. Thecdonisoldigaay, bu there are dfadt vd ues o the subscripts eg

TEXT (:J) ! same as TEXT(1:J)
TEXT (J:) ! same as TEXT (J:80)
TEXT (:) ! same as TEXT (1:80) or TEXT

A substring may befa ned fromachaade constart, eg

"NAPOLEON" (3:6)
reuwns POLE

Fdlowng aesone exanp es d substri ng express ons and ass gnnerts

TEXT = "abcdefghijk"
TEXT (1:3) = "XYy" ! returns "XY defghijk"

! (blank at 3rd position)
TEXT (5:5) = "x*x" ! returns "XY d*fghijk"

! (replaces 5th character)
TEXT (5:) = TEXT(6:) ! returns "XY dfghijk"

! (deletes 5th character)
TEXT (8:7) ! returns "" (null)

To insert acharad e a position I, each charad e beyond I nust be noved up one positionfirg, in
a DOl oop

CHARACTER (80) :: LINE = "abcdefghijklm"
I =5
DO J = LENiTRIM( LINE ), I, -1
LINE( J+1:J+1 ) = LINE(J:J)
END DO
LINE(I:I) = "*" ! returns "abcd*efghijklm"

Theintrindc fundion LEN TRIMreuns thelengh o itssring argurent wthtraling b anks
renoved (a her wse J+1 goes out of range inthel oop). | nd dertdly, canyou see why the DO oop
hasto work backwer ds?

If substring ranges overl apin an asd gnnert, the arig nd vd ues are d ways used on theri ght-hand
sde eg

TEXT (1:8) = "NAPOLEON"
TEXT (3:5) = TEXT(1:3) ! returns "NANAPEON" (not in FORTRAN 77)

Substri ngs nay be passed by ref erencet o subprograns, i.e changestothemi nthe subprogramare
refleded onrgurn However, ths neansthet inacdl suchas

CALL JUNK( NAME (1:5), NAME(3:9) )

the charages comnonto bothadud argunents i.e NAME (3:5), nay nda be changed t br ough
dther carespond ng dummy argurrent i nthe subprogram

An aray o cherade's nay be ded ared aray.
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CHARACTER (80), DIMENSION(60) :: LINE

Thenthe Thchaate o thearay d enent LINE (J) isreferenced as
LINE(J) (I:1)

Not et het the array subscri t precedes t he substri ng subscri s

Assumed character length

We have dready seent hat a dumny characte argunert may be ded ared wthan assunedlengh A
naned charader congart (paranete) nmay d so be ded ared wthan assunedlengh if you carit be
ba heredto court the nunber d charades E g

SUBROUTINE JUNK( Word )

CHARACTER (*), INTENT (IN) :: Word
CHARACTER (*), PARAMETER :: Message = "Can't open file"
Concatenation

The concatenation operaa (//) istheoryirtrind c operata fa charadter expressons e g

CHARACTER (5) Initials = "JK"
CHARACTER (20) :: Surname = "Smith"
CHARACTER (7) : RegNo = "123456K"
CHARACTER (9) :: UserlId
UserId = Initials(l:1) // Surname(l:1) &
// RegNo ! returns "JS123456K"

Embedded format

Charad @ express ons may be usedt o construct f ar nat sped fi cati ons duri ng pr ogramexecuti on The
next code fragment reads an irteger, and prirtsit out asan ord nd nunber wththe corred suffix
eg 23isouput & 23rd, while2disoupu as 24th

CHARACTER (2), DIMENSION(0:9) &

:: SUFF = (/
'th', 'st', 'nd', 'rd', & 'th', 'th', 'th', 'th', 'th', 'th' /)
CHARACTER (10) :: FMT = " (I5, '22")"
READ*, N
LastDigit = MOD( N, 10 )
FMT (7:8) = SUFF( LastDigit ) ! replace ?? appropriately

PRINT FMT, N

Character array constructors

The d enents of achaade arayinaconstruda nust dl havethelengthspedfied bytheleng h
paranete. Pad wth Hdanksif necessary:

CHARACTER (6), DIMENSION(3) :: Primary = (/ "RED ", "BLUE ", &
"YELLOW"™ /)

Character handling intrinsic functions

Fortran 90 has a nunber of newi rtring cfundionsrd aingto strings of charaders wh ch grealy
enhanceits sring-handi ng capalilities putingit on a par wthlanguages such as Pascal and C A
bri & description o wha they can dois g ven here dgdlsaein Append x C

ADJUSTL ad ustsl dttoraurnastring wthl ead ng b anksrenoved andi nserted astraili ng b anks.
ADJUSTR ad ugtsrigh.
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INDEX reunsthe gating postion d thefird (o lagt) occurrence of asubstringinagring
LENrgunsthelengh o agring
LEN TRIMreuwnsthelengh d adring wthou itstraling Hanks

REPEATreguns astringfamed frommutideconcaenaions of astring, eg REPEAT ( "X", 3
) reurns xxx

SCAN rewnsthe podtion d thel &t- a rightnost cherader of one sri ng whi ch appearsin ana her.
TRIMreuns adring wthdl itstraling d anks renoved

VERIFYreauns zeroif each charad & i n one stri ng appearsi nana her gring o the position of the
| t- a right most cherad e of one gring which does nat appear inana her 4ring Eg

CHARACTER (*), PARAMETER :: LETTER = §&
"ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz"

CHARACTER (10) Word

IF (VERIFY( Word, LETTER ) == 0) PRINT*, 'It''s a word!'

Theirtrirs c subroutine DATE AND TIME (DATE TIME, ZONE VALUES) reunsthe dae and
ti meinvarious fa ns

Recdl that a nunber can be convertedtoits string represertaion and vice versa by writingto o
read ngfromanirntend file

Chapter 11 Summary

e Thesd d avaladechaadasisadeaedirno one a norecdl&ing sequences

e Fortran 90 provi des accesstothe ASA | cdl&i ng sequence.

e Charade vaidles nay be conpared and ardered onthe bas s o the cdl a&i ng sequence
e Charade substrings nay be referenced

o Charade express ons nay be concat ena ed

e Charade constarts and dunmy argunernts nay be ded ared wthan assuned | eng h ud ng an
ad aisk

e Fortran 90 hasa powerfu sda of charade handingirtri rd ¢ fundti ons
e For nat spedficaions nay be condructed & rurti ng s ng charadter variad es

Chapter 11 Exercises

11.1 Witea progamwhichreads sonetext (eg onelireintoavaiade CHARACTER (80)
LINE) and courtsthe nunber d Hanksinit.

Extendit toremove the d anks.

11.2 Wite a proggamwhi chreads a sertence (end nginaful stop) and prirtsit backwerds
withou theful gop

You might li ket o extend your programt o check whet her asertenceisapdindong i.e one which
reads the same pdindrone backwerds as fa wards, such as REWARD A TOYOTA DRAWER
(soneone who draws Toydas presunady), a Napdeoris dassclanert, ABLE WAS| ERE |
SAWELBA Assunethereis no punct ugtion andrenove dl the Hanks firg.

11.3 Afomul g cdled Zdl a's Congruence nay be usedto conpu e the day of the week, g ven
the dde(wthnacetdnrange o daes). Thefamiais

f=([26m-02]+k+y+[y/4]+[c/4]-2c)modulo 7

irnteger pat and

e misthe nonthnunber, wth January and Febr uarytaken as nonths 11 and 12 of t he preced ng
year, so Mrchisthen northl, and Decenbe nornth 10

where the square brackes denaethe
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e kistheday d the nmorth

e cisthecertuy nunber;

e yistheyearinthecertuy;,

e =0 neans nday, 1 neans Monday, €c

Eg 23d August 1963 isrexeserted by m =6 k=23 ¢ =19 y =63 1 January 1800 is
represertedbym =11, k=1 ¢ =17, y=9

Witeaprogamtoreadthe daeintheusud fam(eg 27 31993 fa 27th March 1993) and wite
the g ven dat e andt he day of the week (i n words) on whi chit fdls Hint: useanarray of charatters
fa the days of the week Test your proggamon sone known daes liketodays dae o your
birthday, o #&h Decenber 1941 (Sunday).

Thefarmdawll na work if you gotoo fa back Shakespeare and Cervartes bah ded on 23rd
April 1616 Shakespeare d ed on a Tuesday, bu Gervartes ded on a Studay! Thsis because
End and had na yet adopted the G egari an cd endar and was consequentl yt en days behi ndt herest
of the world Thefa mida wll dsona workif you gotoofar fa ward

114  Witeaprogramwhich wll readanunberinhnary code of aritraylengh(eg 1100 —ho
b anks bet weenthe d gts) and witeitsdednmal vd ue(12 inthscase). Hint: readthe nunber as a
gdring and uiseanirtend filetoreadtheindvi dud charadersasirntegas

11.5  Witeaprogramt o convert thecorterts of atext fileto uppercase. You cantryit ou onthe
fdlowngtex if youlike

Roses ae red
vidds ae due
I'm sch zoptreric
and so aml.

11.6  Witeaprogramwhi chreads sone text fromafile renoves dl the H anks and prirtsit ou
infiveldte goups separaed by Hanks Eg thetext

Twas brillig and the slithy toves
ddgyreand gl einthe wabe..

shod d be prirnted as
Twasbrilli gandt hedi thyto vesd dgyre andg nibl & rthew abe

11.7 Sudent nunbers a the Uni vardty of Cape Town are congructed fromt hefirst | eter and
next t Wo consonants of the studert'ssurnane, thefirg threel détes of her firg nane (padded from
therignt wthXsif necessay,inbahcases), fdl oned by at hree-d gt nunber, | ft-filled by zerosif
necessay, to dgingush suderts fa whomthese six charades ae the sane Eg Napdeon
Onaparte cod d get the gudert nunber ONPNAPOOL, whle Charles Wi cod d g2 WXXCHAQOOL

Witeaprogram whi chreads astudent' ssurnane andfirg nane i nsomne conveni ert way, and prirts
ou her gudert nunber (you can assune the suffix 001 fa everyone).

11.8  Soneti nesitisconven ert to" pack’ charadte and nuneric datai rtostrings Such strings
needt o be "unpacked' aga n Witeaprogamtoreadaline of text cortd ni ng a st udert’ ssurnane
andintids termnaed by a comma, andfdlowed by t wo narks separated by & | east one H ank

eg

Smith JR, 34.6 78.9

The programshod d unpack the stringino achaage vaiadefa the nane andintids andt wo
red vaiadesfor the narks

11.9 Wite a progamtoreadtext fromafile and conpu ethe average nunber of wor ds per
sertence and its sandard devigion Assume tha sertences end wth ful stops which occur
nowhere d se

11.10  Languages exhi bt acharact &i gicfrequency d gri buti on of s nglel eétesif al arge enough
sanped textisandysed For exanp g in Act Il of Hamletthe b ank has afrequency of 19.7%
"€ 93%"0" 7.3% while"Z" occurson y 14ti nes ou of 35224 charagers (The H ank isi nportart
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becauseit g vesani nd caionof wordlengh) Witeaprogramt o deerm net hel éte frequency of
asanped textinatex file Assunetha Hanks only occur S nd y (a herwi se you nust firg reduce
dl mitigeHdankstos ngd e danks).

11.11 Witea programwh ch wl read a persori s name and addressfroma d sk fil eand uset he
daato witea"fa ml déte" withaspedd doffatopant hshouse The datai nthefileshou d bein
thefam

Jones
31
Campground Rd

If ths detais used the program out put shod d be asfdl ows:

Dear M Jones
We wil pa rt your house wth 9 oshon a hd f price
You can have the snmartes house in Campground Rd
The Jones fanmly wil be abe to wal k tdl agan

Your nd ghbours & nunber 33 wll be anazed
Theitensinitdics aeread (or derived) fromthe datainthefile

11.12  Read up abou thei rtri ns csubroutine DATE AND TIMEin Append x C Wseitto witea
fundion TIS whi chreunstheti neinseconds (i nd ud ng miliseconds) dapsed 9 nce mdn gh.

Such afundion cod d be usedtoti ne accuratdy operdionsinapogam eg sating
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Chapter 12 Derived Types: Structures

Chapter 12 Introduction

12.1. Structures

e  Defined asd gnent s (overl cad ng)
o Defined operaars (overl cad ng)

e Sruduevd uedfundions

e The TYPE ddenent

e (b edsandsuroleds

12.2. A Database: Student Records
12.3. A Binary Search

12.4. Keyed Files

12.5. Hashing
Chapter 12 Summary

Chapter 12 Exercises

Chapter 12 Introduction

So far we have restricted ourselves to the five intrinsic data types of Fortran 90. We have
seen how to use simple variables and arrays of these types to solve a variety of problems.
We may, however, soon discover situations where it would be very convenient to handle
more complicated collections of data as single units. Arrays, for example, are restricted in
that all their elements must be of the same type.

One of the major advances of Fortran 90 over previous versions is that you now have the
freedom to design data types of your own. Such data types are called derived. In this
chapter we will discuss derived data types, which may be used to define structures.
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12.1. Structures

As an exanp e |le's consder the prodem of martanng sudert recards W have often used
exanp es where we have processed say, a studert's name and sone nmarks. Inared studion
addtiond infor nation wou d be needed address reg graion and td ephone nunbers and naybe
even dae o birthand gender. You can defineatypeto encapsu @edl thHs daafa one person as
fdlows.

TYPE First Year

CHARACTER (20) Name ! includes initials, etc.
CHARACTER (20), DIMENSION(4) :: Address ! 4 lines for address
CHARACTER (10) Telephone
CHARACTER (9) RegNo ! e.g. SHKWILOO1l as in Ex. 12.7
LOGICAL Female ! .TRUE. for female, .FALSE. for male (!)
INTEGER BirthDate ! e.g. 461121
REAL, DIMENSION(20) :: Marks ! Marks

END TYPE

Thisiscdl edthe definition of the derived type First Year. Avaiadedf thstypeisded aedas
fdlovs

TYPE (First Year) Student

andiscdleda structure I nthi s caseit has seven components. Name, Address, €c Notetha the
severth conponert isared array, fa up to 20 nmarks The conponents arereferenced wththe
component selector (%). Eg.

Student % Birthdate = 461121

The conponents may appea i nany expresson whereavariald edf t he sare t ype (ast heconponert)
wou d be appropride

We can even ded aeanaray of our daived type
TYPE (First Year), DIMENSION (100) :: Class

S nce an aray sedion nay end wth agrudu e conponert, the saenert

Class % Female = .FALSE.

wll then fa exanp g sa the whdedass genderto na e
Toillstraesore nore d the properties o srudures le'sdefineas np er deri vedtype

TYPE Student Type
CHARACTER (20) NAME
REAL Mark

END TYPE

Deri vedtypes have lited congtarts eg

Student Type( "Smith, JR", 49 )

The order of conponerts nug fdlowther order i nthe defirition Athoughind vi dud conponernts
may be asd gned us ngt he conponert sd ed a;, as above dl the conponents nay be ass gnedfrom
the constart usi ng a structure constructor, @ther inaniritidizaion ainan ad nary assgnmert:

TYPE (Student Type) :: Studentl = Student Type( "Bloggs", 50 )

A vaiade of adeivedtype may appear inanl/ Olig, aslong asthereis an appropriaefo nat
sped ficaionfar each conponert:
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PRINT ' (A20, F6.0)', Studentl

A variade d a daivedtype may be asd gnedto ana her variald e o the sae type

Student2 = Studentl

Al the conponents o Student?2 aered aced by the carrespond ng conponerts o Studentl.

Defined assignments (overloading)

We havej ust seentha theirtring c asd gnmert operaa (9 isauonaticdly avalald ef or derived
types Ve can however, redefinet he ass gnmert opera ar, by overloadingit. Thsfeadue of Fortran
90 as wel as generd operaa overloading whichis presert in ofjed-aierted programning
languages like C++ wll astonish Fortran 77ers It nay take alittl e getti ng usedta

Suppose as a g npl eill idtraion we wart toreddinethe ass gnnert far Student Typeintwo
ways. Frd, we woud like a shot-hand way of assgning a nane diredly, wthout us ng the
conponert sdeda, a aconstruda, eg

Student = "Smith, JR"
onthe understand ngthet no value is assigned to the mark

Second we wou dliketo extradt the name dredaly fromthe variade agan wthout usngthe
conponert sdeda, eg

StuName = Student
where StuName isachaade vaiade

What thsanourtstoisareddirition of theass gnnment opera a tohand e nmixedtypes—harad e
and deri ved —+nthe sane way that theirrind c asd gnnent operaa can dready handl e nix ng of
catdntypes

For thefird case we need asubrouine Student From Name, say, wthtwo dumny argunerts
whichared type Student Type and charader. The order of dumny argunertsisi nportart, and
nmust bethe sane asthe order in whichthetypes appear i nthe ass gnrent to be redefined This
subrouti ne shou d ass gn Student % Name exdidtlytothe chaadte agunert.

For thesecond case we need asubroutine Name From Student, say, wthdummy argunerts of
type charade and Student Type (reverse order now. This subrouine shodd assgn its
charader agunent to Student % Name.

The nost effidert waytohand eth sistoset upa nodu ewiththe Student Type defiritionand
thet wo subr outi nes

MODULE StudentMod

TYPE Student Type
CHARACTER (20) NAME
REAL Mark

END TYPE

INTERFACE ASSIGNMENT (=)
MODULE PROCEDURE Name From Student, Student From Name
END INTERFACE

CONTAINS
SUBROUTINE Name From Student( String, Student )
CHARACTER (*) String
TYPE (Student Type) Student
String = Student % Name
END SUBROUTINE

SUBROUTINE Student From Name( Student, String )
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CHARACTER (*) String
TYPE (Student Type) Student
Student % Name = String
END SUBROUTINE
END MODULE

An intaface Hock usngthe keyword ASSIGNMENT, is requred to overl oad the ass gnnent
operaa wththeset wo subrouti nes. It isshown hereinthe nodu € dthoughit cod dalsobeinthe
Mmai n rogam

A conpl ée nai n rogrami sthen
USE StudentMod

TYPE (Student Type) :: Student = Student Type( "Bloggs", 50 )
CHARACTER (20) StuName

Student = "Smith, JR" ! assigns only the name in one direction
StuName = Student ! assigns only the name in the
! other direction
PRINT ' (A20, F6.0)', Student
PRINT*, StuName
END

Not et ha subrouti nes are neededt oredefi net he ass gnnent opera a. Q her opera as areredefi ned
withfundions as we shdl see now

Assignnert forirtrirs ctypes may na beredefi ned
Defined operators (overloading)

Operaas nay be defi ned fa deri vedtypesin as nil ar, dthough na identicd, way.

Consi der the fdlowng exanple adapted fromthe FTNIO Reference Manual The nodue
IntegerSets definesatype SET (9 mila tothe set type of Pascd). Varialdes of thHstype can
be construaedfromt hei ntegers wththefundion Buildset. Asd nenbershipoperaa (.IN.)
isdefined(eg I.IN.S1reuwns TRUEIftheinteger Tisa nenber of these s1). The * opera
is overl caded withthe operation of se intersedtion(sotha, far exanple sS1*s2raurns d enerts
whi ch are menbers of bath S1 and s2). Overloadinginthiscortext neansthe the operaa reans
itsorig nd irtrind ¢ mean ng whent he operands arei rtri nd ctypes (i rteger, red o conplexinths
case), but tha it hes a new nean ng whenthe operands are of the deri vedtype

MODULE IntegerSets

IMPLICIT NONE

INTEGER, PARAMETER :: MaxCard = 100
TYPE SET
PRIVATE
INTEGER Cardinality
INTEGER, DIMENSION( MaxCard ) :: Members

END TYPE SET

INTERFACE OPERATOR (.IN.)
MODULE PROCEDURE MemberOf

END INTERFACE

INTERFACE OPERATOR (*)
MODULE PROCEDURE Intersect

END INTERFACE

CONTAINS
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FUNCTION BuildSet( V )

TYPE (SET) BuildSet

INTEGER V (:)

INTEGER J

BuildSet % Cardinality = 0

DO J = 1, SIZE( V )

IF (.NOT. (V(J) .IN. BuildSet)) THEN
IF (BuildSet % Cardinality < MaxCard

) THEN

BuildSet Cardinality = BuildSet % Cardinality + 1
BuildSet % Members( BuildSet % Cardinality ) = V(J)

ELSE
PRINT*, 'Maximum set size exceeded - adjust MaxCard'
STOP

END IF

END IF
END DO

END FUNCTION BuildSet

FUNCTION Card( S )

! returns cardinality of S
INTEGER Card
TYPE (SET) S

Card = S % Cardinality
END FUNCTION Card

FUNCTION Intersect( S1, S2 )
TYPE (SET) Intersect, S1, S2
INTEGER I

o)

Intersect % Cardinality = 0

DO I =1, S1 % Cardinality
IF (S1 % Members(I) .IN. S2) THEN

Intersect % Cardinality = Intersect % Cardinality + 1
Intersect % Members (Intersect % Cardinality) = S1 % Members (I)
END IF
END DO

END FUNCTION Intersect

FUNCTION MemberOf ( X, S )

LOGICAL MemberOf

INTEGER X

TYPE (SET) S

MemberOf = ANY( S % Members(l : S % Cardinality) == X)
END FUNCTION MemberOf

SUBROUTINE PrtSet( S )
TYPE (SET) S
INTEGER I

PRINT ' (20I4)', (S % Members(I), I =1, S % Cardinality)
END SUBROUTINE PrtSet

END MODULE

Asanpe nanpgogam wth oupu, fdl ows
USE IntegerSets

TYPE (SET) S1, S2, S3

S1
S2

BuildSet( (/ 1, 2, 3, 4, 5 /) )
BuildSet( (/ 2, 4, 6, 8 /) )
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S3 = S1 * S2

WRITE (*, "('Sl: ', I3, ' ELEMENTS: ")", &
ADVANCE = 'NO') Card( S1 )

CALL PrtSet( S1 )

WRITE (*, "('S2: ', I3, ' ELEMENTS: ")", &
ADVANCE = 'NO') Card( S2 )

CALL PrtSet( S2 )

WRITE (*, "('sl*s2: ', I3, ' ELEMENTS: ")", &
ADVANCE = 'NO') Card( S3 )

CALL PrtSet( S3 )

END

Qut put:

S1: 5 ELEMENTS: 1 2 3 4 5
S2: 4 ELEMENTS: 2 4 6 8
S1*S2: 2 ELEMENTS: 2 4

Thereaeanunber o veryinportart paristonde

The PRIVATE staenert makesthe conponerts o the derived SET typeinaccess deous de

the modu e This neansitis poss H et o changet het ype defi riti on wt hout havi ngt o change any
codethet usesit.

Thefundion card dlowsthe card ndity o asd to be access He oud dethe modu e

To defineabinary opera a on a deri vedt ype af uncti on nust be defi nedt het sped fi eshowt he
operaa works. The only novdtyis ba ng abletored acethe convertiond saenent

S3 = Intersect( S1, S2 )

wththe nuchnore naud syrtax

S3 = S1 * S2

Thisis ach eved by assod a@ingthe function nane wththe oparaa tokenin anineface H ock,
usi ng the keyword OPERATOR

INTERFACE OPERATOR (*)

MODULE PROCEDURE Intersect

END INTERFACE

A fundion defin ng aunary opera a wou d obvi oud y have o'y one argunert.

The defi ned opera a t oken (i.e asequence of charaders) may be any one of t het okens usedf or
theirtrindc operaas o a sequence of upto 31l dteasend osedin ded nd paris such as
.IN. above

If ani rtri ns ctokeni s used the nunber of argunentsand pri aityisthesaneasfortheirtrinsc
operaion Qherwse defined unary (b nery) opera as havethe H ghest (I onest) pri arity.

An operaion thet is defined onirntrind ctypes canna be redefined For exanple sncethe
operaion x * visdeinedirntrindcdlyfor arays the operaa * canna be redefined as a
scda produd. You nust dther ise adfferent token a define anewtype

IntHsexanp e these isi np enentedas afi xedl eng harray. It cod dhowever j ust aseasly be
represerted by alinkedlig, wh ch wod d nd requirethe nodu eto bereconyil ed
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Structure-valued functions

Note incidentally, from the previous example, that a function may be structure-valued, i.e. it
may return the value of a derived type.

We will see further examples of derived types, assignment and operator overloading, and
structure- and array-valued functions in Chapter 15.

The TYPE statement

The generd far mdf a deri ved type defintionis

TYPE [[, access] ::] typename
[ PRIVATE ]
component definitions
END TYPE [typename]

By defaut atype and dl its conponerts areaccess He (PUBLIC access).

The access qudifie PRIVATE or the PRIVATE statenert nmay only appear if thetypei s definedin
a modd e If thetypeisspedfiedas PRIVATEt hen ba hthetype nang, thestrud ureconsrud o far
thetype and all its conponernts are accessbdeorlyinthehost nodd e If the PRIVATE staenernt
appearsinthedefinition dl the conponerts aeaccess Heonlyinthe host nodu e

The advart age of apulictype wth PRIVATE conponertsistha changes nay be nadet ot hetype
defi rtion wthou aff edti ngthe code whi ch accessesit. If the deri vedtypeis oy usedirnterndly by
the nodu ¢ the access qudifier shod d be PRIVATE, preverting unintertiond use of its name
oud dethe nmodu e

Objects and sub-objects

Theti nreisrigt fa afew nore defiritions
We have seen that conponents of deri vedtype may be arrays Eg thetype First Year defined
a the beg nn ng o the chapter hes a conponert

REAL, DIMENSION (20) :: Marks ! Marks

Arrays o deivedtype nay dsobe dedaed eg

TYPE (First Year), DIMENSION (100) :: Class

An denert ofthisaray, say Class (17), isregardedin Fortran 90 as a scalar, becauseitisina
sense a dngd e strudure dthough it has a conponent whichis an array (it cod d even have a
conponert whichisana her deri vedtype).

An entity whi chisna part of ah gger ertity has aname andi s cdl eda named object 1tSsub-objects
have designators consging of the name of the ohjed fdlowed by one or nore qudifieas eg
Class(3:6), Class(5) % BirthDate

Consequertly, in Fortran 90 theter marray now neans any object thet is na scda, i nd ud ng an
array sedion o anarray-vdued conponent of astrud ure Thet e mvariable now means any naned
o ed tha isna spedfiedtobeaconsart, and any part of suchanobjed,ind ud ngaray d enerts
array sedions, srud ure conponerts and substri ngs

12.2. A Database: Student Records

Inth ssedionwe conbi nethe d egance of Fortran 90 derivedtypes wthdred accessfilestobuld
apogamtoill straethe basic prind des o seting up dsd ayi ng and updati ng a det abase
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Suppose we wart to se up a database of studert records (by record we mean the i nfor nati on
rd aingtoeach studert). For s npliatyl é'srecord each studert's nane (ind ud ngi ntids), and one
irneger nark(inpradicethsis norelikd ytobeanaray of marks). The obvious vendefar thisis
a derivedtype s nil a tothet definedinthe previ ous sedti on

TYPE StudentRecord
CHARACTER (NameLen) Name
INTEGER Mark

END TYPE StudentRecord

We need a cdledion of subroutinestoread and wite variades of thistypeto and froma dred
accessfile The programtend aefdlows. Detdlsdf the subrouti nes arefill edi nbd ow For ease of
presertaionthe subrodines areinternd. Thsdso nakesit ease fa youtorun and devd opthe
progam Consequertly, thefileis opened once a the beginnng of the proggam and d osed onl y a
theend Inared apgdicaion, the subrouines wod d probaldy beina nodu e wth some g obd
ded araions, such asthetype defirition the file nanmg, ec Intha case each subroutine which
hand esthefil e shod d open and d cseit.

The progamoulineis

PROGRAM Student Records
IMPLICIT NONE

INTEGER, PARAMETER :: NameLen = 20
TYPE StudentRecord
CHARACTER (NameLen) Name
INTEGER Mark
END TYPE StudentRecord

TYPE (StudentRecord) Student

INTEGER EOF, RecLen, RecNo
LOGICAL IsThere

CHARACTER (NameLen) FileName

CHARACTER Ans

CHARACTER (7) FileStatus

CHARACTER (*), PARAMETER :: NameChars = &

" abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ"

INQUIRE (IOLENGTH = RecLen) Student

WRITE (*, "('File name: ')", ADVANCE = "NO")
READ*, FileName

INQUIRE (FILE = FileName, EXIST = IsThere)

IF (IsThere) THEN

WRITE (*, "('File already exists. Erase and recreate (Y/N)? ")", &
ADVANCE = "NO")
READ*, Ans
IF (Ans == "Y") THEN
FileStatus = "REPLACE" ! erase and start again
ELSE
FileStatus = "OLD" ! update existing file
END IF
ELSE
FileStatus = "NEW" ! it isn't there, so create it
END IF

OPEN (1, FILE = FileName, STATUS = FileStatus, &
ACCESS = 'DIRECT', RECL = Reclen)
Ans = "" ! make sure we get started

DO WHILE (Ans /= "Q")
PRINT*
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PRINT*, "A: Add new records"

PRINT*, "D: Display all records"

PRINT*, "Q: Quit"

PRINT*, "U: Update existing records"

PRINT*

WRITE (*, " ('Enter option and press ENTER: ')", ADVANCE = "NO")
READ*, Ans

SELECT CASE (Ans)

CASE ("A", "a")
CALL AddRecords
CASE ("D", "d")
CALL DisplayRecords
CASE ("U", "u")
CALL UpDate
END SELECT
END DO
CLOSE (1)
CONTAINS

SUBROUTINE AddRecords
SUéééUTINE DisplayRecords
SUéééUTINE ReadIntCon ( Num )
SUéééUTINE StripBlanks( Str )
SUéééUTINE UpDate

END

The lengh of the conponent Name of StudentRecord is dedaed as a naned congart
NameLen becausethisvd ueis usedinanunber o dhe ded ardions

The basc vaiadeinthe progamis Student, o type StudentRecord An INQUIRE
daenent daenm nesitsrecardlenghfa the subsequert OPEN saenert.

The user is asked far the file name of the daabase Anaher INQUIRE staenent dete mines
whether or not thefileexids Avdueis sa fa the STATUS spedfierinthe OPEN staenert,
depend ng on whet her t hefilei stobered aced updated or creaed ater whi chthefil eis opened If
thevd uedf STATUS has beencoredlyse, the OPEN nmug succeed a her wseyou needtocae for
era recoverywththe TIOSTAT and o ERR spedfias

Next, a menuis preserted Theided construct farthisisDO WHILE The user etesas nd el éte
response A CASE congtrud sd edsthe approprigesutrodine Ani nportart part to nae hereis
thet the response may be inlower- o uppercase Snce aher responses wil berequredinthe
progam it nmakes senseto writeaf undion toconvert t he responset o uppercase say, bef aretesting
it. | triedtoi ncl ude such afundion

FUNCTION ChToUpper( Ch )
! converts a single lowercase character to uppercase
! leaves all other characters unchanged
CHARACTER Ch, ChToUpper
ChToUpper = Ch
SELECT CASE (Ch)

CASE ( "a":"z" )
ChToUpper = CHAR( ICHAR(Ch) + ICHAR("A"™) - ICHAR("a™) )
END SELECT
END FUNCTION ChToUpper

bu a buginthe FTNOO conpil & caused a runti ne erra whenit wesindudedinthe daabase
program(dthoughit ran successfuly onitsowninates programn.
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Whenthe user quits the daabasefileisd osed

Nowf or t he subrouti nes. AddRecords adds newrecards, dther & theend of an ex i ng dat abase,
o & the beg ning o anewone

SUBROUTINE AddRecords

RecNo = 0
EOF = 0 ! remember to initialize
DO WHILE (EOF == 0)

READ( 1, REC = RecNo+l, IOSTAT = EOF )

IF (EOF == (0) THEN ! read succeeded, so

RecNo = RecNo + 1 ! ... only increment RecNo here

END IF
END DO
RecNo = RecNo + 1 ! next record to write
Student = StudentRecord( "a", 0 ) ! satisfy DO WHILE

DO WHILE ((VERIFY( Student % Name, NameChars ) == 0))
PRINT*, "Name (any non-letter/non-blank to end): "
READ " (A20)", Student % Name
IF (VERIFY( Student % Name, NameChars ) == 0) THEN

PRINT*, "Mark: "
CALL ReadIntCon( Student % Mark )
WRITE (1, REC = RecNo) Student
RecNo = RecNo + 1
END IF
END DO
END SUBROUTINE AddRecords

Fortran 90 urfortunatd y has no way of deter mri ngthe nunber of recardsinafile aher than by
read ngpast dl of them Thefird DO WHILE s&s RecNo tothe nunber of recardsinthefile Note
thet a READ wthnoinpu lig ski ps pest arecord thissavesti ne

EOF nust beintidizedtozeroon entryto thesubrouing becauseitisad obd vaiade soit wll
usudly have a non-zero vd uefromt hel ast ti ne t he end-of -file was encourtered This provi des a
good reason for ded &i ng EOF locally -0 force youtoiritidi zeit caredly:.

A DO WHILE I oop accepsstuderts namesfromt he keyboard Inthsexanp e itisassumedt het
nanes wll condg ony of | dters or b anks (e g ba weenthesurnane and iritids). Soany charad e
aherthanal éte or abdank will endthel oop VERIFY ensurestha oy a genu ne narre i s witten
tothefile

Renenber that READ* assunestha astring wthou ddi ntersister minaed by a b ank soif you
wart toread b anks as part of the string you nust ether useaf a natted READ or end oset he string
inddi niters

Bath conmponerts of Student are witten to record nunmber RecNo by the sngde WRITE
daenent —after whi ch RecNo nmust beincrenented

If you ever haveto wite a proggamof this naue which other people wil use you wll soon
d scover tha nmost of your programming efat wil go irtoartid pating and trapg ng their stup d
mstakes In paticda, acrash nust be ava dedif the user nakes aninvdidresponse The short
subroutine ReadIntCon mekes use df the TOSTAT specifiea tointecex a READ erar:

SUBROUTINE ReadIntCon ( Num )
INTEGER Err, Num
Err = 1 ! remember to initialize
DO WHILE (Err > 0)
READ (*, *, IOSTAT = Err) Num
IF (Err > 0) PRINT*, "Error in mark - re-enter"
END DO
END SUBROUTINE ReadIntCon
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DisplayRecords Usesa DO WHILE condrud toread and d sdaythefilecorterts The end df-
fileisdaectedby theTOSTAT spedfia:

SUBROUTINE DisplayRecords

RecNo = 1
EOF = 0 ! remember to initialize
DO WHILE (EOF == 0)
READ (1, REC = RecNo, IOSTAT = EOF) Student
IF (EOF == ) THEN
PRINT " (A20, I3)", Student ! READ succeeded
END IF
RecNo = RecNo + 1
END DO

END SUBROUTINE DisplayRecords

The subroutine UpDate takes care of updaingastudent'srecard(inthisexanpe olyhissnge
mar k may be changed bu obvi oud yth's can be edendedto careding spdlingintis nare, €c):

SUBROUTINE UpDate
CHARACTER (NameLen) Item, Copy
LOGICAL Found

Found = .false.
EOF = 0 ! remember to initialize
PRINT*, "Update who?"
READ " (A20)", Item
CALL StripBlanks( Item )
RecNo =1
DO WHILE (EOF == .AND. .NOT. Found)
READ (1, IOSTAT = EOF, REC = RecNo) Student
IF (EOF == 0) THEN
Copy = Student % Name
CALL StripBlanks ( Copy ) ! leave his name as is
IF (Item == Copy) THEN
Found = .true. ! found him
PRINT*, 'Found at recno', RecNo, ' Enter new mark:'
CALL ReadIntCon( Student % Mark ) ! new mark
WRITE (1, REC = RecNo) Student | rewrite
ELSE
RecNo = RecNo + 1
END IF
END IF
END DO
IF (.NOT. Found) THEN
PRINT*, Item, ' not found'
END IF

END SUBROUTINE UpDate

UpDate asks fa the nane of the studert whose markisto be changed andt hen searchesfor t ha
studert. Thel og cd variade Found wll beset to TRUEifthestudertisfound Iritidly, it nust be
sd to FALSE You nay betamted heretohave aniritidizaion expressoninits ded aaion eg

LOGICAL :: Found = .false.

However, thsauonaicdly g ves LOGICALthe SAVE dtribute i.e its value is retained between
calls to UpDate. This woud gveit the value TRUE on ertry aga n &t a successfu search
maki ngit i nposs b eto executethe DO WHILE

The nanetobesearchedf or isreadi o Item You nmay warttobuldinsome enbdlishnerntshere
tofadlitae getting an exad netch withthe namein Student % Name For exanmple dl the
charagdesin Itemand Student % Name cou d be convertedto uppercase befareseaching In
thsexanp e dl Hanks aerenoved by StripBlanks:
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SUBROUTINE StripBlanks( Str )
CHARACTER (*) Str
INTEGER I
I =1
DO WHILE (I < LEN TRIM( Str )) ! null str won't matter
IF (Str(I:I) == " ") THEN
Str(I:) = Str(I+l:) ! don't increase I yet
ELSE
I =1+1
END IF
END DO
END SUBROUTINE StripBlanks

Thereisorly onesultlgyinthsrodine If abdankisfoundin position 1, itisrenoved wththe
substri ng oper ati on

Str(I:) = Str(I+1l:)

However, T mugt na beincrenened d nceana her Hank might have moved upinto podtion T It
must therefare be teted again Oly when a bank is not found nay T be safdyincrenented
LEN TRIMreunsthelengh d str. As Hanks arerenovedthis ve ue will d course be reduced

To keep netterss npl g thesearchi ng procedur ei st he cr udest one poss bl e +ead eachrecardi nthe
filefromthe beg nnng urtil ether a netchisfound o the end o-fileisreached If a natchis
found updatethe mark andrewritethat record If no natchisfound repot sa More soph gicaed
searchi ng procedures are d scussed bd ow—you can buldthemirtoths programif youlike

Once UpDate hasfound a netch the uiser etersthe careded nark andtherecardisrewitten

You caneasil yadd o her feadurest ot hisbasicskd e on e g. pri rti ng names and narks, and ys ngt he
mar ks, dd eing ananme d@c You cod d dso edtendthe databasetoind ude an aray o narks

Radicdlythe ony d sadvantage of usng adred accessfile as opposedtoatext file istha the
recaodlenghisfixed Soif you wartedtodl owfa an aray of, say, 20 narks the recardleng h
must bei ncreased eventhough you nay never usethe extraspace (ne way out isto crestea new
dred accessfileeachti ne a newse of marksisentered withroomfo only one addtiond nark,
andtorenane it wththe aignd nane

12.3. A Binary Search

We have seen dready howt osart nunbers and wor ds. Itens are usudl ysorted onl y sothat we can
subsequertl y searcht hrough themf or a particd a item An obvi ous (and easy) net hod of searching
istogothroughthe (sated) lig o itens one by one conmparingthemwththe searchitem The
process & ops either whent he searchitemi sfound o when the search has gone past t he pl ace where
theitemwod dnor nalybe Thisiscdleda linear search Itsd sadvartageisthet it can be veryti ne
consumngif theligislong A much nore cunn ng nethodisthe binary search

Suppose you wart t ofi ndt he pagei natd ephone dred aytha has a particd a nane onit. Alinear
search wou d exanine each pagei ntunfrompage 1to deter mnne whether the nane isonit. This
codddealytakealongti ne Abinary searchisasfdlons. Fndthenidded the dreday (by
consuti ngt he page nunbers), andtear itinhdf. Byl ooki ng a thel as nanmei nt hel €t-hand hdf (o
thefirg naneintheri ght-hand haf), deter mne whichhdf theregquired nameisin Throw awaythe
unwarted hd f, andrepest t he process wththe hdf tha cortd nsthe nane by ha vingitaga n After
asupisndylownunber of havings youwll bel et wth one page conta ri ngtherequired nane
Athoughthis can be alittle heavy ontd ephone dredaies itilludradesthe prindde of a b nary
searchqute wdl. The nethodisvery efidert. For exanple nylocd dreday has 1243 pages wth
subscri bers names and nunbers Snce the nethod hd ves the nunber of pages each ti ng the
nunber of hdvings (o bisections) requredtofind a nanme wll bethe sndles power of 2tha
exceeds 1243 i.e 11, dnce

2% =1024 <1243 < 2" =2048
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The snart waytofindthe naxi numnunber of hisedions Nrequredisto observetha N nust be

thesndles i nteger sucht ha 2% 1243 i.e suchtha N >lo0g, 1243 Inthe wors posst e case
therequred name wou d bethelag oneinthe dreday. Alinear search wou di nvd ve exanin ng
dl 1243 pages whereas ali nary searchrequires youtolook & orl'y 11 pages!

Suppose our studert da abasefile corta ns NumRecs records dtoge her, sarted sot hat the nanes
areind phabeticd order. Ve wou dliketosearchfar ag venstudert (eginordertobead etoview
his marks and change themif necessay). A binary searchthroughthefile nmust try tofindthe
recard nunber (Mid) of the required sudert's nane (Item). Thel ower and upper bounds of the
recard nunbersfa thesearch are Lo and Hi respedivdy. Midisthe average of theset wo va ues.
Success ve hi sedions changethe v ue of dther Lo or Hi, keepingthe d phabetica position of
Ttem bet ween these bounds each ti ne Since each hisediontakestheineger pat of Mig the
gatingvd ue of Hi nmust be 1 norethanthel ast recard nunber, or thel ast sudert can never be
found The maxi numnunber o hisedionsrequired NumBis, isfound as described above This
requires conputing al ogarithmt ot he base 2i nter ns of the naurd l ogarithm Thefarmul afarths
is1082a =10gea /1082 e oo ng far the birery searchis asfdl oves
SUBROUTINE BinSearch( NUnit, Item, Posn )

Binary Search for string Item through all StudentRecord

records on NUnit.

Record number of match returned in Posn, which is zero
if no match found.

CHARACTER (*) Item

INTEGER Count, EOF, Hi, Lo, Mid, NumBis, NumRecs, NUnit, Posn
LOGICAL Found

TYPE (StudentRecord) Student

EOF = 0 ! find the number of records NumRecs
NumRecs = 0
DO WHILE (EOF == )

READ( NUnit, REC = NumRecs+1l, IOSTAT = EOF )

IF (EOF == ) THEN
NumRecs = NumRecs + 1

END IF
END DO
NumBis = INT( LOG (REAL (NumRecs)) / LOG(2.0) ) + 1 ! no of

! bisections

Count = 0 ! counter
Found = .false.
Posn = 0 ! not found yet
Lo = 1 ! first record
Hi = NumRecs + 1 ! last record + 1
DO WHILE (.NOT. found .AND. Count /= NumBis)

Mid = (Hi + Lo) / 2

READ (NUnit, REC = Mid) Student
Student % Name = TRIM( Student % Name )

IF (Item == Student % Name) THEN
Found = .true.

ELSE IF (Item < Student % Name) THEN
Hi = Mid

ELSE
Lo = Mid

END IF

Count = Count + 1

END DO

IF (Found) Posn = Mid
END SUBROUTINE
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You canaddt hissubr outi netot he proggamstudent Records of thel ast sedtion andi npl enert
it fromt he subrouti ne UpDate wththefdlow ngtenp ae

CALL BinSearch( 1, Item, RecNo )
IF (RecNo > 0) THEN
PRINT*, Item, ' found at record', RecNo
. update record RecNo ...
ELSE
PRINT*, Item, ' not found'
END IF

Figure 12.1 A file (STUDENT.REC) and its keyed file (MARKS.REC)

STUDEMT.REC MARKS KEY
Record Mame Mark | BecNum KeyField
1 Jdack 24 3 ga
2 AN 34 4 76
3 Eill g8 2 34
4 Jirm Kl 1 23

12.4. Keyed Files

Thissedionisalittleinvd ved if you are newto programm ng you migh liketo cone backtoit
leer.

An obvious exensontothe proggam Student Recordin Sedion 12 2isto sot a paticd a
oferingi toorder of merit, andt osavet he satedfile If therecardsi nthe datafilearel ong(i.e an
aray of dofferingsinthe Mark conponert), ths can be ba hti ne-consuning (because of dl the
swopp hgi nvol ved) andrisky (d sk errarsare moreli kd yto occur duringtherewited al agefil @).
The concept d a keyed file provi des anea sd uionto ba hthese paertid prold ens.

For ease of reference | @'scdl t he dat abasefile STUDENT. REC Suppose we wart tosortthe Mark
conponert i nthefile Wereallyorly needthe Mark conponert (the key field) of eachstudert, g us
areference fieldt o pa rt tothest udert' snamei nthe ori g na file STUDENT. REConcethekeyfid d
hes beensated Wetherdfaecrestea key file MARKS KEY, therecards of which will bestrudure
vaiades o type Key.

TYPE Key
INTEGER RecNum
INTEGER KeyField

END TYPE Key

The conponent KeyField hasthe nark to be sorted whilethe conponent RecNum g vesthe
pasition(recard nunber) of thestudert wththa markin STUDENT. REC Nowasort need only be
perfa ned onthe much sndle file MARKS KEY. F gure??showsthe coterts of bahfiles afte
sating MARKS KEY. The RecNumfid dgivesthe names of thestudertsi norder of nerit: 3( BII),
4(3m, 2(An) and 1 (Jack).

The proggamKeyTest bd owreads STUDENT. RECand creaesthe keyfile MARKS KEY. It dso
copestherecards of the key fileintothe aray KeyArr, whichis passed to the subrouine
Key Sort Thisisanamendnert of the Bubl e Sort subrouti nein Chapter 9 (orl y amendedli nes
aeshown). Afte sating KeyArris witten backto MARKS KEY. The sated key fileisthen

used wththe orig nd database STUDENT. RECto witethe names of the studerts and narks, in
order o nerit.

PROGRAM KeyTest
IMPLICIT NONE

INTEGER, PARAMETER :: NameLen = 20
INTEGER, PARAMETER :: MaxStu = 100
TYPE Key
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INTEGER RecNum
INTEGER KeyField
END TYPE Key

TYPE StudentRecord
CHARACTER (NameLen) Name
INTEGER Mark

END TYPE StudentRecord

TYPE (Key) KeyVar

TYPE (KEY), DIMENSION (MaxStu) :: KeyArr

TYPE (StudentRecord) Student

INTEGER EOF, Num, RecNo, TotRecs

INTEGER KeyLen, Stulen

INTEGER :: KeyFile =1 ! unit for key file

INTEGER :: StuRecFile = 2 ! unit for StudentRecord file

INQUIRE (IOLENGTH = Stulen) Student

OPEN (StuRecFile, FILE = 'student.rec', STATUS = 'OLD', &
ACCESS = 'DIRECT', RECL = StuLen)
INQUIRE (IOLENGTH = KeyLen) KeyVar
OPEN (KeyFile, FILE = 'marks.key', STATUS = 'REPLACE', &
ACCESS = 'DIRECT', RECL = KeyLen)
RecNo = 0 ! create the key file
EOF = 0
DO WHILE (EOF == 0)
READ (StuRecFile, REC = RecNo+1l, IOSTAT = EOF) Student
IF (EOF == 0) THEN
RecNo = RecNo + 1 ! total number of records

KeyVar % RecNum = RecNo
KeyVar % KeyField = Student % Mark
WRITE (KeyFile, REC = RecNo) KeyVar

KeyArr (RecNo) = KeyVar ! and copy into array
END IF
END DO
TotRecs = RecNo ! total number of records

CALL Key Sort( KeyArr, TotRecs )

DO Num = 1, TotRecs ! write sorted array back to key file
WRITE (KeyFile, REC Num) KeyArr (Num)
END DO

PRINT*, 'Order of merit using the key file:'

PRINT¥*

DO Num = 1, TotRecs ! use sorted keyfile to write order of merit
READ (KeyFile, REC = Num) KeyVar ! read key file for RecNum
READ (StuRecFile, REC = KeyVar % RecNum) Student ! read RecNum
PRINT ' (A20, I3)', Student ! print merit list

END DO

CLOSE (1)

CLOSE (2)

CONTAINS
SUBROUTINE Key Sort( X )

TYPE (KEY), DIMENSION (:), INTENT (INOUT) :: X list
TYPE (KEY) Temp ! temp for swop

IF (X(J) % KeyField < X(J+1) % KeyField) THEN
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END SUBROUTINE
END

If akey fileissa up wth nanes asthe key fidd it can be sarted on the names (wth dight
ad us nertstokey Sort). A binarysearchfaor anane cant hen be conducted onthe keyfile wth
referencetothe aignd daabasefa thet sudert's nark(s), if necessary.

12.5. Hashing

The programi nt hi s secti on does nat use deri vedtypes however, it aises naurdlyfromthe earlie
d scusd on o searching

One prodemwth a binary searchisthet theitens nust be sorted This neanstha if addti ond
itens are addedtothelig, the ertirelig must beresarted bef are a search can be conducted The
net hod d scussed i nths section does not requiretheitens to be sorted andis one of the nost
efidert methods of searching hashing If you are a programning novice you mgh liketoskip
thssedionand cone backtoit lae.

Suppose we have anarray Names, asinFHguwe 12 2 Takethefirs d enert Ann, and perfa msone
operaiononthecharad esinthe nanet o produce a positivei nteger, e g add upthe ASA | codes of
thecharades This processiscdl ed hashing, itisdone by a hash function, andt heresultart i rt eger
is cdled the hashed index—et's cdl it K Now se up a second aray Index and staein
Index (K) Anrspositionin Names, i.e 1 Suppose K hasthe vd ue 43 Then Index (43) wll
havethevdue l, asin Fgue 122 (The nane Annisinsatedfa daity) Nowtake sorme o her
itemin Names, eg Tony, and hashit wththe sane hash f uncion (whaever it is). Supposethe
hashedi ndexis 1 Thentake Tony s positioni n Names, whichis4, andstaeitin Index (1), asin
thefigue

Figure 12.2 Hashing

Mames e
(11 Ann (11 4 [Tony)
(2] Jack (2] -100 [emply)
(31 Bill

(4) Tory | [42) -100 fempty)
(5) David | (43) 1 (ann)

Obvioud y Kisgad ngto haveto bereduced nodu othelengh of the array Index eg. if Index
hasind cesfrom 1to 53 say, and Ktuns ou to be 4575 it must be reduced by the operaion

K = MOD(K, 53)+ 1
topu itintherange 1-53

We cortinuethsprocessfa dl theitensin Names. You nmight havethought of an ol ection by
now Itis nmost unlikd ytha the hashfunction wll produce a unigue vdue of Kfar eachiteminthe
lig. So whenseting upthe hashedligin Index, aparticd a hashed postion mght befoundto be
occup ed dready (the d enents o Index shou d bei ritidizedt o sone negéi ve vd ug say - 100, to
indcaetha they are dl unoccupi ed a firgt). Thisiscdled a collision. There are vari ous ways of
deding wthcdlisons. Oneistousethe next position but this causes clumping of the hashedlig,
whichisingfidet. A norei mag naive sduiontothe prodemof cdlisonsisto use double
hashing

At this dage we need alittle more nadion Le'sraher cdl the orignd hash vd ue B For best
resuts thelengh of the Index array needstobe a pri me nunber. Let'scdl it Mn So Kisinfad

d ven by

K = MOD( H, Mn) + 1
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For doud e hashing choose anaher pri ne Mn2, whichis dightlylessthan Mn If podtion Kis
occupied lookinpodtion K + InK where

InK = MOD( H, Mn2)
Cortinueincreas ng Klikeths (nodu o Mn) urtil an unoccup ed pogitionisfound

When we havefinshed we will have a hashedligin Index Tofinda paticda item hashit and
"probe” & ¥ K + Ink ..., util @ther an unoccug ed position (na found) a a natchisfound

For the best resuts thetad nunber o itens in Names shod d nad exceed Q. 75Mn.

The proggamHash bd owdenonstraes hashi ngon alig of nanesinthe sequertid file NAMES
whi chisse upseparady. Thefileisreadi ntothearay Names, whi chishashedino Index bythe
subrouine Place andthe fundion Find Itens supfdied by the user arethen searched far wth
Find If theitemisfound itis dsdayed wthits postionin Names. If itisna found Find
reéwrns mnusthe postionit wou d occupy in Indexif itwasthere

Mn and Mn2 aretaken as 103 and 89 respectivd y, andthe actud hashi ng function used a the
bedg nnng of Findg conpuesthesuns of the squares of the ASAI codes of the charactersinthe
item Dfferernt hash ngfundions cou d be used depend ngonthe nature of thelig to be searched
Sone experi mertaion mght be necessary on adumny lig tofi nd a hash ngf uncti on whi ch causes
theleast d unping (tHsreducesthe nunber of robes neededtofind aniten).

PROGRAM Hash
IMPLICIT NONE

INTEGER, PARAMETER :: Mn = 103 prime for hashing

I
INTEGER, PARAMETER :: Mn2 = 89 ! prime for double hashing
INTEGER, PARAMETER :: NameLen = 20 ! length of names
INTEGER H ! hash value
INTEGER EOF, I
INTEGER N ! length of list:
! should be about 0.75Mn for best results

INTEGER, DIMENSION (Mn) :: Index ! hashed list
CHARACTER (NameLen), DIMENSION (Mn) :: Names = "' ! 1list of names
CHARACTER (NameLen), Item ! name to search for
OPEN (1, FILE = 'NAMES')
EOF = 0
I =1
DO WHILE (EOF == 0) ! read list of names

READ (1, '(A20)', IOSTAT = EOF) Item

IF (EOF == 0) THEN

Names (I) = TRIM( Item )
I =1I1+1

END IF
END DO
N=1I-1
Index = -100 ! all positions initially unoccupied
DO I =1, N ! construct hash list

CALL Place( I, Index, Names )
END DO
Item = "' ! now look for Items

DO WHILE (Item /= '"#'")
PRINT*, 'Search for?'
READ*, Item
Item = TRIM( Item )
H = Find( Index, Names, Item )
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IF (H > 0) THEN
PRINT*, Names (H), ' found in element', H, ' of Names'
ELSE
PRINT*, H, ' (not found)'
END IF
END DO

CONTAINS
FUNCTION Find( Index, Names, Item )
! Hashes Item to integer K, which is increased by InK if
! necessary, until either an unused position (Index(K) = -100)
! or a match (Item = Names (Index(K))) 1is found. If no match
! 1s found, Index(K) is returned.

INTEGER F, Find, H, I, InkK, K

INTEGER, DIMENSION(:) :: Index

CHARACTER (*), DIMENSION(:) :: Names

CHARACTER (*) Item

H=20

DO I = 1, LEN TRIM( Item ) ! hash it
H = H + IACHAR( Item(I:I) ) * IACHAR( Item(I:I) )

END DO

K = MOD( H, Mn ) + 1
InK = MOD( H, Mn2 )

! now we look until we find an unused position or a match

F=-1
DO WHILE (F == -1)
IF (Index(K) == -100) THEN
F = -K
ELSE IF (Item == Names( Index(K) )) THEN
F = Index (K)
END IF
K = MOD( K+InK, Mn ) + 1
END DO
Find = F

END FUNCTION Find

SUBROUTINE Place( J, Index, Names )
! Place is used to set up the hashed list Index from the list of
! items Names. The item in Names(J) is hashed to the integer K.
! The item's position J in Names is placed in Index (K).
! A positive value should never be returned to Place by Find,
! a match is not being sought from Place. A positive value means
! a duplicate item in Names.

INTEGER J, K

INTEGER, DIMENSION(:) :: Index

CHARACTER (*), DIMENSION(:) :: Names

K = Find( Index, Names, Names (J) )

IF (K > 0) THEN ! position occupied - we should never get here!

PRINT*, Names(J), ' already known at hash position', K
PRINT*, 'New simple position', J, ' will be inaccessible'
ELSE
K = -K
Index(K) = J
END IF
END SUBROUTINE Place

END

Deding wthaddtiond itensiss np e Just addthemon at the end of the d skfile andrehasht he
en arged aray Names!
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Chapter 12 Summary

The TYPE daenent defi nes a deri ved daatype

A derivedtype nmay have conponerts d dfferert types (ind ud ng arays and d her gructures).
Avaiade d adaivedtypeiscdled agrudure

Srud ure conponerts aerderenced wththe conponent sdeda %

Arrays o gructues nay be ded ared

Astrudure nay beirtidized wthastrud ue construd ar, @ther i nani ritidi zati on express on
o inan ass gnnert.

Astrudure may appearinan I/ Olig, asl ong ast hereis anappropri aef or nat spedficaionfor
each conponert.

Srudues o the sanmetype may be ass gnedto each a her. Al correspond ng conponents are
ass gned

The assgnnert opeaa nmay be redefined far derived types by overlocad ng it, using an
INTERFACE ASSIGNMENT Hock

New operaas may be defined far deri vedtypes froma sequence of charades endasedin
ded nd parns(suchas .IN.), arirtrind coperaas may be overl caded us ngan INTERFACE
OPERATOR Hock

Afundion may be srud urevd ued

A derived type appearing in a nodu e may be ded ared PRIVATE. The type and dl its
conponerts arethen only access Heinthe nodd e If the PRIVATE staenernt appearsinthe
defirition thetype naneis access H e outs dethe nodu € dthoughthe conponernts ae nat.

An ertity na pat o akgger entityiscdledan ol ed.
An arayisany odjed tha isnat ascd a (39 nd e vd ued).
A variald e now means any naned o edt not acongtart, and any part d such an ol ed.

Chapter 12 Exercises

12.1

Extendthe Student Records progamin Sedion 12 2to conpue and dsday the

average nark as pat d the suoroutine DisplayRecords.

12.2

As aprged exendthe Student Records programin Secion 12 2to accept further

mar ks (dferi ngs) far each g udent.

One way to do thsisto se asde the maxi mum space requred when definng the type
StudentRecord by ded aing the conponert Mark as an array. The user wll then need to
indcae which offeingis beng eteed Thisis wastefud o dsk and nmenory space if fewer
ofeings aeatudlyrequred You nmayliketoth nk o dterndive sd uions
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Chapter 13 Pointer Variables

13.1. Introduction

Po ne ass gnnent versus ad nary ass gnnent
Porte ddes

The NULLIFY d&enent

The ASSOd ATED: rtri nd ¢ functi on
Argunents wththe TARGET dtribue
Dynanic vaidd es ALL OCATE and DEALL OCATE
Danger!

Array-vd ued fundi ons

Arrays o pares

Represertdion o atriangd & natri x

Sorting Srud ures

13.2. Linked Lists

13.3. Hidden Implementations of Abstract Data Types

Chapter 13 Summary
Chapter 13 Exercises
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13.1. Introduction

Warning If youaeandd corfir ned Fortran 77 user, this chapter cod d danmage your hedth

Thei npl enertdion of pointer variables, o S Ny pointers, brings Fortran a | e i rtot hel eague of
languages like Pascd and C

Run thefdl owi ng programseg nert:

REAL, TARGET :: R = 13
REAL, POINTER :: P

P => R

R=2*P

PRINT*, P, R

You wll seetha P and R bah havethe sane vd ue 26 P shod d bethought of as an alias of its
target R i.e just andher namefa R Wha happensto Rtherefaed sohappensto P. Inthiscase P
isthe parte. It must be spedfied wththe POINTER attribue andthetype of the variadefo
whichitisgdngto be andias Futhe nore the vaiadefa which pistobe andias nust be
ded ared wththe TARGET atribute The TARGET attributei s conferred on dl the sub-og eds of an
o ed wh chisthus spedfied

The pointer assignment statement above

P => R

shou d bethought of as " make Pandias of R', o " nmake P point to R". (If you have encourtered
pdrtersin aher languages natetha a Fortran 90 pdnte is na an address—+t isinfad the
reference vaiadd e d C++) The pd e asignnert above can beill utraed asfdl ows:

R

F— 13

Now cons der the fdl ow ng code

REAL, TARGET :: R = 13
REAL, POINTER :: P1l, P2
Pl => R

P2 => Pl

PRINT*, Pl, P2, R

END

Tryto work out theresut beforerunn ngit. The second pd nter ass gnirent,

P2 => P1

makes P2 andiasd PL Bu Plisdready andiasd R so P2isdsoandias o R

Fl—
PE—

Pointer assignment versus ordinary assignment
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Cons der thefd | ow ng code

REAL, TARGET :: Rl = 13
REAL, TARGET :: R2 = 17
REAL, POINTER :: P1l, P2
Pl => Rl
P2 => R2

It producesths stuaion
R1 Rz

Fl1 ——» 13 Pz —= 17

However, if the ard nary (as opposedto parter) ass gnnent saenert

Pl = P2

isexecued next, thedtudionis asfdl ows:
Ri Rz

F1——» 17 P2 —= 17

Notethet ths asd gnnent haes exactl ythe sare effed as

R1 = R2

dnce Plisandiasd Rl and P2isandiasof R2
To sumup

e Parne asdgnrents suchasP => Q sd wpthepdne Pasandias o itstage Q

o Ardeaencetoapane vaidde(eginanasdgnnent o express on)isinfad areferencetoits
tagde vaiade

Pa ne asd gnment changes acurert dias The gaenent

P2 => Pl

fdlowngthe code above changesthetarget of pP2tothat of P1, sothat P1 and P2 are nowbah
disses d RL

R1 Rz

Pl —

17 17
Fz—

Pointer states

Any pdrnteinapogamisdwaysinone o thefdlowngthree saes

o It may be undefined—dll pdntasaeinthissgaeathebegining d apogram

e It may be null (seethe NULLIFY staenent bd ow —+hs neanstha itis na thedias of any
ol ed.

e |t nay be associated (seethe ASSOCIATEDI rtrirg cfunctionbd ow —t+his neanstha itisthe
dias d sone oj ed.

The NULLIFY statement

173



Asjust mertioned apd rter isundefined & t he beg niing of a program However, it issoneti nes
conveniert far apanetobe”"parningtonahng', o "na partingtoanythng'. Thsisthendl
sae andisach eved by the saenent

NULLIFY( P1 )

where Plisaparnea. The ndl sae nay betesedfa withthe ASSOCIATEDI rtrind ¢ f uncti on
thsis usefu when nan pd ainglinkedlists(see bd ow. It nay d so be asd gnedt o ana her pa nter
wthapdrte asdgnnent (=>). Ohthe aher hand if t wo pa ntes have thesanetarget, nulifying
one does na ndlifythe d her.

The ASSOCIATED intrinsic function

If thsfunction hes one pd nter agunert, asin

ASSOCIATED( P1 )

itrauns TRUEIf Plisandiasd anolject, and FALSEifitisna (i.e nul). Notetha P1 must be
definedt o usethi s fundion corredl y.

ASSOCIATED nay have asecond argunert. If thesecond argunert isatagd, it reurns TRUE i f
thefirg argunert isandias of thesecond argurrert. If thesecond argunert isd soapoirter, it nust
be defined TRUE isrewnedif bahpdntesaendl, aif they aebahdiases o the sare of ed.

Arguments with the TARGET attribute

Pa nesassodaed wthanactud argunent tha hasthe TARGET attri buedo na become assod a ed
withthe carrespond ng dummy argunert, but rena n assod ded wththe adud argurrent. If a
dumny argumert hasthe TARGET dtribute any pa e assod aed wthit beconmes undefi ned on
reun

Dynamic variables: ALLOCATE and DEALLOCATE

We cane across dynanic nenoryin Chapger 9 where we sawt ha starage can be dlocaedto an
aray a runtine. More generdly, a dynani ¢ variald e(na necessarilyan array) nay be creaed as
fdlows

REAL, POINTER :: P1
ALLOCATE ( P1 )

This makesthepantea Plandiasdo anareadf nmenory adetostaeared vaiade Notetha no
vd ueisassgned a thsstage. However, snce Plisandias it may now be used as any a her red
vaiadecan be eg

Pl = 17
PRINT*, P1

The nenory pa rtedto by P1 can berd eased by the saement

DEALLOCATE ( P1 )

Thisreguns P1tothe undefined gaeit had & the beg nning o the program

Both ALLOCATE and DEALLOCATE have an opti ond spedfie STAT, eg

ALLOCATE ( P1, STAT = AlloStat )
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Theineger vaiade Allostat wll zaoolyif nenory was successfuly dl ocaed ar dedl oca ed

When an array is spedfied withthe ALLOCATABLE or POINTER dtributeits bounds rust be
undefi nedt

REAL, DIMENSION(:), POINTER :: X
INTEGER, DIMENSION(:,:), ALLOCATABLE :: A
Danger!

The alilityto crege dynanmic nenory brings grester versdility and freedomt o programni ng but
dsorequres gregter responsitility. In particd a there aret wo patertid sources of dsaster which
needto be g udioud y avd ded

The fird isthedangling pointer. Qons der thefdl owng

REAL, POINTER :: P1, P2
ALLOCATE ( P1 )

Pl = 13

P2 => Pl

P1 and P2 hahreeencethe sane dynanic vaiald e If nowthe gaenent

DEALLOCATE ( P1 )

isexecued it isdea tha Plis dsassodaed andthe dynanic variadeto whichit was pa rting
destroyed Wha isna sod ear, however, istha pP2isdsoafeded sncetheoled it was diad ng
has d sappeared Areeenceto P2 wil probaldy na cause a proggamcrash bu it will produce
unpred dad eresuts

The second prod emistha o wunreferenced storage. CGond der thefdl owng

REAL, DIMENSION(:), POINTER :: X
ALLOCATE ( X (2000) )

If Xisndlified or settopan somewheredse wthou firg dedlocaingit, thereisno waytorefer
totha H ock of menory, andsoit canna berd essed The sd uionistodedl ocaeadynanic oy ect
bef are nodfying apa rie toit.

Array-valued functions

Soneti nes one may wart tosd upafundiontorgwnanarray of varying size bu afuncion may
na be ded aed wththe ALLOCATABLE dtribue However, afundion nmay be dedared withthe
POINTER atribue andthscan achi evethe sane effed. Thefundion vector bd owrgunsits
aray agunernt wthdenerntssatedinascend ng o der.

IMPLICIT NONE
INTEGER, DIMENSION(10) :: X = (/ 3, 6, 9, -1, 56, 4, 6, 0, 0, 8 /)

PRINT ' (20I3)"', Vector( X )

CONTAINS
FUNCTION Vector( A )
INTEGER, DIMENSION(:), POINTER :: Vector
INTEGER, DIMENSION(:) :: A
INTEGER I, J, T
ALLOCATE ( Vector (SIZE(A)) ) ! allowed because Vector points
Vector = A
DO I = 1, SIZE(A)-1
DO J = I+1, SIZE(A)
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> Vector (J)) THEN

IF (Vector (I)
(J)

T = Vector
Vector (J) Vector (I)
Vector (I) =T
END IF
END DO
END DO
END FUNCTION Vector

END

A prodemwthths exanpdeistha there seens to be no way (under FTN9O verson 1 12) of
ded| ocding vector.

Arrays of pointers

If you have been brought up onanexd usve d & o Fortran it nay never have occuredto youto
wart toth nk about an array of pdnes Butthiscod dbe usefu if youwanted fo exanp g tose
up an aray of dynanic vaiades Nowthereisno drect way of dedaing an array of partesin
Fortran 90 The obvi ous ded araion (whichisna dl owed) wod d be

REAL, DIMENSION(100), POINTER :: X ! illegal

This however, wou d neantha Xisapanetoanaray parneatoaray of 100red elenerts na
anaray d 100 pdrtes As we have seen the cared syrtax fa the above ded ardionis

REAL, DIMENSION(:), POINTER :: X

Thisis nreflex Heg and dloas youtodlocaethe aray sze a rurti ne

ALLOCATE ( X (N) )

Thesd uiontoour prod emistocreaeatype wtha pa nter conponert, andthento ded are arrays
of tha type

Representation of a triangular matrix

For exanp e each row of alower-triangula natrix nmay be represerted by a dynamic array o
inoread ngdze. Runthefdlon ng exanp € whi chis adapted from Mt calf and Ra d

TYPE ROW

REAL, DIMENSION(:), POINTER :: R

END TYPE

INTEGER, PARAMETER :: N = 4

TYPE (ROW), DIMENSION(N) :: S, T ! arrays of type ROW,

! i.e. matrices

DO I =1, N
ALLOCATE (T(I) % R(1:1I)) ! allocate storage for each
! row of T

o\

END DO
DO I =1, N
T(I) % R(1:I) =1 ! assign values to matrix T

END DO

S =T ! array assignment



S(I) % R(:I) = 2 ! assign values to matrix S
END DO

DO I =1, N
PRINT*, T (
END DO

I) % R(:I) ! print matrix T

You ray be surprisedtofindtha T hastakenthe vd ue o s. Thisis becausethe asd gnrent

S =T

invd ves strudures whose conponerts ae pda rtes Therd eistha pointer assignment occusfa
the pa e conponerts The above asd gnment istherefore equi vd et tothe pad e ass gnnerts

S(I) $ R=>T(I) % R

fa dl theconmponerts Sncedl theconponentsdo Sand Tarepd nes thseffedivdy makes s an
diasd T whichis why Ttakesthe sane vd ue as Sinthe above exanp e

Notethe thsrepresertaion uses ol y hdf the 2 aage d convertiond two-d nens ond arays
Sorting structures

We sawi n Chapter 12 howto useakeyfiletosat srudure vari ald es on a particd a conponert, in
order toreducethe anourt of swoppinginvd ved An dtenaive approachisto use an "aray" of
parnes sd up ssanaray o srudwes wth apd nter conponent, as descri bed above

Thefdlowng program whi chisd scussed be ow readsfour recardsfroma diret accessfile Each
recaodhd dsa grud ure vari ad e wtht wo conponerts astudert'snane anda nark \We wart tosort
thegudertsirto an ade d nerit.

IMPLICIT NONE

INTEGER, PARAMETER :: NameLen = 20
INTEGER, PARAMETER :: MaxStu = 100

TYPE KeyPointer
TYPE (StudentRecord), POINTER :: Key
END TYPE KeyPointer

TYPE StudentRecord
CHARACTER (NameLen) Name
INTEGER Mark

END TYPE StudentRecord

TYPE (KeyPointer), DIMENSION(:), ALLOCATABLE :: Pointers
TYPE (StudentRecord), DIMENSION (MaxStu), TARGET :: Student
INTEGER I, TotRecs

INTEGER StulLen

INTEGER :: StuRecFile = 2 ! unit for StudentRecord file

INQUIRE (IOLENGTH = StulLen) Student(1l)
OPEN (StuRecFile, FILE = 'student.rec', STATUS = 'OLD', &
ACCESS = 'DIRECT', RECL = StuLen)
TotRecs = 4
ALLOCATE ( Pointers (TotRecs) )
DO I = 1, TotRecs
READ (StuRecFile, REC = I) Student (I)
Pointers(I) % Key => Student (I) ! aliases to each Student (I)
END DO
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CALL BUBBLE SORT( Pointers )

PRINT*, 'Order of merit using pointers:'
PRINT*
DO I = 1, TotRecs
PRINT ' (A20, I3)', Pointers(I) % Key ! print merit list
END DO
CLOSE (2)
CONTAINS
SUBROUTINE BUBBLE SORT( X )
TYPE (KeyPointer), DIMENSION (:), INTENT(INOUT) :: X !list
TYPE (KeyPointer) Temp ! temp for swop

DO J =1, SIZE(X) - K ! fewer tests on each pass
IF (X(J) % Key % Mark < X(J+1) % Key % Mark) THEN

END SUBROUTINE
END

Pointers is an aray o type KeyPointer, which has a snde conponert, parting to
StudentRecord It hasthe ALLOCATABLE atribuesotha adynamcarray may becreded Ve
cou dhave declared Pointers wththe POINTER atri bute however, we do nat needt hi sdtribue
fa the aray —enl y fa the conponert.

Snce we wart tosd up Pointers as diases of the aray Student, Student must havethe
TARGET dtribue

The ALLOCATE staenent setsup a dynanicaray Pointers wthfou denents(inths case).
The threcadfromthefileisreadino Student (I), whichisdiased by Pointers (I) %
Key The aray Pdrtesis passedtothe subrouine BUBBLE SORT. Onlythelines which dffer
fromtheversonin Chapge Qaredg venhere Natetha the nunber of denerntsin Pointers does
na haveto bepassed thisisoltaned dredly wth SIZE

The satingis done on Pointers (I) % Key % Markindtead of Student(I) % Mark
This neansthat & theend of thesart, Pointers (I) % Key Wll parnttothestudent record with
thehi ghes mark because of thediasrd aionship Noted sotha the ord nary ass gnrentsi nvd vi ng
Temp and X acdudlyinvd ve pa rier ass gnents of ther Key conponerts aga n because o the
disssd up

If you are confused by ths(and who wou drit be?) convi nce yoursdfthat alig of t worecards wll
be caredly adered by dawng sone d agans o the diases

Notetha th s approach uses nore nmenory than a key fil  sincethe studert recards nugt beinthe
aray Studentto nairtanthe diases

13.2. Linked Lists

One of the dasscd and nost powerfu applicaions of poirtesisinseting up and man pd &ing
linked lists. 1t isdsoone of the nmost dfficdt toundersand -+ usudly havetoresat todrawng a
ld of dagans befael canfdlowwha isgangon Athorough study of linkedligsandrd aed
togcssuch as hnarytreesis beyondt he scope of ths book, and nat inkeep ng wthits e hos so
olyrdaivdysd npeexanp es wil be gven here
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The basicideaistorepresert alig of vd ues wthacha nd dynanic variad es dl li nkedt oget her
(ssandtenaive say, toanarray). Each of these vari ald es shod d hd da vd ue and d so point to the
next variableinthe cha n Suchavariald eiscdleda node. It cod d havet wo conponerts avd ug
and a pd nter to and her node. Fartran 90 dlows thefdl owing ra her curious type defiriti on

TYPE NODE

INTEGER Value

TYPE (NODE), POINTER :: Next
END TYPE NODE

Avaiade o thistypeisusudlyrepreserted asfdlows, thetop box beingfo the vdue andthe
batomonefa the pd e tothe next node

—

We wil ded aretwo vaiades o thstype

TYPE (NODE), POINTER :: Current, L

Currentisthe name of agenerd node while I markstheend of thelig. Thet wo nog i nportart
thngs abou alinkedlig aewhereit satsand whereit ends. VW cod d have a separae panteto
mar kthe beg nning of thelig, bu thscanalsobe done wthanul pad rter (sncethiscanbetested

fa). Intidly, thelig wll beenpty, so Lshoddparttobahthebegninngandtheend Thsis
efeded byintidly ndlifying

NULLIFY( L )

The ndl pdrterisusudlyrepreserted by the synbd fa earthing andedricd conduct -

I

Let'snowsea up alig wth one node cortanngtheineger vd ue Num. Hrdly, dynam c starage
must bedlocaedfa Current

ALLOCATE ( Current )

Next, g veit avd ue (thet's essy):

Q

Current % Value = Num

Fndly, andthisisthe orlyredlytricky part, we nmust arangefa Ltoparnttotheend of thelid.
Whereistha ?Well, thel as (and ol y node) addedis Current, so L must partto(beandias o)
Currentt

L => Current

If the vd ue d Numis 1, the Stuaion nowl ookslikeths

L
—_— 1

Thisprocess can berepeated asl ong as you like Thefdl oai ng pi ece of code will set upalinkedlig
by read ng nunbers fromt he keyboar d urtil azerois ertered
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DO WHILE (Num /= 0)
READ*, Num
IF (Num /= 0) THEN

ALLOCATE ( Current ) ! new node
Current % Value = Num
Current % Next => L ! point it to previous node
L => Current ! update end of list
END IF
END DO

If, fa exanp e, thevdues 1, 2 3aeetaedintha ader, thelig |ooks asshowninFgue 131

Havi ngset up thelig, the next th ngisto raverseit and print dl the vd ues Thisispsychd og cdly
saisying becauseit'ssonetimes hardtobelievetheligisredl ytherei nmenory, s ncenone of the
nodes have nanes. Thisis whereitisi nportart toknowwheretheend of theligis—. pa rtstoit.
So we gat by maki ng our generd node Current andiss o L

Current => L

Then we print thevd uei ntha node and make Current andias of the next node whi chispa rted
toby Current % Next

PRINT*, Current % Value

o)

Current => Current % Next

How do we detedt the beg nning of thelis? Renenber thet the parter inthefirgd node (a the
beg nningof thelig)isnul —tHscan betestedf ar, sot heabovet wo sta ements can be end osedi na
DO WHILE | oop

DO WHILE (ASSOCIATED (Current))
PRINT *, Current % Value

Current => Current % Next ! now make Current alias of next node
END DO

Currentisonyndl atethel as execuion of thel oop whenitis nadeandiasdf thepartein
thefirg node Thi s process denonstrates howi nportart itisto havethe pane 1. paningtothe
end d thelig—et her wse you cou d never findit.

One of the advartages of usingalinkedlig isthat it can be d sposed of when no | onger needed
rdeas ngvd uad e menory. This nay be done as wetraversethelig fromt he end, dthough nowa
little nore "housekeep ng' isrequired

L
[ — S

~ T+

Once aga n nake Current andias o theend of thelig:

Current => L

You night be tenptedto deall ocae Current stra gt away. However, if youl ook a Fgue 13 1
you Wil seetha thsisaprescrigionfa dsaster. Wththelast noderenoved thelinkt ot he second
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lagt oneis broken andit consequertly can never befound So before dedlocaing Current, the
end narker 1.shou d be nade to pad rt tothe second | est node

Q

L => Current % Next

Now Current nmay be safey dedl ocaed andthe generd node Current nade an diasfa the
newend d thelid:

Current => L

This process must be caried out aslong asthe end narker Lisna ndl:

PRINT*, 'Deleting ...'

Current => L ! make Current alias of last node again

DO WHILE (ASSOCIATED(L))

L => Current % Next ! disconnect L from last node, and make it
! ... point to next one instead

PRINT*, Current % Value, ' is about to go' ! just to make sure
DEALLOCATE ( Current )

Current => L ! alias of last remaining node
END DO

If you dorit undersandth s perhaps you shou d d soresat to daw ng sone d agans.

Bef ore you go any f urther, you shou d put these piecestoge her ina working programto creae a
linkedlig, printit, and d spose o it.

13.3. Hidden Implementations of Abstract Data Types

One of the advartages of nodu esistha the detals of thei np enentaion of an abstract data type
may be h ddenfromt he user of a nodu e All the userissuppied wthisthe name of the datatype
and subprograns for nani pul &ingit. Thi sway, thededls d thei npl enentaioninthe nmodu e may
be changed wthou &fedingany codetha usesthe nodu e

Toill straethis nost i nportart prind d g two nodu esare g veninthssedion Qneinpl enertsa
lig of inegasas alinkedlis; the aheri ndenentsthelig as a dynanic array. The only change
requredinthedriving na n progamisthe nane o the nodu e used

Thelinked lig i np enentaionisinthe modde ModLink Itisverys mila tothe exanpein
Seation 132 but hassonei nportart dfferences wh ch are d scussed bd ow

MODULE ModLink
! Implementation of abstract data type as a linked list
IMPLICIT NONE

PRIVATE NODE

TYPE NODE

INTEGER Value

TYPE (NODE), POINTER :: Next
END TYPE NODE

TYPE LIST
PRIVATE
TYPE (NODE), POINTER :: End
END TYPE LIST
CONTAINS
SUBROUTINE Dispose( L )
TYPE (NODE), POINTER :: Current
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TYPE (LIST) L

Current => L % End ! start at the end
DO WHILE (ASSOCIATED(L % End))
L % End => Current % Next ! update the end before disposing
PRINT*, Current % Value, ' is about to go'
DEALLOCATE ( Current )
Current => L % End ! alias of last node again
END DO

END SUBROUTINE Dispose

SUBROUTINE Insert( L, Num )

TYPE (NODE), POINTER :: Current
TYPE (LIST) L

INTEGER Num

ALLOCATE ( Current ) ! new node

Current % Value = Num

Current % Next => L % End ! point it to previous node
L % End => Current ! update the end of the list

END SUBROUTINE Insert

SUBROUTINE PrintList( L )

TYPE (NODE), POINTER :: Current
TYPE (LIST) L

! Start at the end now

PRINT*, 'From the end:'

Q

Current => L % End ! alias of last node

DO WHILE (ASSOCIATED (Current))
PRINT *, Current % Value
Current => Current % Next ! alias of next node
END DO
END SUBROUTINE PrintList

SUBROUTINE SetUp( L )

TYPE (LIST) L

NULLIFY( L % End ) ! 1list is empty at first
END SUBROUTINE SetUp

END MODULE ModLink

The nost i nportart dffeaenceistha our parte L of Sedion 132 whch narkedthe end of the
linkedlig, is nowspedfiedwith a derivedtype LIST. Thisistoenade a user o the nodueto
dedaeavaidded thstypetonane hislig, wthou need ngto know predsdy howthetypeis
defined Al occurences d Linthecod ngin Sedion 13 2nust theeefaeberedaced by . $ End

The PRIVATE sped ficaions meant ha thetype NODE i sinaccess d e outs dethe nodule andt ha
the user Wil nt have accesstotheirtend drudure d type LIST

WS Banad CH GddbergandJ. C Adans, Bd nerd Gd dbergand Adans Programmers' Guide
to Fortran 90 (M Gaw HIl, 1990) suggest t ha t he subr outi ne SetUp be wittenas a function to
reunandl poine toheadthelid,

FUNCTION SetUp ()
TYPE (LIST) SetUp

NULLIFY (SetUp % End)
END FUNCTION SetUp

whi chisinvokedinthe access ng proggamasfdl ovs:

L = SetUp()
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where Lisdf type LIST. This however, isna dl owed under the FTNIO conpil & (it will nat return
andl pdrner).

To usethisi npenertaion of alig, dl the isneededisansi n progamlikethefdl owng

PROGRAM TestList

USE ModLink ! linked list implementation
IMPLICIT NONE

TYPE (LIST) L

INTEGER :: Num = 1

CALL SetUp( L )

DO WHILE (Num /= 0)
READ*, Num
IF (Num /= 0) THEN
CALL Insert( L, Num )
END IF
END DO

CALL PrintList( L )
CALL Dispose( L ) ! always tidy up afterwards!

END PROGRAM TestList

By cortrad, the modu e ModArrayi np erentsthelid s adynanic aray:

MODULE ModArray
! Implementation of abstract data type LIST as a dynamic array
IMPLICIT NONE

TYPE LIST

PRIVATE

INTEGER, DIMENSION(:), POINTER :: Elements ! dynamic storage
END TYPE LIST

CONTAINS

SUBROUTINE Dispose( L )
TYPE (LIST) :: L
DEALLOCATE( L % Elements )

END SUBROUTINE Dispose

SUBROUTINE Insert( L, Num )
TYPE (LIST) :: L

INTEGER, DIMENSION( SIZE( L % Elements ) ) :: 01ldL
INTEGER N, Num

O0ldL = L % Elements
DEALLOCATE ( L % Elements )
N = SIZE (O1ldL)

N =N+ 1

ALLOCATE( L % Elements (N) )
% Elements = 01ldL
% Elements (N) = Num
END SUBROUTINE Insert

L
L

SUBROUTINE PrintList( L )

TYPE (LIST), TARGET :: L ! note TARGET attribute
INTEGER, DIMENSION(:), POINTER :: P

INTEGER I

P => L % Elements ! convenient alias

PRINT*, 'From the end:'
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PRINT*, (P(I), I = SIZE(P), 1, -1 )
END SUBROUTINE PrintList

SUBROUTINE SetUp( L )

TYPE (LIST) :: L

ALLOCATE( L % Elements(0) ) ! size zero at first
END SUBROUTINE SetUp

END MODULE ModArray

Thetype LIST nowhas aconponert whichisapa netoadynanmc aray(dsoi naccess Hetothe
user).

Insert uses thetechni que of Chapter 9toinareasethe 9ze of a dynanic array by one d enert
eachti ne a new vd uveis added

PrintList usesandias Ptoreer tothe dynanic array purdy far convenience Notetha the
TARGET dtrilute o the deri vedtype Lis cofeared onits conponert.

To usethsi ndenentaion dl you haveto doisto changethe secondline of the mai n program
TestListto

USE ModArray ! dynamic array implementation

We have seen inthissectiontha nodu eswth deri vedtypes can hi deinpl ementaiondetalsfrom
the user. Type defiritions and cod nginthe nmodu e procedures may be changed wthou aff edting
any code wh ch usesthe nodu es

Chapter 13 Summary

e Apane vaidehasthe POINTER atribute and may poirtto(beandiasdf) avariade of the
sanetype which hasthe TARGET atribue

e Andiasisg ndyanahe nare fa an o edt.

e Pdne assgnment (=>) sdsup a changesandias

e QOdnayassgnnent o parter vaiades operaes onthar diases

e Apdne naybeinone d threedaes undefined ndl, a assod aed

e The NULLIFY staenert pusapdrteinothe ndl gae Ths nay betetedfar withthe
ASSOCIATED irtrird c fundion

e The ASSOCIATEDI rtrirg cfundionascatans whether apaneisandias o some objed o
whet her it isndl. It candsode e nine whether apd e isandias d aparticu a target.

e Anadnayvaiadeisdlocaedgaicsaage & conpil etine.

e Adynanic variad eisdl ocated dynanic garage & runti ne

e Adynanmc vaiadeiscaeded wththe ALLOCATE saenert and refeenced wth a pa nte.
e Dynanic nemxryisrdessedwth DEALLOCATE

e Adynanic array can have ethe the ALLOCATABLE or POINTER atribute Itsrank must be
spedfied bu its bounds must be | €t undefined urtil an ALLOCATE staenernt has been
execuedfa it.

e Arraysd padnteas may nd beded ared dredlyin Fortran 90 However, a deri vedtype may be
defi ned wthapa rter conponent, and an aray o such atype can be declaed

o |Inpenentaiondadlsd abstradt daatypes may be hi ddenin nodu es
Chapter 13 Exercises

13.1 Witesonelines of code whichset uptwo parnters P1 and P2 asdiasesof theinegas T
and Jrespedivdy.
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Now write sone addtiond code which effedivdy nmakes P1 andiasof Jand P2 andias of 1,
wthou referingto I and Jexpgidtly.

13.2 S#t upanaray o strucurevariad es wthas nd epad e conponert, and arangefaritto
parttoanaray o irnteger vdues sutadyintidized

Referring ol ytothe"aray" of pad nters usea Bubd e Sorttosart thei nteger vd uesi o ascend ng
order, and print thesatedlig.

13.3 St up an upper-triangd & natrix of Nrows and cd umms, wtheachrowrepreseried by a
dynanic aray of pdrnes

134 Witeaprogamto sa up alinkedlig of i rnteger vd ues readfromt he keyboard prirt the
lig, and d spose o it.
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Chapter 14 Simulation

Chapter 14 Introduction

14.1. Random Number Generation

14.2. Spinning Coins

14.3. Rolling Dice

14.4. Bacteria Division

14.5. A Random Walk

14.6. Dealing a Bridge Hand
14.7. Traffic Flow

Chapter 14 Summary

Chapter 14 Exercises

Chapter 14 Introduction

An extremely powerful application of modern computers is in simulation. A simulation is a
computer experiment which mirrors some aspect of the real world that appears to be based
on random processes, or is too complicated to understand properly. (Whether events can
be really random is actually a philosophical or theological question.) Some examples are:
radio-active decay, bacteria division and traffic flow. The essence of a simulation program
is that the programmer is unable to predict before-hand exactly what the outcome of the
program will be, which is true to the event being simulated. For example, when you spin a
coin, you do not know exactly what the result will be.
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14.1. Random Number Generation

The i rtrirg ¢ subrouine RANDOM NUMBER( R ) nay be used to simul ee random everts It
generdes a unfanmy ddribked  pseudo-random  number in  the  range

M=W(L-a)*[aL - x(L+2a)]/L® (0<x<a),

— W22 2 3
M =Wa"[al —2L" + x(3L-2a)] / L (aSXSL)'. (A conpuer cannd generae trdy random
nunbers bu they can be practicdly unpredidalde) R nmay be ascda or an array, bu it nust be
red. Eg

REAL, DIMENSION(10) :: R
CALL RANDOM NUMBER( R )
PRINT '(E14.7)', R

Qut put:

.1077691E-01
.1275343E00
.4685287E00
.5612317E00
.6204859E00
.5067996E00
.7804365E00
.7967151E00
.3911508E00
.7211771E-01

cNoNoNoNoNoNoNoNoNe)

O couseif youre usethispeced codeagan you wll ge exacl yt he sane sequence of "random
nunbers, whi chisra her d sappa rti ng(and nat truetolife asevery gantd e knows). To produce a
dfferert sequence eachti ng the genera a can be seededin anunber d ways Hrés one way.

INTEGER Count
REAL, DIMENSION (10) :: R
INTEGER, DIMENSION (1) :: Seed

CALL SYSTEMﬁCLOCK( Count )
Seed = Count

CALL RANDOM SEED( PUT = Seed )
CALL RANDOM NUMBER( R )
PRINT '(E14.7)', R

Theiriri ns csubrouine SYSTEM CLOCKreunsinitsfirg (i rteger) argunert the curert vd ue of
the system clock Asecond optiond agunent reunsthe nunber o d ock courts per second

RANDOM SEED has an ogtiond dummy argunent PUT. Thisis arank-oneirteger aray whichis
usedt orese theseed( Seed) fa randomnurber generdion It may besuppieddredly byt he user
wtha READ staenert, o it may be generateditsdf fromthesysemd ock, asinthisexanpd e As
long asthe sysemd ock keeps onticking you wll get dfferert resuts everyti ne yourunthis code

14.2. Spinning Coins

When afar (unb ased) ca nisspun the probahlity of getting heads or tailsin0.5(50%. Sncea
va uerguned by RANDOM NUMBERIiS equdlylikdytoanywherein theirtervd [0, 1) we can
represert heads say, wthavd uelessthan 0.5 dher wseit wil betdls

Suppose an experi nent cdlsfa acad ntobespun 50ti nes andtheresdtsrecarded Inred lifeyou
arelikd yto wart torepea such an experi nert anunber o ti nes; thsis whereconputer § mi i on
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ishandy. Thefdlow ng progr/amsi mi aessp nn ngacd n50ti nes, andrepeasthes mu di onfive
ti nes:

INTEGER Count, I

REAL, DIMENSION(50) :: R

CHARACTER (1), DIMENSION (50) :: COINS
INTEGER, DIMENSION (1) :: Seed

CALL SYSTEMﬁCLOCK( Count )
Seed = Count

DO I =1, 5
CALL RANDOM SEED( PUT = Seed )
PRINT*, Seed
CALL RANDOM NUMBER( R )
WHERE (R < 0.5)
COINS = 'H'
ELSEWHERE
COINS = 'T'
END WHERE
PRINT ' (50A1)', COINS
CALL RANDOM SEED( GET = Seed )
END DO

END

Qut put:

HHTTTHTTHHHHTTHHHTTTTTTHTTHTHTTHTTTHHTHTTHHHTTTHHT
HTHTTTHTTHHTHTTTTHTHHTHHHTTTTHTTTTTTTTTHTTHTTTTHHT
TTTHTTHHHTTHTTTHHHTTHHHTTTTHTHHHTTHTHTTHHTTHHHHHTT
HTHTHHTHHHHHTTHTHTTTHHHHHTTHHTTTHTTTTHHHHTHHTTTTHH
HTHHTHHHTHTHHTHHTHTTHHHTHTTHTTTTHHHTHHTHTTTTTTTHTH

Theiritid seedis once again generaed by t he sysemd ock and RANDOM SEED s usedto seed
eachs midion A theend of eachs mi aion anaher optiond argunent GETis usedtose Seed
tothecurent vd ue of t heseed (eachti ne a randomnunberis generaedtheseedisresai nerndly).
This means tha an unbroken sequence of randomseedsis used far the ertire se of si mi &ions
(theardicdly, thisis peferadetoreseed ngthe process wththe sysemdock fa each Smul ai on).

Notethe use of the WHERE condrud to generagethe array of resuts COINS fromthe array of
randomnunbers R

Note dsotha it shodd bei npossdein prinadetotdl fromthe oupu done whether the
expei nent wass miaed a red (if therandomnunber genera a issufidertly randon).

14.3. Rolling Dice

When afdr de(dud "dce") isrdled the nunber upper nost isequdlylikd yto be any i rteger
fromlto 6 Thefdlowng progamsegnent s miaes 20 rdls o ade The oupu fromtwo
success verunsis shown

INTEGER Count

REAL, DIMENSION (20) :: R
INTEGER, DIMENSION(20) :: Num
INTEGER, DIMENSION (1) :: Seed

CALL SYSTEMﬁCLOCK( Count )

Seed = Count

CALL RANDOM_SEED( PUT = Seed )
CALL RANDOM_NUMBER( R )
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Num = INT( 6 * R + 1) ! applies to every element
PRINT '(20I3)"', Num

If Risared valueintherange[Q 1), 6 * R wll beintherange[Q 6),and 6 * R + 1 wll bein
therange[1, 7),i.e be ween 1 000000 and 6999999 D scard ngthe dednmal part of this wth INT
Wl gveanirtegerintherequredrange

Notethet the aray Rcan betransfar nedirtothe aray Numinasngd e gaenen.
Once agan intidiangthe seed ensuresthe thet woruns are dfferent.

We candostaigicsonour simul & edexperiment, judt asifit wereared one For exanpde wecod d
edi natethe mean of the nunber onthe upper nost face whenthe d eisrdled 100tines, say, and
dsothe probability o gettinga 6(ndetha Risascda now na an aray):

INTEGER, PARAMETER :: Throws = 100
INTEGER Count, I, Num

REAL :: Num6, Mean, R

INTEGER, DIMENSION (1) :: Seed

CALL SYSTEMﬁCLOCK( Count )

Seed = Count

CALL RANDOM_SEED( PUT = Seed )
Mean = 0

DO I =1, 20
CALL RANDOM NUMBER( R )
Num = INT( 6 * R + 1 )
Mean = Mean + Num

IF (Num == 6) Num6 = Num6 + 1
END DO
PRINT ' ("Mean: ", F6.2)', Mean / Throws
PRINT ' ("Chances of a 6: ", F6.2)"', Num6 / Throws
END

Qut put fromtwo success veruns

Mean: 3.32
Chances of a 6: 0.17
Mean: 3.62
Chances of a 6: 0.18

Runthe programa nunber of ti nes, i noreasi ngt he vd ue of Throws eachti ng and observe what
happenstothe mean andthe chances o gdting a6

14.4. Bacteria Division

If afar canisspun o afdardeisrdled the dffeert everts(e g geting "heads', ar a6) happen
wthequd likelihood Suppose however, that acerta ntype of baceiadvi des(irtot wo)inagd ven
tineinevd withaprobakility of 0 75(75%, andtha if it does nat divide it des Snceavd ue
generated by RANDOM NUMBERI s equelylikd yto be anywhere bet ween 0 and 1, t he chances of it
be nglessthan Q75 ae 75% We cantheedfored mil aethisdtudion asfdlovs
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CALL RANDOM NUMBER( R )
IF (R < 0.75) THEN

PRINT*, Count, R, "I am now we"
ELSE

PRINT*, Count, R, "I am no more"
END IF

The bascprindded d miaionistha one randomnumber shou d be generaed for each evert
beéngd miaed Thesndeevert hereis whehe a na the badteriumd vides

14.5. A Random Walk

A drunkensadlor hastonegaiaeajdatytowardhisshp Thejetyis 50 pacesl ongand 20 wde A
mat e p aces ik mi nthe nidd e of thej ety at t he quay-end, and pa rts h mt ower dt he ship Suppose
a every step he has a 60%chance of | wchingtowaerdthe ship but a 20%chance of | urch ngtot he
It or right (he manages d waystobefad ngthesh p). If hereachesthe ship-end of thej &ty, heis
hau ed aboard by weiting metes The problemisto s nulade his progess dongthejety, andto
edi nate h schances of gettingtothesh p withou fdlinginothesea Todothscaredly, we nmust
s mi ae one random walk dongthejety, find ou whether o na he reachesthe ship andthen
repea thiss md aion 100times, say. The proportionof si mi aionstha end wththesala safdyin
thesh p wll bean esti nate of h schances of maki ngittotheshp For ag ven wa k we assuret ha
if he has nat eéthe reachedtheshi p or fdleni ntotheseadte, say, 10000steps hedesdf thirs on
thej ety

Torepresert thejdty, we set up coadnaessotha the xaxsrunsdongthe mdd e of thejety
withthe orig na thequay-end xand y are measuredi nsteps. Thesala statshiswd ka theorign
eachti ne The drudure dan programand ou pu fromt wo success veruns ae asfdl ows

1 Intidize vaiades
2 Repea 100 s mi aed wal ks down the j ety
Sat at the quay-end of the jaty
While gill  on the jdaty and ill dive repea:
Gt a random nunmber R for the next dep
|f R < 06 then
Move forward (to the shp
Q her wse if R < 08 then
Move port (1 €t)
Q her wse
Move daboard
|f he ga to the shp t hen
Court t hat wal k as a success

3 Gnpueand prirn eti nated probaklity o reachingthe ship

PROGRAM DrunkenSailor
IMPLICIT NONE

INTEGER :: Count ! system clock (to seed

! random number)
INTEGER :: NSafe = 0 ! number of times he makes it
INTEGER, DIMENSION(1l) :: Seed ! seed for random number generator
INTEGER :: Sims = 1000 ! number of simulations
INTEGER :: Steps = 0 ! number of steps taken on

! a given walk
INTEGER :: Walks ! counter
INTEGER :: X, Y ! position on jetty
REAL :: PShip ! probability of reaching ship
REAL :: R ! random number

CALL SYSTEMﬁCLOCK( Count )
Seed = Count
CALL RANDOM SEED( PUT = Seed ) ! seed from system clock

DO Walks = 1, Sims
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Steps = 0; X =0; Y =0 ! each new walk starts
! at the origin
DO WHILE (X <= 50 .AND. ABS(Y) <= 10 .AND. Steps < 10000)
Steps = Steps + 1 ! that's another step
CALL RANDOM NUMBER( R ) ! random number for that step
IF (R < 0.6) THEN ! which way did he go?
|

maybe forward

1

X X +
ELSE IF (R < 0.8) THEN
Y Y +

= 1 ! maybe to port
ELSE
Y=Y -1 ! maybe to starboard
END IF
END DO
IF (X > 50) NSafe = NSafe + 1 ! he actually made it
END DO
PShip = NSafe * 100.0 / Sims ! avoid integer division
PRINT ' ("Probability of reaching ship: ", F6.1, "%")', PShip

END PROGRAM DrunkenSailor

Qut put:
Probability of reaching ship: 89.1%
Probability of reaching ship: 87.8%

14.6. Dealing a Bridge Hand

3 mi dionisthe bassd nog conpu e games. The programi nthissections miaesaded of 13
@ ayi ng car ds froma pack o 52

The nanes of thefour sutsareass gnedtoelenerts 0to3 of thecharader aray suit, andthe 13
face vd ues are assgned to conponerts 0to 12 of the charadte aray value. Naetha if a
cherader arayisintidizedwthaconstruda, the chaeade constarts inthe constructa nmust be
b ank-filledfromt heri ght tomake themdl the sane lengh

Toded acard arandomi ntegerintherange Oto51lis generaed i.e the 52 cards are represerted
un qud y bythe nunbers 0to51 The nmai nprod emistha a g ven card may onl y be dedt once To
ensirethis aninteger aray Checkisse up Al itsdemrents areiritidly zero( mean ng no cards
have been dealt yet). The function RanInt generdes arandomirteger and assgnsit to Num
Check (Num) ischecked If itisgill zerq that card has na yet been dedt, so Numis putirtothe
next d enernt of Hand, and Check (Num) issetol Thisindcaesthat cad Num has now been
dedt. If Check (Num) dready hasthe vdue 1 when Num cones up, it meanstha card Num has
dready been dedt, so ana her randomi nteger is generaed. Ths processisrepeaed 13 ti nes, urtil
thearray Hand cortdns 13 un que nunbersintherange Oto 51 This part of the problem nay be
drudure danned asfdlovs:.

Repea 13 ti nes
Gt a random nunber
Convert it to an irnegr Num in the range 0 to 51

While Check (Num) 0 reped:
Gt anot her random i neger Num
S Check (Num) to 1

Assign Numtothe next denert d Hand
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To printthehand of cards, eachd enent of Handi ssulj ectedt oi nteger divis onby 13 The qudi ert
NS wl beintherange Oto3and g vesthe suit. Therena nder Nv wil bei ntherange Oto 12 and
dvesthefacevdue Eg the nunber 43 ondvison by 13 gves aquaiet of 4 (Qubs) and a
renai nder o 3(S8x), asshowninthefird line o oupu dter the progam whichisasfdlovs

PROGRAM BridgeHand
IMPLICIT NONE

CHARACTER (8), DIMENSION (0:3) Suit = (/ "Spades ", "Hearts ", &
"Diamonds", "Clubs " /)
CHARACTER (5), DIMENSION (0:12) Value = (/ "Two ", "Three", &
"Four ", "Five ", "Six ", "Seven", "Eight", "Nine ", &
"Ten ", "Jack ", "Queen", "King ", "Ace " /)
INTEGER, DIMENSION (0:51) Check =
INTEGER :: Card, Count, Num, NS, NV

INTEGER, DIMENSION (13) Hand
INTEGER, DIMENSION (1) Seed
CALL SYSTEM_CLOCK( Count )
Seed (1) = Count
CALL RANDOM_SEED( Put = Seed )
DO Card =1, 13
Num = RanInt ()
DO WHILE (Check (Num) /= 0)
Num = RanInt ()
END DO
Check (Num) = 1
Hand (Card) = Num
NS = Hand(Card) / 13
NV = MOD( Hand(Card), 13 )
PRINT ' (3A, T20, 3I5)', Value (NV),
Hand (Card), NS,
END DO
CONTAINS

FUNCTION RanInt ()
REAL R
INTEGER RanInt
CALL RANDOM NUMBER( R )

RanInt = INT( 52 * R )
END FUNCTION RanInt
END

" Of ",

deal 13 cards

already dealt
so try again

tick it off

Suit (NS), &

A dffaert hand wil be dedt everyti nethe programisrun Hereisasanp e hand (head ngs have

beenirsetedinothetext fa daity):

Hand NS NV

Six of Clubs 43 3 4
Jack of Spades 9 0 9
Queen of Clubs 49 3 10
Nine of Diamonds 33 2 7
Three of Diamonds 27 2 1
Two of Clubs 39 3 0
Five of Clubs 42 3 3
Three of Clubs 40 3 1
Ace of Clubs 51 3 12
Eight of Diamonds 32 2 6
Six of Hearts 17 1 4
Ten of Hearts 21 1 8
Six of Spades 4 0 4
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You may fed tha the net hod of "shuffling't he cards wththe DO WHILEI oopisvery ingfidernt,
because as nore cards are dedt, so the nunber of cdlsto RANDOM NUMBER goes up The
fdl ow ng code segrert shufflesdl 52 cards, by starting withasarted pack (byintidizng Hand),
and swopp ngthema random ra her li ke aBubhl e Sort.

INTEGER, DIMENSION(52) :: Hand = (/ (I, I = 0, 51) /)

DO Card = 1, 52
CALL RANDOM NUMBER( R
Num = INT( 52 * R ) +
Temp = Hand (Num)

)
1

Hand (Num) = Hand (Card)
Hand (Card) = Temp
END DO

Not et had Num isnowi ntherange 1-52 s nceit represertsthe position of acardra her thanthe card
itsdf. The onl y ot her changerequiredistha Hand nust have 52 d enerts. Vithafewanmendnents
aded o dl four hands can now be prirted (you can d soth nk abou sorting each hand bef oreitis
prirted raher like dayerssat ther cards dter aded).

You cou dtest whi ch of t hetwo shuffli ng met hodsi s noreeffid ert by i norenenti ng a court e each
ti ne RANDOM NUMBERiscdled Anunber of sanpl eruns wou dt hen be neededt o get an esti nate
o the average nunber o cdls

14.7. Traffic Flow

A g o apficaionof s miationisin nmoddlingthetraficfl owinlargecities inordertotry ou
dffeert traficligh pateansontheconpuer bef arei rfli i ngt hemont hered trafic(th s has been
doneonalagescdein Leedsinthe United Kingdom for exanp €). Inthsexanp ewel ook & a
vaysndl part of theprod em howtos mi aetheflowd as ngd elineof trafict hrough one set of
trdficligts We make the fdl owng assunpti ons (you can nake addtiond o dfferert onesif
like):

1 Traffictravd sderaght, wthou tunng

2 The proballity of a car ariving & the lights in any one second is independert of wha
happened duringt he previ ous second Thisiscdleda Poisson process. This probakility (cdl it
p) nay be estineted by watch ngcarsa thei nersedionand monitaingthar arrivd pattern In
tHsd mi aion wetake p =03

3 Whentheligitsaregeen assumethecars novettrougha asteadyraed, say, € ght everyten
seconds

4 Inthes miaion we wll takethe basctimeinevd tobetenseconds, so we wart ad sday
show ngthelengh o the queue o trdfic(if any) a& theligts every ten seconds

5 We wll sathelighsred a geenfa vaiable mitid es d ten seconds

For the sanplerun bd owthe lights arered fa 40 seconds (Red = 4), greenfor 20 seconds
(Green = 2). Thes midionrunsfa 480seconds (T = 48).

PROGRAM Traffic
IMPLICIT NONE

INTEGER :: Cars ! number of cars in queue
INTEGER :: Count ! system count

INTEGER :: Green, Red ! period lights are green/red
INTEGER :: GreenTimer ! counter for green lights
INTEGER :: Sec, Sim ! counters

INTEGER :: RedTimer ! counter for red lights
INTEGER HES ! period of simulation
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INTEGER, DIMENSION(1l) :: Seed

REAL : P =20.3 ! probability a car arrives in any second
REAL :: R ! random number

CHARACTER (1) :: Lights = "R" ! lights are red at first

T = 48; Red = 4; Green = 2 ! parameters set

CALL SYSTEMﬁCLOCK( Count )
Seed = Count

RedTimer = 0 ! cumulative counters initialized
GreenTimer = 0

Cars = 0

DO Sim =1, T ! run for T 10-sec intervals

DO Sec = 1, 10
CALL RANDOM NUMBER( R )

IF (R < P) Cars = Cars + 1 ! another car arrives
END DO
IF (Lights == "G") THEN
CALL Go
ELSE
CALL Stop
END IF
END DO
CONTAINS

SUBROUTINE Go

! Lights are green here
GreenTimer = GreenTimer + 1
Cars = Cars - 8
IF (Cars < 0) Cars =0
CALL PrintQ

advance green timer

let 8 cars through

may have been less than 8!
display traffic queue

IF (GreenTimer == Green) THEN
Lights = "R" ! change lights
GreenTimer = 0 ' ... and reset timer
END IF

END SUBROUTINE Go

SUBROUTINE PrintQ
! print the queue of cars

INTEGER T

PRINT ' (I3, 2X, Al, 2X, 70Al)', Sim, Lights, ('*', I = 1, Cars)
END SUBROUTINE PrintQ

SUBROUTINE Stop
! Lights are red here

RedTimer = RedTimer + 1 ! advance red timer
CALL PrintQ ! display traffic queue
IF (RedTimer == Red) THEN
Lights = "G" ! change lights
RedTimer = 0 ! ... and reset timer
END IF
END SUBROUTINE Stop
END
Qut put:
l R * *x %
2 R * k Kk Kk k Kk kK
3 R Xk kkkkkhkkhKhKxx
4 R kkkkkhk Ak khk Kk Kk Kk kK%K
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5 G BRIt b i dh i ]

6 G * kK%

7 R * ok k kKK

8 R * kK k kKK

9 R *kkkkkkKk Kk
lo R *hkAk kK Kk kKK
45 R khkkkhkhkkkhkrkk kA khkrkhkhkrkhkrkkxk%
46 R BRI R I b e S b S db S b S b S db S db 3
47 G Ak kAhkhkkkhkhkkhkhAkkhkhkkhkhkkkkk%k
48 G khkkAkkkhkkAkkkhkkhkkkhkkkhk

Fromthsparticd a runit seens tha atrdficjamisbuldngup dthough noreandl onger runs are
neededtoseeifthsisredlysa Intha case, one can experi nent wthdfferert periods fa redand
greenlightsinordertoge an acceptad etrdfic paternbeforesetingthered lightstotha cyd e(try
it). Thsisthegrea vdue of thissat o s miaion G couse we can ge dose toredity by
cons deri ngt wo- way trafig and dl owng carstoturninbah dredions and occas ond |yt o break
down, bu thsprogramg vesthe bad ci deas

Chapter 14 Summary

e Asmidionisaconpue progamwittento minic ared-lifesituaion whichis apparertly
based on chance

e The pseudo-random nunber generstar RANDOM NUMBER reumns a urifa nhy d sributed
randomnunber intherange [0, 1), andisthe bass o thes mu &i ons d scussedinthis chapt e

e RANDOM SEED enal estherandomnurnber generd a to be seeded by t he user. The seed rmay
be otd nedfrom SYSTEM CLOCK, whchretunsthesysemd ockti ne

e Everyindependert evert bd ng 9 mi aedrequres aseparaerandomnurber.
Chapter 14 Exercises

141 Inagane of B ngothenunbers1to99 aredrawn a randomfromabag Witea programto
9 mi aethe dawd the nurbers (each number can be d-awn orly once), prirtingthemtentoaline

14.2 One-dimensional random walk A gas ol ecd eis condranedtonove d ongthe xaxs It
datsa the orign It moves randonhy a large nunber of ti nes tothel et o right (wth equd
probaklity), one unit & atime. Let thefrequency F (X) bethe nunber of ti nesitisa position X
Witea programt o conpu e thesefrequencies andto prirt a bar chart representingthem Assune
thet the nd ecu e never noves outd detherange - Xmax to Xmax

143  RANDOM NUMBER can be usedtoesti n@te nas fdlows (such a nethodis calleda Monte
Carl o method). Wite a program whi ch generaesrandom poi ntsina square of length 2, say, and
whi chcourtswhat proporti on of these pa ntsfdlsinsi dethedrded untrad ustha fitsexadlyirto
thesquare Thispropationwill betheraiod the area of thedrdetotha o the square Hence
edi ngen (Thsisna avey &fidet nethod asyou wll seefromt he nunber of pansrequred
to get even arough approx netion)

144 Theamd thsexerciseistos miaebacaiagonth
Supposethat aceatantype d bacteiadvides a des accard ngtothefdlow ng assunptions

1 duingafixedti neirnervd, cdleda generation, asngdebadeiumd videsirtotwoiderticd
redicas wth proballity p
2 ifitdoesna dvideduingthainevd, it des(i.eceasestobe "shuffles df ths nortd cail");

3 thedfspring(cdled daughters) wil dvide or d e duringthe next generati on i ndependertly of
the past i ay (there may well be no dfspring in wh ch casethe cd ony becorres exti nat).

Sat wthasnd eind vidud and witea programwhi chsi mi @esanumber of generati ons. Take p
=0.75 The number of generaions which you cans mi ae wll depend on your conpue sysem
Carry ou al arge nunber (e g. 100) of suchs md &ions The probakility of uti nat eextincti on p(E),
may be esti nated ast he proportion of § mi a@ionsthet endi nextindion You candsoedi natethe
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means ze o the it hgeneraionfromal age nunber of s mi @ions Conpareyou esti nete withthe
theareticd nean o (2p) .
S aidicd theory showst het the expect ed val ue of t he exti ncti on probalility p(E) isthesmeller of 1,

and(1-p/p Sofa p=0.75 p(E)isexpectedtobe /3 Butfa p= O'S,p(E)isexpededto be 1,
whi ch neanstha exti ndi oni s certd n(araher unexpededresut). You can use your programt ot est
thstheary by runni ngit fa dfferert vd uesdf p and egti nating p(E)i n each case

14.5 Dribd efireJesinc naketwotypes of aerodane thet wo-eng ned DRI, andthe f our-
eng ned DH V. Theeng nesareterrid eand fal wth probalility Q 5ona sandar dfli ght (theeng nes
fdl i ndependertly of each aher). The manuUfad uwasdamtha the d anes canflyif atleast hdf of
thareng nesareworking i.e the DRI will crashonyif bahitseng nesfal, whilethe DA V wll
crashif dl four, a if anythree eng nesfal.

You have been comnissi oned by the G \il Avi a&ion Boardt o ascertd nwhi ch of thetwo nodd sis
lesslikd ytocrash S nce parachues are expens ve the cheapest (and safest!) wayto dothisisto
s miaealage nunber of fligts of each nodd. For exanple two cdls of RANDOM NUMBER
coddrepesent one standard DRI flight: if bahrandomnunbers are lessthan 0.5 tha flight
crashes aherwiseit doesrit. Wite a programwhich simul @es alarge nunber of fligts of bah
node s and esti nat est he probakility of acrashi neach case If you canrun enoughsi rul &ions, you
may get asurprisngresdt. (Ind dertdly, the proballity of » engnesfalingonagvenfligtis
dgvenbythelinomd ddribution bu you do nd needto usethisfad inthed md &ion)

146 Two players 4and B, day agane cdled Eights. They s md &ion: gane of e ghiistakeitin
tunstochoose anunber 1, 2 ar 3 which may na bethesane asthelast nunber chosen(soif 4
gatswth2 B may orlychoose lor 3athenext nove). 4 stats and may chooseany of thethree
nunbers fa thefire nove Afte each nmove the nunbe chosenis addedto a commmon runn ng
tad. Ifthetad reaches 8 exadly, the d ayer whoset urnit was w nsthe gane If ap ayer causest he
tad togoover 8 thea her player wns. For exanpl g suppose Astats wthl(tad 1), B chooses 2
(tad 3), Achooses1(tad 4) and Bchooses 2 (tad 6). A wod dliketopay 2 now to wn bu he
carit because B cunning y payedit onthelas nove so 4 chooses 1 (tad 7). THsisevensnarte,
because Bisfarcedtoday 2or 3 nakingthetad go over 8 andthereby los ng

Witeapogamtod mi aeeach daye's chances o wnring if they d ways day & random

196



Chapter 15 Matrices and Their Applications

Chapter 15 Introduction

15.1. Tables: a Concrete Example

15.2. Graphs Without Graphics

15.3. Matrices

e Matrix mutidication

o Defined operagionsfa natrix handing

15.4. Array Handling Features

e Array expressons

o Array sedions
e Sone noreirtrins cfundions

15.5. Networks

e Aspyring
e Thereachallity natrix

15.6. Leslie Matrices: Population Growth
15.7. Markov Chains
e Arandomwak

15.8. Solution of Linear Equations

e (Auss redudion
e Matrixinverson by Gaussredudion

Chapter 15 Summary

Chapter 15 Exercises

Chapter 15 Introduction

In this chapter we look at how to write programs to solve problems involving matrices, with
examples from such areas as linear algebra, networks, population dynamics, and Markov
processes.

The applications introduced here follow on from Chapter 9, where one-dimensional (rank-
one) arrays were discussed (such arrays are also called vectors). In this chapter we deal
with arrays having more than one subscript, or multi-dimensional arrays. Although up to
seven dimensions are allowed in Fortran, we will discuss only two-dimensional arrays here,
since these are the most common. An array with two subscripts can represent a table of
numbers, since one subscript (usually the first) can label the rows in the table, while the
second subscript labels the columns. This is also the convention adopted for matrices.
Tables and matrices look exactly the same, but since matrices are used in mathematical
applications, we will deal with them separately.
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15.1. Tables: A Concrete Example

Aready- nix concreeconpany hasthreefad aies(Sl, S and S3) whi ch must supd ythreebul d ng
stes( D1, D2 and D3). Thecosts insone sutad ecurency, of transporting al oad of concreefrom
any fadaytoany Steaegvenbythecogt tadeinFguel5 1

Figure 15.1 Cost table
Ci1 02 D3

31| 3 12 10
=217 18 35
231 7 10 24

Thefadaies cansupdy 4 12 and 81 oads per day respedivdy, andthe sitesrequire 10, 9 and 5
| cads per dayrespedtivdy. Thered prold emistofi ndt he cheapest waytosai syt he demands a the
dtes bu we ae nd cond deringtha here

Supposethefad oy manager proposesthe fdl ow ngtranspartai on schene (each ertry represerts
the nunber o loads of concreeto betransported d ongthe particu a rou e):

Ci1 D2 D3
114 0 0
IZl g & 0
310 3 &

This sat o schene is cdled a solution to the transportdion prodem The cost table (and the

sd Ui on) canthen berepreserted by tad es C and X, say, where €7 istheertryinrowiand cd unm
j o thecost tdd e wthad nila convertionfa X

To conpu et hecogt of theabovesd uion eachertryinthesd uiontad e must be mitidiedbythe
carrespond ng ertryi nthecosttald e Thi s operaionisna to be confusedw th natrix muti dicaion
whi chis dscussed bd ow V¢ therefare wart tocd cd e

3x4+12x0+... +24x5
The fdlowng proggamwll do what isrequired

INTEGER, DIMENSION(3,3) :: C, X
DATA ((C(I, J), J =1,3), I =1,3) &
/ 3,
pATA ((X(I, J), J =1,3), I =1,3) / 4, 0, 0, 6, 6, 0, 0, 3, 5/

14
TotCost = 0

DO I =1, 3
DO J =1, 3
TotCost = TotCost + C(I,J) * X(I,J)
END DO
END DO

PRINT*, "Total cost:", TotCost
END

Thereaeanunber o i nportart pdrtstonate

e InFortran90te ng, thearrays C and X havet wo d nensi ons (rankt wo). Each d nens on has an
exert o 3 andtheshape o the araysis(3 3.

e You migh bewondering whythe DATA statenents needi mplied DOl oops. Woul dritit be rmuch
s nplertosay

DATA C / 3, 12, 10, 17, 18, 35, 7, 10, 24 /
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Thisrases anextrendyi nportart pd rt, whi ch has caused nany a programmer to cone to
gid. GrtanFotranstaenens suchas DATA, READ and PRINTtresthed enerts of muti-
d nensond araysina paticda oder whenthe arrayisreferenced by its nane only. This
orderiscdledthe array element order, and isolta ned by chang ngt he lefi-most subscript most
ragdy. Thisisthereverse of odometer order, wherethe righ- nost subscripg changes nost
ragddy, and wh chis usedinmany d her | anguages

As aresut, the ridfer fam of the DATA staenernt usedinthis noteis equvdet tothe
fdlowng ass ghnens

3

12
10
17
18
35
7

10
24

[OCHONONONONONONON@!
WNRFP WNDE W
S N S S S S S~ o~ S
WWWwWNhNNN R

Athough it makes no dfference tothe answer herg thetadeis na represerted by the
convertiond rowcd unn order depdedinF gure 15 1 Itistheref aeal ways necessay t o use
i nplied DO oops whenintidizng or reading miti-d nens ond arraysifthedaais preserted
by rows.

e Asandteandivetothe DATA staenent, thearrays cod d have beenreadfromt he keyboard o
afile eg

READ*, ((C(I, J), J=1,3), I =1,3)

assuningthe datatobeinrow order.

e An array construda nay only be usedtoiritidize a one-d nensond aray. However, the
irtrind cfuncion RESHAPE may be usedtointidizea nmulti-d nens ond array froman array
congrud ar, asshownin Chapte Q

e Fortran 90 provides a neae way of cdcdaingthetad cost o thetranspat schene above
Sncetheinrind c operaas when appiedto arays operaeon dl derents of the array, the

operation C * x will reunthe(3 3 aray vithdenerts /¥ . Thei rtrindic functi on SuM
reunsthe(scda) sumd dl thedenens o itsaray agurrent. Theeefaethednd edaenen

SUM( C * X )

wll cdcd aethetad cogt. Tryit out.

15.2. Graphs Without Graphics

S andard Fortran 90 does na provi de out put t o graphi ¢s devi ces such as a PC graphi csscreen The
nodu e GraphMod descri bedi nthi s sedi on enald es you to drawar ough graph of any f uncti on on
the dandard output device (eg the PCtext screen o prirnter).

As an exanpl e, suppose you wart to dawthe graph o the fundi on

. —0.05t -
y(t) —€ Slntovertherange O<t<dr, insteps of 7 /20 There aret wo subroutinesin
the nodu e which you needto cdl. Thefird is SetWindow (Xmin, Xmax, Ymin, Ymax),
whi chsets upthe world co-ordinates of your prodemi.e theredangu a reg ondf your co-ord nae
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sysemwhichwll be ddted. Soif you wart a verticd range bet ween—1 and 1, cdl SetWindow
wththefdlowing agunens

CALL SetWindow( 0.0, 4 * Pi, -1.0, 1.0 )

Notethet the argunerts nust bered (irteger constarts wll cause an era).

You then needtose uptwo one-d nensond arays x and v, say, in generd, where X (I) and
Y (1) arethexand yco-adndesd the th pan tobe pldted (Inthisexanp ethe x coord nade
wl be t) Rnaly, you needto supd ythe dating synbd, and atitle Eg

CALL Grapher( X, Y, "#", "Damped Oscillations" )

where #isthed ating synbol, and " Danped Gdlldions” isthetitle
The conpléenai n progamto dawths gaphisthen

PROGRAM DrawGraph
USE GraphMod

IMPLICIT NONE

INTEGER, PARAMETER :: NPts = 80
INTEGER I

REAL, PARAMETER :: PL = 3.1415927
REAL dt, T

REAL X (NPts), Y(NPts)

DO I = 1, NPts
Y(I) = EXP(-0.05 * T) * SIN(T)
X(I) =T
T =T + dt
END DO
CALL SetWindow( 0.0, 4 * Pi, -1.0, 1.0 ) ! real arguments
CALL Grapher( X, Y, "#", "Damped Oscillations" )

END PROGRAM DrawGraph

Figure 15.2 Output generated by Grapher
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Damped Oscillations

Hunuiy

- R T TR RN R RN T R
=
=
=
=

i i i i
# # g

The oupu isshownin Fgue 152 Nxethat the x and y-axes ae dso dawn

We need nowto dscussthe nodue beginnng wththe nathenaticsrequredto transfa mthe
generd pant )(x inoapodtion onthesoreen o pine.

The pdting is done essentidly by printing a two-dnensond chaade aray Point (in
Grapher), wherethe yco-ord naeistransfa nedtorowR andthe x co-ad ndeistransfa nedto
cdum C Apddtingsynbol isthenstaedin Point ( R, C ). Naetha the y coadnaeis
represerted by the first subscrift, inkeeg ngwiththe usud row cd umm notaion

Tobe norepredse thedenernt v (1) (yi) o thearray Y mugt betransfanmedto R S nce we wart
ali near transfor nati on we nug have

R=ay +b (151)

wheret he constarts e and b nust be determi ned Let'scall the hi ghest pad rt ont he graph Yu . This
isse bytheargunent Ymax of SetWindow and nust betransfa ned irtorow1 (thetop of the

graph), so
l=ay, +b (152

Thel owest pant onthe graph Vb (set by Ymin) nmust betransfa nedi ntothe maxi mumrow R,

(s¢ in GraphMod by the constart MaxRow), SO
Suhktradti ng Equati on 15 2from Equation 1531 nmed ady g ves

a=(R, =1)/(¥» =) and subsitui rg beck i rto Equeti on 152 g ves

b:l_yU(Rm_1)/(yD_yU)Th&sevduesfor aand b may be usedin Equation 15 1tog ve
- R —1
o )R-
Yo=Yy Asi nil a transfa nati oni susedtoscd ethed enert X (1) (xi)irtoa
cdum C
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(xl. - X, )(Cm - l)

Xp =X

C= +1
where ¥ and Y arethel €t- nogt andri ght- nost pd ris ont he graph

(s¢ by Xmin and Xmax respedivdy), and Co isthe mximumcd umm (s& in GraphMod by

MaxCol).

Thetransfar netionsfar Rand C are coded in GraphMod ast wo fundions YScale and XScale
(i.e YScale (Y(I)) rdunsR), sotha they can be generdlyavalalde eg todrawthe » and y-
axes

The conpléecod ngfa GraphModisafdlows.

MODULE GraphMod
IMPLICIT NONE

INTEGER, PRIVATE, PARAMETER :: MaxRow = 20

INTEGER, PRIVATE, PARAMETER :: MaxCol = 75

REAL, PRIVATE :: XL, XR, YD, YU ! first, last, down, up: global
CONTAINS

SUBROUTINE Grapher( X, Y, Symbol, Title )
! General graphing routine: arguments described in text
INTEGER I, J
REAL, INTENT(IN):: X(:), Y(:)
CHARACTER (*), INTENT (IN) :: Symbol, Title ! assumed length
CHARACTER (1) Point ( MaxRow, MaxCol )
CHARACTER (10) MyFormat

WRITE ( MyFormat, '("("I2, "Al)")' ) MaxCol ! internal file
Point = " " ! all blanks initially
! really should check whether axes lie in range

Point ( 1:MaxRow, XScale(0.0) ) = ":" ! y-axis

Point ( YScale(0.0), 1:MaxCol ) = "-" | x-axis

DO I =1, SIZE( X )
(

Point ( YScale(Y(I)), XScale(X(I)) ) = Symbol 'Y is "row"
END DO
PRINT ' (A80 /)', Title
PRINT MyFormat, ((Point(I,J), J = 1, MaxCol), &
I =1, MaxRow) ! by rows

END SUBROUTINE Grapher

SUBROUTINE SetWindow( Xmin, Xmax, Ymin, Ymax )
! Imports grapher limits to be available as globals
REAL Xmin, Xmax, Ymin, Ymax

XL = Xmin
XR = Xmax
YU = Ymax
YD = Ymin

END SUBROUTINE SetWindow

FUNCTION XScale( X )
! Scales x-coordinate to a column on the screen
INTEGER XScale
REAL X
XScale = NINT( (X - XL) * (MaxCol - 1) / (XR - XL) + 1)
END FUNCTION XScale

FUNCTION YScale( Y )

! Scales y-coordinate to a row on the screen
INTEGER YScale
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REAL Y
YScale = NINT( (Y - YU) * (MaxRow - 1) / (YD - YU) + 1)
END FUNCTION YScale
END MODULE GraphMod

Once agan the use of a nodue wth private vaiades means tha it can be changed withou
referencetoany codetha usesit.

Thevaiad esXI, XRec (set by SetWindow) ared obd tothe nodu g sot ha t hey can be used by
dl itssubprograns.

The use of aninternd file(the charad e variald e MyFormat) enal esthefa nat specificaionfor
the main PRINT statenent to bese a rurti ne accord ngtothevd ue of MaxCol Inthisexanp e
thevdue o MyFormatis "75A1".

The axes may na lieinthereg on ba ng g ated —hi s shod d stri dly be checked bef are atenpti ng
todawthem

15.3. Matrices

A matrixisatwo-d nens ond array which may be used ina wde varidy of representaions For
exanp ¢ ad gancearrayrepresertingtheleng hs of dred connedtionsinang workisametrix W
wll ded ma iy wth square metricesinthschapter (i.e matrices havi ngt he sanme nunber of rows
as cd ums), dthoughi nprind d ea natri x can have any nunber of rows or cd unms. A netrix wth
oy one cd um isdso cdled a vector:

A metrixisusudly denaed by a bd dcapitd | dter, eg A. Eachertry, or d enert, of the matrixis
denaedbythesndl | dte o t he sanme namefdl owed by two subscri s thefirg i nd catingt herow
of thed enert, andt he secondi nd catingthecd utmm Soagenerd denent of the natrix Aiscdled

a"f', nean ngit may befoundinrowiandcdumm j If A hasthreerows and cd urms —£3ti nes 3)
fa shat -+t will looklikethsin generd:

A 4y
ayp dy Ay
@1 % 93 aspedd natrix whi ch we will cone across| ae i sthe identity metrix This has
ones onthe main diagonal, and zercs everywheredse Eg the(3ti nes 3 idertity natrixis

S O =
S = O
—_ O O

Vari ous nat herreti cd operaions are defi ned on metri ces Add ti on and suktracti on are obvi ous, and
may be done withtheirtrirs c operaasin Fortran 90 Sothe natri x addti on

[A=B+(
trad aesdrectlyirto

A =B+ C
wherethe arrays nmust d early dl have the same shape i.e the same extert d ong correspond ng
d nens ons

Matrix multiplication

Rrobald y the nost | nportant natrix operationis netri X multiplication. It is used wddy in such
aess as ngwork theary, soluion of linear sysens of equaions trandfa nation of coadnae
sysens, and popd a&ion noddling fa exanples Therdesfa mutigying netrices look alittle
weirdif youd ve never seenthem befare but will bej ustified by the apdicationsthet fdlow
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Whent wo natrices Aand B are mitigdiedtoge her, ther product isathird netrix C. The operaion
is witten as

C=AB

andthe generd denent €/ of Cisfar ned by taki ngt he scalar product of the throwof A withthe
Ahcdum of B (The scda produdt of two vectors x and yis bl +x2y2+..., where i and
Vi aethe conponents o the ved as)

Itfdlowstha A and B canonly besuccessfuly multidied(i nthet order)if the nunber of cd umms
in Aisthesanme asthe nunber d rowsin B

The generd defiritiondf matrix mitidicaionisasfdlows If Aisa(nx m) nmetrixand Bisa(mx
p) netrix ther poduct C wll bea(nx p) netrixsuchtha the generd dement €7 o Cisgven by

m
¢y =2 by
k=1
commutative).

Exanp e

=l s

The Fortran 90i rirind coperata * will na perfa mnetri x multi dication. Thei riring c operdion A
* B where A and Barearaysrepreserti ng metrices reunsanaray wtheachd enentthes npe
product o thetwo corespond ng d enertsof Aand B We will d scuss bd owhowt o redefi net he
irtrind coperaor to perfa mmetrix mitidicaion Bu befare we dothsitisindrudiveto witea
subrouti netomultidytwo rmetrices dredly:

Note that in generd AB is na equd to BA (narix mutidicaion is na

SUBROUTINE MyMatMul ( A, B, C )

! multiplies A (n x m) by B (m x p)

! and returns product in C (n x p)

! performs no checks on shapes of A and B

REAL, DIMENSION(:,:) :: A, B, C
INTEGER I, J, M, N, P
N = SIZE( A, 1) ! number of rows
M = SIZE( A, 2) ! number of columns
P = SIZE( B, 2)
DO I =1, N
Do Jg =1, P
C(I,Jd) = SUM( A(I,1:M) * B(l:M,J) ) ! scalar product
END DO
END DO

END SUBROUTINE MyMatMul
Notet ha theintring cfundion SIZE has an opti ond second ar gunert spedfyi ngt he di nens on of
whichtheszeisrequred

Thestaenert whichconpuies C (I, J) illustraestheused Fortran90array sedions. A (I, 1:M)
isthe throwod Aand B (1:M, J) isthe thcd um of B Bat ht hese secti ons are one-di nens ond.

Thesumof therirtring c produd rewnsthescd a product of thet wo sedtions Thi s cou d be done
exdidtly wth

DOK =1, M
)

c(1r,J) = C(1,J) + A(I,K) * B(K,J)
END DO

aslong as cisfirg intidizedtozera
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Srialy, checks shod d be perfa ned onthe shapes o Aand Bto ensuretha they are cond gert.
The na n programbd ow usesthi s subroutineto mitidy netrices o any size

IMPLICIT NONE

INTEGER I, J, N, M, P

REAL, DIMENSION(:,:), ALLOCATABLE :: A, B, C
PRINT*, "n, m, p:"

READ*, N, M, P

ALLOCATE ( A(N,M) )

ALLOCATE( B(M,P) )

ALLOCATE( C(N,P) )

PRINT*, "matrix A:"

READ*, ((A(I,J), J =1, M), I =1, N)
PRINT*, "matrix B:"

READ*, ((B(I,J), J =1, P), I =1, N)
CALL MyMatMul( A, B, C )

PRINT*, ((C(I,J), J =1, P), I =1, N)
END

If you dothssat o thngoftenit will be worth your whileto wite subrouinestoread and print
metrices inader to nake surethd the daaisread by rons

At thsgtagel can confesstha Fortran 90 hastwoi riring cfuncions whichregunada (scda)
product and a metrix product: DOT PRODUCT ( X, Y ) and MATMUL( A, B ). However, if
you areseri ous about sd ertific programmingitis part o your educai onto be ald et o code a natri x
multidicaiondredly.

Defined operations for matrix handling

Matri x muti dicaion occus sofrequertl yinsd ertific proggammingtha it wod d be conveniert to
define an opara o fa it. Gond der the nodule MatMult:

MODULE MatMult

INTERFACE OPERATOR(.x.)
MODULE PROCEDURE MatTimesMat, MatTimesVector
END INTERFACE

CONTAINS

FUNCTION MatTimesMat( A, B )

REAL, DIMENSION(:,:) :: A, B

REAL, DIMENSION( SIZE(A,1l), SIZE(B,2) ) :: MatTimesMat
MatTimesMat = MATMUL( A, B )

END FUNCTION MatTimesMat

FUNCTION MatTimesVector( A, X )

REAL, DIMENSION(:,:) :: A
REAL, DIMENSION(:) i X
REAL, DIMENSION( SIZE(A,1) ) :: MatTimesVector

MatTimesVector = MATMUL( A, X )
END FUNCTION MatTimesVector

END MODULE MatMult

Thefundion MatTimesMat raunsthe merixresuting fromthe mutigication of itst wo natrix
agunernts usngtheinringcfundion MATMUL Natetha snce MatTimesMat canna reuwnan
assuned-shapearray (un essit hasthe POINTER attribu e, it nust be declaed wththe d mens ons
o itsargunents whichareobtaneda rurtinme. W shou dstridly check thet A and B havet heri ght
nunber o rows and cd unns fa miti di caion

205



MatTimesVectorisd nla, except tha it hand es mitigicaion of a netrix by a vector. (Note
however, tha theirtring c funcion MATMUL can hand e bahthese situaions) Sncea veda is
s nply aone-di nens ond natrix the defiritionof natri x multi dicati on g ven above d soappiesin
thscase eg

1 2 2 8
X =
3 4 3 18
A multidicaion operaa (.x.) isddiredintheineface dock The fdlowng code usesths

nodu etotest thetwo fa ns of natri x mitipicaion

USE MatMult

REAL :: A(2,3) = RESHAPE( (/1,3,2,4, 1, 2/), (/2,3/) )
REAL :: B(3,2) = RESHAPE( (/1, 2, 1, 0, 2, 3/), (/3,2/) )
REAL :: D(2,2) = RESHAPE( (/1,3,2,4/), (/2,2/) )

REAL :: X(2) = (/ 2,3 /)

REAL C(2,2)

C=A .Xx. B ! matrix times matrix

PRINT " (2F3.0)", ((C(I,J), J=1,2),I=1,2)

X =D .x. X ! matrix times vector

PRINT " (2F3.0)", X

It wou d be mored egart toredefi nethei rtrind coperaa *, sotha one cod d witestaenentslike
C = A * B Thereisaconplicaion here though becauseirtrins c multidicaionisdefinedfar
arays as We have seen and ani rtri ns ¢ operation may na beredefi ned. The sd uwionistodefinea
newtypetoregresert natrices andthento overlcadthe * operaar.

If atype

TYPE MATRIX
REAL :: Elt
END TYPE MATRIX

isdefined natrices can be ded ared wth

TYPE (MATRIX), DIMENSION (2,2) :: M1, M2, M3

Afunaion whichexdidtly mitidiestwo nerices definedinths way canthen be witten

FUNCTION MatTimesMat ( A, B
TYPE (MATRIX), DIMENSION (:
TYPE (MATRIX), DIMENSION (
INTEGER I, J, EM
EM = SIZE (A, 2) ! columns of A must equal rows of B
DO I = 1, SIZE(A,1) ! rows of A

DO J = 1, SIZE(B,2) ! columns of B
MatTimesMat (I,J) % Elt = SUM( A(I,1:EM) % Elt &
* B(1:EM,J) $ Elt ) ! scalar product

)
,:) :: A, B
SIZE(A,1), SIZE(B,2) ) :: MatTimesMat

END DO
END DO
END FUNCTION MatTimes( A, B )

The * operad a canthen be overl caded wthanirteface dock, as above
Multi dicaionof ascda by a natrix can be defi ned by asml a fundion say,

FUNCTION ScalarTimesMat( X, B )

REAL X

TYPE (MATRIX), DIMENSION(:,:) B

TYPE (MATRIX), DIMENSION( SIZE(B,1l), &
SIZE(B,2) ) :: ScalarTimesMat
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tohand e expressonslike 2 * B where the operands arerepreserted by the argunerts intha
order. If youdso wart tobe ddeto witeB * 2 you wou d need athirdfuncti on say,

FUNCTION MatTimesScalar( A, X )

REAL X
TYPE (MATRIX), DIMENSION(:,:) A
TYPE (MATRIX), DIMENSION( SIZE(A,1), &

SIZE(A,2) ) :: MatTimesScalar

Theirnteface b ock wod dthenl ook li kethis (thefundions must dl beinthe sane nodu €):

INTERFACE OPERATOR (*)
MODULE PROCEDURE MatTimesMat, ScalarTimesMat, MatTimesScalar
END INTERFACE

It nhght dso be conveniert toredefinethe assgnnent opaaa, todlovstaenensliker = 0
This must be done wth a subroutine, wherethetwo argunerts represert thel eft- and ri ght-hand
ddes d theassignnert, eg

SUBROUTINE MatFromScalar ( Mat, X )
REAL X

TYPE (MATRIX), DIMENSION(:,:) :: Mat
Mat % Elt = X
END SUBROUTINE MatFromScalar

Thefdlowngineaface H ock isthen needed:

INTERFACE ASSIGNMENT (=)
MODULE PROCEDURE MatFromScalar
END INTERFACE

It wudbeancepgedtobuldthesefadlitiesirtoa working module Unfortunatdy, FTNOO
verson 12 wod dna conpileit.

If you do ald of heavy nunber arunchi ng you night needto use doud e pred Sonred kind
15.4. Array Handling Features
Array expressions

Itisworthrecallingt hat whent hei rtrinsicopera asareappiedt o netri ces they areappiedt oeach
denent of thenetrix Theexpresson1 / A wll nd therefarergunthe netri xi nverse of A, bu
raher acorfamab e aray wthevery d enert thered procd o the carespond ng d enernt o A

Array sections
Cons der the aray Crepresertingthe cogt tablein Fgure 151 The gaenent

A =C(1:2,1:2) + C(1:2,2:3)

where A has shape (2 2) addst wo secti ons of C Thefirg cons ssd thefirgt worows and cd umms,
and the second cons ¢s of thefirg tworows andthe second andthrdcd umms. The staenert is
therefare equi vd ert tothe matri x addti on

3 12 12 10 15 22
+ =
17 18 18 35 35 53
Note that the addtion is pefa ned on corespond ng positions dong a d nension na on

carrespond ng subscri g s
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As ana her exanpl e suppose Aisa(3x 3) nmatrix | nordertofinditsi nverse by Gauss reducti on a
(3 x 6) augmented metrix B isfa med wth A occupyi ngitsfirg three cd unms, andthei dertity
matri x occupyingitslag three cd unns. Eg if Aisgven by

2 -1 1
1 1 1
3 -1 -1
B wll be
2 -1 1 1 0 O
1 1 1 0 1 O

3 -1 -1 0 0 1
If Idnrepresetstheidertity natrix Bcanbesd upintwolines

A
Idn

Some more intrinsic functions

Itisgenerdly nore effidert tousetheirtring cfuncions tohand e arays, raher thanto operae
dredly onthér denerts Eg add upthe derents d anaray wth SuM raher thaninaDO | oop

MAXVAL (A) and MINVAL (A) réuwnthe maxi numand nin mum denents of the aray A
respedivd y.

MERGE (A, B, MASK) is an denertd fundion nearningit operates on each denent o its
agunerts rgaunngacorespond ng d enert. It reuns Aif thel ogcd array MASKistrug and B
aherwse Eg iftheagunentsreresent natri ces

C = MERGE( A, B, A > B )

returns a matrix Csuchtha €7 isthelager o @ and i

RESHAPE (SOURCE, SHAPE) reshapesthearay SOURCEI rtotheshapeg venbythedenerts of
thearray SHAPE ( whi ch nugt be congtart),i.e thefirad denernt of SHAPE g vestheextert (3ze of
thefirg d nmeng on of theresut. Thereshapi ngis done by array element order, i.€ SOURCEIsfird
srung ou inaray d enert ader, andthen reshaped

The fdl ow ng code

INTEGER A(2,3), B(3,2)
A(1,1:3) = (/ 1, 2, 3 /)
A(2,1:3) = (/ 4, 5, 6 /)
B = RESHAPE( A, SHAPE = (/ 3, 2 /) )
reshapesthe aray afrom

12 3

4 5 ¢

inothearay B

15

4 3

2 6

CGet it?
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S nceanarray construdtar can onl'y be used toconstruct aone-d nens ond array, RESHAPE nay be
usedt oreshapesuchacongtructari toat wo-d nensiond array. Thefdlow ngcodesesupa(3x 3
i dertity natrix

Idn
/1, 0, 0, O, 1, O, O, O, 1 /), &
) )

INTEGER, DIMENSION (3, 3)
Idn = RESHAPE( SOURCE = (
SHAPE = (/ 3, 3 /

Note tha irtrirdc fundtions may be cdled wth keyword acdud argurrent, us ng the dumny
agunent nanes as keywords. Dumy argurent nanes ae g venin Append x C

SHAPE (A) réurns aone-d mens ond aray hd d ngthe shape o A

SIZE(A [,DIM]) radunstheszed thearay Aif DIMisabsert, orthe extert d ong d mens on
DIMIifitis presert.

SPREAD (SOURCE, DIM, NCOPIES) makes NCOPIES dupicaesdf SOURCE byincreas ngits
rank The argunent DIM spedfiesthe dnens on of theresut d ong whi chthe duplicai on takes
pace Thsishbes understood by exanp es whi ch may be generaed by the fdl owng program

=3

J, R, C
I=1, M /)
( )

PR

INTEGER, PARAMETER :: M
INTEGER DIM, NCOPIES, I,
INTEGER :: A(M) = (/ (I,
INTEGER, ALLOCATABLE :: B
PRINT*, "DIM, NCOPIES"
READ*, DIM, NCOPIES

IF (DIM == ) THEN

R = NCOPIES ! rows

C =M ! columns
ELSE IF (DIM == ) THEN

R=M ! rows

C = NCOPIES ! columns
END IF

ALLOCATE ( B(R,C) )
B = SPREAD( A, DIM, NCOPIES )
DO I =1, R

PRINT*, (B(I,J), J =1, C)
END DO
END

The one-d nendond array A, wthdenerisl, 2 and 3inthsexanp g istobe dudicated If DIM
island NCOPIESiSs4 Bisrdunedas

B e
NN NN
W W ww

i.e 4copesae nade dongthefirgd d nensiond B If DIMis 2and NCOPIESis 2 theresutis

w N -
w N -

i.e 2copes ae made d ongthe second d mension The source A may dso be an aray sedti on
TRANSPOSE (A) ra@unsthetranspose o netrix A (rows transpose and cd urms i rt erchanged).

UNPACK (VECTOR, MASK, FIELD) reuwnsanarray wththesane shape asthelogcd aray
MASK The dements of theresut carrespond ngtotrue elenerts of MASK are assenbledin array
denernt order fromt he one-di nensiond array VECTOR All aher denentsd theresut areequd to
FIELDIifitisascda. Eg thefdlowngcoderedacesdl positived enerts of A bytheintegersl,
2 3 .., anddl negaivedenerts by zera
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INTEGER A(4,4), V(16), F

v=( (I, I =1, 16) /)
F=0

. assign values to A

A = UNPACK( V, A > 0, F )

PACK perfa nsthereverse operaion
Further aray handingi rtri rsi ¢ functi ons are descri bedin Append x C

15.5. Networks

In our first application of matrix multiplication we consider a problem which at first glance
seems to have nothing to do with it.

A spy ring

Suppose fi ve spi esin an espionage ri ng havet he code names A ex, Borig Cyril, Denisov and Eic
(whomwe canlabd A B G Dand Erespedivdy). The hdl nark of a good spy net workistha no
agert isadetocotad dl theahers The arangeren fa this paticda goupis

e Aexcancortat ony Gril;

e Boriscancortad oy Aex or Hig

e Denisovcancortat oy Gyril;

e FEiccancotad oy Gril a Denisov.

(Grril carit cotat anyoneinthering hetakesifa ndion ou o theringtothe spynaste.
S nil aly, Boris bringsi rfarmeti oni nfromt he spynaster: no-onei nthering can cortact h m) The
needf or good spestoknowahit of matri x theory becomes apparert when we spa that thepossid e

pa hs of communi cati on bet weent he spi es can berepreserted by a(5x 5) netri x, withtherows and
cd urms represerti ngt hetrans nitti ng and rece v ng agert s respedti ve y, thus.

|A 8 ¢ 0 E

Mo
o oD =D
oo Do D
—_ LTy T —
—_ oD D
oD =D

We will cdl this matrix A It represertsa directed network wththesp es a t he nodes, and wth arcs
dl dlenghl, whereane workisacdledionof partscdlednodes. The nodes arej oined by i nes
cdledarcs Inadreded nework, novenert (eg o infornaion isorly possdedongthearcsin
one dredion(see Fgue 15 2).

The natrix Aisknown as an adjacency netrix wthaadacency natrix linrowiand cd umn jif
thereisan arcfromnode ito node ; or aOintha postionif thereis no arc bet weenthoset wo
nodes The d agond denertsof A(i.e, A1, d22 etc) aedl zerobecause good s es do nat ta k
tothensd ves (Sncethey mght thentdkinthar deep and g vethensd ves anay). Each1in A
thedaereresetsasndepah d lengh lacinthe neg work

Figure 15.2 The network represented by the matrix A
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_ -4 - a1 r 4 Now ld's mitidy the

00010011001 00] 000 0 0] ey metrixAbyitsdf
1000 1[|1 000 1] |0 02 1 0ftogevhaiscdleda’
0000 0[x[0 000 0[=00000

00100 |[00100/|00000

001 10/][001 10 (007100

Row 2 and cdumn 3 have
been enbd denedinthet wo vers ons of A aboveto hd piterpret A2 Thedenent 2in A (row?2,
cdum 3) resuts whenrow 2 of Ais multidiedte mby tee mwthcdum 3 and the produds
added Ths gves usthescda product

1x1+0x0+0x0+0x1+1x1=2

Thefird non-zeroter marises becausethereisapahfromnode 2t o node 1, which we will denae
by (2-1), fdloned by a path (1-3), g vingaconposite pah (2-1-3) of lengh 2 i.e fromBoristo
Cyril via A ex The second nort zer ot e mari ses becauset hereisa pa h(2-5) fdl owed by a pah(5-
3), gvingasecond conposite pah(2-5-3) of lengh 2 i.e fromBoristo Cyril agan bu viaEic
thstine Itisdea tha theentriesin A? reresent the nunber of paths of lengh 2 bet weenthe
vaious nodes inthe network (onthe strid understand ng thet dl arcs are of lengh 1). There are
thaedaeory four pahs o lengh 2 t wofromBoristo Cyril, as we have seen one fromBoristo
Deni sov, and onefromB&icto Grril.

If we now multigythe natrix A> by A again tofa mthethird povwer of A we get theraher dul
metri X

0000 O
00100
A=[0 00 0 0
0000 O
000 0 0]

Thesnde lin A’tdlsustha thereis only one pah of lengh 3inthe nework (i.e wthtwo
inenedaie) andtha itisfromBoristo Cyril. Drawngthe ng work, or dtenaivdy examn ng
the appropriaerowand cd umin A’and Atha g verisetothissingeentryin A’ revedstha the
adud roueisBoris Hic Denisov- Grril.

If we nowconpute A* we will findtha every denert is zero (such a natrixis cdledthe nul
nmetrix), sgrifyingtha thereare no pahs of lengh 4inthe ne work, which can be verified by
irspection Al hi gher powersof A wil dsoobvioudybenudl, snceiftherearenopahsd lengh4,
there can hardy be any that arel onger!

Ingenerd, then thed enent inrow;and column j of the &thpower of anad acency natrixis equd
tothe nunber of paths condsting d kacslinki ng nodes iand j

Coning backto our spy net work, S ncethe d enernts of A arethe nunber of pahs of lengh 1, and
thed enents of A’arethe nuber of pahsof lengh2 ec., thend eal ythesumof dl these powers

211



o A wlltdl ushow many pahs of anyleng hthere are altoge her bet weent he vari ous nodes. W
cantheref are dfi ne a reachability natrix Rfa ths(5x 5 net work

R=A+ A+ 4>+ A*Risdsoa(5x 5 matrix anditsd enerts g vethetad nunber of pa hs
of comnuni cation bet weenthe agerts Dd ngthe cd cd @ion g ves s

00100
103 11
R=[0 0 0 0 0
00100
002 1 0]

So we canread off fromt hereachakility matrix Rthefad that thereare for exanpl g three dfferert
pa hs bet ween Boris and Cyril, bu orly two bet ween Eric and Cyril (the actud | engths of these
pa hs wil have been cd cu aedi nfi nd ngt he powers of A). The narme "reachakility' i s used because
the non-zerod enerts of Rind cae who nay cortad whom dredly or indredly, o for agenerd
d gance net work whi ch nodes can be reached fromeach node

The reachability matrix

Ingenerd, thereachalility metrix Rof a(n X n) ne work may be defi ned asthe sumof thefirg (7
1) powers of itsassod aed adjacency natrix A You nay be wonderi ng why we canstopa the (-

Dthpower o A Thedenentsd A wll bethe nunber of pahstha have(#1) acsi.etha

conned n nodes (4 nce each arc connedtstwo nodes). Sncethere are no futher nodestha can be
reached itisnt necessaytorase Atothersth power.

The subroutine Reachable inthe program bd ow conmputes the reachalility natrix R for any
net wor k g venthe ad acency metrix A i.e it conpues

R=A+ A4 + A ++ 4" yhere Ais(nx 7). It usesthe aray Bto gaetheirtened ae
powers o the aray A add ngthemto Reachti ne

The conpl eée programt o conpute a reachakility netrix fdlows. It usesthe modu e MatMult
definedin Setion 15 3

PROGRAM Reach
USE MatMult

IMPLICIT NONE
REAL, DIMENSION(:,:), ALLOCATABLE :: A, R ! use dynamic arrays
INTEGER I, J, N

PRINT*, "Number of nodes in network:"
READ*, N

ALLOCATE ( A(N,N), R(N,N) )

PRINT*, "Enter Adjacency matrix by rows:"
READ*, ((A(I,J), J=1,N), I = 1,N)

CALL Reachable( A, R )

PRINT*, "Reachability matrix:"
PRINT¥*

DO I =1, N

PRINT " (20F3.0)", (R(I,J), J =1, N)
END DO
CONTAINS

SUBROUTINE Reachable( A, R )
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REAL, DIMENSION(:,:) :: A, R
REAL, DIMENSION( SIZE(A,1l), SIZE(A,2) ) :: B ! automatic object

g=zwmw
([
hd

R
END DO
END SUBROUTINE Reachable

END PROGRAM Reach

It may hd ptogothrough Reachable by handfar n =5tosee how it works. Keeptrack of the
corterts d Band Rinte ns of the ad acency natrix A

15.6. Leslie Matrices: Population Growth

Ana her very interesing and usefu appication of netricesisin popd ation dynanics The rabhit
popu aion nodd of Chapter 10 can be nade ald noreredigicif we dlowsone rabhitstode
fromti netotinme. The approach we are gangtotakerequresthat we dividetherabhit popu aion
upirntoanunber of age d asses wherethe me mbers of each age d ass are oneti ne unit d der t han
the nenbers of the previous d ass thetime unit ba ng whatever i s conven ert fa the popu aion

be ngstud ed(days, nonths, éc). If X, isthedzedf the thagedass we defi nea survival factor
P

i asthe propotion of the th dasstha survivetothe (i + Dthagedassi.e the proportiont hat

"gadud €' E i s defi ned ast he mean fertility of the thd ass. Th sisthe mean nunber of newborn
ind vi dud s expect edt o be produced duri ng oneti neirtervd by each menber of the thdassa the
beg nning of thei nervd (onlyfend escourtinkid og cd noddling s ncet herearedways enough

mel estogoround).

Supposef o our nodfiedrabkdt nmodd we havet hree age classes, with X XZ, and X, ne nbers
respectivd y. We will cdl themyoung nidd e-aged and ol dagedf or converience V& will take our

X

ti e unit as one nmornth so <1 arethe nunber tha were born duri ngt he current nonth and whi ch

wi Il be cond deredas youngstersa theend of the north X, arethenunber of ndd e agedrabhits
& theend of the north and X

3thenunber of d dters Supposet he youngste's canna reproduce
sotha £1=0, Suppose the fetility rate for nidd e-aged rabhitsis 9 so 19 :9, while for
ddses Fy =12 . The probakility of survivd fromyou hto ndd e-agei sonethird, so

P=1/3
while no | ess than haf the mi dd e-aged rabtits live to becone d dters so 22 = 02 (we are

assuningfar thesake of ill wstraiontha dl d d-agedrabhitsd ea theend of the mont h— hi s can be
careded easly). WWthths ifa nation we can qute easly conpuethe chang ng popu &ion
grudue north by nonth aslong as we havethe popd ati on breakdownto stat wth If we now
denaethe curent morthby ¢, and next monthby (¢+ 1), we canrefertothis nontHsyoungstersas

X, () , andtonext nontHsas Xl(t"Ll), wthdg nil ar natationfor the aher t wo age d asses W
canthen witeaschene fa updaingthe popu aionfromnonth rto nonth(z+ 1) asfdlows:

X,(t+1) = £X,(¢)+ F,X,(¢)
X,(t+1)= BX,(?)
X3(t+ 1) = P2X2(t) We now defi ne a popu dionvecta X(t), wththree conponents

Xl(t), X,(0) , and X3(t) , represerti ngt het hree age d asses of therabhit popu &i oni n north ¢
The abovethree equaions canthen berewitten as
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X, 0 £ F][X
X, =|A 0 0 [x|X,
3 ([Jr]) 0 ])2 O X3

wherethe subscript @ the batomof the vectasind caesthe nonth W can witethis even nore
condsdy asthe natri x equetion

X(t+1 =LX(),
where Listhematri x

0 9 12
/3 0 O
0 1/2 0

inthspaticdar case Liscdleda Leslie matrix. A popu &ion nmodd cand ways be witteninthe
fa mof Equation 15 4if t he concepts of age d asses fetility, andsurvivd fad as as outli ned above,
ae used

Nowt ha we have estalisheda netrixrepresertaionfa owr nodd, we caneasly witea program
us ng natrix mdtidicaionand repeated apdicaion o Eguation 15 4

X(¢ + 2) = LX(¢ + 1)
X(1+3 =LX(r + 2, dc

However, we only needasing e one-d nens ond array Xinthe program becauserepea ed natri x
multi dicaionby thet wo-d mens ond aray T wil corti nually upda eit:

X=L.x X

(Wngthe .x. netrix mitipicaion operata definedin nodu e MatMult). W wil assuneto
stat vith thet we have one dd (fend @ rait, and no ahers so X1 = X2 =0 g X5 =1

The programisthend ng .

PROGRAM Leslie

USE MatMult
IMPLICIT NONE

REAL, DIMENSION(3,3) :: L ! Leslie matrix
REAL, DIMENSION (3) :: X ! Population vector
INTEGER T

L=20

L(1,2) 9

L(1,3) = 12

L(2,1) =1.0 / 3

L(3,2) = 0.5
X= (0,0, 11/

PRINT " (A5, 4Al4)"™, "Month", "Young", "Middle", "Old", "Total"
PRINT*
DO T =1, 24

X =L .x. X

PRINT " (I5, 4F14.1)", T, X, SUM( X )
END DO

END PROGRAM Leslie

The oupu, over apaiodd 24 norths is

Month Young Middle 0ld Total
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1 12.0 0.0 0.0 12.0
2 0.0 4.0 0.0 4.0
3 36.0 0.0 2.0 38.0
4 24.0 12.0 0.0 36.0
5 108.0 8.0 6.0 122.0
6 144.0 36.0 4.0 184.0
22 11184720.0 1864164.0 466020.0 135149504.0
23 22369716.0 3728240.0 932082.0 27030038.0

24 44739144.0 7456572.0 1864120.0 54059836.0

Note how Afor nat nay be usedto get headngsintheright dace

It so happenstha there are no "fradiond " rabhitsi nth s exanp e If there are any, they shou d be
kept, and na rounded (and cetary na trunceted). They occur because the fertility raes and
survivd probahlities are averages

If youl ook caref Uly a the output you rmay spat thet after some nonthsthetad popd aion doul es
evay north Thisfadaiscdledthe growth factor, andisa property of the particd a Ledie natrix
be ng used (f or t hose who knowabou sucht hi ngs it' sthe dominant eigenvalue of the metrix). The
gowhfagdais2inthsexanpl e bu if thevd uesinthe Ledie netrix are changed thel ong-term
gow hfada changestoo (tryit and seg).

You probald y d drit spa tha the nunbersinthethree aged assestendto ali nitingraioof 24: 4 1
This can be denongtraed very dealy if yourunthe nodd wth anintid popddion strucdue
havingthislinmtingraia Thisli nitingratioiscdledthe stable age distribution of the popu &i on
andaga nitisaproperty of the Ledie natrix (i nfad, iti sthe eigenvector bd ong ngt o the don nart
d genvd ue o the natriX). Dfferert popu a&ion natricesleadto dffeaent sald e age d <tri buti ons.

Theinteegingpa it abou thisistha ag ven Ledie natrixd ways evert udly getsapopu aionirto
the same stald e age d stri bution, whi chi ncreases evert udly by t he same growthfadar each north
no matter what the initial population breakdown is. For exanpl e if yourunthe above nodd wth
any aherintid popd aion it wil d waysevertudlyga inoastad eage d gribuionof 2441 wth
agowhfaga d 2(tryit and see).

15.7. Markov Chains

Often a process that we wish to model may be represented by a number of possible
discrete (i.e. discontinuous) states that describe the outcome of the process. For example,
if we are spinning a coin, then the outcome is adequately represented by the two states
"heads" and "tails" (and nothing in between). If the process is random, as it is with spinning
coins, there is a certain probability of being in any of the states at a given moment, and
also a probability of changing from one state to another. If the probability of moving from
one state to another depends on the present state only, and not on any previous state, the
process is called a Markov chain. The progress of the drunk sailor in Chapter 14 is an
example of such a process. Markov chains are used widely in such diverse fields as
biology and business decision making, to name just two areas.

A random walk

This exanpeis a vaidaion on the random wa k prodem of Chape 14 A stred has six
irntesedions A drunk man wanders down thestres. Hshonmeisat i ntersedion 1, and hisfavouite
bar @ inesedion6 A eachinesediondaher thanh shone orthe bar he novesinthe dredion of
thebar wthprobakility 23 andinthe dregionof hishome wthprobakility /3 He never wanders
down a side stred. If hereaches his home o the bar, he d sappearsirtothem never tore appear
(when he d sappears we say in Mrkovjagontha he has been absorbed).

We wou dli ket oknow wha arethechancesd h mend ngup a hone orinthebar, if hestatsa a
d ven corner (a her than horre or the bar, obvioud y)? He can dearly bein one of Sxsaes wth
respec to hisrandomwal k, whi ch can bel abdl ed by t he i tersedti on number, wherestae 1 neans
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Home and stae 6 neans Bar. W\ canrepresert the probahilities of ba nginthese staes by as x

conponert state vector X(9), where X, () isthe probakility of h mbeang & irntesedion i a
nomert ¢ Theconponerts d X() must sumtol, Snce hehastobeinone o thesegaes

We can expressths Markov process by thefdlowng transition probability matrix, P, wherethe
rows represert the next dae(i.e caner), andthe cd unns regresert the resent gae

Home 2 3 4 5 Bar
Home | 1 13 0 0 o 0
21 0 o 13 0 0 0
30 25 0 W3 0 0
4| 0 o 28 0 15 0
A 0 0 0 213 o 0
Barl 0 0 0 0 203 1

The ertriesfa Home-Home and Bar-Bar ae ba h 1 because he gays pu there wth cartarty.

Usi ng the probakility natrix P we can work out his chances of beng say, a& inesedion 3 a
nomert (¢+1) as

X3(t+1):2/3X2(t)+1/3X4(t)T0 get to 3 he nmust have been a ether 2 or 4 and his
chances d novi ngfromthere are 23 and 1/ 3respedti vd .

Mat hengticdly, thisisiderticd tothe Ledie natrixprodem W cantherdfaefa mthe newstae
ved o fromthe d d one each ti ne wth a natri x equeti ort

X(1+1) =PXQ.

If we suppose the man statsa inesedion 2 theintid proballities wll be(Q 1, G G G 0). The
Ledie natrix proggam nay be adapged wth very fewchangesto generadefuuegaes

PROGRAM Drunk
USE MatMult
IMPLICIT NONE

REAL, DIMENSION(6,6) :: P ! probability transition matrix
REAL, DIMENSION (6) :: X ! state vector
INTEGER I, T

P=20 ! construct probability matrix
DO I = 3,6
P(I,I-1) = 2./3
P(I-2,I-1) = 1./3
END DO
P(1,1) =1
P(6,6) =1
X= (0,1, 0, 0, 0, 0 /) ! initialize state vector

PRINT " (A4, 6A9)", "Time", "Home", "2", "3", "4", ll5", "Bar"
PRINT*

DO T =1, 50
X =P .x. X
PRINT " (I4, 6F9.4)", T, X
END DO
END PROGRAM Drunk
Qut put:
Time Home 2 3 4 5 Bar

1 0.3333 0.0000 0.6666 0.0000 0.0000 0.0000
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2 0.3333 0.2222 0.0000 0.4444 0.0000 0.0000
3 0.4074 0.0000 0.2962 0.0000 0.2962 0.0000
4 0.4074 0.0987 0.0000 0.2962 0.0000 0.1975
5 0.4403 0.0000 0.1646 0.0000 0.1975 0.1975
6 0.4403 0.0548 0.0000 0.1755 0.0000 0.3292
7 0.4586 0.0000 0.0951 0.0000 0.1170 0.3292
8 0.4586 0.0317 0.0000 0.1024 0.0000 0.4072
9 0.4691 0.0000 0.0552 0.0000 0.0682 0.4072
10 0.4691 0.0184 0.0000 0.0596 0.0000 0.4527
40 0.4838 0.0000 0.0000 0.0000 0.0000 0.5161

50 0.4838 0.0000 0.0000 0.0000 0.0000 0.5161

By runn ngt he programf ar | ong enough, we soonfi ndt helimti ng probakilities he ends up & home
abou 48%of theti ng, and a t he bar about 52%o0f theti me Perhapsthsisalittlesurpridng from
thetrangti on probahilities we night have expeded h mtoge tothe bar rahe noreeadly. It just
goestoshowtha you shod d never trust your irtuti on whenit cones to datigicd

Not et hat t he Mar kov cha n approachi s nora s mi &iort one getst he theoretical probakiliti es each
tine (thiscan dl be done nathenaticdly, wthou aconpue). Bu itisineesingtoconfirmthe
li miti ng probakilities by simulating the drunkK's progress using arandom nunber generaa (see
Exerdse 15 3atheend d the chapter).

15.8. Solution of Linear Equations

A problem that often arises in scientific applications is the solution of a system of linear
equations, e.g.
2x-y + z 4 (15.5)
X + y + z = 3 (15.6)
3x—y-z=1 (15.7)

One method of solution is by Gauss reduction, which we discuss now.

Gauss reduction

W itethecoeffidertsd thel eft-hand s deasa natrix wththeright-hand s deconstartsas aved o
totheright o the natrix separaed by averticd ling thus

2 -1 1 4
1 1 113
3 -1 -1|1

Thisis g npy shoathand for the orignal se, and is son&ti nes augnented netrix cdled the
augmented matrix of thesysem Aslongas we perfa monly row operdi ans ont he numbers we can
onit thesynbd s x y and zeachti ne Ve wll refer tothe augnented ndrix as A

e stat viththefirs row (B1) | and cdl it the pivor ron: Wi call thed enert @1 2) the pivor
element DVidethe whd e pva rowby the piva denert, sothe augnerted array now | ooks li ke
ths

1 -1/2 1/2 |2

1 1 113

3 -1 =111
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R R

Rows

(and above if necessary) the pva denert. Taketheta ge row R2. Red ace each d errent i nthe
rowbyitsdf mnusthe carespond ng d enert inthe gva row The aray nowl ookslikeths

1 -1/2 1/2 |2
0 3/2 1/2 |1

2 and "3 arenowcdl ed target rows. Theoljedt istoget zerosindl thetarget rows bd ow

3 -1 -1 |1
Nowtake the target row R3. To reduce 431 to zero wth an operdioninvdvingthe pva row
requresredacingthetarge rowbyitsdf mnusthe piva row mitidied by s (bearingin nmind

fa the subsequert conputer sd Ui onthat ths operaion can changethe vdue o a3 itsdf!):

1 -1/2 1/2 | 2
0 3/2 1/2 1
0 1/2 -5/2 | -5

We now designae R, as the pova row and the new a%22 as the pva denent. The whde

procedureisrepeaed except that thetarget rows are now R and R, ,andtheohjetistoge zeros
intheset wo rons above and bd owthe [ vot d enert. Theresut is

1 0 2/3 7/3
0 1 1/3 2/3
0 0 -8/3 |-16/3

R

Nowt ake R, asthe piva row withthe new M asthe pva denert, and R, and

rows. Ate repeatingd nil a operaions onthem the aray findlyl ooks likeths

2 astargd

S O
S = O
—_— O O
N O -

Snce we have redned the nathengticd integity of the sysem of equaions by perfa ming
operaions ontherows on'y, thisisequivd et to

X + Oy + 0z = 1
Ox + y + 0z = 0
Ox+0p+z=2

Thesd uion naythedaebereaddf asx=1 y=Q z=2

The sulr outi ne Gauss i nthe programbd ow perfa ns a Gauss redudti on on asysemad any s ze
The augnented array Ais passedas anargunent. Onertry, itsri gt most cd urm shou dcortd nthe
ri ght-hand 9 de congtarts o the equations. Ohreturn theright most cd unm wil corta nthe sd uion

PROGRAM GaussTest
IMPLICIT NONE

REAL, DIMENSION(:,:), ALLOCATABLE :: A ! augmented matrix
INTEGER I, J, N

PRINT*, "How many equations?"
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READ*, N

ALLOCATE ( A(N, N+1) ) ! extra column for
PRINT*, "Enter augmented matrix by rows:"
READ*, ((A(I,J), J = 1,N+1), I = 1,N)
CALL Gauss( A )
PRINT*
PRINT*, "Solution is in last column:"
DO I =1, N
PRINT " (10F7.2)", (A(I,J), J = 1, N+1)
END DO
CONTAINS

SUBROUTINE Gauss( A )

REAL, DIMENSION(:,:) :: A

REAL PivElt, TarElt

INTEGER :: N ! number of equations
INTEGER PivRow, TarRow

N = SIZE( A, 1)

RHS

DO PivRow = 1, N ! process every row
PivElt = A( PivRow, PivRow ) ! choose pivot element
A( PivRow, 1:N+1 ) = A( PivRow, 1:N+1 ) / PivElt ! divide

! whole row
! now replace all other rows by target row minus

pivot row

! ... times element in target row and pivot column:

DO TarRow = 1, N
IF (TarRow /= PivRow) THEN
TarElt = A( TarRow, PivRow )
A( TarRow, 1:N+1 ) = A( TarRow, 1:N+1 ) &
- A( PivRow, 1:N+1 ) * TarElt
END IF
END DO
END DO
END SUBROUTINE Gauss
END PROGRAM GaussTest

Notetha thetwo saenerts

A( PivRow, 1:N+1 ) A( PivRow, 1:N+1 ) / PivElt !
! whole row
A( TarRow, 1:N+1 ) = A( TarRow, 1:N+1 ) &

- A( PivRow, 1:N+1 ) * TarElt

divide

process ertire rows. If youdo ald o nunericd and ysis you wll appred aethe power of such

Fortran 90 array express ons

Unf ortunat d y, th ngs can gow ong wth our subr outi ne

1 The pva derert codd be zera This happens quite easily when the coeffiderts are dl
irnegers However, rows of the array can be i nerchanged (see bd ow withou changngthe
sysemadf equaions So anon-zeropva denert can often befoundinthis way (but seethe

next t wo cases).

2 Arowdf zeros cod d appea right acrossthe array, in which case a nonzero pva denent
canna befound I nthscasethesysemadf equationsisi ndeer nnnate andt he sd uion canon'y
be dee nned downto as many ahitray constarts esthere aerows o zeros

3 Arowdf thearray cod dbefilled wthzeros except fartheexdreneright-handd enert. Inthis

casethe equaions areincons gert, wh ch nmeansthere aeno sd i ons.

Itisaricepogamning prged toextendthe subrouine Gaussto ded withthesethree cases

Matrix inversion by Gauss reduction
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Cons der the sysemd equaions

2x + 2y + 2z = 0
3x + 2y + 2z = 1
Ix+2y+3z=1

If we definethe natrix A as

>

Il
W oW N
N NN
W NN

andthe vedas xand b as

, b=

b

Il
N =
—_ = O

we can witethe above sysem of three equeti onsin natrix fa mas

2
3
3

NS I (SR NS

2
2
3

N X
Il
ek —_— O

o even nore condsdy asthesnd e natri x equai on

Ax =h

The sd uion nmay then be witten as

x=A"b,

where A isthemetrixinversedof A(i.e thenstrix whichwhen mitidied by A g vesthei dertity
et rix).

Thisprovi des adightlyrouetothesd uion. Gaussredudion cand so be usedt oi nvert a natrix To

invert the natrix A construct the augnerted narix A| I where listheidertity natrix
2 2 2|1 00
32 2(0 1 0
32 3|0 01

Now perf a ma Gaussreducti on urtil thei dertity natri x has appearedtothel €t of the verticd ling
sotha the augmented array findl y | ooks asfdl ovs:

1 0 0| -1 | 0
0 1 0(3/2 0 -1
0 0 1 0 -1 1

The netrixtotheright o thelireisthei nversedf A If Aisna invertile the process breaks down
andarowof zeros appears Thesd uion maythenbefound dredlyfromEquation158 x=1, y=—
1 z=0Q

Qur subrouine Gauss can beadapted quiteeas|ytofi ndthe natri xi nverse Itisrewitten bd owas
afundion Inv, whichreaunstheinverse of its argunent. Inv can beindudedin the nmodu e
MatMult of Sedion 15 3 and overl caded wtha defined operaa .INV. fa narixinverd on
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MODULE MatMult

INTERFACE OPERATOR(.INV.)
MODULE PROCEDURE Inv
END INTERFACE

CONTAINS

FUNCTION Inv( Mat )

REAL, DIMENSION(:,:) :: Mat
REAL, DIMENSION( SIZE(Mat,l), SIZE(Mat,1l) ) :: Inv ! must be
! square
REAL, DIMENSION( SIZE (Mat,1l), 2 * SIZE(Mat,l) ) :: A ! augmented
REAL, DIMENSION(:), ALLOCATABLE :: TempRow ! spare row
REAL PivElt, TarElt
INTEGER :: N ! number of equations
INTEGER PivRow, TarRow
N = SIZE( Mat, 1 )
A =0 ! initialize
A( 1:N, 1:N ) = Mat ! first N columns
DO I =1, N ! identity in cols N+1 to 2N
A( I, N+I ) =1
END DO
DO PivRow = 1, N ! process every row
PivElt = A( PivRow, PivRow ) ! choose pivot element
IF (PivElt == 0) THEN ! check for zero pivot
K = PivRow + 1 ! run down rows to find a non-zero pivot
DO WHILE (PivElt == .AND. K <= N)
PivElt = A( K, PivRow ) ! try next row
K=K+ 1 ! K will be 1 too big
END DO
IF (PivElt == 0) THEN I it's still zero
PRINT*, "Couldn't find a non-zero pivot: solution rubbish"
RETURN
ELSE
! non-zero pivot in row K, so swop rows PivRow and K:
ALLOCATE ( TempRow (2*N) ) ! dynamic store
TempRow = A( PivRow, 1:2*N )
K=K-1 ! adjust for overcount
A( PivRow, 1:2*N ) = A( K, 1:2*N )
A( K, 1:2*N ) = TempRow
DEALLOCATE ( TempRow ) ! throw away
END IF
END IF
A( PivRow, 1:2*N ) = A( PivRow, 1:2*N ) / PivElt ! divide

! whole row
! now replace all other rows by target row minus pivot row
! ... times element in target row and pivot column:

DO TarRow = 1, N
IF (TarRow /= PivRow) THEN
TarElt = A( TarRow, PivRow )
A( TarRow, 1:2*N ) = A( TarRow, 1:2*N ) &
- A( PivRow, 1:2*N ) * TarElt
END IF
END DO
END DO

! finally extract the inverse from columns N+1 to 2N:
Inv = A( 1:N, N+1:2*N )
END FUNCTION Inv
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END

MODULE MatMult

Notethefdlon ngfesues

Theargunent Matisthe natrixtobeinverted Aistheaugmented netrix it must havet wceas
many cd unnsas A Matisasdgnedtothefird Ncdums o 2 theidertity natrixis ass gned
totheright nmost Ncd unns.

The nunber d cdunms, N+1,in Gauss nud beredaced by 2*N

Inv hand esazerop va derent, byl ooking downthe cd umn under the piva, urtil it finds a
non-zerod emert. If it cannot find a non-zerod va, it rewrns wtha message If it fi ndsa non
zeopvadinrowk it swopsrowX wththe pva row PivRow Notehoweas!lythisis done
wth aray sedions. Atenpoay row TempRow, is alocaed from dynamc staage and
ded | oca ed &ter the swop

Fndly, therigt most Ncdums o Aaeassgnedto Inv andreuned

Usi ngthe anended vers on of MatMult we canfindthe sd uion d Equaion 15 8in one gaenert:

X =

JINVL. A .x. B

Bd owisa nan progamto sd ve any linear sysemad equaionsinthis way:

PRO
USE
IMP

GRAM TestInv
MatMult
LICIT NONE

REAL, DIMENSION(:,:), ALLOCATABLE :: A, AInv, X(:), B(:)

INT

PRI

EGER I, J, N

NT*, "Number of equations:"

READ*, N

ALL
PRI

OCATE( A(N, N), AInv(N, N), X(N), B(N) )
NT*, "Enter coefficient matrix A by rows:"

READ*, ((A(I,J), J =1,N), I = 1,N)

PRI

NT*, "Enter RHS vector B:"

READ*, B

X =
PRI
PRI
PRI

END

You

.INV. A .x. B
NT*
NT*, "Solution:"
NT "(10F7.2)", X

PROGRAM TestInv

canteg it on Equations 15.5-157if youlike wththe coeffident of xinthefirg equaion

red aced by zero. THsgvesanonzeopva i nmed ady. Thesduionisx=1 y=-1 z=3

This method whichisfarlystraghifawardtocode and very d egart, isquteadequaefa snal
sysens (I essthan abou 20 equaions?). Larger systens w il dften have many zerod enents which
makesthe Gaussreducti oni neffid ert, 9 nce nost of therow operaionswll be onzeros Thereare
nor e efid ert procedures fa such sysens.

Chapter 15 Summary
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Atabdea natrix nay berepresertedin Fortran 90 by atwo-d nensi ond array.

Saenentssuch as DATA READ and PRINT trea thedenents of muti-d nensond arrayin
aray denert order, by defaut, i.e thel &t nost subscript changes nost ragdy. | nplied DO
oops may be usedtotred derents by rovs.

Array congtructas may onl y be usedt oi ritidi ze one-d nend ond arrays However, theintrinsc
fundtion RESHAPE can reshape a construd or i rt o any shape

Thereaeanunber o wsefd intrindcfundions fa narix handing



e The opedas .x. and .INV. were defined for matrix mutiplicaion and inverson
respedivd y.

e Theirntrindcoperaa * canna beredefinedto mitidyarrays dncethisisanex ginginrinic
operaion Ether adfferert token nust be used a adeivedtype must be defi ned

Chapter 15 Exercises

15.1 Whenl firdlearrt toprogamtherewereveryfewfancy fundionstododl theworkfao youl
Wite your own subrouine TRANS (A) which redaces A by its transpose without using any
addtiond arays

15.2 Conpuetheli niti ng probakilitiesfor the orunkin Section 15 7 when he sats & each of the
rena nngirtersedionsintun and confir mt hat the d oser he statstothe bar, the norelikd y heis
toend upthere.

15.3 Witea programt o simulatethe progress of the drunk i n Section 15 7 downthe stregt. Sat
h ma a g veni ntesedion and generae arandomnunber t o ded de whether he noves towardt he
bar or home, accard ngt ot he probakilitiesint hetrandtion metrix For eachs md aedrandomwa k,
recard whet her he ends up a hone or i nthebar. Repeat alage nunber of ti nes. The proporti on of
wal ks that end upin either pace shod d approach the liniting probakilities conputed using the
Mar kov nmodd referedtoin Exerdse 152 Hint if therandomnunber islessthan 2/3 he noves
tovardthe bar (uress heis dready a home or the bar, i n which casetha random wal k ends),
a her wse he novestoward horre.

154 Witeafewlines d codetoirtechange cdumms iand j o the natrix A

15,5 The fdlowng sysem suggested by TS Wison illwstraes ncdy the prodemaof ill-
condtionng nertionedin Exerdse 7.3

10x + 7y +8z+ Tw=32
7x + 5y + 6z +5w =23
8x + 6y +10z + 9w = 33
Tx+5+9+10w=31

Uset he Gauss redudti on programi nthschapter toshowt hat thesd uionisx=y=z=w=21 Then
changet heri gt-hand s de constartst 0 32 01, 22 99 32 9 and 31 01 (a change of about 1i n 3000)
andfindthe newsd uion Hndly, changetheright-handside constartsto32 1, 229 329and 311
and observe what dfed thHshas onthe"sduion'.
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Chapter 16 Introduction to NumericaOl Methods

Chapter 16 Introduction

16.1. Equations
e Newors n&hod
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e The B sedionnethod

e Passng procedures as agunens
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e |nrind cfundions as agunerts

e S npsoisRie

16.4. First-Order Differential Equations

e Verticd nution under dar resgance Ei @' snet hod
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o Apedda-coreda ne hod
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16.6. A Differential Equation Modelling Package
16.7. Partial Differential Equations: a Tridiagonal System

e Hea condudion

Chapter 16 Summary
Chapter 16 Exercises

Chapter 16 Introduction

A major scientific use of computers is in finding numerical solutions to mathematical
problems which have no analytical solutions, i.e. solutions which may be written down in
terms of polynomials and the known mathematical functions. In this chapter we look briefly
at three areas where numerical methods have been highly developed: solving equations,
evaluating integrals, and solving differential equations.
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16.1. Equations

In this section we consider how to solve equations in one unknown numerically. The
general way of expressing the problem is to say that we want to solve the equation f(x) = 0,
ie. we want to find its root (or roots) x. There is no general method for finding roots
analytically for any given f(x).

Newton's method

Thisis perhaps the eases numericd method to i npenent far sdving equaions and was
irtroduced earlia. It is an iterative method meaning the it repestedy atenptsto i nprove an
edi nete o therod: if x isan approx nationtotherod, thenext approx netion Kt isgvenby
f(x)

f(x)

where f(x)is df dx

Adruduedantoi npenent Newioris nethodis

Xior = X —

1 Readingating vd ue Yo andrequired accuracy e

2 \While ‘f(xk)‘Ze r epeat up to k = 20 say.
X1 = X _f(xk)/f,(xk)
Print x,,, and f (x,m)
3 Sop
It isnecessary toli nit $ep 29 ncethe process may nd converge
2

A programusing Newt oris methodtosd ve theequation X° +x —3 =0 gating vith ¥ = 2 is
dvenin Chapter 8 If yourunit you wil seethe the vd uesof xconvergeragdytotheroa.

As an exerdsg tryrunningthe progamwth dffeert sating vd ues of Y0 t0 see whether the
d gaithmd ways converges

Asotryfindng a non-zerorod o 2x = tan(x), usng New orls nethod You night have sone
trould e wththisone If you do you wil have denonstraedt he one seri cus prod emwth Newt oris
nmethod it convergestoaroa onlyif the gating guess is"d ose enough" S nce "d ose enough'
depends onthena ued (x and ontheroot, one can ge intodfficdtieshere Theonyrenedyis
soneindliget trid-and-eror work ontheintid guess—thisisconsderally eas & if you sketch
AX) caefdly.

If the method falstofind aroat, you shod dusethe B sedion n&hod dscussed bd ow
Complex roots

Newtoris method can dso find conplex roas bu oy if the sating guessis conpex The
fdlow ng programfi nds a conpl ex roat o x> +x+1=0;

PROGRAM ComplexNewton

COMPLEX :: X

READ*, X

PRINT " (2A10)", "Re(x)", "Im(x)"

PRINT*

N =1

DO WHILE (ABS( F(X) ) >»= 1E-6 .AND. N < 20)

X = X - F(X) / DF(X)
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PRINT " (2F10.4)", X
N=NH+1
END DO

CONTAINS
FUNCTION F (X)
COMPLEX X, F
F=X**2+ X+ 1
END FUNCTION F

FUNCTION DF (X)
COMPLEX X, DF
DF = 2 * X + 1
END FUNCTION DF
END PROGRAM ComplexNewton

If yousat wth(Q 2,i.e ¥ = 2y-1, xconvergesradd y.

Re (x) Im(x)

-0.2941 1.1765
-0.4511 0.8975
-0.4982 0.8653
-0.5000 0.8660
-0.5000 0.8660

S nce conpl ex rodts occur inconpl ex corj ugae pers theather roat is(-0.5 -Q 866).
Notethet acompl ex constart nmust be end osedin parerthesesfar lig-dredtedi nput.

You can usethisversontofindred roadsdsa exceg you nust then obvioudy g vered sating
vd ues

The Bisection method

Cons der aganthe prodemd sdvingthe equation (X =Q where
f(x) =x’+x-3

We atenpt tofind by i nspedion o trid-and-era, two vd ues of x cdl them YL and *& | such
thet Jx) and S (xg) have dffaert Sgns i.e f(xL)f(xR)<0. If we canfindtwo such
vd ues theroot nust liesomewherei ntheintevd be weenthem s nce S () changessignonths
irtevd (see Figre 16 1). Inthisexanpe ~. =1 and *x =2y do, since S ==1 3q
J(2)=T | nthe B section method, we esti natetheroat by X, where ¥ isthe nidpai rt of the
inevd [ Y1oXk ],i.e

Xy = (X, +Xg) /2

(167

Thenif S (xy) hasthe sane s gnas f(xl),asdav\ninthefiguetheroa dearlyliesbet ween
*m and *r . W must t henredefi nethel et-hand end of thei rterval as havi ngthevd ue of ¥ i.e
we | & the newvd ue of x; be M. Qherwse if J(ey) and J(x) have different si gns, we | &
the newvad ue of *® be *M, sncetheroad nustliebetween ¥z and *M intha case Havi ng
redefined *L or **  asthe case may be we hisedt the newirntervd aga naccard ngto Equation
16 1 and repeat the process until the d gance bet ween YL and R isassnal & we fd esse
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Figure 16.1 The Bisection method

lr_n. y=f{x}'

The neat tHngabou ths methodistha we can cd cu &e before stati ng how nany hisedions are
needed to oltd n a certdan accuracy, gveniritid vd ues of X1 and *r. Suppose we stat with

YL =4 and Xk =b  pte the firg bisedion the worst possiHe erar () in *u
E1:|a—b|/2

is
,ance we areedi natingtheroa asba nga the mdpart oftheirtevd [a, 4. The
worg tha can happenisthat therod isadudly a *L or *r inwhichcasethe erais El.
Carryingonliketh s ate nhisedionsthewors poss Heera E, i s g ven by E, :|a_b|/2n.|f
we wart tobe suret hat thsislessthansone spedfiederra £ we nust seetoit tha » satidiesthe
inequdity|a_b|/2n <E,i.e
log(la — 8|/ E)
log(2) (162

Snce nisthe nunber of hisedtions it nust beanirneger. Thesndles integer ntha exceedsthe
righit-hand side of Inequdity 16.2 wll do as the maximum nunber of hisedions requred to
guararteethe g ven accuracy E

n>

Thefdlowng scherme may be usedto programt he B sedion method It will work for any function

J (%) ¢ het changes si gn (i neither diredti or) bet veent het wo vl ues aand i whi ch must be found
bef arehand by the user. Theinpl enertaion fdl ows bd ow.

1 Readg band E
2 Iritidize ¥£ and *r
3 Conpute maxi mumbisedions nfroml nequdity 16 2

4 Repea n ti nes
Conpue u accard ng to Equation 161
If £(x,)f(x,)>0 then
Letx, =x,,
otherwise

Letx, =x,,
5 Rintroat *m
6 Sop

We have assurred t hat the procedure wil na findtheroa exadly; the chances of this happen ng
withred vaidd esaeirfirites nd.

The nai nadvart age of t he B sedi on net hodisthat itisguararteedt ofindaroa if you canfindt wo

gating vd uesfor XL and *r bet ween whi cht he functi on changes sign  You can d so conputein
advancet he nunber of hisetions neededto a@tanag ven accuracy. Comparedto Newvit ori s net hod
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itisineffidert. Success ve hi sedi ons do nat necessaily nove d oser totherod, as usudly happens
with Newtorismethod I nfact, itisineetingtoconparethet wo met hods ont he sane fundionto
see how many nore stepsthe B sedion mahod requiresthan Newtoris nmethod For exanple to

sd vet he equaion X’ +x-3= 0 the B sedti on et hodt akes 21 stepst oreacht he sane accuracy
as Newtorisinfive deps

Passing procedures as arguments

You nmay want to wite a generd purpose nunericd nethods nodu e cortd ring anong o her
procedures a subroutineto carry ou the B sedtion method Inthe case it wou d be convenert to
passthefundion (x) as anargunert. This can be doneifthefundionis defined as anexternd o
nmodu efundion Anexdidtinefaceis neededinths case

The nmodu e NumUtils bd owcorntd nsasubrouine Bisect whi chaccepsaf unction nane Fung
as adumy argunert:

MODULE NumUtils
IMPLICIT NONE

CONTAINS

SUBROUTINE Bisect (A, B, E, N, XM, Fung)
! implements Bisection method
REAL, INTENT(IN) :: A, B, E ! limits and accuracy
REAL, INTENT (OUT) :: XM ! root
INTEGER, INTENT (OUT) :: N ! number of bisections
REAL XL, XR
INTEGER I
INTERFACE ! recommended not required
FUNCTION Fung (X)
REAL Fung
REAL, INTENT(IN) :: X
END FUNCTION Fung
END INTERFACE

XL = A I initialize
XR = B
N = LOG(ABS(A-B)/E) / LOG(2.0) 4+ 1 ! N must exceed formula
value
DO I =1, N ! perform bisections
XM = (XL + XR) / 2
IF (Fung(XL) * Fung(XM) > 0) THEN
XL = XM
ELSE
XR = XM
END IF
END DO
END SUBROUTINE Bisect
END MODULE NumUtils

Not e

e The dumny argunent Fungisdedaedinanirneaface dockins de Bisect
e Thesulrouinerdunsthe number o sedions Nandtheroa xM

The actud name o thefunationis E It is dfi ned as an externd functi ort

FUNCTION F (X)
REAL F
REAL, INTENT (I
F=X**3+X
END FUNCTION F

N) :: X
-3

A nmanpogamtopu thisdl toge heristhen
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PROGRAM TestBisect
USE NumUtils

IMPLICIT NONE
REAL A, B, E, X
INTEGER N
INTERFACE
FUNCTION F (X)
REAL F
REAL, INTENT (IN) :: X
END FUNCTION F
END INTERFACE

16.2. Integration

Although most "respectable" mathematical functions can be differentiated analytically, the
same cannot be said for integration. There are no general rules for integrating, as there are

_XZ
for differentiating. For example, the indefinite integral of a function as simple as € =~ cannot
be found mathematically. We therefore need numerical methods for evaluating integrals.

This is actually quite easy to do, and depends on the well-known fact that the definite
integral of a function J(x) between the limits x = a and x = b is equal to the area under

J(x) bounded by the x-axis and the two vertical lines x = a and x = b. So all numerical
methods for integrating simply involve more or less ingenious ways of estimating the area

under f(x)_

The Trapezoidal Rule

The method we will use hereis cdledthe Trapezd dd (o Trapez um Rule The area under J(x)
isdvidedi ntoverticd pand seachof wdh/ cdledthe step-length 1f thereare nsuch pand s then

nh=b-a je n:(b_a)/h.lf wejdnthepa rts wheresuccess ve pand s cu f(x),wecan

edi nate the area under J(x) as thesumof the area of the resutingtrapeza If we cdl ths
approx nationtotheirtegd S then

S = g{f(a)Jrf(b)Jrznf‘f(xi)} (163

i=1
where %i =a+ih' Equation 16 3isthe Trapezadd Rie and provi des an egti natefa theintegd

b
Lf(x)dx
We canind ude afundion Traptoevd uge anirtegd inths wayinour nodu e NumUtils:

FUNCTION Trap( A, B, H, Fung )
INTERFACE
FUNCTION Fung (X)
REAL Fung
REAL, INTENT (IN) :: X
END FUNCTION Fung
END INTERFACE
REAL Trap
REAL, INTENT(IN) :: A, B, H
INTEGER I, N

N = NINT( (B-A) / H )
Trap = 0

229



DO I = 1, N-1
! using notation defined in text
Trap = Trap + Fung( A + I * H )
END DO
Trap = H / 2 * (Fung(A) + Fung(B) + 2 * Trap)
END FUNCTION Trap

Itsdummmy argunent Fungisagdnthefundiontobeinegaed sothereisanineaface d ock for
Funag

It is assuned tha the user will choase 4 insuch a way tha the nunber of steps » will be an
irneger —a check farthiscodd be bultin

.3
As anexanp e ld'sinegdae J(x)=x bet weentheli mtsO0and 4 We needto witeanexternd
fundion aga n

FUNCTION F (X)
REAL F
REAL, INTENT (IN) :: X
F=X**3

END FUNCTION F

A manpogamcoddlooklikeths

PROGRAM TestTrap
USE NumUtils
IMPLICIT NONE

REAL A, B, H
INTERFACE
FUNCTION F (X)
REAL F, X
END FUNCTION F
END INTERFACE

PRINT*, "Enter A, B, H:"
READ*, A, B, H
PRINT " ('Integral:', F8.4)", Trap( A, B, H, F )

END PROGRAM TestTrap

Wthi=001theesi naeis64 0004 (theexact irntegd is64). You wll findtha as hgessndl e,
the egi nat e gets nore accurae

This exanpl e assunes t ha S () is a cortinuous fundion which may be evduaed a any x In
pradice thefuncion cou d be defined a dscrete pa nssupdied as resuts of an experi nert. For
exanp e thespeed of anolject W) nigh be nmeasured every so many seconds, and one night want
toedi natethe d sancetravell ed ast he area under t he speedti ne graph. Inthiscase Trap wou d
have to be changed by redadng Fung wth an aray values (0:N), say. Refeences to
Fung (A), Fung(A+I*H) and Fung(B) woud have to be changed to values (0),
Values (I) and Values (N) respedivdy.

Intrinsic functions as arguments

Trap can be usedt oi ntegaeani rirind cfuncti on whi ch must then be ded aredi nan INTRINSIC
daenent. Eg toinegaesneinsat the saenent

INTRINSIC SIN

irno TestTrap and changethe cdl to Trap
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PRINT " ('Integral:', F8.4)", Trap( A, B, H, SIN )

Simpson's Rule

S npsorisrdeis a nethod of nunericd i tegraion whichis agood deal nore accuaethanthe
Trapezd dd RU g andshou dd ways be used bef areyoutry anyth ngfand e. It dsod videsthearea
under the functionto beirtegaed /X) irto verticd strips but instead of jdring the pdirts

J(5) ithstragh lines every sa of three such success ve pdrts arefitted witha parabda To
ensurethd thereare d ways an even nunber o pands the seplenghnis usudly chosen sot ha

thoeeae2npands i.e n=(b-a)/(2h)

Usi ngthe sane nat&i on as dove S npsorisrueedi natestheintegd as

=211 10438 5+ 4510

The cod ngfa thsfa mi g whi ch can beind udedinthemodu € NumUtilsis

FUNCTION Simp( A, B, H, Fung )

REAL, INTENT(IN) :: A, B, H
REAL Simp
INTEGER I, N
INTERFACE
FUNCTION Fung (X)
REAL Fung
REAL, INTENT (IN) :: X

END FUNCTION Fung
END INTERFACE

Simp = 0
N = NINT( (B-A) / (2 * H) ) ! 2N panels now

DO I =1, N-1
! using notation defined in text
Simp = Simp + 2 * Fung( A + 2 * I * H )
END DO
DO I =1, N
Simp = Simp + 4 * Fung( A + (2 I - 1) * H )
END DO

Simp = H / 3 * (Fung(A) + Fung(B) + Simp)

END FUNCTION Simp

Notetha Nishdf its previ ous dze

.3
If youtry S npsoris Ri e out on JS(x)=x bet ween any li nits you wl findraher surpris ngy,
thet it g vesthe sane resut asthe exad methenaticd sduion Thisis an ce extrabenefit of the
rde itinegaes cud c pd ynomad s exadly (wh ch can be proved).

16.3. Numerical Differentiation

The Newton quotient far afundion J(x) isdvenby

f(x+h)—f(x)
h (164

where his"sndl". As htendstozerq ths quaient approachesthefirg derivaive df/dx_
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The Newon quaiert may therefare be usedto edi nae a derivadive nunericdly. Itis a usefu
exerdsetodo ths wthafewfundionsfa whi ch you knowt he deri vaives. Th s way you can see
how snal you can make % befare rounding errarsround ng errar cause prod ens. These arise
because Express on 16 4i nvol ves sultradi ngt woter nst hat evert udly becone equa whent heli nit
of the conpu er's accuracy i sreached

' 2
As anexanp e, thefdl ow ng programusesthe Newt on quoti ert t o esti naef (x) for J(s)=x
a X=2 fasmdleandsnale vdues o h(theexad amswer is 4.

REAL NQ, X, H
INTEGER I, N

X =2

H=1

PRINT*, "How many?"

READ*, N

PRINT " (Al0, Al2)"™, "H", "NQ"

DO I =1, N
NQ = (F(X + H) - F(X)) / H
PRINT " (E10.4, F12.8)", H, NO
H=H/10

END DO

CONTAINS
FUNCTION F (X)
REAL F, X

F =X ** 2
END FUNCTION F

END
Qut put:

H NQ
0.1000E+01 5.00000000
0.1000E00 4.09999371
0.1000E-01 4.01000977
0.1000E-02 4.00066423
0.1000E-03 3.99589586
0.1000E-04 4.00543261
0.1000E-05 3.81469774

Theresutsshowtha the bes #fa ths particd a prod emi s abou 1073. Bu fa 4 much sndle
thanthsthe edi nate becomes tadly unreliade Wsing dould e preddonred kindinprovesthe
accuacy. (hange REALtO REAL (2):

H NOQ
0.1000E-04 4.00001000
0.1000E-05 4.00000100
0.1000E-06 4.00000009
0.1000E-07 3.99999998
0.1000E-08 4.00000033
0.1000E-09 4.00000033
0.1000E-10 4.00000033
0.1000E-11 4.00035560

The best vd teis nowabout 107

Cenerdly, thebest Afar ag venprod emcan only befound bytrid and erra. A nd ngit congtitues
anga podemof numericd andyss This prodemdoes na aise with nurrerica irtegdion
because nunbers are added tofindthe areg nat suktracted

232



16.4. First-order Differential Equations

The most interesting situations in real life that we may want to model, or represent
quantitatively, are usually those in which the variables change in time (e.g. biological,
electrical or mechanical systems). If the changes are continuous, the system can often be
represented with equations involving the derivatives of the dependent variables. Such
equations are called differential equations. The main aim of a lot of modelling is to be able
to write down a set of differential equations that describe the system being studied, as
accurately as possible. Very few differential equations can be solved analytically, so once
again, numerical methods are required. We will consider the simplest method of numerical
solution in this section: Euler's method (Euler rhymes with boiler). We will also consider
briefly how to improve it.

Vertical motion under air resistance: Euler's method

Toillwsrae Ed e's nethod we wil take an exanp efrom Newt oni an dynanincs o noti on under
gavity aga nd ar ressance Suppose a skyd ver sseps ot of a hovering hdicopter, bu does na
open his parachuefa 24 seconds. W wouldliketofind hisvd odty as afuncion of ti ne duri ng
thHsperiod Assuning ar red sance canna be ned edt ed (ask any skyd ver!), hefdlssulj ed tot wo
oppos ng verticd forces gavity ading downwaerd and ar resgance ading upward The ar
resgancefarceisassumedto be proportiond tothe square of hisvd ocity (thisisfdrly accurae).
App ying Newtoris secondl avtothe skyd ver, we have

mdv | dt = mg — pv’

where mis hs mass gthe accd edion due to gravty, v his vdodty, and pis a consart o
propartiondity. Dvidng by i, we canrewitethisas

where k zp/m' Equation 16.5isthe dffeertid equai on descrikingthe noti on of t he skyd ver
under gravity. The constart & varies wth shape and nass, and nay be found experi nentdlyfrom

the terminal velocity of thefdling ofj ect. Thister mind ve adity (V1) i'sreached when'the obj ed
g ops accd erating and nay be found by equati ngtheri ght-hand S de o Equati on 16 5tozera Thus

v, =+81k

For a nan weari ng an unopened parachute kisfoundto be abou 0 004i n MKS units. Befare we
proceed wththe nunericd sd uion of Equaion 165 we shod dnaetha thispaticdar dffeertid
equati on can be sd ved and yticdly, 9 nceit is o thetype called vari ad e separald

) a(C _ e—Zakt)

="

where &= Vr andC:[a+v(0)]/[a—v(0)]_

Eu e's met hodf ar sd Vi ng Equati on 16 5 nuneri cdly consids of red ad ngt he deri vai ve ont hel et-
hand s de wthits New on quaiert, and equaingthstotheright-hand side asit sands Ater a
digh rearrangment o te ns, we ge

v(t+h) = v(t)+h[g—kv2(t)] (167

If we dvideupthetine paiodt intoninavds o 4 then ¢t = nh If we define Vi as W),

= v(t +h)

then "1 . V¢ cantheref arerefd ace Equation 167 wththeitedive schene

s =y, g —0?)
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Snce we are g ventheintid condtion Vo :O, Equati on 16.8 provi des a nunericd schemefar
find ngthe Euer approx mation ¥» to () ingenerd.

Itisveryeasy toprogamEU &'s nethod Wecand sotes itsaccuracy bytryi ng d fferent va ues of
hand conparingtheresdtswiththe exact sd uion Thefdlow ng programuses Eu er's et hod as
i no enertedin Equation 16 8toegti nate vfor thefirs 24 seconds of the skyd ver'snotion It d so
conpu esthe exadt sd uionfor conpari son

PROGRAM Para

IMPLICIT NONE

REAL, PARAMETER :: g = 9.8

REAL K, H, T, TO, Tend, V, V0, X
INTEGER I, N

PRINT*, "Enter K, H, TO, V(TO), Tend:"
READ*, K, H, TO, VO, Tend

X = (Tend - TO) / H

N = INT( X + SPACING(X)) + 1 ! trip count
T = TO

v = VO

PRINT " (3A10)", "Time", "Euler", "Exact"

DO I =1, N
PRINT " (3F10.2)", T, V, Vexact(T, VO, G, K)
V=V+H* (g-K%*V*V)
T =T+ H

END DO

CONTAINS
FUNCTION Vexact (T, V0, G, K)
REAL Vexact
REAL, INTENT(IN) :: g, K, T, VO
REAL A, C
A = SQRT( g / K)
C (A + V0) / (A - VO0)
Vexact = A * (C - EXP(-2*A*K*T))/(C + EXP(-2*A*K*T))
END FUNCTION Vexact
END PROGRAM Para

Taking h=2and k=0004 we ¢d:

Time Euler Exact
0.00 0.00 0.00
2.00 19.60 18.64
4.00 36.13 32.64
6.00 45.29 41.08
8.00 48.48 45.50
10.00 49.28 47.65
12.00 49.45 48.65
14.00 49.49 49,11
16.00 49.50 49.32
18.00 49.50 49.42
20.00 49.50 49 .46
22.00 49.50 49.48
24.00 49.50 49.49

Eu e's method gets nore accuraeif youreduce 4 eg wthia=05theworst eraisony abou
3% Noetha the eras ga svell e aste nind vd odty appr oaches

Inared prodem we dorit usudly know the exadt answer, o we woul drit be using a nurericd
nethodinthe fird dace Theony checkistousesndler and sndl e vd ues of 7 urtil it doesrit
seemt 0 make much dffeence e g cortinue hd ving 4 urtil theresutsfor afixed ¢ onl y change by
an acceptad y srel | anourt.
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Now! &'ssee what happens whent he skydi ver opens his parachute Thear res gance ter mwll be
dfferert now For an open parachute £ = 0.3is quteredigic W can usethe same progamas
bef arg dthough we needtosupdy a newstating vd ue of 49 49fa v Since 2 = 0.5 worked well
befare wetry thesane vd ue now Theresultsareraher surprid ng(zi stheti ne @ apsed s ncethe

par achut e opened):

Time Euler Exact
0.00 49.49 49.49
0.50 -313.00 7.62
1.00 -15003.36 6.02
1050********** 5.77
2_00********** 5_73

Not orl'y does Eu a'ssd uti on showt ha the man flies upwar d he does so wthtrenendous speed
and soon exceeds the speed o light! The resuts nmake nonsense physicdly. Fortunady, inths
exanp e our inutiontdls ustha somethngis wong. The orly renedy istoreduce & Sone
experi nentingw |l reved thet theresutsfa # = Q01 are nuch beter:

Time Euler Exact
0.00 49.49 49.49
0.01 42 .24 43.18
0.02 36.99 38.31
0.03 32.98 34.45
0.04 29.81 31.31
0.05 27.25 28.71
0.10 19.30 20.43
0.20 12.69 13.32
1.00 5.98 6.02
2.00 5.72 5.73

Fndly, naetha Bl e's nethod wil bej ust aseasytoconpueifthearres sancete misna sz,
but fv'® (whi chisnoreredidic), dthough nowan and ytic sd uti on canna be found

Euler's method in general

In general we want to solve a first-order differential equation of the form
dy / dx = f(xﬂy)oy(o)given_

Table 16.1 Bacteria growth

Time Euler Predictor-

Corrector Exact

01 1000 1000 1000

05 1400 1480 1492

10 1960 2190 2226

15 2744 3242 3320

20 3842 4798 4953

50 28925 50422 54598

80 217795529892 601845

10.0 836683 2542344 2980958

Euler's method replaces dy/dx by its Newton quotient, so the differential equation becomes
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y(x +h2—y(x) _ f(x,y)

Rearranging, we get

Yt =yn+hf(xn’yn) (16.9)

defining V» as Y(X,)  where ¥n =X =11 a0 where Yo = ¥(0)
Bacteria growth: Euler's method

Euler's method performs quite adequately in the skydiver problem once we have got the
right value of the step-length h. In case you think that the numerical solution of all
differential equations is just as easy, we will now consider an example where Euler's
method doesn't do too well.

Suppose a colony of 1000 bacteria are multiplying at the rate of r = 0.8 per hour per
individual (i.e. an individual produces an average of 0.8 offspring every hour). How many
bacteria are there after 10 hours? Assuming that the colony grows continuously and
without restriction, we can model this growth with the differential equation

dN/dt=rN,  N(0) = 1000,
(16.10),

where N(t) is the population size at time t. This process is called exponential growth.
Equation 16.10 may be exponential growth solved analytically to give the well-known
formula for exponential growth:

N(1)=N(0)e"
To solve Equation 16.10 numerically, we apply Euler's algorithm to it to get

where N, =N() , and N, = 1000. Taking h = 0.5 gives the results shown in Table 16.1
where the exact solution is also given.

This time the numerical solution (in the column headed Euler) is not too good. In fact, the
error gets worse at each step, and after 10 hours of bacteria time it is about 72%. Of
course, the numerical solution will improve if we take h smaller, but there will still always be
some value of t where the error exceeds some acceptable limit.

We may ask why Euler's method works so well with the skydiver, but so badly with the
bacteria. By using the Newton quotient each time in Euler's method, we are actually
assuming that the derivative changes very little over the small interval h, i.e. that the
second derivative is very small. Now in the case of the skydiver, by differentiating Equation
16.5 again with respect to time, we see that

d>v/de* = -Qkv)dv/ dt,

which approaches zero as the falling object reaches its terminal velocity. In the bacteria
case, the second derivative of N(f) is found by differentiating Equation 16.10:

d°N/dt* =rdN | dt =r*N(t)

This is far from zero at t = 10. In fact, it is approaching three million! The Newton quotient
approximation gets worse at each step in this case.

There are better numerical methods for overcoming these sorts of problems. Two of them
are discussed below. More sophisticated methods may be found in most textbooks on
numerical analysis. However, Euler's method may always be used as a first approximation
as long as you realize where and why errors may arise.

A Predictor-Corrector Method
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Onei nprovenert onthesd uion o

d/dx=Ax », KO dven
isasfdlows. The Bl & approxi nation which we aegdngtodende by an aseisk isgven by

Via =Y+ (x00)  gg19

But thsfa mulafavoursthe d dvd ue of y inconputing f(xk’yk) ontherigt-handside Srdy
it wod d be better tosay

Vi =k, +h[f(xk+1:y/:+1)+f(xk’yk)]/2 (16 13)

- +h, since this dsoinvdvesthe newva ue Y+l i nconmpuing fontherigrt-

where Tk+
hand s de? The prod emof courseistha y/:H i sas ye unknown, so we carit useit onthe righ-
hand s de of Equaion 16 13 But we cou duse Bl e toeginet e(pred a) y;+1 fromEquaion 16 12
andt hen use Equati on 16 13to corred the pred @i on by conputi ng a better vers on of yl;+1 , Whi ch
we wil cdl Ye+1 . Dtheful procedureis

Repea as nany ti nes as required

Use Euler to predict: y;,, =y, + hf(xk ,yk)

Then correct y;,, to: y;,, =y, + h[f(kay;:u) + f(xk > Vi )] /2

Thisiscdl ed a predictor-corrector method The programPara above caneas|y be adaptedtoth s
prod em Therdevart lines d code whch will generaedl theertriesin Tade 16 1 & once ae

DO I =1, N PRINT "(F5.1, 3F12.0)", T, NE, NC, NO * EXP( R * T
NE = NE + R * H * NE ! straight Euler NP = NC + R *
* NC ! Predictor NC = NC + R * H * (NP + NC) / 2
Corrector T = T + HEND DO

)
H
!

NE stands far the "straght" (uncorreded) Euer sd uion NPisthe EUer predda, and NCisthe
careda. Thewors eraisnowony 15% Thisis much better t hant he uncorreded Bul & sd i on
dthoughthereisgill roomfor i nprovenert.

16.5. Runge-Kutta Methods

There are a variety of algorithms, under the general name of Runge-Kutta, which can be
used to integrate systems of ordinary differential equations. The fourth-order formula is
given below, for reference. A derivation of this and the other Runge-Kutta formulae can be
found in most books on numerical analysis.

Runge-Kutta fourth-order formulae
The general first-order differential equation is

dyldx = f(x, y), y(0)given (16.14)

The fourth-order Runge-Kutta estimate y * at x+h is given by
v =y+(k +2k, + 2k +k,)/6

where
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k, = hf(x,y)

k, = hf (x +0.5h,y + 05k))
ky = hf (x +05h,y + 0.5k, )
k, =hf(x+h,y+k;)

Systems of differential equations: a predator-prey model

The Runge-Kutta formulae may be adapted to integrate systems of first-order differential
equations. Here we adapt the fourth-order formulae to integrate the well-known Lotka-
Volterra predator-prey model:

dx/dt = px - gxy (16.15)
dy/dt = rxy - sy, (16.16)

where x(t) and y(t) are the prey and predator population sizes at time t, and p, q, r and s
are biologically determined parameters. We define f(x,y) and g(x,y) as the right-hand sides
of Equations 16.15 and 16.16 respectively. In this case, the Runge-Kutta estimates x " and
y " at time (t+h) may be found from x and y at time t with the formulae

x"=x+(k +2k, +2ks+k,)/ 6

b2 :y+(m1+2m2+2m3+m4)/6

where
kl = hf(xay)
m, = hg(x,)

k, = hf(x + 0.5k, y + O.Sml)

m, = hg(x + 0.5k, y + O.Sml)

ky = hf'(x +0.5k,,y +0.5m,)

my, = hg(x +0.5k,,y + O.sz)

ky, =hf(x+k;,y+m)

m, = hg(x+k3,y+m3)

It should be noted that in this example x and y are the dependent variables, and t (which

does not appear explicitly in the equations) is the independent variable. In Equation 16.4 y
is the dependent variable, and x is the independent variable.

16.6. A Differential Equation Modelling Package

This sedioninpl enerts a skd e on interactive modelling progam Driver. Itsbadsisafouth
o der Runge- Kuttaproceduretoi rtegraeatinme- based sysem(of any s ze) of fird-ader dfferertid
equati ons. It cons g¢s o four programunits( which can be conpil edseparady), oy one of which
needsto bereconpil ed by users

e anodde DrGlobal wthdobd ded adions o deri vedtypes and variad es;

e anextend subrouine DEgs whi ch defi nesthe nodd dfferertid equations—+nprindde ths
isthe only proggamunit which needs to be reconpiled when the user seés up or changes a
nodd;

e anodde Drutils wthsore bad c uility subrouines ind ud ng a Runge- Kutta subrouti ne
e aminpogamDrivertorunthe package
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Each of these proggamunitswill be describedintun To ill itraet he package it isset up hereto
runthe predator-prey nmodd of Sedtion 165 wthx(0) =105 (0 =8 p=04 ¢=004 r=002
and s =2

DrGlobal cortans ded adionstobe usedby DEgs and DrUtils:

MODULE DrGlobal
! Global declarations for Driver

TYPE VarType
Character (4) Name
REAL InVal
REAL Val

END TYPE VarType

type for model variables
name
initial value

|
|
!
! current value

TYPE ParType ! type for model parameters
Character (4) Name ! name
REAL Val ! value

END TYPE ParType

TYPE (ParType), ALLOCATABLE, TARGET :: Params(:) ! parameters
TYPE (VarType), ALLOCATABLE :: Vars (:) ! variables
REAL, ALLOCATABLE, TARGET :: X(:) ! current values of variables
REAL T, dt model time and step-length

|
! for Runge-Kutta

INTEGER Itime, RunTime ! counter, number of integrations

INTEGER NumVars, NumParams ! number of model variables, parameters

Character(l) Opt ! response to main menu

END MODULE DrGlobal

Each denent o the aray vars (o derived type VarType) represents properties of a nmodd
vaiad e name,intid vd ueand curert vd ue The curert vd uei s kept sot hat the user may runthe
nodd dther fromtheintid vd ues o the curert vd ues The aray Params representsthe nodd
paanges

Itisconvenienttohave asepaaearay xtohd dthe curert vd ues of the modd variad es It has
the TARGET atribuetodlowdiad ngin DEgs. The a her vari ad es are desari bed i n comnents

The user dfinesthe nodd dfferertid equationsinthe externd subrouine DEgs:

SUBROUTINE DEgs( F )
! evaluates RHS of DEs
USE DrGlobal
IMPLICIT NONE
REAL, INTENT (OUT) :: F(:)
REAL, POINTER :: Prey, Pred, p, g9, ¥, S
! model equations are:
! dx/dt = F1 = px - gxy
! dy/dt = F2 = rxy - sy

Prey => X (1) ! symbolic aliases

Pred => X (2) ! ... reduce likelihood of errors
p => Params(l) % Val

q => Params (2) % Val

r => Params (3) % Val

s => Params (4) % Val

F(l) = p * Prey - q * Prey * Pred

F(2) = r * Prey * Pred - s * Pred

END SUBROUTINE DEgs

DEgs evd udesandreunstheright-hand side of the th differertid equaioninthe thd enent o
thearray . Todl owt he usert o use nore mean ngfu synbdicnanesfor parangtersand varial es
diases are set up bet weenthe synbdic nanes andthe sysemvariades dedaedin DrGlobal
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Thisis why DEgs nust accessthe nmodu e DrGlobal, and why the curert vd ues of the nodd
vaiades mist be hddinthearay X The use d diases nakesit much easer tocodelage nodd s

The nodu e DrUutils nust access DrGlobal, andlooks asfdl ows:

MODULE DrUtils
! Driver utility subroutines

USE DrGlobal
IMPLICIT NONE

INTERFACE
SUBROUTINE DEgs( F ) ! defines model DEs
REAL F(:)
END SUBROUTINE DEgs
END INTERFACE

CONTAINS

SUBROUTINE Headings ! generates output headings
INTEGER I
PRINT " (3A11)", "Time", (Vars(I) % Name, I = 1, NumVars)
PRINT*
PRINT " (3F11.2)", T, X

END SUBROUTINE Headings

SUBROUTINE Initialize
! A1l this info could be read from a disk file

NumVars = 2

NumParams = 4

ALLOCATE ( Vars (NumVars), Params (NumParams), X (NumVars) )
Vars(l) % Name = "Prey"

Vars(l) % InVal = 105

Vars (2) % Name = "Pred"

Vars(2) % InVal = 8

Params (1) % Val = 0.4

Params (2) % Val = 0.04

Params (3) % Val = 0.02

Params (4) % Val = 2.0

Vars % Val = 0 ! set current values to zero for safety
dt = 1

T =0

RunTime = 10

END SUBROUTINE Initialize

SUBROUTINE Run ! run the model
CALL Headings
DO Itime = 1, RunTime
T =T + dt
CALL Runge
PRINT " (3F11.2)", T, X
END DO
Vars % Val = X ! current values
END SUBROUTINE Run

SUBROUTINE Runge
! 4th order Runge-Kutta

REAL :: F(NumVars)

REAL, DIMENSION( NumVars ) :: A, B, C, D, V ! working space
REAL h

A =0; B=0; C=20; D=0 ! initialize

V = X ! initialize for Runge-Kutta
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CALL DEgs( F )

A =dt * F

X =V +A/ 2 ! V has original X, update X
CALL DEgs( F )

B =dt * F

X=V+ B/ 2
CALL DEgs( F )

C=dt » F
X =V + C
CALL DEgs( F )
D=dt * F

X=V+ (A+2 *B+2*C+ D) / 6 ! finally update X for return
END SUBROUTINE Runge

SUBROUTINE TidyUp

! close files, throw away dynamic storage, etc.
DEALLOCATE ( Vars, Params, X )

END SUBROUTINE

END MODULE DrUtils

It has an (optiond) irterface bock far the edernd subrouti ne DEgs.
Headings generaes head ngsfa the ot put fromarun ind ud ngtheintid vd uesfa the run

Initialize dlocaes dynam c starage setsup nodd variald e and paranet er nanes and va ues,
and dsointidizesaher g obd vaiades Naetha dl thsinfa nation cod d beread froma d sk
file(wh chitsdf cod d be set up by and her subr outi ne).

The sulrouine Run actudly runs the nodd. It generates head ngs, integaes the dffeertid
equati ons RunTimeti nes by cdling Runge, andfindlyseasthefind vd ues of the variad esfrom
X Nxetha Vas % valisavdidaray section thearay X canthee ae be asd gnedtoit.

Rungeirnegaesthe dffaetid equaions over one seplengh dt, calling DEgsto supdyther
ri ght-hand s des

TidyUp dedlocaes dynanic saage andwou d bethe placeto d csefiles d@c
F ndly, the packageis diven bythe na n pogramDriver:

PROGRAM Driver

! Runs differential equations models

! Model DE must be defined in external subroutine DEgs
USE DrGlobal ! global declarations

USE DrUtils ! Driver subroutines
IMPLICIT NONE

CALL Initialize

Opt = ""

PRINT*, "Driver Sample Model"

PRINT¥*

DO WHILE (Opt /= "Q" .AND. Opt /= "g")
PRINT*, "C: Carry on"
PRINT*, "I: Initial run"
PRINT*, "Q: Quit"

PRINT*

READ*, Opt

PRINT*

SELECT CASE (Opt)

CASE ("C", "c")
X = Vars % Val
CALL Run

CASE ("I", "i")
X = Vars % InVal
T =0
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CALL Run

END SELECT
END DO

CALL TidyUp

END PROGRAM Driver

Driver uses bah nmodu es, and dl owst wo bas ¢ options & the nonent: torunt he nodd fromits
irtid vd ues (1), a torunfromthe curert va ues (0.

If aniritid runissd eded Xisasd gnedintid vd ues and Tissetozero, befaeRuniscdled If a
cary onissdeted xisasdgned curert vdues and Tisldt unchanged

A sanp erunusngthe dadainthsexanp eis asfdlows:
Driver Sample Model

C: Carry on

I: Initial run

Q: Quit

Enter your option:
I

Time Prey Pred
0.00 105.00 8.00
1.00 110.88 9.47
2.00 108.32 11.65
3.00 98.83 12.57
4.00 91.12 11.26
5.00 90.30 9.24
6.00 95.81 7.98
7.00 104.30 7.99
8.00 110.45 9.34
9.00 108.61 11.48
10.00 99.58 12.52

Depend ng on your ernthusiasm you cou dextendthisskdeona grea ded. You coud deven witea
procedure for setting up a new nodd, which asksthe user far synbdic names of variad es and
parangt es and whi ch generates the aliasing codef ar subsequert i nd usonito DEgs. Thisisvery
usu fa large nodd s

16.7. Partial Differential Equations: a Tridiagonal System

The numerical solution of partial differential equations (PDEs) is a vast subject. Space only
permits one example, which serves two important purposes. It demonstrates a powerful
method of solving a class of PDEs called parabolic. It also illustrates a method of solving
tridiagonal systems of linear equations.

Heat conduction

The conduction o heat dong athinunfa mrod nay be noddled by thepartid dfferentid equati on
au ouU
a & (11

where Ux ) isthetenperatue d gribuion a dgance xfromone end of therod a tine ¢ Itis
assunedtha no heat islog fromtherod d ongitsleng h
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Half the battleinsdving PDEsis masteingthe naaion W se uparedangda gid, wthstep
lenghs of 7and kinthe xand ¢ dredionsrespectivdy. Agenerd padnt onthegridhas co-ord nates

X =hy; =K pcongse naationtar ((x) a7 isthens miy U

Now Ui is o coursethe exadt sd ution of the PDE Exact sd uions can orly befoundin afew
sped d cases we wart agenerd nethodfor find ng approx nate sd uions. Thisis done by using

truncated Taylor seriestorepd acethe PDE by a finite difference scheme. \\é define “ij asthe
sd uion of thefirite d fference schene a the gri d pa rt Y Vi e now atenpt tofind numericd

sd uionsfar u”,whi ch wll theref are be our approx nati ontothe exact sd tion U"’f.
Theldt-hand side d Equation 16 17is usually approx nated by a forward difference.

20 . ui,j+l _ui,j

a k
One way o approxi natingtheri git-hand Sde o Equation 16 17isasfdlows:

U _ Ui, _2ui,j TU_y;
2 2
o h (16 18
Thisleadstoascheme whi ch dthough easy toconpue isony condtiondly gad e

If however we red acet heri git-hand s de of t he schenei n Equati on 16 18 byt he nean of thefirite
dfference approxi nati ononthe thand(j+1)thti nerows, we ge thefdlow ngschene fa Equati on
1617

—rU_y it (2 + 2”)%+1 — Uy =TU (2 - 2r)ulj U (1619
where ’”:k/hz. Thisis known as the Grank- Ncdson implicit method, sinceit invd ves the

sd uion d asysemd s mitaneous equaions, as we shdl see

Toilletraethe method nunmericdly, | &'ssupposetha therod has alengh of 1 unit, andthat its
ends arei ncontadt wthi ocks of ice i.e the boundary conditionsare U0, ) = U1, ) =0. Suppaose
dsothe theiritid tenperd ureis g ven by the initial condition

2x, 0<x<1/2
U(x,O)z
2(1-x), 1/2<x<1
Thissitudion cod d cone abou by heaingthecertre o therodfar al ongti ne wththe ends kept

incortad wtht heice renovingthe hea sourcea ti ne =0, Thi s particua prod emhas sy mnetry
abou thelinex =12 weexgdtthsfad infind ngthe sd ution

If vetake h=01and k=Q0L we wll have r=1 and Equaion 16 19 becomnes

—U;_y AU,

i+l T Y U, +u

il i+l,)

Putingj = 0then generaest hefd| ow ng set of equeti onsfor the unknowns ¥ ! uptothe midpai rt
of therod represetedby i =5 i.e x=ih =05 Exad and approx nate sd uwions cand de onthe
boundaries and & ti ne t= Q The subsarip j =1 hes been dropped fa d arity:

O0+4u, —u,=0+04
—u, +4u, —u; =02+ 0.6
—u, +4u; —u, =04+08
—uy +4u, —us; =0.6+1.0
—u, +4us —u, =08+08
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Symmetrythen dlows ustored ace ugi nthelast equation by ¥ 4. This sysemcan be writtenin
matri x fa mas
4 -1 0 0 Ofu 04
-1 4 -1 0 O0]u, 0.8
0 -1 4 -1 O0fu,l|=(12
0O 0 -1 4 -1]u, 16
0 0 0 -2 4]|us 16
(16 20

The netri x( A) onthel et of Equati on 16 20i s known as a tridiagonal matrix Such a matri x can be
represerted by t hree one-d nens ond arays: onef o each d agond. The sysemcant hen be sd ved
very effidertly by Gauss elimination. This wll nat be exdadaned here but s npy presertedina
wor ki ng program

Care needstobetaken wththe natrix represertaion Thefdlow ngfa mis dten chosen

(b, ¢,
a, bz C,
a, b, c¢
A= 3 3 3
an—‘l n-1 Cn—1
b

Noti ng howthe subscripgsrun, we wil havetod nensonasfdlows. A(2:N), B(N), C(1:N-1).

Thefdlowng program npl ementsthe G ank- N cd son methodt osd vethi s particd a prod emover
10ti nesteps of k=0.0L Thesteplengh hisspedfiedby N 4 =1/(2N) because of thesy metry.
risthaeefaena retridedtothe vd ue 1, dthoughit takesth s vd ueinthe grogram

PROGRAM CrankNicolson
IMPLICIT NONE

INTEGER, PARAMETER :: N = 5
REAL A(2:N), B(N), C(l:N-1)
INTEGER I, J

REAL H, K, R, T

K = 0.01

H=1.0/ (2 * N) ! symmetry assumed

R=K / H ** 2

! set up A, B, C

A = -R

A(N) = - 2 * R ! symmetry

B=2+2*R

C -R

DO I =0, N ! initial conditions
U(I) =2 * I *H

END DO

U(N+1) = U(N-1) ! symmetry

T =0

PRINT " (A6, 10F8.4)", "X =", (I * H, I =1, N)
PRINT*, " T"
PRINT " (F6.2, 10F8.4)", T, U(1l:N)

DO J =1, 10
T =T+ 0.01
G =R * (U(0O:N-1) + U(2:N+1)) + (2 - 2 * R) * U(1l:N) ! general R
CALL TriDiag( A, B, C, UX, G )
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PRINT " (F6.2,

U(1l:N)

U (N+1)
END DO
CONTAINS

= UX

10r8.4)",

= U(N-1)

T, UX

! symmetry

SUBROUTINE TriDiag( A, B, C, X, G )

! Solves the tridiagonal system Ax
IMPLICIT NONE

REAL B(:)
REAL A(2:)
REAL C(:)

REAL,

REAL G(:)
REAL W (
REAL T
INTEGER I, J,

N

SIz

W =B
DO I =

E
!

T = A
W(I)
G(I)
ND DO
back

X(N) =
DO I =

E

J =N
X (J)
ND DO

SIZE (B)

E (B)

2,
(1) /
= W(I)

G(I

N

INTENT (OUT)

)

I-1)
(I-1
I-1

substitution
G(N) / W(N)

1, N-1

-I

(G(J)

- C(J)

END SUBROUTINE TriDiag

)
)

X(:

*

END PROGRAM CrankNicolson

Qut put:
X = 0.
T
0.00 O
0.01 O.
0.02 0.
0.10 O.

Notethe use o aray sedtionsinthe nan program

1000
.2000
1988
1936

0948

0

0.

0

0.

0.

.2000
4000
.3955
3789

1803

0.

0.
0.
0.

0

|
|
!
) !
!
!

* T
* T

X(J+1

3000
6000
5834
5396

.2482

= g by Gauss elimination

main diagonal
lower diagonal
upper diagonal
unknown

RHS

working space

))

0

/ W(J)

.4000
.8000
.7381
.6460

.2918

.5000
.0000
.7690
.6920

.3068

Note dsotha thesulrouine TriDiag can be usedtosdve any trid agond sysem and cou d be
made pat o agenerd uilitynodu e

Chapter 16 Summary

A numericd methodis an approx nae conputer method far sdving a et henaticd prodem
whi ch dten has no and yticd sd uion

A numericd nmethodissujed totwo dgind types of erra: round ng errar inthe conputer
sd uion and truncation error; where aninfinite mathereticd process liketakinga li nit, is
approx nated by afinte rocess

An exeand o nodde procedure nay be passed as an argunent of a procedue Anineface
b ock isreconmended
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Chapter 16 Exercises

16.1 se Newtoris nethod in a proganto sdve sone of the fdlowng (you may have to
expei nert akit wththe gating vd ue):

(@X" —x =10 (tored andtwo conpl exrocts)
(pe " =sinx (rfiritdymany roas)

X’ —8x’ +17x-10=0 (tireered rocts)

(q)logx:cosx

(@x" =5x" —12x" +76x =79 =0 (twored rocts near 2 find the conpl ex roats as vel.)

16.2 UWsethe Bisedion nmethodtofindthe squareroa of 2 taking1and 2 asirnitid va ues of X

and & . Cortinue ki seding until the maxi mumerrar islessthan 005 Use I nequdity 16.2to
deter nine how nany kb sedti ons are needed

4
2
x“dx
16.3 u;etheTrapezdddtoevduete-[O wwngadeplengho 7=1
16.4 Ahuman popd &iond 1000 & ti ne t= 0 gows & arae g ven by
dN /dt =aN,

where a = 0. 025 per person per year. Use Eu e's nethodt o prg eat the popu &i on over the next 30
yeas workinginsteps of (a) A =2 yeas (b 2 =1yea and(c) » = 0.5 years Conpare your
answers wththe exact nat hemeticd sd uion

16.5 The basic equationfa noddlingrado-adive decay is
dx/dt =—rx,
where xistheanount o therad o-acti ve substance & ti ne ¢ and risthe decay rae
Sonerad o-adivesubstances decayi rt o a her rad o-adti ve substances, whi chi nturnd so decay. For

exanp Srontium92(r1 =0, 256 per hr) decaysirno \(ttriun92(r2 =0 127 per hr), whichintun
decaysirno Zrconum Wite down a par of dffaertid equations fa Srortiumand Wtriumto
descri be what is happen ng

Satinga =0 wth 5951026atorra; of Srortium 92 and none of Mtrium usethe Runge- Kuta
fa mi aetosolvetheequaions upto =8 hoursinseps of ¥/ 3hours Al souse Bl e's nethodf or
the sane proddem and conpare you resuts

16.6 Thei npdapopu aionx() inthe Kruger Netiond Parkin Souh Africa may be nodd |l ed by
the equati on

d¥dsr=(r- bxdna)x
where ; 4 and aaeconsarts Witeapogramwh ch
o readsvduesfor ; b aandthe geplengh 4 (in nort hs);
e readstheirnitid vdued xand ¢

e uses Hieg's nehodtoconmpuethei npd apopu &i o
e printsthe popul&ion & monthlyirtevds over aperiod o two years

16.7 Theluminous &fidency (raioof the energyinthevisdespedrumtothetad energy) of a
b ack body radiaa nay be expressed as apercertage bythefami a

E=6477T*[" x5 (4 1)
4x10™

5
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where Tistheabsd uetenpeauweindegees Kdvin xisthe wavd engthincm andthe range of
irntegdionisoverthevis Hespearum Taking T'=3500°K, use S npsorisru etoconpueE firgly
wth10inevas(n=5), andthen wth 20irtervd s (n =10), and conpare your resuts

16.8 Van dea Pd's equation is a second-arder nornHlinear dfferertid equation which may be
expressed astwo firg-ader equai ons asfdlows.

dx, /dt =x,
dx, / dt ze(l—xf)x2 -b’x,

The sd uion of ths equation has a stalde li nit cyde which neans tha if you pga the phase

trgetay of thesd uion(thep a of 1 agang *2) gatinga any pd rt i nthe positive X1 ~ %2
pdane it d ways noves cortinuoudyirtothe sane d osed | oop UWsethe Runge- Kutta nethod to

sdvethis sysemnunericdly, wth 4 =01, X(0)=0 g O =1 you have access to
gaph csfadlities dawthe phasetrgedayfa b=1and € rang ng be ween Q01 and 1 Q
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Appendix B Summary of Fortran 90 Statements

Statements A through B
ALLOCATABLE spedfiesthe ALLOCATABLE dtribuefa an aray. See REAL

ALLOCATE dlocaes dynamic dSaagetoapana vaiaded runti ng eg
REAL, POINTER :: P1, P2(:)

ALLOCATE ( P1, P2(100) )

It may dsobeusedtodlocae nenorytoan dlocaad e aray:
REAL, ALLOCATABLE :: X
READ*, N

ALLOCATE ( X (N) )

Ingenerd:

ALLOCATE ( list[, STAT = st] )

If the STAT spedfieispresert, stis gventhe vd ue zero afte asuccessfu dlocaion and a
positi ve vd ue a her vise (i n whi ch case executi on corti nues). If STAT isabsert, executi on st ops
ate an unsuccessfu atenpt to dlocate

ASSIGN (obsolescent and not recommended) is used in corj undion wththe assigned GO TQ
Eg

ASSIGN 5 TO N

GOTO N [(4, 5, 6)]

wl transfer cotrd togaenert 5 dtea the execui on o the GoTo
BACKSPACE paositi ons afil ebef orethe preced ngrecard eg
BACKSPACE 2 ! file is connected to unit 2
BACKSPACE ( [UNIT =] ul[, IOSTAT = iol[, ERR = label] )

See READ fa the neani ng o the spedfias

BLOCK DATA (not recommended) names a BLOCK DATA programurit fa theintidizeion of
ohj edsinnaned COMMON Hocks:

BLOCK DATA Rubbish
COMMON / NAME / X, Y, X

DATA X, Y, X / 1, 2, 3/
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END BLOCK DATA Rubbish

Statements C through D
CALL invokes asubrouine

CALL PLONK

CALL PLINK( A, B, C )

CASE dlows asdediond various ogions

SELECT
CASE (Ch)
CASE ("a":"z")

PRINT*, "lower case"
CASE ("A"™:"z")

PRINT*, "UPPER CASE"
CASE DEFAULT

PRINT*, "not a char"

END SELECT

One of the bounds nay be absert, eg CASE

defintionisinChapte 6

! CASE (low:high)

CHARACTER spedfies characte type The ded ardion hasanunber o forns, eg

CHARACTER*4 Word

CHARACTER (LEN = 8) Names (100)

CHARACTER (4) N, Line*80

Word has length 4
array of 100 names
each of length 8

N has length 4, Line has

! length 80
CHARACTER (LEN = 20, KIND = 2) GreekWord
CHARACTER (*), INTENT (IN) :: Name ! assumed length

CHARACTER (*), PARAMETER &

Message "No such file"

! dummy argument

named constant

(:0) sdeds non-positive nunbers The ful
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CHARACTERIisthe oy onedf thefiveirtring ctypesto havet wo paranges lenghand ki nd

CLOSE d sconneds afilefroma unt, eg

CLOSE( 13 )
Ingenerd:
CLOSE( [UNIT =] ul[, IOSTAT = io][, ERR = label] &
[, STATUS = st] )

See OPEN far the nean ngs o thefirg three spedfies

stisacharader express onwhi ch nust havethevd ue KEEP or DELETE Thissped fies what
happenst ot he fil eafter d sconnedti on st defadtsto KEEP, url essthefilehasstaus SCRATCH,
inwhchcaseitsorly vd ueis DELETE

COMMON ( not recommended) d| ocates nenoryi na COMMON hl ock of starage whi ch may be bl ank
o naned The bl ocks may be accessed from diffeent proggamunits usngthe sane o dfferert
vaiad e nanmes. Eg

COMMON /JUNK/ A, B, X (5)

inone progamunt, and

COMMON /JUNK/ X, Y(4), Z1, Z2

inana her, neanstha 2and X, Band Y (1), ..., X(5) and z2 sharethesane st aagel ocai ons
As you cani mag ne thiscan be hi gh'y dangerous. If daamnust be shared bet ween programunits
it shod d be ded aredina nodu e accessed by any frogram units need ngit.

B ank COMMON referstothe unnaned COMMON M ock o whichthereisorly one

COMMON M, G

COMPLEX spedfies conpl ex type

COMPLEX X

X = (0, 1) ! sgrt(-1)

Conpl ex congartsinlig-drededinpu wth READ* must bein perert heses
CONTAINS sgndsthe presence d one a noreirnternd a nodu e subprograns.

CONTINUEIsadumny staerent whi chdoes nahing Itsmai nusage wasas al abdledsaenent a
theend o a Lol oop

DO 10 I =1, 100

10 CONTINUE

Thisis not recommended, use DO Wth END DOingtead
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CYCLE ( not recommended) transferscortrd tothe END DO staenert of thecurert DO construd.
Thenext itedion(ifthereisone) isintiaed If you wart tol eave ou part of al oop someti nmes you
shou drewiteit.

DATA i ritidizes olj eds duing conpil eti ne Thisis paticd aly usefu for arays
REAL A(10), X(5), B, C, D
DATA A / 10 * 1 /[,] (X(I), I =2, 4) /1, 2, 3/
DATA B, C, D/ 4, 5, 6 /

Not ethe optiond comma separaing avd velig fromafdlow ng obj edt lig.
DEALLOCATE rd eases dynam c Saage

DEALLOCATE ( P1, P2 )

Ingenerd:

DEALLOCATE ( list[, STAT = st] )

See ALLOCATE fa the and ogous neani ng of STAT

DIMENSION ded aesanarray. Itisna recommended as asepaaesaenrent. See REALforitsuse
asandtribue

DOrepeadsalock o saenertsaspedfiednunber o ti nes eg

DO I =1, 100 ! T incremented by 1 by default
END DO
and
DO K = 10, 1, -2 ! K decremented by 2
END DO

DO may also be used with a conditional EXIT, e.g.
DO

IF (ABS( F(X) ) < 1lE-6) EXIT

END DO

251



DO paraneteas shodd be irntegees The use of red parangters is obsdescert and na
recommended

Theful ddfintiond DoisinChapte 7.
DO WHILE repeasalock of saenerts condtiondly:

DO WHILE (ABS( F(X) ) >= 1lE-6)

END DO

Metcdf and Rad warntha DO WHILE may beinefidet when execuionti neisa criticd
fada. Snce nost exanp esi nthisbook do na fdl inthiscaegary, | have useditin preference
to DO wth EXIT. It nakesthelogc michdexe.

DOUBLE PRECISION (not recommended) spedfiesared varialde wth a preddon hi gher than
the defaut:

DOUBLE PRECISION X

It isthe Fortran 77 use's cop ou far not learring abou kind type parangtes which are
dscussedfulyin Chaper 3

Statements E through F

ENDisthefind gaenent inapogamunt o subprogram

ENDFILE wites anendilerecardtoasequertid file Ingenerd:
ENDFILE( [UNIT =] ul[, IOSTAT = io][, ERR = label] )
The spedfi s have the sane mean ng asi NOPEN

ENTRY (not recommended) dlows a subproggamto be erteed a parts dher than & the
beg nn ng andtheef ae dffeatsthe purpose d witi ng subprograns aslogcd units

SUBROUTINE JUNK ( dummy-arglist )

ENTRY SILLY( dummy-arglist )

ENTRY WORSE ( dummy-arglist )

END SUBROUTINE

You canthencdl JUNK, SILLY or even WORSE, depend ng on exadly whereyou wou dliketo
dat!

EQUIVALENCE ( not recommended) enablest wo or nore olj edsinthesane progamunittoshare
thesane saage aea Eg
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EQUIVALENCE (A, B), (X, Y)

dlows A and B onthe one hand and x and Y onthe a her, tosharethesane ssaage area 3 nce
aray d enert s occupy consecuti ve ¢ aragelocai ons, you can get soneredly wardresults Eg

INTEGER A(2), B(3), X(2,2)

EQUIVALENCE (A(2), B(l), X(1,2))

i nd enertsthe fdlowng arangerent (d enertsinthe same cd umm share s aage):

A(l) A(2)
B(l) B(2) B(3)

X(1,1) X(2,1) X(1,2) X(2,2)

If you wart touse dfferert nanes fa the sane olj edt, s up andias wth apd ner.

EXIT ( conditionally recommended) dl ons exit froma DO congtrud (see exanpl e under DO). You
shod dexit fromas d csetothet op or batomof a DO as poss Heinorderto naketheexit condtion
easytosee Mitigdeexdtsae defiritdy not recommended

EXTERNAL spedfies each nane liged as the nane of an exend o dummy procedure The
inefaceremairsi npidt. If an exdidt inteafaceis needed use an INTERFACE bock thsis
genedlyrecommended Eg

EXTERNAL F

FORMAT provides an I/ Of ormet specificaion It isdescribedfulyin Chapge 10 See PRINT far
exanp es

FUNCTION namres afuncion subprogram

FUNCTION Factorial( N )

END FUNCTION Factorial

Inthe case o arecus vefunctionthefa mis, eg

RECURSIVE FUNCTION Factorial( N ) RESULT (Fact)

The type can be spedfiedinthe FUNCTION daener, asin

INTEGER FUNCTION Factorial( N )

Statements G through H

GOTO (not recommended) transfers cortra uncondtiondlytoalabdled g& nert:

GOTO 70

There aret wo ather far ns of GOTO ass gned GOTO (see ASSIGN) and conputed GOTO. The
conpued GOTO | ooks likeths

GoToO ( 20, 50, 10, 40 ) N

Contrd passestothestaenent wththethlabd inthelist, egtothestaenen labdled 10if N
evd udesto3
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Statements | through K

IFtransfes cotrd condtiondly. There arethree dgind for ns.

e The"logcd" IF statementis used when asingestaenert isto be execued under acertan
cond ti on

IF (A /= 0) X =B / (2 * A)out

e The IF constructis used when d ocks o saenents aeto be executed under catd n conditi ons:

IF (Num > 0) THEN
PRINT*, "positive"
ELSE IF (Num == 0) THEN

PRINT*, "zero"
ELSE
PRINT*, "negative"

END IF

e The'"aithn&ic" IFisa

dangerous staenert, Snceits usetends to be couded withthe occurence of numerous GOTO
daenerts--A Bdfour and D H Mar wck, Programming in Standard FORTRAN 77 (Hei nenann
London 1979 p. 291)

It is obsolescent and not recommended Eg

IF (B**2 - 4*A*C) 10, 20, 30

Contrd passesto statenerts 10, 20, or 30 accadng as B**2 - 4*A*Cis negdive zerg o
positi ve

IMPLICIT (not recommended) ded aes vaiades of aspedfiedtype accaodngtothar intid
late. Eg

IMPLICIT INTEGER (A, X-2)

spedfiesineger typefa dl variald esstating wththel éters 2 X vand z Itisbete tospedfy
thetype o each variad e separadyinatype ded ardi on saenert.

IMPLICIT NONE suspendsthei npidttyperue whereby dl variad es wththeirntid | dte Ito
Ninduwsive aespedfiedas integers wthdl ahesred. This gaenert shod d appear in every
progamurit toface youtoded aedl ojedsspedficdly.

INCLUDE (not recommended) enald estext fromana her fileto be ind uded inthe source file
during conpilaion Itisnd techncdly a Fortran gaenert, and hasthefam

INCLUDE "filename"
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INQUIRE ascetdnsthestaus and atribues of afile It hasthreefar ns inqurebyl/Olig, inqure
by fileandinquire by urit.

Inquirebyl/ Oligreunsthelenghaof anunfa natted ou put record by means of the IOLENGTH
spedfiea, eg

INQUIRE ( IOLENGTH = reclen ) Student

reclen can then be used to gve the recard lengh withthe RECL spedfie of an OPEN
daenert.

The dhertwo fa ns ae
INQUIRE ( FILE = filename, spec-list ) ! by file

INQUIRE ( [UNIT =] u, spec-list ) ! by unit

where filename and u arecharace and i rteger expressi onsrespedivey. spec-listisalig
of ogiond spedfiers Ther nanes, and vd uesrauned are (char neans charadt &):

EXIST (logical): TRUE if it exists, FALSE otherwise.
OPENED (logical): TRUE if connected, FALSE otherwise.
NUMBER (integer): value of unit number connected, or -1 if no unit
is connected.
NAMED (logical): TRUE if file has a name, FALSE otherwise.
NAME (char): returns name i1f file has a name.
ACCESS (char): SEQUENTIAL, DIRECT, or UNDEFINED (if there is no
connection) .
SEQUENTIAL and DIRECT (char): YES, NO or UNKNOWN, depending on
allowed mode of access.
FORM (char): FORMATTED, UNFORMATTED, or UNDEFINED.
RECL (integer) : maximum record length allowed.
NEXTREC (integer): number of most recent record read or written.
BLANK (char): NULL or ZERO depending on whether blanks in numeric
fields are interpreted by default as null fields or zeros.
POSITION (char): REWIND, APPEND, ASIS or UNDEFINED—see OPEN.
ACTION (char): READ, WRITE, READWRITE or UNDEFINED.
READ, WRITE and READWRITE (char): YES, NO or UNKNOWN.
DELIM (char): APOSTROPHE, QUOTE, NONE or UNKNOWN—see OPEN.
PAD (char): YES or NO—see OPEN.
E.qg.

LOGICAL connected
CHARACTER (10) acc
INTEGER nrec

INQUIRE( 1, OPENED = connected, ACCESS = acc, NEXTREC = nrec )

INTEGER dedares oj eds wthirteger type eg

INTEGER N, X

INTEGER List (0:100)

See REAL fa atributes whi ch may be spedfied
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INTENT spedfiestheirtent dtribuefa adummy agunmen. See REAL

INTERFACE spedfiesanexplidtinafacefor anexeand subprogam eg

INTERFACE
FUNCTION F (X)
REAL F
REAL, INTENT (IN) :: X
END FUNCTION F

END INTERFACE

I nterface W ocks can d so overl cad [rocedures wth a generic nane

INTERFACE SuperFung
MODULE PROCEDURE IntFung, RealFung ! defined in module

END INTERFACE

P ocedures nay be overl caded wthan operaar, eg

INTERFACE OPERATOR (*)
FUNCTION MyMult( A, B ) ! must be a function
TYPE (MyType) MyMult
TYPE (AnotherType), INTENT(IN) :: A, B
END FUNCTION MyMult

END INTERFACE

and dso wththe ass gnnent operaa:

INTERFACE ASSIGNMENT (=)
SUBROUTINE MyAss( Left, Right )
TYPE (MyType), INTENT (IN) :: Left
TYPE (AnotherType), INTENT (IN) :: Right
END SUBROUTINE

END INTERFACE

INTRINSIC spedfiestha ananeligedistha o aninrinscprocedure Thestaenert isnor naly
optiond, bu nmakesit d exr tothereader (Wwho nay be unfaniliar wththe gd ehaad newirtrindc
procedures avail ad e under Fortran 90) whi ch procedures areirtrind c and whi ch are nd.
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Anintringc procedure whichis passed as an argurent must be spedfiedin an INTRINSIC
gaenent.

Statements L through N

LOGICAL dedareslogcd type

LOGICAL Switch

LOGICAL TruthTable (4,4) ! array of logical elements
See REAL fa atribues whi ch may be spedfied

MODULE defi nes a nodu e

MODULE Clobber

END MODULE Clobber

NAMELISTIS anobscurefeaure whi chenald es youtospedfyinthei npu sreamwhi chitensina
NAMELIST goup aetohberead Eg

INTEGER A, B, C
NAMELIST /MyLot/ A, B, C

READ( *, [NML =] MyLot )

Input dream
MyLot A = 3 C = 39

(avd uefa Bhas been onitted). See Chapter 10fa ana her exanpl e

NULLIFY gves a pdre vaiade dsassodaded status which may be tested for by the
ASSOCIATED intrird cfundtion eg

NULLIFY ( P1 )

Statements O through P

OPEN connedsanexternd filetoaunt. Thefilecanbecreaedfirgif necessary. It can d sochange
sone propeties d aconnedion The generd fa mis

OPEN( [UNIT =] u, spec-list )
where uistheunt nunber. The spedfiasin spec-1ist ae(cha neans charader):
TOSTAT (irteger): reuns zeroif the saement successfuly execues and a positive vd ue

a her wse
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ERR (irteger congtart): labd of gaenert to which cortrd passesif aneror occus

FILE (char): provi desfilenane ifthisspedfieisonitted the STATUS spedfie nust besetto
SCRATCH andthefileis dd e ed whenthe connedionisd osed

STATUS (char): OLD (file must dready exid), NEW (file must nadt exd, bu is creaed),
REPLACE (if filedoes na exid itiscreded,ifit doesexstitis dd @edand a newone creaed),
SCRATCH (fileisaested and dd éed when connedionis d osed), UNKNOWN

ACCESS (char): SEQUENTIAL (defadt), DIRECT.

FORM (char): FORMATTED (defadt for sequertid access), UNFORMATTED (defadt for dred
access).

RECL (positivei nege): recardleng hfor dred access (odigaay), max numrecardl enghfa
sequertid access (ogiond); for far nattedfileslenghis nunber of chaadesinrecad fo
unf o nattedfilesleng his systemdependert bu nay befound wth INQUIRE

BLANK (char): NULL (defadt), ZERQ, sesdefadt farinterpeadion o blanks as nuls o zercs;
fa natedrecords orly.

POSITION (char): ASIS (defadt —fleis opened a previous positian), REWIND (opened &
iritid postion), APPEND (opened ahead o endfil erecard); sequertid access only.

ACTION (char): READ (read only), WRITE (witeony), READWRITE (bah); defaudt issystem
dependert.

DELIM (char): APOSTROPHE, QUOTE, NONE (defaudt); indcaes ddi mte chaade used for
charatt e congarts wthlig-dreded o NAMELIST fa natting

PAD (char): YES (defadt —for nattedi npu record regarded as padded with banksif inpu lig
and assod aed fa nat spedfy nore daathan appear inrecord, NQ

Eg

OPEN (2, FILE = "Students", ACCESS = "DIRECT", &

STATUS "OLD", RECL = 40)

OPTIONAL spedfiesthe OPTIONAL dtributefa dumny argunents See REAL

PARAMETER spedfiesthe PARAMETER atributetonane a consart. SSeREAL

PAUSE (obsolescent and not recommended) suspends executi on pend ng exend irtevertion

POINTER spedfiesthe POINTER dtribuie eg

REAL, POINTER :: P
REAL, TARGET :: R
P => R ! P is an alias for its target R

It may dsobeusedtodlocae dynanic ¢ aage

REAL, POINTER :: X(:)
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ALLOCATE ( X (N) )

PRINT sends out put tothe gandard output unit. Qupu nmay befa natted o lig-dreded

PRINT*, "The answer is:", X + Y ! list-directed
PRINT " (A, F5.2)"”, "The anser is:", X
PRINT 10, "The anser is:", X ! labelled format

10 FORMAT( A, F5.2 )

PRINT*, ((A(I,J), J =1, N), I =1, N) ! implied DO

PRIVATE spedfiesthe PRIVATE atribuefa sone or dl o the ertitiesina nmodd e and for
conponerts o deivedtypes See REAL and TYPE

PROGRAM ogtiondly nanes a gogam

[PROGRAM MyOne]

END [PROGRAM [MyOne]] ! name can't appear without PROGRAM

PUBLIC spedfiesthe PUBLIC atribuefor nodd e ertities See REAL

Statements R through S

READtransfers ddafromaninpu device It has anunber o fa ns, eg

READ*, A, B, C ! list-directed from standard input
device

READ (*, *) A, B, C ! list-directed from standard input
device

READ (5, *) A, B, C ! list-directed from unit 5

READ (1, 15) A, B, C ! from unit 1, format labelled 15

15 FORMAT ( 3F6.2)
READ( *, “(3F6.2)” ) A, B, C ! from standard input device

READ (1) A, B, C ! from unit 1, unformatted

The general form is:

READ ([UNIT =] u, [FMT =] fmt [,spec-list] ) [list]
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The spedfies may beinany order, suljett tothefdl owng condtions ifthe UNIT keywordis
onitted u rmug be firg; if the FMT keyword is onitted, fmt nust be second fdlowng u
withou its keywor d

The d her specifias ae

IOSTAT (i rteger): reurns a negaive vd ueif end o -record encourtered duri ng non-advand ng
inpu, adffeet negaivevdueif end of-file deeded apostivevd ueif anerraisdeeded o
zero dher wse

END = n cortrd passestogaenen labdled n when end-of-fil e deeced

ERR = n cortrd passestostaenen |abelled n whenanerra isdaeded |abdsfa END and
ERR may bethe sang if END and ERR | abd s are na spedified and an exception occus the
progamwll cash urless TOSTAT isspedfied

REC (i nteger): spedfiesrecard nunber to be read during dredt access
NML (nane): red acesthe FMT spedfie; nare isthe nane spedfiedinaNAMELIST group.

Eg

READ( 2, REC = 75, IOSTAT = IO ) Student

Inaddtion nonadvand nginpu nay be spedfied wth ADVANCE = "NO" (defadt YES). In
ths case two addtiond spedfiesaeavalad e

EOR = n cortrd pessestogaenent n when an end of-record condtion occus
SIZE (irtege): reunsthe nunber o charactes adudlyread
The urit spedfie can be aninternd file denated by acharade vaiald e

CHARACTER (4) BUFFER

READ (BUFFER, " (I4)" ) YEAR

REAL ded ares ojeds wthred type It hasa nunber o forns, eg

REAL [::] A ! colons optional
REAL :: B = 10 ! initialization; colons obligatory
REAL X (0:10) ! array

Thefdlowng atributes nay be spedfiedinatype ded aaion ALLOCATABLE, DIMENSION,
EXTERNAI, INTENT, INTRINSIC, OPTIONAI, PARAMETER POINTER PRIVATE,
PUBLIC, SAVE, TARGET

Most atribues nmay be spedfied wth any of theirtrinsc types (CHARACTER COMPLEX,
INTEGER LOGICAL and REAIL) a adeivedtype

Attribites may spedfiedinseparaedaenerts eg

REAL P, Q, R, S
POINTER P, S

TARGET Q, R
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A doubl e cd on nmust appear whenever thereis anirnitidizaion expresson o an atribueis
spedfied If acongart is nanmed wththe PARAMETER dtribue there must be ani nitidi zati on
expresson Array bounds may be spedfied after a nane instead of withthe DIMENSION
atribie Eg

Il
Ne]
o]

REAL, PARAMETER :: g ! named constant

INTEGER, PARAMETER :: Max = 100

REAL, DIMENSION (Max) :: X
INTEGER :: N(Max) = (/ (I, I =1, Max) /) ! array constructor
INTEGER, ALLOCATABLE :: Network(:,:)
REAL, DIMENSION(10) :: A, B(5), C(4,4) ! only A is rank 1

! size 10
REAL, OPTIONAL, INTENT(IN) :: Y ! optional dummy argument
REAL, INTENT (INOUT) :: M ! dummy only

Certdn (farly obvi ous) comti neti ons of atributes are not dlowed eg POINTER onthe one
hand and TARGET, or INTENT on the ahe; TARGET and PARAMETER POINTER and
ALLOCATABLE

A ki nd paranete nmay be spedfiedfa any type
RECURSIVE spedfies arecursd ve procedure See FUNCTION

RETURNreunscortrd froma subprogamat apa rt aher thanits END staenert. Th scanl eadto
unstrudt ured des gn and shou d be ava dedif poss He Thereisana her for mof RETURN cdledthe
"dtanae' RETURN wh ch is obsolescent and not recommended, becauseit dlowsreunsto
dtandepdrsinthecdlingprogam . . .

CALL GUNGE( A, B, C, *10, *30 )

CONTAINS

SUBROUTINE GUNGE( X, Y, Z, *, * )

RETURN 1

RETURN 2

END SUBROUTINE GUNGE

END
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If theinmeger expressoninthe RETURN stadenert islessthan 1 or gregte thanthe nunber of
adeaisksinthe dummy argurent lig, a"nornd"” reunisexecued(i.e tothe part of cdl).
QG herwse ifit hasthevd ue i, cortrd passestothestaenert i nthecdling progamwhosel abd
istheactud argunent carrespond ngtotheithdumny asterisk So RETURN 1 effedsargunto
ddenent 10, while RETURN 2rdunstosdenen 30

REWIND repositions asequentid filea itsintid pdrnt. The syntaxisthe sane asfa backspace eg

REWIND 3

REWIND( 2, IOSTAT = IO )

SAVE spedfiesthe SAVE atribuefa | oca variad es declaedi nsubprograns, i.e such variald es
reédnthar curert vd ues between cdls See REAL

Al variald es wh ch have beeniritidized acquirethe SAVE atribute aitongticdly.
SELECT CASE See CASE

SEQUENCE ( not recommended) specifiesthe SEQUENCE attribue for derivedtypes Two type
defintionsin dffeaert scopng units defi nethe sane datatypeif they have the same nane and
conponerts and if bah have the SEQUENCE atribue (gving them wha is called sarage
assod aion). Itisbete to have ad nd e defi nitioni na nodul e access H eto ba h scop ng units

STOP (not recommended) Sops progamexecuion Thisis needed by peod e who wart to stop
ther prograns a {daces ahe than & the END

SUBROUTINE nanes asulrouine

[RECURSIVE] SUBROUTINE NAME( A, B, C, \ldots )

END SUBROUTINE NAME

If there are no arguments, the name is written without parentheses:

SUBROUTINE NONE

Statements T through Z
TARGET spedfiesthe TARGET atribuefar anojedt whichisthetage of apane:

REAL, TARGET :: R

REAL, POINTER :: P1

P1 => R

See dso REAL.

TYPE defi nes a derivedtype eg

TYPE Person
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[PRIVATE] ! if no access allowed to components

CHARACTER (20) Name

END TYPE Person

Objects of derived type may be declared, e.g.

TYPE (Person), DIMENSION(:), INTENT(IN) :: Town

TYPE (Person) Me

USE enables access to the entities in a module by use association:

USE MyModule ! only one module per USE

USE YourModule

Other possibilities are:
USE YourMod, MyPlonk => YourPlonk ! MyPlonk is an alias

! ... for object YourPlonk in the module
USE USE YourMod, ONLY :: This, That ! access only to

! This and That

WHERE perfans operdions on sd eded aray d enerts There aetwo for ns.

The WHERE statement hasthefa m

REAL A (20,20)

WHERE (A > 0) A =1 ! all elements > 0 replaced by 1

The WHERE construct looks like this:

INTEGER A(20,20)

WHERE (A > 0)
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A =1 ! all positive elements replaced by 1

[ELSEWHERE

A = 0] ! all the rest replaced by O

END WHERE

WRITE sends ou put toan output unt. Ingenerd:

WRITE ([UNIT =] u, [FMT =] fmt [,spec-list]) [list]

The spedfigsarethesane as fa READ except that thereis obovi oud y noEND spedfie. E g

WRITE (2, "(10F5.3)") (X(I), I =1, N)
WRITE (1, * ) "List directed output on unit 1"
WRITE (3, REC = 76) A ! direct access write to record 76

Non-advancing WRITE is useful for writing prompts:
WRITE (*, " (A)", ADVANCE = "NO") &

"Enter a number: " ! not list-directed/

Thereaeno EOR o SIZE spedfiasfa non-advand ng oupu.
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Appendix C Intrinsic Procedures

Intrinsic Procedures

C.1. Elemental Numeric Functions

C.2. Elemental Character-handling Functions

C.3. Non-elemental Character-handling Functions

C.4. Functions Relating to Numeric Representation

e Nunericingury fundions
e Henend functionsto nan pu dereds

C.5. Bit Manipulation Functions

e |Inquryfundion
e Henentd functions
e Henend subrouine

C.6. Vector and Matrix Multiplication Functions

C.7. Array Reduction Functions

e Optiond agunent D M
e (Optiond agunent MASK

C.8. Array Inquiry Functions

C.9. Array Construction and Manipulation Functions

C.10 Inquiry Functions for Any Type

C.11. Elemental Logical Function

C.12. Functions Relating to Kind

C.13. Transfer Function

C.14. Non-elemental Intrinsic Subroutines

¢ Randomnunbes
e Red-ti ne dock

Intrinsic Procedures

Itis hdpfu to caegaizeinrindc procedures as fdloas, dthough the descripions bd ow are

or ouped sonewhat dfferertly, far conven ence o ref erence

o Elemental procedures may beapdiedtoscd asor arays Whenapdiedtoarrays t he operaion
isperfa ned oneachd enert of thearray. Argunernts nay bered or cony ex, unl ess aher wise
daed o urlessthe cortext dealyrequres aherwse Argunerts nmugt generdly be of the

sanetype
o [Inquiry functions propaties o thar agunens

o Transformational functions usud|y have array arguments and an array resut depend nginsomne

way onthe d erents d the agunents

e Non-elemental subroutines.

Descri i ons bd oware g ven wth dummy argunents so that opti ond argunerts (i nd caed [t hus])

may be passed us hgthe dumry argunent nanes as keywords
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Resuts are usudly rauned in the defalt kind uress the KIND keyword is used (where
appropriae.

Trigonormetri cfundi ons assure argunentsaeinrad ans, andraunrad ans

A nost dl o the procedures arefunaions To hi ghight the fewt ha are subrouti nesthe keyword
CALL has beenind udedinthe descri i on

C.1. Elemental Numeric Functions

Notethe the argunernts may bered a congdexscdas a arays ulessaher wsesaed
ABS (A): absoluevd ue d intege, red a conplex A

ACOS (X) :sinverse cod ne (arc cos ne).

AIMAG (Z):imag nary pat.

AINT (A [,KIND]):laget whdered nunber nat exceed ngits argunent, eg AINT (3.9)
reuns 3Q

ANINT (A [,KIND]): nearest whdered nunber, eg ANINT (3.0) reuns 4Q
ASIN(X):inversesne(acood ne).
ATAN (X) :inversetangert (arctangent), intherange w2to 2

ATAN2 (Y, X):inversetangert (arctangert), as prindpd vdue of the argunent of the conpl ex
nunber (X V), intherange-nton

CEILING (A):snalest ineger nd lessthan A

CMPLX (X [,Y] [,KIND]): convets Xo (% Y) toconp extype

CONJG (z) : con ugae d conpl ex z

COS (X):codne

COSH (X) : hyperbdic cod ne.

DIM (X, Y):max(xX-Y, 0.

EXP (X) : exponertid fundion

FLOOR (A): largest integer mt exceed ngits agunent, eg FLOOR (-3.9) rduns-4
INT (A [,KIND]): convertstoirteger type truncaingtonards zera

LOG (X): LOG naud logarithm fa conplex xresut isthe prind pd va ue

LOG10 (X) : comnon (base 10) | ogarithm

MAX (Al, A2 [,A3,...]: md mumd agunerts

MIN (A1, A2 [,A3,...]: mnmmad agunmens

MOD (A, P):remande o Anoddo B i.e A-INT (A/P)*P. Eg MOD(2.2, 2.0) rdunsQ2

MODULO (A, P):A nbpddoPfa 2aand P bahred o bothirntege,i.e A-FLOOR (A/P) *Pinthe
red case and A-FLOOR (A+P) *Pintheineger case where +represerts nmathenaicd dvidon
E g MODULO (-10, 3) rdumns2 MODULO (-2.2, 2.0) reauns1l8

NINT (A [,KIND]): nteger neares to A

REAL (A [,KIND]):fundion convertstored.
SIGN (A, B):absduevdued Atinessgnd R
SIN(A):Sne

SINH (A): hyperbdic s ne
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SQRT (A) : squarerod.

TAN (A) : tangert

TANH (A) : hyperbdictangert.

C.2. Elemental Character-handling Functions

Conpileas nmug suppot the ASAl cdlaing sequence bu nmay dso suppat aher cdlaing
sequences

ACHAR (I): chaade wthASAIl code Ifa Tintherange 0-127 (see Append x D.

ADJUSTL (STRING) : string of sanelengh by chang nglead ng b anksirntotraling d anks (I &t
jUdify).

ADJUSTR (STRING) : string of sane | engh by chang ngtraling b anksintol ead ng b anks (ri ght
judify).

CHAR(I [,KIND]):chaate inpadtion Id thesystem cdlaingsequence wthgven knd
IACHAR (C): ASAI code o character C(see Append x D.

ICHAR (C): postion o charadter Cinthe sysemcdl &i ng sequence

INDEX (STRING, SUBSTRING [BACK]): stating position of SUBSTRING as a substring of
STRING o zeroifit does not occur. The postiondf thefirg o | ast substringi sret urned accard ng
as BACK s absert/ FALSE ar TRUE

LEN TRIM(STRING): lengh o STRINGwthou tréling anks

LGE (STRING A, STRING B): TRUEif STRING Afollows STRING Binthe ASCII sequence
o isequd toit (.eis"lexcdly' gede than a equd toit), FALSE dherw se

LGT (STRING A, STRING B): TRUE if STRING A fdlows STRING B in the ASAI
sequence FALSE d her wse

LLE (STRING A, STRING B):, TRUE if STRING A precedes STRING B in the ASAI
sequence a isequd toit, FALSE d her wse.

LLT (STRING A, STRING B): TRUE if STRING A precedes STRING B inthe ASAI
sequence FALSE d her wse

SCAN (STRING, SET [,BACK]):positiondf acharagder o STRING thd occursinSET, or zero
if nosuchcharacer. The position of thel eft-nost or ri ght-nmost such charaderisre urned accard ng
as BACK is absert/ FALSE ar TRUE

VERIFY (STRING, SET [,BACK]):zeroif eachcharade of STRING appearsin SET, o the
position of acharagde o STRINGtha isna in SET. The position of thel &t- nost or ri ght- nost
such charad e isreurned accard ng as BACK i s absert/ FALSE ar TRUE

C.3. Non-elemental Character-handling Functions

LEN (STRING): (inquryfundion nunber of chaadesin STRINGIf scda, ainan denent o
STRINGIfitisanaray.
REPEAT (STRING, NCOPIES): concaendiond NCOPIES of STRING bahagumnertsscda.

TRIM (STRING): STRING (scda) wthtraling Hanks removed

C.4. Functions Relating to Numeric Representation

These functions relate to the models used to represent integers and reals internally. The
parameters of the models may vary from processor to processor.

An example of a model for the set of integers i represented is:
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q
. k-1
l=i2 w, x2
k=1

Wy

where isOor1.

An example of the representation of reals x is:

P
x=0or 12{1/2+ka xz-k}

k=2 where —126 <e <127, ¢ example, and Jeis0or
1.

Values for p and g could be 24 and 31, for example. A base other than 2 might also be
used.

Numeric inquiry functions

Argunents nmay be scd as a arays The vdue o the argunent need na be defi ned

DIGITS (X): nunber o dgificat ddgtsinthe nodd fa red ainege X i.e pa ¢

EPSILON (X): nunbertha isd most negig deconpared with 1i nthe nodd tha i ndudesred X,

ie27”

(1-27 )" f
o reds

MAXEXPONENT (X): naxi mumexponert (integer) inthenodd tha indudesred % i.e 127.

HUGE (X): lagest vd ueinthe nodd that ind udesred ainege X i.e

MINEXPONENT (X): nmin numexponert (ineger) inthenodd tha indudesred X i.e 126
PRECISION (X): ded nd predson(nunber o ded na places) fa red or conpl ex X
RADIX (X): RAD X base(inege)inthe nodd tha ind wdesred aineger X i.e 2

RANGE (X) : ded nd exponert rangeinthenodd tha indudesirneger, red a conp ex x

TINY (X): svellest positive nurber inthe node thet ind udesred xi.e 2.
Elemental functions to manipulate reals

EXPONENT (X) : EXPONENT exponert (irteger) pat ed the nodd fa x

FRACTION (X) : FRACTI ON fradiond part d the nodd fa x i.e X27°.

NEAREST (X, S): NEAREST neares dfferert machi ne nunberindrediong venby sgnof red
S.

RRSPACING (X): RRSPACINGredpocal o rddive spadng of nmodd nunbers near X i.e
|[x27[2?

SCALE (X, T):SCALE X2' (red).
SET EXPONENT (X, I): red whoses gnandfradiona pat arethoseof Xand whose exponert
patisl, i.e X2

SPACING (X) : absd uespad ng o nodd numbers rear X, i.e 27",
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C.5. Bit Manipulation Functions

These are based on an integer model like the one in Section C.4.

Inquiry function

BIT SIZE(I): nmaxi numnunber o btsthea nay be hddinthe nodd fa T

Elemental functions

BTEST (I, POS): TRUEIfht POS dfirteger T hasvdue 1

IAND (I, J):logcd aNDondl carespond ngbtsd Iand J

IBCLR (I, POS):vdued T wthkt pos dexredtozeo.

IBITS (I, POS, LEN): vdueequd toIEN btsd Idatinga kbt pos.
IBSET (I, POS): vdued I wthht PoS sdtol

IEOR(I, J): logcd exdudve OrR ondl carespond nghitsd Tand J.
IOR(I, J): logcd indusve ORondl corespond ng dtsd ITand J

ISHFT (I, SHIFT): vdueod I wthhtsshifted SHIFT gacestoleft (righ if negative) and
zerosshiftedinfromather end S nceshiftingdl thebitsdf ani nteger one positi ont othel €t (ri ght)
multidies(d vides) it by 2thHsprovi desa nuchfaster means of mitigying(dvidng by powers of
2 Eg ISHFT( 2, 4 )rauns1§ and ISHFT( 2, -1 ) raumsl

ISHFTC(I, SHIFT [,SIZE]): value of I wth SIZE right-nost hts shfted drcdaly
SHIFT dacestoldt (right if negaive); if SIZEisabsert dl htsaeshfted

NOT (I): logcd conpenent o dl btsinT, i.e dl theltsd T aeflipoed
Elemental subroutine

CALL MVBITS (FROM, FROMPOS, LEN, TO, TOPOS): cop esthe sequence of btsin
FROMtha gat & position FROMPOS and hasleng h LEN to TQ datinga position TOPOS.

C.6. Vector and Matrix Multiplication Functions

DOT_ PRODUCT (VECTOR A, VECTOR B): scder (da) product for red andirteger argunents
Bot hargunernts nust berank-oneandthesane size If theargunentsarelog cd, ANY (VECTOR A
.AND. VECTOR B) israuned

MATMUL (MATRIX A, MATRIX B): matrix produdt. For nuneric argunerts there arethree
poss H e cases (argunert s have been shatenedto 2 and B):

e Ais(nm), Bis(mA, resutis(nA);
o Ais(m), Bis(m Ak, resutis(h);
o Ais(nm), Bis(m), resutis(m).

E g inthefird cesg denernt (I J) d theresdtis

SUM (MATRIX A(I,:) * MATRIX B(:,J))

If the agunentsaelogcd, suM and * aered aced by ANY and .AND..

C.7. Array Reduction Functions

The fdlowng seven functions dl have array argunents MASKis alogcd aray, eg an aray
express on

ALL (MASK): TRUEIf dl denents d MASK aretrug dher wse FALSE
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ANY (MASK): TRUEIf any denens o MASK aetrue
COUNT (MASK) : nunber d true d enerts of MASK

MAXVAL (ARRAY): denert wth naxi numvaueinreal o irteger ARRAY. If ARRAY has zero
dze lagest negaive vd ue on sysemisrd uned

MINVAL (ARRAY): denent wth mn nmnumvdueinred o ineger ARRAY. If ARRAY has size
zerg lagest postive vd ue onsysemisrd urned

PRODUCT (ARRAY) : product of d enentsof i nteger, red or conp exarray, or 1if ARRAY has s ze
zea

SUM (ARRAY): sumd denerts d inege, red a conpex aray, a

Optional argument DIM

Al thesef uncti onst ake an opti ond secondargunent DIM Ifitis presert, the operaionis perf o ned
on dl rank- one secti ons spann ngt hrough di nension DIM andreturns anarray of rank reduced by
1 Eg

INTEGER :: A(2,3) = RESHAPE( (/ 1,2,3,4,5,6 /), (/2,3/) )
PRINT*, SUM(A,2)

producesthe ouput 9 12

Optional argument MASK

MAXVAI, MINVAI, PRODUCT and SUMtake MASK as athird optiond argunernt. The operdionis
thenappiedtod enerts of ARRAY carrespond ngtotrueelenerts of MASK (which nus obvi oud y
have t he sane shape).

C.8. Array Inquiry Functions

ALLOCATED (ARRAY): TRUEIif ARRAYiscurently dlocaed

LBOUND (ARRAY [,DIM]): rank-one array hddnglower boundsif DIMis absert; dher wse
lower boundin d nens on DIM

SHAPE (SOURCE) : rank-onearray hd d ngshape of SOURCE. If SOURCEisscda, resut hassi ze
zaa

SIZE (ARRAY [,DIM]): (scda) sze of ARRAY if DIMis absert; aherwse extert dong
d nens on DIM

UBOUND (ARRAY [,DIM]): g9 nila to LBOUND except that it returns upper bounds.

C.9. Array Construction and Manipulation Functions

Notethet aray denents aeman pd aedinaray d enent or der.

CSHIFT (ARRAY, SHIFT [,DIM]): redunsanaray o thesane shape andtype as ARRAY
wth every rank- one sediontha extends across d nension DIM shiftedcircdaly SHIFT ti nes. If
DIMis omttedit hasthevdue 1 If SHIFTisan arayit nmust have the shape of ARRAY wth
d nens on DIM omtted and suppiesaseparaevd uef a eachshft. Some experi nents shod d make
thsdea!

EOSHIFT (ARRAY, SHIFT [,BOUNDARY] [,DIM]): iderticd to CSHIFT excep tha
vd ues are shifted off & the end (enddf shft) and boundary vd uesinsetedirnothe vacaed
positions If ARRAY has anintrind ctypg BOUNDARY may be onitted va ues of zero, FALSE, o
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b ank areshiftedi nasthe case may be If BOUNDARY s presert andscda, it supdies dl needed
vd ues ifitisanaray, it mugst havet heshape of ARRAY withd mensi on DIM onitted, and suppies
asepaaevduefa each shft.

MAXLOC (ARRAY [,MASK]): rdunsthesubsaipgs o thelagest d erent of ARRAY inarank
one array of Szeequd totherank of ARRAY. The operdionisregridedtod enents correspond ng
totrue denents of MASKifitis presert. If thereis norethan one maxi mum the firg in array
denent ade istaken

MERGE (TSOURCE, FSOURCE, MASK): (denertd fundion reguns TSOURCE if MASKIisS
TRUE, FSOURCE atherwse Eg if thettree arguments are confar nad e arrays, thefird two are
nmer ged under the corird o MASK

MINLOC (ARRAY [,MASK]): S mla to MAXLOC excep tha the subscripgs of the sndlest
denent aergu ned

PACK (ARRAY, MASK [,VECTOR]): rank-one aray of denents of ARRAY accord ngtotrue
denentsd MASK, if VECTORIsabsert. Qher wseresut hassizeequd tosizenof VECTOR whi ch
nmust haves zea | east equd tothe nunber of sdededd enerts: if t<n denentsiof theresutfa
i >taethe carespond ng d enents d VECTOR

RESHAPE (SOURCE, SHAPE [,PAD] [,ORDER]): array wth shape g ven by rank-one
irteger aray SHAPE andtypeof SOURCE. Thesi zed SHAPE nust be constart. If PAD and ORDER
aeabsert,thedenensd theresut aethed enerts of SOURCE (i narray d enernt order). If PADIS
presert, it rmust be an array of the sanetype as SOURCE, copies o PAD areinsertedirnotheresut
ate SOURCE ORDER nust be ani nteger array wtht he sanme shape as SHAPE Itsvd ue nust be a
per miaiond (1, 2 ..., A. It appearstocortrd the way i nwhi ch SOURCE and PAD arecomnbi ned

SPREAD (SOURCE, DIM, NCOPIES): nmkes NCOPIES dugicaes of SOURCE byincreas ng
itsrank by 1. DIMisthed nens ondf theresut d ong whi ch dudi cati ontakes g ace See Chapte 15
fa apogamwhi ch generaes exanp es

TRANSPOSE (MATRIX): transpose d rank-t wo aray MATRIX

UNPACK (VECTOR, MASK, FIELD): aray of type of VECTOR and shape of MASK VECTOR
must berank-one array of size a | east the nunber of trued enents o MASK The d enent of the
resut carrespond ngtotheithtrue d enert of MASKistheithdenent of VECTOR dl ahasae
equd tocarespond ng d enerts of FIELD if itisanaray (wththe sanme shape as MASK), or to
FIELDIifitisascda.

C.10. Inquiry Functions for Any Type

ASSOCIATED (POINTER [, TARGET]): If TARGET is abser, resut is TRUE if POINTERIS
assod ded wth atargd, FALSE dherwse The stdus of POINTER nust nat be undefined If
TARGETIiS presert, resutis TRUEiIf POINTERI s assod ated wthit. If TARGETitsdfisapad ner,
itstarga is conpared wththetage o POINTER and FALSEisregunedif dther POINTER or
TARGET is dsassod e ed

PRESENT (A): TRUEiftheadtud argunen carespond ngtothe dunmy argunernt Aispresertin
the curert cdl toasubprogam

ASSOCIATED (POINTER [, TARGET]): If TARGET s abser, resut is TRUE if POINTERIS
assod ded wth atarge, FALSE adherwse The saus of POINTER nmust nat be undefined If
TARGETIS present, resutis TRUEIf POINTERI S assod aed wthit. If TARGETitsdfisapad e,
itstarge is conpared wththetaged of POINTER and FALSEisrdunedif dther POINTER or
TARGET is dsassod aed

PRESENT (A): TRUEiftheadud argunent carespond ngtothe dunmy argunernt Aispresertin
the curent cdl toasubprogram

C.11. Elemental Logical Function
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LOGICAL (L [,KIND]): fundionconvertsbe weenkinds of | ogcd vdue Rtunsthe vd ue of
logcd L (wthakind parange vd ue o KIND ifitispresert). If KINDIs presert, it nust be a
scd a intidi zati on express on.

C.12. Functions Relating to Kind

KIND (X): kind paange vd ue d X

SELECTED INT KIND(R): kindparamde vduefa anirteger daatype adetorepresert dl

. _ -10 “<n<10 " _ _ _ .
irnteger vd ues ni ntherange , whereR isascdainege. —lisrgunedif no

such kndisavalad e

SELECTED REAL KIND([P] [,R]): kind parange fo area daatype with ded nd
predson & least B, and ded nd exponent range a& leas R (as reuned by PRECISION and
RANGE). A leadt onecof thescd ainegesPand R nust be presert. —lisregunedifthepredsonis
unavalad e —if therangeis unavalald e and —if ndther ae avdlad e

C.13. Transfer Function

TRANSFER (SOURCE, MOLD [,SIZE]: sane physcd represertdionas SOURCE, bu type of
MOLD Scdaif MOLDisscdar, aher wseof rank oneand 9 zej ugt suffiderttohd ddl of SOURCE
If SIZEis resert, resutisd rank one and 9 ze SIZE

C.14. Non-elemental Intrinsic Subroutines

See Random numbers and Real-time clock.

Random numbers

Pseudo-random nunbers are generaed from a seed hd das arank-oneirnteger aray.

RANDOM NUMBER returns the random nunbers and RANDOM SEED dlows i nquiries abou the
seed aray, andtheseedto beresd.

CALL RANDOM NUMBER (HARVEST) : randomnumnber x unfa my ddribued inthe range
0<x<l, a anaray d such nunbers in HARVEST, which hesirtet oUT and nugt bered.
CALL RANDOM SEED([SIZE] [,PUT] [,GET]):

e SIZE(scda integer) hasirtert OUT andisse bythe sytemtothe s ze N d the seed aray;
e PUT (rank-oneireger arayszeN hesinet INandis used by the sysemtoresd the seed

e GET(rank-oneirteger araysizeN) hasirtet ouT andissd bythesysemtothecurent vd ue
of the seed

Not nmorethan one argunert nay be spedfied if noneis spedfied the seedis sea to a sysem
dependert vd ue See Chapte 14 fa exanp es

Real-time clock

CALL DATE AND TIME ([DATE] [,TIME] [,ZONE] [,VALUES]): reguns(vduesae
b ank o -HUGE (0) if thereis no d ock)

e DATE (charader) as ccyymmdd (certuy —€ay);

e TIME (charader) as hhmmss.sss (hours —i lli seconds);

e ZONE (charader) as Shimm (dfference beweenlocd and Co-ardnated Universd Ti ne —
UTC—Sisthed gn);

e VALUES (rank-oneinteger array) hd d ngthe year, north day, ti ne dfferencein mnues wth
respect to UTC, hour, mnu es, seconds, and mlliseconds
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CALL SYSTEM CLOCK ([COUNT]

[, COUNT RATE]

COUNT (i rteger) hd d ng curert vd ue d sysemd ock;
COUNT_RATE (irteger) hd dng nunber o dock courts per second
COUNT_ MAX (irteger) hd d ng maxi numval ue/ COUNT/ may take

Appendix D ASCII Character Codes

[, COUNT MAX]) :

reuns

The ASCII (American Standard Code for Information Interchange) collating sequence is as

follows:

Ctl Dac Hax Clar Coda Dac Hax Chat Doz Hax Char Dac Hax Char
g | oo |on WL | |3z |20 |=p 64 (40 |0 =TI

a1 o [@ |soE | (33 |21 | 65 (41 |A o |6l |a
"B o[ 2 [z [@ [smx 4 |32 il i (42 |B w2z |
sz | 3 [0z (e [EmX| |35 |1 |# 67 |43 I ==R I A
*D| 4 |04 [ |EOT| |36 |2 | iz |44 D T I |
“E | 5 (05 [« [EHQ| |37 [25 | io |45 |E 1wl |65 e
SF | 6 (o6 |4 |ACE | |33 |26 | |45 |F wz |66 £

¢ | 7 (07 | * |EEL | |32 |27 |* 7|47 |G W (67 |q

“H | & |02 ﬂ EBS 40 |z | 7 |48 |H w4 |6z |

s | e |09 |a |HD 41 ze |3 7o |4m |1 ws | [

~T (10 |04 E LF 42 [za |- (4 | wé |4 | §
K |11 |oB | & |vr 3 |z |+ 7 |ae |K w7 |8 |k
oL |12 (oo |9 |FF @ e |, 75 |4z |L ws | s |1

"M |1z |k [f |CE 45 |ip | — 71 |4D |M 09 |0 |
"N |14 |IE |g |8 4 |IE |, 7 |4E |H 110 |6E |1
"0 |15 |0F [ | 47 |zF | A 7 |4F |0 111 |6F |
P |16 |0 |e |#E 42 |30 (@ g0 |50 |P uz |m | P
g |17 [ [ [os 40 |31 |1 gl [s1 | 1z |7 (g
|18 |12 | T [Doz||s0 |32 |2 82 [s52 |R 14 |72 |1
g |12 |13 (M [Dos | |51 [z |3 gz [s3 |89 s | = =
r |20 (14 | [Doa || sz | |4 a4 |54 |T s | |t
fuo|al (15 |§ WAk | |5 [z |T g |55 |U 17 |75 |u
v |3z (16 e [SVH || 5 |36 | gi |56 |U) 12 |76 | w
oy |z (17 | ¥ [EmIB| |55 [37 |7 87 |37 (W 19 |77 |w
ool [ | T o |caM | |6 (3 |@ 88 |3%  |¥ un (7w (=
v |35 (19 | L [EM 57 |39 |a g9 |59 |¥ 121 | |y
r |z |14 | = |4E s& s34 | o |sa |2 122 |7A |
[ |27 |1B |+ |Esz e |3 |: ol |58 |L us |7' | {
S T S 1o I B i |3c |¢ =ri Tl LY 124 |7 |1

A1 |z (1D | w |oE i1 |30 [ = o |5 | ] s | |3

an 1z [1IE |4 |ER iz [3E | ¥ o [SE |~ 126 | 7R |~
o |31 [1F |w |Us iz [3F |7 =L 3 127 |F |at

T ASCH code 127 has the code DEL . Under MS-D0G, this codehas e same ebfect a3 ASCH 8 [BS).

The DEL code canbe gerersbed by the CT BL « BRSSP he)
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Appendix E Solutions to Selected Exercises

Solutions to the exercises are listed in each Chapter topic.

Chapter 1
1.1 PROGRAM Arith
REAL A, B

PRINT*, "Enter A and B:"
READ*, A, B

PRINT*, "Sum: " A+ B
PRINT*, "Difference:", A - B
PRINT*, "Product: ", A* B
PRINT*, "Quotient: ", A / B

END PROGRAM Arith

1.2 PROGRAM Energy
REAL C, E, V
READ*, C, V
E=C*V ** 2 /2
PRINT*, "Stored energy:", E
END PROGRAM Energy

Chapter 2

22(8 comma shod d beredaced by ded nd part

(6 aterisk shou d be omitted

(f) exponert nust beirteger

(h comma shod d bered aced by ded nd padnt
23(b ded nal part na dloned

(0 firgd chavade nust be aldte

(0 apostrophes na dl owed

(f) fird charagde nust be al dte

(h Hanksna dlowed

(i) ded ndl pdrtsna dloned

(K asstaisk na dl owed

(I dlowed but nd recontrended

2.4 REAL, PARAMETER :: Pi = 3.1415927
(a) PRINT*, 2 ** (0.5)
(b) PRINT*, (5. + 3) / (5 * 3) ! real division
(c) PRINT*, (2.3 * 4.5) ** (1.0/3) ! real division in exponent
(d) PRINT*, (2 * Pi) ** 2
(e) PRINT*, 2 * Pi ** 2
(f) PRINT*, 1000 * (1 + 0.15/12) ** 60
2.5 (a) P+ W /U
(b) P+ W / (U + V)
(¢c) (P+W / (U+V)) / (P+W/ (U-=-V))
(d) X ** (1 / 2.0)
(e) Y ** (Y + Z)
(f)X**Y**Z
(g) (X **x Y) ** 7 ! ** goes from right to left by default
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.10

.11

.13

.14

.15

X =X ** 3/ (2.%3) + X ** 5 / (2.%3%4%5)
I =2 **30 -1+ 2 ** 30

REAL A, B, C, X
READ*, A, B, C
X = (-B + (B *
PRINT*, X

END

2 -4 * A *C) ** (0.5)) / (2.0 * B)

REAL G, P, L

PRINT*, "Enter gallons and pints:"
READ*, G, P

P=8 *G+ P

L="P/ 1.76

PRINT*, L, "litres"

END

IMPLICIT NONE

REAL Km, L, Km L, L 100Km

Km = 528

L = 46.23

Km L = Km / L

L 100Km = L / (Km / 100)

PRINT*, " Distance", " Litres used", " Km/L", " L/100Km"
PRINT*

PRINT*, Km, L, Km 1, I 100Km

END

Il
™

T
A
B

A=A - B
B =B + A
A B A
REAL L, P, R

INTEGER N

L = 50000

PRINT*, "Enter N and R (as a decimal) :"
READ*, N, R

P=R* L * (1 +4 R/12) ** (12*N)

P=7P/ 12 / ((1 + R/12) ** (12*N) - 1)
PRINT*, "Monthly payment:", P
END

REAL L, N, R, P

PRINT*, "Capital amount, monthly payment, interest rate"
READ*, L, P, R

N = LOG( P / (P - R*L/12) )

N=N/12 / LOG( 1 + R/12 )

PRINT*, "Repayment period in years/months:", N, 12 * N
END

REAL, PARAMETER :: Pi = 3.1415927

REAL C, E, I, I1, L, R, Omega

R=5; C=10; L = 4; E = 2; Omega = 2

I1 =2 * Pi * Omega * L - 1 / (2 * Pi * Omega * C)
I =E/ (R** 2 4+ I1 ** 2) ** 0.5

PRINT*, "Current:", I

END
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Chapter 3

=1 +1
=1 ** 3+J

(c) IF (E > F) THEN
G =FE
ELSE
G=F
END IF

(d) IF (D > 0) X = -B
(e) X = (A +B) / (C* D)

3.2 REAL F
INTEGER C
DO C = 20, 30
F=9*C/ 5+ 32
PRINT*, C, F
END DO

3.3 INTEGER I
DO I = 10, 20
PRINT*, I, SQRT (1. * I)
! SORT may not have an integer argument
END DO

3.5 INTEGER I, SUM
SUM = 0
DO I =1, 100
SUM = SUM + 2 * I
END DO

3.7 INTEGER I, N, NumPass
REAL Avg, Mark
NumPass = 0
Avg = 0
N = 10
OPEN( 1, FI
DO I =1, N

READ (1, *) Mark

Avg = Avg + Mark

IF (Mark >= 5) NumPass = NumPass + 1

LE = "Marks" )

END DO
Avg = Avg / N
PRINT*, "Average:", Avg

PRINT*, NumPass, "passed"

3.9, A=4, X=1+1/2 + 1/3 + 1/4.

DO K =1, 4
X =X+1/K
END DO

3.11 The limit is pi.

3.13 REAL Bal, Dep, Intr, Rate
INTEGER Mon
Bal = 0
Dep = 50
Rate = 0.01
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PRINT¥*,
DO Mon =
Bal =

"Month", "
1, 12

Bal + Dep
Intr = Rate * Bal
Bal = Bal + Intr
PRINT*, Mon, " ",

END DO

END

Balance"

Bal

REAL A, B, K, P

INTEGER T

K 197273000

A 0.03134

B = 1913.25

PRINT " (A5, A20)",

DO T = 1790, 2000, 10
P=EK/ (L + EXP( -A *
PRINT " (I5, F20.0)",

END DO

END

"Year",

T, P

Yards
Metres

INTEGER Feet,
REAL Inches,
READ*, Metres
Inches = 39.37 * Metres
Yards = Inches / 36
Inches = MOD( Inches,
Feet = Inches / 12
Inches = MOD( Inches,
PRINT*, "Imperial:",

36.0 )

12.0 )
Yards, Feet,
(a) C =
Theta =
C =

SORT (A * A + B * B) !
Theta * Pi / 180 !
SORT(A * A + B * B - 2 * A *

Y = LOG(X + X * X + A * B)
Y = (EXP(3 * T)
Pi = 4 * ATAN(1.0)

Y =1/ COS(X) ** 2 + 1 / TAN(Y)
Y = ATAN( ABS (A/X) )

~ o~ o~~~

a)
b)
c)
d)
e)

Chapter 4

41 Youshoud ge agdued tangertstoacuve
42 (3, 4,(b, 2

(T - B) ))

+ T * T * SIN(4 * T))

"USA Population"

! inches left

Inches

* is quicker than
convert to radians
B * Cos (Theta))

* COS(3 * T)

* %

* K

2

(c) The algaithm(atribued to Eudid) finds the HCF (Hghet Comnon Fada) of two
nunbers by usingt hefad t ha t he HCF d Vi des exactl yi rt ot he d fference bet weent het wo nunbers

andtha if thenunbers aeequd, they ae equd tothar HCR
4.3 REAL C, F
READ*, F
C = (F - 32)
PRINT*,

* 5.0/ 9
"Celsius:", C

REAL A, B
READ*, A, B
IF (A > B) THEN

PRINT*, A, "is greater"
ELSE

PRINT*, B,
END IF

"is greater"
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REAL X, MaxX
INTEGER I, MaxPos

OPEN( 1, FILE = "MARKS" )
MAxX = -HUGE (0) ! smallest (most negative) number
DO I =1, 10
READ (1, *) X
IF (X > MaxX) THEN ! X is biggest so far
MaxX = X
MaxPos = I ! record position
END IF
END DO
PRINT*, MaxX, "in position", MaxPos
4.7 REAL :: Sum = 0 ! initialization
INTEGER N
DO N = 1, 100
Sum = Sum + 1.0 / N ! remember integer division
IF (MOD( N, 10 ) == 0) PRINT*, Sum
END DO
4.8 INTEGER Secs, Mins, Hours
READ*, Secs
Hours = Secs / 3600
Secs = MOD( Secs, 3600 ) ! number of seconds over
Mins = Secs / 60
Secs = MOD( Secs, 60 )
PRINT*, Hours, ":", Mins, ":", Secs
Chapter 5
5.1 REAL A, B
READ*, A, B
IF (A > B) THEN
PRINT*, A, "is larger"
ELSE IF (B > A) THEN
PRINT*, B, "is larger"
ELSE
PRINT*, "number are equal"
END IF
52
1 Repea 10 ti nes
Read nu nber
If nu mber < 0 then
i ncresse negai ve courter
a her wse if number = 0 then
i norease Zero courte
a her wse

i ncrease positive court e

2 PRint couters
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INTEGER I, Num, NPos, NZer, NNeg
NPos = 0; NZer = 0; NNeg = 0;
DO I =1, 10

READ*, Num

SELECT CASE (Num)

CASE (:-1)

NNeg = NNeg + 1
CASE (0)

NZer = NZer + 1



CASE DEFAULT
NPos = NPos + 1
END SELECT
END DO
PRINT*, NNeg, NZer, NPos

85

1 Reada b, c def
2 u=ae-dh:v=ec-bf

3 If u = 0
Li nes
Q her wse if u = 0
Li nes
Q he wse
x = Wy
Rint x y
4 Sop

REAL A, B, C, D, E, F, U, V,
READ*, A, B, C, D, E, F
U=A*FE-D*B
V=E®*XC-B*F

IF (U == 0 .AND. V == 0) THEN
PRINT*, "Lines coincide"
ELSE IF (U == 0 .AND. V /= 0)
PRINT*, "Lines parallel"
ELSE
X=VvV /U
Y= (A*F -D*C) /U
PRINT*, "x, vy:", X, Y
END IF
Chapter 6
6.2 INTEGER X

REAL Ang, Pi

Pi = 4 * ATAN(1.0)

DO X = 0, 90, 15
Ang = X * Pi / 180

PRINT " (I3, 2F7.4)", X, SIN
END DO
6.3 REAL Bal, Rate
INTEGER Month, Year
Bal = 1000

Rate = 0.01
DO Year = 1, 10
DO Month = 1, 12

Bal = (1 + Rate) * Bal
END DO
PRINT*, Year, Bal
END DO

6.4 (a) REAL Pi
INTEGER K, N, Sign
Pi =1
Sign =1
PRINT*, "Number of terms?"
READ*, N
DO K =1, N

and

and
ae

X, Y

THEN

|
(Ang) ,

0

convert to radians

then
cd nd de
t hen
padld

(afddlu
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Sign = -Sign
Pi = Pi + Sign / (2 * K + 1.0)
! avoids integer division
END DO
Pi = 4 * Pi

6.4 (b) REAL :: Pi =0
INTEGER K, N
PRINT*, "Number of terms?"
READ*, N
DO K =1, N
Pi=Pi+ 1.0/ (4 *K-23)/ (4*K-1)
! avoids integer division
END DO
Pi = 8 * Pi

6.7 REAL (2)
X =0.1
DO I =1, 20
E=1.0/ (1 - X) ** (1/X)
PRINT*, X, E

E, X ! greatest precision

X =X/ 10
END DO
6.8 REAL, PARAMETER :: Pi = 3.1415927

REAL Fourier, T

INTEGER K, N

PRINT*, "N:"

READ*, N

T =0

DO WHILE (T <= 1 + SPACING(T)) ! make sure we hit 1.0
Fourier =
DO K = 0,

Fourier

END DO
Fourier = 4 * Fourier / Pi
PRINT*, T, Fourier
T =T+ 0.1

END DO

=2 o

Fourier + SIN( (2*K+1l) * Pi * T ) / (2*K+1)

6.10 INTEGER Ans, I,

Sum = 0; I = 0;
DO

IF (Sum >= 100) EXIT

Ans = Sum ! since Sum will go over 100
NumTerms = I

I =1+1

Sum = Sum + I
END DO
PRINT*, Ans, "after", NumTerms, "terms"

NumTerms, Sum

6.12  INTEGER M, N
READ*, M, N

DO WHILE (M /= N)

DO WHILE (M > N)

M=M-N
END DO
DO WHILE (N > M)
N=N-M
END DO
END DO

PRINT*, "HCF is", M
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6.14 Thefind paynert is $157. 75inthe 54h north (dorit fage the ineres inthel st month).

Chapter 8
8.2 REAL X
READ*, X

PRINT*, X, Expo (X), EXP (X)

CONTAINS
FUNCTION Expo( X )
REAL Expo, Term
REAL, INTENT (IN) :: X
INTEGER K
Expo =1
K=1
Term = 1
DO WHILE (ABS(Term) >= le-6)
Term = Term * X / K
Expo = Expo + Term

K=K+ 1
END DO

END FUNCTION Expo

END

8.5 FUNCTION Normal( X )

REAL Normal, R, T

REAL, INTENT(IN) :: X
REAL :: A = 0.4361836
REAL :: B = -0.1201676
REAL :: C = 0.937298
REAL :: Pi = 3.1415927

R =EXP( -X * X/ 2 ) / SQRT(2 * PI)

T=1/ (1 + 0.3326 * X)

Normal = 0.5 - R * (A * T+ B * T * T + C * T ** 3)
END FUNCTION Normal

8.6 INTEGER N
DO N =1, 20
PRINT " (I4, F9.1)", N, Fibo (N)
END DO
CONTAINS
RECURSIVE FUNCTION Fibo( N ) RESULT (F)
REAL F
INTEGER N
IF (N == 0 .OR. N == 1) THEN
F=1
ELSE
F = Fibo (N-1) + Fibo (N-2)
END IF
END FUNCTION Fibo
END

Chapter 9

9.1 INTEGER, DIMENSION(100) :: Num
(a) Num = (/ (I, I =1, 100) /)
(b) DO I =1, 50
Num(I) = 2 * I
END DO
(c) DO I =1,
Num (101-I) = I
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END DO

REAL F(100),
READ*, F(1),
DO N = 3, 100

F(N) = F(N-1)
END DO

Fl, F2
F(2)

+ F(N-2)

REAL
INTEGER

S(7) = (/ 9,
Emps (7) =

10, 12,
(/ 3000,

15, 20,
2500,
INTEGER NumScales = 7
INTEGER I, Above, Below
REAL AvLevel, AvSal
Above = 0; Below = 0
AvLevel = SUM( S ) / NumScales
DO I = 1, NumScales

IF (S(I) < AvLevel) THEN

Below = Below + Emps(I)
ELSE
Above = Above + Emps (I)

END IF
END DO
AvSal = 1000 * SUM( S )
INTEGER X (10),
REAL Mean, Dist
READ*, X
Mean = SUM( X ) / 10 !
Dist = ABS(X(1l) - Mean) !
Num = X (1)
DO

Num, T

I =2, 10
IF (ABS(X(I)

Num = X(I)

Dist = ABS(X(I)
END IF
END DO

- Mean) > Dist) THEN

- Mean)

95

1 Intidize N=3: B =2 j=1(pri ne courter)
2 \While N <

I ncresse J
P =N
Increase Nby 2

3 FTirtdItI‘er's

4 Sop

Chapter 10

10.3 CHARACTER (1) :: ch = ""
INTEGER NonBlank = 0
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35,
1500,

/ SUM( Emps )

50 /)
1000,
100,

400, &
25 /)

! intrinsic SUM

! intrinsic SUM

intrinsic SUM
it may be the first one

! furthest number
! distance from mean

1000 reped:

1
By (reei ndr)
B <N reped:
by 1
wop (V. P)

0 then

(that's ana her pri ne)



INTEGER :: IOEnd = 0

OPEN( 1, FILE = 'TEST' )
DO WHILE (IOEnd /= -1) ! for EOF under FTN90
READ (1, "(Al)", IOSTAT = IOEnd, ADVANCE = "NO") ch
IF (ch /= "' ') NonBlank = NonBlank + 1
END DO
PRINT*, NonBlank
CLOSE (1)
Chapter 11
11.1 CHARACTER (80) Line
INTEGER :: Blanks = 0
INTEGER I
READ*, Line ! use quotes if text contains blanks
DO I = 1, LEN_ TRIM( Line )
IF (Line(I:I) == " ") Blanks = Blanks + 1
END DO

11.2 INTEGER I, PosStop
CHARACTER (80) Sentence
READ*, Sentence ! enclose in quotes if blanks in text
PRINT*, Sentence
PosStop = INDEX( Sentence, "." )
PRINT*, PosStop
DO I = PosStop-1, 1, -1
WRITE (*, " (Al)", ADVANCE = "NO") Sentence( I:I )
END DO

11.3 PROGRAM Zeller

CHARACTER (9), DIMENSION(0:6) :: DayOfWeek = &
(/ "Sunday ", "Monday ", "Tuesday ", &
"Wednesday", "Thursday ", "Friday ", "Saturday " /)

INTEGER Centy, Day, Month, Year, F
PRINT*, "Enter day, month, year:"
READ*, Day, Month, Year

Month = Month - 2

IF (Month <= 0) Month = Month + 12
IF (Month >= 11) Year = Year - 1
Centy = Year / 100
Year = MOD( Year, 100
F = INT(2.6 * Month -

! year in century now
.2) + Day + Year + Year / 4 &
+ Centy / 4 - 2 * Centy

o —

F = MOD( F, 7 )
PRINT*, DayOfWeek (F)
END

11.4 PROGRAM BinToDec
CHARACTER (80) StrBin ! maximum length is 80
INTEGER, ALLOCATABLE :: Bin(:)
INTEGER Dec, I, N
READ*, StrBin

N = LEN TRIM( StrBin ) ! number of binary digits
ALLOCATE ( Bin (N) )

READ (StrBin, " (80I1)") Bin ! reads first N digits
Dec = 0

DO I =1, N
Dec = Dec + Bin(I) * 2 ** (N-I)
END DO
PRINT*, Dec
END
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11.

11.12

CHARACTER

OPEN (

PROGRAM Upper

(1) ch

IOEnd = 0

1, FILE = "TEXT" )

DO WHILE (IOEnd /= -1)
READ (1, "(Al)", IOSTAT =
IF (ch >= "a" .AND.

ch = ACHAR( IACHAR(ch) -

END IF
WRITE
IF (IOCEnd

END DO

CLOSE

END

INTEGER

(*y

" (Al) ",
-2)

PRINT*

(1)

FUNCTION TIS()

REAL TIS

INTEGER TIMES (8)
CALL DATE AND TIME( VALUES
PRINT*, TIMES
TIS = TIMES (5)

+ TIMES (8)
END FUNCTION TIS

/ 1000.0

Chapter 13

13.

1

INTEGER, POINTER
INTEGER, TARGET
I =1; J =2
Pl => 1

P2 => J
PRINT*, P1,
Temp => P1
P1 => P2

P2 => Temp
PRINT*, P1,

P1,
I, J

P2,

P2

P2 !

Chapter 14

14.

14.
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1

PROGRAM Bingo
INTEGER Bing(99),
REAL Rnd
CALL SYSTEM_CLOCK( Count )
Seed = Count
CALL RANDOMisEED( PUT =
Bing = (/ (I, I =1, 99)
DO I =1, 99
CALL RANDOM_NUMBER(Rnd)
R = INT( 99 * Rnd + 1 )
Temp = Bing (R)
Bing(R) = Bing(I)
Bing(I) = Temp
END DO
PRINT " (10I3)",
END

I, Temp,

Seed
/)

Bing

PROGRAM Walk
INTEGER, PARAMETER
INTEGER X,
REAL R

Xmax =
F(-Xmax:Xmax), I,

ch <= "

IOEnd, ADVANCE = "NO")

z"

32

ADVANCE = "NO")

* 3600 + TIMES (6)

! for EOF under FTN90

ch

) THEN
) ! ASCII codes

ch

! for EOR under FTN90

TIMES )

* 60 + TIMES(7) &

Temp

Seed (1),

)

20
N

check where they point now

Count, R



X =0
F=0
READ*, N
DO I =1, N
CALL RANDOM_NUMBER(R)
IF (R < 0.5) THEN
X =X+ 1
ELSE
X =X -1
END IF
F(X) = F(X) + 1 ! that's another one at X
END DO
DO X = -Xmax, Xmax
PRINT " (80A1)", ("*", I =1, F(X))
END DO
END

14.3 PROGRAM MonteCarlo
REAL R, X, Y, Pi
INTEGER I, N
Pi =0
READ*, N
DO I =1, N

CALL RANDOM_NUMBER(R)

X=-1+2*R ' -1 to 1
Y=-1+2 *R ! ditto
IF (X*X + Y*Y < 1) Pi = Pi + 1

END DO

Pi =4 * Pi /N
PRINT*, "Pi is very roughly", Pi
END

145 Theordicdly(fromthebinomd d <ribution), the probaklity of aDHI crashingis1/4 while
that d a DH Vaashingis 516 nore can go wong wthit 9 nceit hes nore eng nes!

146 Onaverage A wns 12 of the poss He32 pays of the gane, while B wi ns 20 as can be seen
fromdraw ngthe ganetree Your s mi &ionshou d come up wtht hese proporti ons. (However, it
can be shown fromthetreethet Bcand waysfacea wn if she daysirndligertly.)

Chapter 15
15.1 SUBROUTINE MyTrans( A )
REAL, DIMENSION(:,:) :: A
INTEGER J, K
REAL Temp
DO J = 1, SIZE(A,1)
DO K = J, SIZE(A,1l) ! start at J to avoid swopping back
Temp = A(J,K)
A(J,K) = A(K,J)
A(K,J) = Temp
END DO
END DO
END SUBROUTINE MyTrans
Chapter 16
161

(8 Thered roas ae 1856 and — 697, the conpl ex rods are Q 0791+1 780.
(b Q589 3096 6285 ... (roads g¢t doser to mitiges d n.

(9 125

(d 13036 Red rodsa 1768 and 2 241
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162 Successive hisedions are 15 125 1375 14375 and 140625 The exadt answer is
1414214..., sothelas hsedionis wthntherequred eror.

16 3 22 (exad amswer is 21 3333).

rt
164 Atea yearsthe exadt answer is 2117 (1000e ).

165 The dfferertid equationsto besd ved ae

ds | dt = —r.S
dY [ dt =nS=1Y me exad sd tion dte 8hoursis S = 6450x10™ gng ¥ =2312x10*

16.6 PROGRAM IMPALA
INTEGER I, N
REAL A, B, H, R, T, X
PRINT*, "Enter R, B, A, X(0), H:"
READ*, R, B, A, X, H

N = INT( 24/H + SPACING(H) ) + 1 ! trip count
T =20
DO I =1, N
IF (MOD(I-1, INT(1/H + SPACING(H))) == 0) THEN ! output
! every month starting with initial wvalue
PRINT " (2F8.2)", T, X
END IF
T =T+ H
X=X+H%* (R-B* X * SIN(A * T)) * X
END DO
END

167 Wth10inevds(n=05), thelumnous efidencyis 14 512725% Wth 20 intevdsitis
14 512667 % Theseresutsjudifythe use of 10intervadsi nany futher conpuaionsinvd vingths
prod em Thisisastandard way of tesingt heaccuracy of anunericd nethod hd vethe seplengh
and see how nmuchthe sd uion changes
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