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What is FORTRAN?

* Fortran stands for FORMULA Translation as it
is a programming language that is used for
scientific and engineering calculations

e Although original FORTRAN was very weak in
its visual aspects, the new FORTRAN 2008 is
completely a visual FORTRAN.

* Your programming codes are translated and
compiled into machine language. Machine
language is made up of 0 and 1 and that is the
only terminology that a computer
understands.



Binary and HexaDecimal Codes

Numbers in a computer's memory must therefore be represented in binary code, where
each bitin 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  Haxadecimal Decimal  Binary Hexadecimal
0 ooa 0 i 1000 B
1 oot 1 g 1001 B
2 ooig 2 10 mo A
3 o011 3 11 1011 B
4 0100 4 12 1100 G
5 0101 & 13 "o D
i oo 6 14 1110 E
[ o117 15 1M1 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 °, i.e. 256, different
comBbinations.

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.



Sample Numerical Fortran Program

| Vertical motion under gravity
IMPLICIT NONE

REAL, PARAMETER :: G = 9.8 | acceleration due to
gravity

REAL S ! displacement (metres)
REALT ! 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



Definition of Variables in Fortran

It is important for you to define the constants and
variables in the program.

If the value must remain the same throughout the
program, that data should be defined as constant.

Variables can be defined as Integer, Real or Character.

Due to Implicit rule, variables | to N are reserved for
integers, so you should use IMPLICIT NONE statement
if you don't want to use these variables as Integers.

INTEGER X

REAL INTEREST, A, B
CHARACTER LETTER
REAL::A=1



Declared Constants

* [n FORTRAN, you can declare a constant that
can stay the same throughout the program.
Any attempt to change it would generate an
error message
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Mathematical Operations in
FORTRAN

 Mathematical Operations are carried out
according to their algebraic priorities. This
means that first inside the parentheses are
evaluated and then the multiplication and
divisions are carried out. Last the additions
and subtractions are carried out.

Operator Precedence Meaning E
il 1 Exponeritosion 2 ** 4 (=24)
= 2 Mulophicabaon 2 0% A

/! 3 DiwvisionBE / DELTA

Lid

Additbon a ey plhos L+ 6.9



Order of Operations in FORTRAN

* Hence, the following order is followed:
1) Parentheses
2) Exponential Calculations

2) Multiplication & Division (Carried out from
left to right)

3) Normal Addition and Subtraction



Sample Operations in FORTRAN

* Hence, the following samples hold true:

a) (2+3)*4 =20
b) 2*5*6/20 = 3
c) 4*5**2-10 =90
d) 245*6/10 =5
e) (5*2)**2/4 = 25



Integer Division in FORTRAN

 Make sure that in divisions, you don’t mix
Integers and Real numbers as Integer division
will yield different results as compared to Real

Division.

10 J 3 evaluates to 3
19 J 4 evaluates to 4
4 J & evaluates to 0O

by zZzexro)

— 8 /S 3 evaluates to —2

3 * 10 JF 3 evaluates to 10

10 J 2 * 3 evaluates to 9



Input in FORTRAN

* You can input data by directly defining them in
FORTRAN or you can use the READ statement
so that the user can input his or her data.

BAT.ATNCE — 1 OO0
EATE — o - O S

READ*, BALANCE, RATE

The gensral form of the READ* scaemernt is

READ*, 1ist

where [ist is a list of varables separated by commas.



Read Statement in FORTRAN

The agaoaiemeaeriis

READ>, I
READ>, B, C
READ*, D

wilth the drppous oo s

1 = 3
£

B8

9 10



Read Statement in FORTRAN

* S0, as you can see, Read statement reads the
input line by line for each Read statement.

* If there are two variables in a Read statement
and 3 values on a line, the read statement will
only read those first two values.



Reading from a File

e Suppose you have more then one value that
you need to input. Inputting 10 or more data
every time that you run the program can be
very annoying.

* One way to overcome this is by creating an
ASCII Text file and then inputting these values
from the data file. Thus, every time that you
run the program the data from the file will be
inputted. (Such as the vertices of an airfoil or
temperature gradients in a rocket nozzle)



Reading from a File

Lets say that you have created a text file called
Data.txt with the following values

345 (The values have no comma to separate
them)

You have to use the Open statement to input
these values to the program

OPEN( 1, FILE = 'DATA" )
READ(1, *) A, B, C

So, as you can see the first number 1 denotes
the number of the file and the ‘DATA’ in the
first line denotes the name of the file.



Output in FORTRAN

* The best way to output in FORTRAN is by using
the PRINT statement. It allows you to output
to the screen your private statements, the
solution of a numeric expression or any
variable.

The geay=—axra=l o s
PRIINIT*, [fisr



Output in FORTRAN

* Thus any statement that you want to be

printed exactly must be in quotes or
apostrophes

* Any variable for which you want the value can
be written directly.

* You can write a constant directly

PRINT*, "The square root of", 2, '1s', SQRT{ 2.0 )

The square root of 2is 1.41



Output in FORTRAN
A =2,B=3, D=4, Name = Richard
PRINT*, A, B, C
2314

PRINT*, “My name is ”, Name
My name is Richard

PRINT*, 2

2

PRINT*, A, “is lessthan “ 5
2 is less than 5



Outputting to a Printer

* |f you want to output the result to a printer
then you use the WRITE statement instead of

the PRINT statement.

e WRITE™, “This statement is written on a
printer”



Putting Comments in FORTRAN

* |tis always best for you to write some
comments on a program line, so that you will
be able to remember important points when
you have to go back to your program

* The comments are put after an exclamation
mark (!) and the program doesn’t read the line
behind the !

I Thisis a remark line and it is not read by the
compiler



Sample Program

PFEOGRAM Vertical
Ver

! i:al motion under gravity
TMPLICIT NONE
G = 9.8 ! acceleration due to gravity
EAL S | displacement (metres)
L time

ERL U ! initizl speed (metres/sec)

PFRINT*, ' Time Displacement'



Find the Errors in the Syntax

FROGEAM Dread-Iul
REAL: A, B, =&

K= 5
Y = b,0]
E =X\ Y

FRINT* '"The answer 15", B
END,



Summary

Fort ran statements may be up to 132 characters long and
may s tar t anywhere on the line.

All statements, except assignments, start witha keyword.

A Fortran token is a sequence of characters forming a label
, keyword, name, constant, operator

or separator.

Blanks should be used to improve readability, except inside
keywords and names.

Comments may be type after the exclamation! They should be
used liberally to describe variables and to explain how a
program works .

A statement with & as its last non-blank character will be
continued onto the next line.

There are five intrinsic data types: integer, real, complex,
logical and character.



Summary

Numeric express ions may be formed from constants
and variables with the five numeric

Intrinsic opera t ors, which operate according to
strict rules of precedence.

Decimal parts are truncated when integers are
divided, or when integers are assigned to reals.

Numeric assignment computes the value of a
numeric express ion and assigns itto a real or

integer variable .

Groups of variables may be given initial valuesin a
DATA statement.

PRINT* is used to print (display) output.

READ* is used to input data from the keyboard
while a program is running.

Data may also be read from an external file (e.g
. a disk file).



Exercises

39 Wi hac aethe valves of X and A (bothres)) affEr the folowlng program secoon nas hean
execited?

|
LI -

bl A bl N4 Bl M Bl Mo el (o
]

== = R = - - = -
|



Exercises
e State, giving reasons, which of the
following are not Fortran variable names:

* (a)A2 (b)A2 (c)2A (d) 'A'ONE

* (e) AONE (f) X 1
* (g) MiXedUp (h) Pay Day
* (i) U.S.S.R. (j) Pay_Day

e (k) min*2 (1) PRINT



Exercises

* Translate the following expressions into
FORTRAN

ax” +bhx+c=0

O(x) =05-rlat +bt” +ct”
(-05x*) N2z

f = I/{I +ﬂ3326_ﬂ



Exercises
L There areeloit s dna gallo and LR riots ina o The velime o stk s chen as
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e asIntre more usial Jom of reser L0k, irite sme DELCEIL PR S0 TR IO QU
oo sorelig () e s

Distance Litres used Em/L L/100K m



Exercises

* Please write a program to calculate the following
statement. Ask the user for inputting X and the
number of terms that there should be in your

function.

. XX
et =1+ x4+ —+—+--
20 3l

L



Solution Method for Exercises
Write Source Code in your Fortran Environment

- Define variables and constants

- Input the necessary info from users with
Read statement

- Process the data using appropriate formulas
- Output the Results

- Use Remarks after Exclamation Point

Use Compiler to Test for Syntax Errors

Execute the Program



Loops in Programming

When you need something repeated in a
program, then you will need to create loops to
repeat certain lines of codes.

These loops can be conditional loops or they
can be unconditional loops.

n a conditional loop, a repetition will take
olace only if a condition is satisfied.

n an unconditional loop, the repetition will
take place regardless of conditions



Do Loop

* Do Loop is one of the most powerful loops in
FORTRAN or in any other programming language.

* The typical Do statement looks something like this:

[ I = T . e
BN I Eﬂ_ T
inere | s an iteger vartarle, Jand K are dtecer esoressions, and block stancs S zny mumber of

tatenents, The fock fsesected renestedly; thevalues of ) and K deteming fow many renests are

mece, On the S loon, [ hes te valie of J and Ssthen Inoemsed by L & e E“d of ez oo
it e s, Loontng stons one | s reeched the velue of K and evecition rooeeds vith

e semert e B0 00, [l e thevelue A+ aferoomolecton ofte oo (romel e,



Do Loop Example

INTEGER I

DO I = 1, 10
PRINT™, 1

END DO

I~ 1



Do Loop Example

* With the DO Loop, You can Go Forward or
Backwards. The statements will be executed until

the expressions in the Do Loop is satisfied and
exhausted.

« DOI1=10,7,-1
PRINT*, 1 +1
END DO
* The above code segment will output:
11
10
9
8



Do Loop Example

e The last number in the DO statement denotes
NOwW many steps are incremented. For example:

e DoM=4,12,2
orint™, M
end do
* The output will be:
4
6
8
10
12




Conditional DO Loop (DO WHILE)

* |f you only want something executed repeatedly as
long as a condition holds true, then you must use

the Do While Construct

DO WHILE

almn oo —

— e — —
[ =] "
— T — o



Program Example: Square Rooting
with Newton

RAM Newton
quare rooting with Newton
IMPLICIT NONE
! number to be square rooted
_______

et
TNTEGER I ! iteration counter
kit ! approximate sgquare root of A

- TRT TR

WRITE( *, 10, ADVANCE = 'NC' )} 'Enter number to be square rooted:

0 FORMAT( A )
..

1 ! 1nitial guess (why not?)

lllll



Conditional Statements: IF-THEN-ELSE

* Conditional statements allow for you to branch the
programming depending upon the condition set
forth in the conditional statement

* |F (Condition Satisfied) THEN (Do This) ELSE (Do

ThiS) TF cconditCciornr THER
_, Siesks
_  Plocks
Wneve condition 132 bgical expression having a " value of either troe or false, ard block/ and
hlockE are Hlocks of samments, I the condton 15 e, Dlock! 13 execzed (and nat hlockE),
acreriize blockE 1s evecured (and not block!), The ELSE part is oprioral and ray be leff ot

—'—' -

EXeCirion cornies in e normal FIETA ut:| Wy Witn e nent Sapmert after AND E,



IF - THEN - ELSE

The condion may e foemed Erom rumeric exgressions vith e relntional aperators, S0 &8 ¢
=, == Ay & /= 1ok s, and o ot Lociea excressions e lgica aperators,
3nas WNCT., JAND, and \OX,, T7ese red | cosCossen T 0T T MOSC oenetsl e of 1

IF (Final »= 5(0) THEN
ERINT*, CRM, ExmAvg, Final, 'BASS'

— = g —

D lai I

PRINT*, CRM, ExmAvg, Final, 'FAIL
END IF



IF THEN Statement Examples

* IF(X<A)Then
A=A+1
Else A=A-1
* |F(X<=A)THEN
A=A*B
Else A=A/B
e |[F(X>=A)THEN
X=4
Else X=3



IF Constructs in General

T F (Logic—casa d —sas=rprxre 1) THFE.T]
=1 o i -
. T.5 5 T F (logical —sasxxpex ZF ) THFETd
Eld oclks
FTI.S5F T F (logical —asxErx S ) T HEFEITd

O o= B =

If logical-expr] s trum the siEemerts In block] ave execumd, and corrol pases 0 Ue rext
saerert e 20 I I logicalexpr] 15 Blse logicalexpr] 15 evaluzed, I 215 e e
siaenerts &n lock] are execued, folbowed by the next daemert afier END IF, I rone of the
orgral eoressions s true, Ue SaBmers I blockE are execrad, Clearly, the logical exressions
S0 be aranoed 50 TAC Crly one of T Can Da TR &4 T8,

There may be any rumper CELSE 1FS @ none &t alll, D Thare Ay De 1o more Tan one ELSE,



GOTO Statement

* |f you want your program to branch off in another
direction without executing some of these
statements, then the best way to proceed would be
to use the GOTO statement

G0 TO isan wconditional banch, and hasthe form

Pl a T s

[ L -t Illﬂll-.-l flll

ﬁﬁﬁﬁﬁ

. - 2 5 B % E q 1 L] —

- oy e e, g e e e Tt I R ] T i o L = L

—-EI [ N N . E—\-’E—' (A S e I M s AR T _E Ew ﬂ--E--—I —
- - -

L3

oy L
LE®

i i -

Lt S |

LCE

— " ' - [ L] ] " v » [l
N SARMelt A = 0.0 153TEVEr @xaCiyad, DErfals (alsng 4 SIPpT0 SNL, an drippanato rash, or

'-.|| L.
d SMITE 181N TD a0,



INTRINSIC FUNCTIONS

FORTRAN has several functions that you can use for
calculatmg ready made functlons

F ~malua of the aeagonansal fSnvciorn wWhere X may ba s or comolec.

-l'-'-ﬁ e T M7 e e - T = - —F—-'\.- e — 1 -1
LOG(X): LOG NatIral 10Caranm O o q.q_E]'I X. Nofet LTERCET ATGUIMET Wil Calusa

e A e s m e . -
LOGLO (X): LOGLU base 10 logarinm of X,

i A B e r s i LT . = e -
MAX (X1, XZ2[, X3, ...]): MAX maximum of two or more Irfeger or w3 Sm marts.

'|." '- % L L 1 5 LT RY - . — - - - . -
|'."i._|. AL Ady o« ) ). MIN TIIIMUM O TWO O MOTS ITsGEr 0F IR JAgUIMens.



INTRINSIC FUNCTIONS

NINT(X [, XIND]): NINT nearestirmecerto ¥ e.q NINT (3.9) mours 4, wiile NINT (-
3.8) rmrms <,

REAL(X [,AIND))+ REAL Tuncrion qonverrs Imeger, 1eal or complex X 00 Yeal Type, &

REAL(Z) /4 morms 0.5, whereas REAL (2/4) renrms 0.0,
SIN(X): SN arecfma oroomplex X

SINH(X): SNH hyperbalic sra of X,

SQRT (X) 4 SERT square mot Cf1ed O COMpLeX X
TAN(X): TAN tagert £ X

TANH (X) : TANH hyperbolic mngert of .



Exercises

31 Transsethe Mlbwing ito Fotran satemerts:

dl Add ltotevalue of I ad Soeteresal in L.
(0} Cube I, add J tois, and Soete msnitin 1.
(cl Sac G equs’ tothe larger ofthe two varares K and F.
(d I D1s grester than 2eng 38t XeJqusl o rmnus B,

(e} Doiwvige the sum of A and B by the prodoct of C and I, and soome the mesult in X,



Exercises
31 IECandFare(alsis Edfﬂ"*’ﬂ’."ii]ﬁ;ﬂ:ﬁ respectively, the formula for conversion
fom Celsiust Falrerheitis F= 805+ %
@ Wriea progam which wilask you for the Celsus temperanre and disiay The equvaler

Fanrennel one Wi some sar of commant, ..

Tne Fanrennelt temperature 1s: ..,

Try it od onthe folbwing Celshs terperanies [arswersin pamrtheses): 0 (32), 100 (212), <40
401), 37 [rcrmal human temperanre: 9.6,

[0l Change the prooram Touse a DO lodp T0 compuce and wrie e Fanvennet equva e of
Celsis Emperires mnging fom 20° o 30 Ingeos of 17,



Exercises
33 Tiriteaprogram that displays a L of inegers fram 10 to 20 inchsive each with fssouare
M IE oL

34 Tlirieaprogan tofindand displaythesum of the suooessive iecers 1, 2, L., 100 (Answer:
5050)
33 Wrie aprogram to find and display the sum of the suooessive even itecers Z, 4, .., 200,

m ghowm g g

(Argwers ZUL00)
36  Tenshudetsina class wiiie atesh The marks are oot of 10, AlLthe marks sreertered 1nan
exparra De MARES, Wriea pogam which wilmad a1 gen marks from the file and find and

cispay the aversge mark, Try T onthe fo owing marks (each on as8parate tneinthe O):

g

0 10 3

Ik

LA
5

5 7 8 4 (Answer: 5.9)

3.7 Themss mark forthe e inthe previous problem 1s 5 out of 10, Change your program soit
nzesan [F-THEN to find guthow many suoents passed the et



Exercises

M0 T has been suooestad v e population of e Uniced Stes may be modaLed oy U
i3

187213000

Fll)z L]

HIArR f 18 1R OB 11 VRIS,  YL1B & DHOCYA 0 Compuzearnd ispiay the ppiLan every fen years
frm 1790 tn000, Use the ieriofrston 24P (X) thompite e enporertial e,



PROJECT

* Write a program that calculates the electricity bill of

a small town residents based on the following
conditions

1F 500 = or less ame wsed the cost 15 2 oants (100 ocants =51 par urt;

more Than 200, bt not momethan 1000 umnts ane usad, the oost 1s S10 forthe s 500 unats,

[H1]

nd Then 3 oants for every unil Inexpass of J00;
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aam I r - — ol i 8 ’ _ T L a .

1N anan, a4 MascC 3308 I9a 0 »0 15 CEroed, N0 Matlsr W IMTICH @ rT 15 TR0,

N TR 4 DrOcrdn WILC reads 1T Iames and CONSUMpUons Ol T8 I0U0W NG USSrs IT0N A exDerTEa)
o I o

—\'-.'—

2 a0 LS AVE T8 Talne, (MISUMPrLAn and TA4l Carce 10T a3 USEr,

3
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T T
| ! e et 1 b b
- - F 1 o
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™ [ ™
P J | LR ] et L —_ et d ek



Arrays

Arrays are perhaps the most important statements
In Fortran.

Most variables in real life can have more then one
component. For example in Fluid Dynamics, a
velocity of a particle may have an X, Y and evena Z
component.

Hence, you use arrays to define more then one
value to each variable.

Some example would be V(x,y,z) or T(alpha,beta)
etc.



One Dimensional Array

If a statement has only one dimension, then it
is called a one dimensional array

PR T = AT g s

REAL, DIMENSICN({LlOQ)} :: X

declawe X tobe an aray (or fisf) with 10 mal dements, dencedby X (1), X (2}, . ,}ii'_:':.i'.’.e

_-.'L_..lllE'“'E“'.'EEL”'-_'L" d 30 ar

-l.

I.ll

number of elmmentsinananayiscaled issize (10 1nths msa),

Array elemerts ave referenced by means of a subscripl, indicated In pavertheses after the arvay
name. The Sinscart must be an integer expression —1fs value must 81 wiinn the mngedefined in
e ansy dec amEnon. S0

X(I+1)

153 vald yeferenoe for an eament of X as declamed aoove, aslongas (I+1) sinthemnge I1-10, A

compller e ooos I the sinsort s ot E..EE

H



Array Boundaries

Ry efalr avays rave a bver bound of 1 (e Lowest valuea subscradt cantake), Hovever youcan
"R &y Dwer bond you Les

REAL, DIMENSION(0:100) &2 A

deares A tonave 100 alamares, Fom A(0) o2 ( 1001, The uoner hound must e spar ek f ha
{ L L
Loyer b 18 NS I (RIS



Two Dimensional Array

If an array has two dimensions, then you can think
of it as a matrix. Its two dimensions can be separate

from each other. (One dimension may be different
in size then other)

J{2,3) :: A

-:'-ih—ll e e b i LY — e L

A 35 Atuo<m _u.*l.:l_m.. e rmber pfeemrts ﬂ.mﬂl"E"' 0 5 AL e atent U

Jl

1
o m {"m™

d mension, A nes an excert of 2 inthe st T, A& et of 3 In the second L mension
o

|ﬂ.;..ﬂ_EEu.CI..'HFE:'ﬂ_ﬂu g B CLTenELns, TR mmper of cimenel s o A 2 dTdy1s I3

i AF | el

I'f?Fi'n; 0t TR0 EI'EE"'___.'iI'i'-E?JfJE’. B Eu.n Iq J.H.L‘U' In ramgnoAn, A



Multi-Dimensional Arrays

* [n FORTRAN, you can have up to 7 dimensions in an
array.

* Let’s say that you want to describe the flow
property of a particle in 3 dimensions for a grid that
has 4 points in the X and Y axis and with 3 points in
the Z axis. Then, you would have to state :

REAL DIMENSION (4,4,3) :: V

* Then, you would write V(i,j,k) or V(1,1,2) or V(i,j,1)
or V(i,2,3) etc. to determine the property at a
certain grid point.



