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--------- -----------------------.....t.K.~--. . 

The FORTRAN IV language described in this manual is designed for the 

P855/P860 computers with a minimum of 12K memory, and is intended 

to comply with the FORTRAN IV specification laid down by the American 

Standards Association. A copy of the ASA Full FORTRAN IV is given 

in the Appendix, but is included solely for reference purposes so 

that programmers who are interested may make a comparison between 

P855/P860 Full FORTRAN TV and that of the ASA; it is not intended to 

be used as a programming manual for the P855/P860 

Great care has been taken to ·ensure that the information contained in 

this handbook is accurate and complete. However, should any errors or 

omissions be discovered, or should any user wish to make a suggestion 

for improving this handbook, he is invited to write his comments on 

the sheet provided at the end of the book and send it to: 

NV Philips Electrologica 

Industry Group Small Computers 

P.P. Box 245 

Apeldoorn 

The Netherlands. 
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1 Introduction 

The Full FORTRAN IV compiler accepts FORTRAN IV source programs as 

input and produces object modules to be processed by the Link Loader 

with the FORTRAN System Library. The result of the link-load process 

is a self-contained executable FORTRAN program which can run under 

the control of any Monitor. 

The compiler is self-initializing and does not re~uire reloading 

between successive compilations. 

The system may accept source input from any peripheral device 

supported by the Monitor used. 

In addition to the P855/P860 FORTRAN IV language elements, this 

manual contains information on the opera ting and control proc edures, 

punching conventions for input from paper tape or from the operator's 

typewriter, and a comprehensive list of error messages . 

Full det ails of t he P855/P860 Monitors;their control commands and 

operating procedures can be found in the manuals on the Basic and 

Disc Monitors. 



Program Form 

All programs consist of a number of characters grouped into lineG 

and statements. -

The P855/P860 FORTRAN IV language elements (variable names, constants, 

identifiers etc.) are constructed from the following characters: 

(letter s) 

(digits) 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 

O 1 2 3 4 5 6 7 8 9 

(special signs) = Equals 

Blank 

+ Plus 

Minus 

* Asterisk 

/ Slash 

( Left parenthesis 

) Right parenthesis 

, _ Comma 

Decimal point ( period) 

Apo s trophe 

$ Currency symbol 

In place of the nh · descriptor, Hollerith data may b e enclosed within 

apo s trophes. 

An apos trophe wi thin the character string must be coded as a double 

apostrophe. 

LINE FORYJ.AT 

Each- line consists of a Statement Label Field, a Line Continuation 

Field, a Statement Field and an Identification Field. 

Statement Label Field ~card columns 1-5) 

Stat ements may be given a label so that they 6an be referred to in 

other statements. A statement label consists of from 1 to 5 digits 

and may be placed anywhere in the Statement Label field of the initial 

line of the statement; no particular order of numbers is required, 

and blanks and leading zeros are ignored. A particular statement label 

must only be used once in a program uni t;1 

Column 1 of any line may contain the character X which is used for 

conditional compilation. 



( 

;-.--
Line Continuation Field (card column 6) 

A statement may be continued on an unlimited number of lines, 

· provided that the continuation lines contain any charac ter other than 

a blank or zero in column 6, and do not contain the character C 

. (which denotes a Co!Il.IIlent Line) in colu.inn 1. 

\ 
Statement Field (card columns 7-72) 

Any arithmet ic, specification, control, Input/Output or function 

statement may be written in the statement field. Except in Hollerith 

data where they are significant characters , blanks may be used freely 

as they are ignored by the compiler. 

Identifica tion Field ( card columns 73-80) 

The last eight columns of a line are reserved for card sequence numbers. 

This field is ignored by the compiler, and may be l ef t blank if the 

programmer wishes. 

Comment Line 

The letter C in column 1 of a line indicates a comment line. This has 

no effect upon the program it self and is solely for the programmer's 

convenienc e . 

A comment line must be immedi a tely follow e d by an i nitial line, 

another comment line , or an end line 1 but may be inserted b e tween an initial 
line and a continuation line, or b e tween two continuation lines. 
Initial Line 

An initial line is the first line of a statement, and contains a zero 

or blank in column 6 and an optional statement label or blanks in 

columns 1-5. 

.3 
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3 Data Ty.~es 

The data types definf;tj for P855/PG6v Full FORTRAN are integer, ·real, 

double precision, complex, logical and Hollerith. 

Integer 

Real 

Doubl e Precision 

Complex 

Logica ! 

Hollerith 

An integer is internally represented by one 16~bit 

word. The range of an integer is -32768 ~ i 

~ +327 67 (215-
1
). 

A real number is represented in floating point 

format, consisting of .a two word mantissa followed 

by a one word exponent. 

The mantissa is a 31-bit binary fraction (bit 0 

of the second word is not used) which is normalized 

so that the binary point is assumed to be between 

bits O and 1 of the first word . The range of the 

mantissa, m, is 

-1 < m < -½ and ½;$' m < 1 

The binary exponent is an integer . 

The range of a r eal number is 

·215_1 
2 -$ real number{+ 2 

215_1 
( \ r l ~ 109868) 

with an accuracy of 8 or 9 decimal digits . 

A double precision number occupies 4 words of 

memory, consisting of a 46 bit mantissa (bit O of 

the second and third words is unused), normalized 

in the s ame way as a single precision number , .and 

a 16-bit exponent . The range ~f values corresponds , 
to real type but with an accuracy of 12 to 13 decimal 

digits. 

A compl ex number occupies 6 words of memory and is 

formed by two consecutive real numbers . 

A logical entity may only assume values of TRUE 

or FALSE, and is contained in one 16 bit word . 

The logical value TRUE has an internal value of 

-1 (all sixteen bits set to 1), and FALSE has a 

value of O (all bits o). 

Hollerith data are written as a string of ASCII 

characters. 

I, 
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CONSTANTS 

A constant is an explicit numeric value which cannot be re-defined. 

Integer Constant An integer constant is written as a string of 

digit s , the maximum value of which may not exc eed 32767, and whose 

minimum value may not be l ess than -32768. It may not contain a 

decimal point in any position in the string. If the number is positive , 

the preceding plus sign is optional. 

59 +59 -95 2345 +6 - 8000 

Real Constant A bas ic real constant is written as a digit string 

which is the integer part, followed by a decimal point and a further 

digit string representing the dec i mal fraction part (either the 

intege r or decimal fraction part may be empty, but not both). This may 

be followed by .a d ec imal exponent which is written as the letter E 

followed by an optionally signed two di git integer indicating the 

power of ten (po sitive or n egative) by which the original cons tant i s 

to be mupt iplied. 

A real constant is written as a basic real cons t ant, a basic real cons tant 

followed by a decimal exponent, or an integer constant fo llowed by 

a decima l exponent. 

-65.-09 

1000E-1 

8.0E+15 ( equivalent to 8 .0x 1015 ) 

90. 

+9.17 

Doubl e Precision Constant A double precision constant has the same 

format as a real constant except that the letter Dis used in place 

of the letter E in the exponent part. 

Examnle.s 
~ ... """"""' 

2.35n1 -1111D2 57.62D- 5 . 8D+12 

Compl ex Constant A complex cons tant is formed by two optional ly 

signed real constants which are separated by a comma and enclosed 

with parentheses. The first real constant of the pair represents the 

real p ar t of the comp lex cons tant, the second real constant ~epresent s 

the imaginary part. 
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Exampl es 
~~ (7.0, 12.76) (-18.1, ~2.32) (0.53, 9.2) (+i2.2, +1 8.5) 

Logi c al Constant ' Logical constants a re writt en as .TRUE. a nd .FALSE.; 

.TRUE. h as an internal value of -1, .FALSE. has an internal v a lue 

of O. These are the only values that may be assumed. 

Hollerith Constant A Hollerith constant is fo rme d from an integer 

constant n, f ollpwed by the letter H, folloJed by ~xactly n ASCII 

characters. Bl a nks a r e significant characters within a Hollerith string . 

This constant is used ~nly in CALL and data initia lizati on statements . 

4'.iHTIATA 6HSTRING 

Hexadecimal Cons tant A hexadecimal constant is writ t en as the charac t er 

$ followed by up to four hexadecimal digits. 

A h exadecimal digi t i s one of the l e tters A,B,C,TI,E or F, or any 

numeric digit. 

Hexadec imal constant s may b e used in place of integer constants 

VAR IABLES 

A vari a ble is r epresent ed by a symbolic name consisting of one to 

six alphanumeric ch a racter s (the fir st of which mus t be a letter ) 

which represents a quantity whose value may b e defined and re-defined 

severa l times during execution of a program . 

The type of the ·variable (integer or real) is determi ned by the fir s t 

lett er of the variable n ame . An intial l et ter of I,J,K,L,M or N 

indicates an int eger variable , any o~her initial letter indicates a 

real variable. This convention can be overridden by using Type stat ements 

to specify variables as being of a particular type (REAL, INTEGER, 

DOUJ3LE PRECISION, COMPLEX or LOGICAL). In this case, the v a r iable 

name s are not bound by the implicit type specifica tion. 

Integer-variabl es : NUMBER LIST I NTVAR . 
~ 

Rea l vari able s : ARRAY VECTOR ROOTS 
~ 



Arrays 

A variable name may represent a list or array. of data instead of 

a single quantity. A particular element · of an array- is denoted· ,by 

the array name followed by a subscript enclosed in parentheses. 

A subscript may be a single subscript expression or a list of express­

ions separated by commas. The number of subscript expressions must 

correspond to the number of dimensions declared for that array, and 

may not be greater than three. 

The evaluation of an expression determines the array element being referencec 

Any expression which has a positive, integer value is acceptable. 

Examples 
~ 

x( 10) 

ABC(3~N+6, K-5, 2) 
LEMON (I) 

An array declarator specifies an array used in a program unit, and 

indicates the symbolic name, the number of dimensions, and the size 

of each of the dimensions. 

An array may be declared in- a Type statement, a DIMENSI ON or a COMMON 

statement. 

,-



Expressions 

.An expression is defined as any combina tion of constants, variabl"e·a 

array elements, function reference s and operation signs. 

There are three types of expressions: arithmetic, logica l and relational. 

ARITHMETIC EXPRESSIONS 

An arithmetic expression is formed with operators and elements and 

defines a numerica l value . 

The ari thmetic operators are : 

+ Addition 

Subtraction 

Multiplicati on * 
Division / 

Exponentiation** 

These are the only mathematical operation s allowed; any others_ mus t . o·e 

bui lt up from these or computed by using the standard functions or 

subroutines available. 

An element in an arithmetic expression is an array element , func t ion 

reference , con s t ant or variable which may b e integer, real, doubl e 

prec i sion or complex. 

Arithmeti c expressions are evaluated according to certain rules of 

precedence , these being _ 

** highest priority 

*and/ 

+ and - lowes t priority 

Wher e operators have the same level of priority, evaluat ion is from 

left to right. 

Parentheses are used to group expre ss ions and to alter the normal 

order of operations; the inner opera tion will be evaluated first, as 

in mathematical notation. Thus (X+Y) 3 must be written (X+Y)**3; 

is a valid express ion but does not have the same meaning and 

will not produce the des ired result. 
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Using either parentheses or the rules of p~ecedence, the following 

expressions are equi~alent: 

X3EY + A/C - K3E3EN 

(X~Y) + (A/C) - (K3E3EN) _ 

\ Two operators must never be adjacent. Thus A3E-B is not a valid 

· expression, although A.3€(-B) is. 

In this version of Full FORTRAN IV, the elements of an arithmetic 

expression may be mixed mode. The results of mixed mode expressions 

are shown below. 

For+ - / * operations: 

result 

·r 
1s t operand R 

D 

C 

For** operations: 

result 

I 

R 

D 

C 

where I = Integer . (or logical) 

R = Real 

D = Double Precision 

C = Complex 

X = Illegal 

2nd op erand ---~---------

I R ]) C 

I R ]) C 

R R ]) C 

]) D D X -
C C X C 

_,._--=2=n=d~operand 

' 
·1 I R D C 

I R D X 

R R D X 

D D D X 

C X X X 
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RELATIONAL EXPRESSIONS 

A relational expression consists of two arithmetic expressions 

separated by a relational operator, ·The value of the expression 

will be TRUE or FALSE depending on the truth of the relation described. 

The arithmetic expressions may be of - any type except complex; 

one expression may be real, double precision or integer, the other 

may be any of these, or both may be of the same type. 

The relational operators are: 

_.LT. less than 

.LE. less than or equal to 

• EQ,. equal to 

.NE. not equal to 

.GT. great er than 

.GE. greater than or equal to 

The period on either side of the operators is ·neces sary to distinguish 

them from variable names us ed by the programmer . 

Example s 
, .t' .l'\...,,,,...r-..,~ 

6 

5 
X 

.GT. 1 

.LT. 1 

.LE. 8 

has a value of TRUE 

has a value of FALSE 

is either TRUE or FALSE depending on the value 

of the variabl e X. 
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LOGICAL EXPRESSIONS 

A l ogi cal expression is formed with logi cal operat ors and 

l ogi cal elements and has a value of TRUE or FALSE . The logi c a l 

operator s are : 

.XOR . 

.OR . 

. AND . 

exclusive or ( P not equivalent to Q. Modulo 2 sum) 

-.NOT . 

l ogical di sjunction 

l ogical conjunction 

l ogical negation 

Log ical e l ements are : 

array elements, function references, constant s , variabl es or r e l ational 

expressions. A logical variable or array must be declared in a 

LOGICAL typ e statement . 

The result of the evaluation of a logical express ion is internally 

represented by one 16-bit word; if bit O of the result is 1 , the 

logical value of the expression is assumed to be true , and if it is 

O, the logical value of the expression i s assumed to be false . 

The table below shows the results of evaluation . 

Function Bit i of Bit i of Bit i of 

firs t operand second operand result 

. NOT . 0 1 

1 0 

. AND . 0 0 0 

0 1 0 

1 0 0 

1 1 1 

. OR. 0 0 0 

0 1 1 

1 0 1 

1 1 1 

0 0 0 
. XOR . 0 1. 1 

1 o: 1. 
., 1, 
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This provides FORTRAN with the same bit handling possibilities as 

Assembly language, for example, 

to ~et bit 3 of the variable L: 

L = L .OR. $11000 

to change the parity of variable M: 

M = M .XOR. 1 

to make a branch to statement 500 if bit I is set in the variable K: 

If ((K .AN]). (2u£ (15-I))) .NE. o) GOTO 500 

Relational and logical operators are subject to a priority order­

which canbe changed, as in mathematical notation, by the u se of 

~ parentheses . 

( 

The overall order of precedence is 

operator 

** 1st (highest ) 

* I 2nd 

+ - 3rd 

.LT • .LE. .EQ. 4th 

• NE. • GE • .GT • 

• NOT. 5th 

.AND. 6th 

.OR. 7th 
..• 

.XOR. 8th 

If the values of t~e logical variabl es A _and Bare FALSE arid TRUE 

respectively, the following expressions will have different results: 

.NOT. (A .OR. B) 

.NOT. A .OR. B 

In the first expression, A .OR.Bis evaluated and the result is TRUE, 

but .NOT. (TRUE) is FALSE) which is the value of the express.ion. 

12.. 
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In the -second expression, .NOT. A is evaluated first, the result 
.. ~~ \. ... 

of which is TRUE, bui TRUE .OR. B implies TRUE which is the value 

of the expression. 

Examples of logical expressions 

L .AND •• NOT. (I .GT. F) 

.NOT. W .AND •• NOT. Y 

(ROOT* F .GT. F) .AND. W 

.NOT. (-X .GE. Y) 

Combinations of Logical operators (.AND •• NOT., .OR •• NOT.) may be 

written next to each other, but this is the :~nly instance where 

operators of the same type may be written together without requiring 

parentheses. 
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ASSIGNMENT STATEMENTS. 

Statements may be classified as being executable or non-executabl e . 

Executable statements specify actions to be performed and result in 

object code output; non-executable statements describe the 

characteristics and arrangement of data etc., and do not h a ve any 

corre sp onding object code instructions . 

As s i gnment statements are executable and are of three types: 

Arithmetic assignment statement, 

Logica l assignment statement, 

GO TO assignment statement . 

ARITHMETIC ASSIGNMENT STATEMENT. 

An arithmetic assignment statement is written in the fo rm 

V = e 

where vi s a variable or array el ement identifi e r which may be 

of any type other than logical, and e is an arithmeti c expressi on. 

After execution of the arithmetic expression its computed value 

is assigne d to the variable on the left of the eQuals ( =) s ign. 

Thi s statement is very s imilar to a n algeb raic eQuation exc~p t 

that , in FORTRAN, the eQual s ign mean s 'i s to b e replaced by' 

rather than ' i s eQuivalent to' . 

The special r u le s for a ss i gnmen t are shown in the table following : 

If V i s And e i s Assignment rule is 

Integer Integer As sign 

Intege r Real Fix and Assi gn 

Intege r Double preci sion Fix and Assign 

Integer Complex Combination not permitted 

Real Integer Float and Assign 

Real Real Assign 

Real Double precision DP Evaluate and Real Assign 

Real Complex Combination not permitted 

-2-

'\ 
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Double Pr ec i s i on ·· Integer DP Float a nd Assign 

Doub l e Precis i on Real DP Eval uate and Ass i gn 

Double Preci s i on Doub le Precision Assign 

Doubl e Preci s i on Complex Combination not permi tted 

Complex I nteger Comb inati on no t p ermi tted 

Complex Real Combinat ion not permitted 

Complex Doubl e Preci sion Combinat ion not permitted 

Complex Complex Assign 

Assign mean s tran smit the re s u lting v a lue , wi thout change , t o t he 

vari a ble . 

Fix means t runca t e any frac tional par t of t he r esu l t and change 

that val u e t o a n integer . 

F l oat means alter the v a lue t o a real number . 

DP Evalua te means evaluate the expression , u sing double precision 

computa tion . 

DP Floa t means change the value to a double precision numb e r , 

r etaining the greatest preci s ion of the value that can be held in 

a d ouble preci s ion entity . 

Examples : 
; <,. CP ;.>,..XV..:> & '-

A = B 

I = X 

N = N + 5 
R = M :l£1f: N 

The val ue of A is r eplaced by the current v alue of B . 

The value of Xis trurtcated to an integer v a lue , -a n d 

this value then r eplaces t h e value of I. 

Th~ val ue of I is r epla c ed by the value of I + 5. 
Mis raised to t h e power N and the resul t is converted 

to a r eal val ue wh i ch replaces the value of R . 



LOGICAL ASSIGNMENT STATEMENT .. ,-,-

A logical assignment statement is written in the form 

, V = e 

where vis a logical variable or logical array element, and e is a 

l .ogical expression. The computed value of the expression is assigned 

to the logical variable. 

~ 
X = TRUE 

LOGICV =.NOT.A 

The value of Xis replaced by the logical constant 

TRUE 

If A is TRUE, the value of .LOGICV is replaced by the 

logical constant FALSE; if A is FALSE, the value of 

LOGICV is repl a ced by TRUE. 

LVAR = 5.0 .GT. J The value if I is converted to a real value; if the 

rea l constant 5.0 is greater than this result, LVAR 

is replaced by the value TRUE. If 5_.0 is not greater 

than J, LVAR is replac ed by the logical value FALSE. 

In both Arithmetic and Logical Ass i gnment statements the= sign must be 

written on the initial line of the s tatement. 



GO TO AS SIGNMENT STATEMENT 

This statement is written 

AS SIGN k to i 

where k is a statement label and i is an int eger vari able. After such 

an assignment, any subse quent execution of an as s i gned GO TO statement 

which u ses the integer variable (i) will cause the statement which 

is identifi ed by the ass igned stat ement label to be executed next, 

unless the va riabl e has been r edefined. 

The statement label mus t refer to an executable stat ement in the same 

program uni t in which the ASSIGN statement appear s . 

A variable u sed in an ASSIGN statement may not b e refer enc ed in 

any other type of statement unless it is redefined . 

Examples 
,vv~~~ 

ASSIGN 150 TO NUMBER 

100 GO TO NUMBER, ( 1 5, 1 25, 90 , 1 50, 17 5) 

150 X = Y*Z 

Statement 150 will be executed immediately after statement 100. 

' \ 

AS SIGN 25 TO INDEX 

10 _GO TO I NTIEX, (5 , 15, 25 , 50) 

25 I= L-M 

ASSIGN 15 TO INDEX 

GO TO 10 

15 X = F3tR+W 

In the above example, the first time statement 10 is executed control 

is transferred to statement 25. On the second execution of stat ement 

13, control is transferred to statement 15. 

1'7 . 
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Control Statements 

Program statements are usually executed sequentially, but it is often 
\ 

'\ necessary to alter the order of execution - sometimes a section of progTam 

has to be executed repeatedly, using differ ent sets of data, or a branch 

may be made to a particular section of a program, depending on the values 

of computed results. 

This s ection describes the statements tha t may be us ed to alter and control 

the normal order of execution. 

In any control ·s t a t ement the keyword ( CALL, GO 'I'O, IF etc.) must be wri t ten 

completely on the initial line of the statement. 

There a r e nine types of control statements: 

1. GO TO statements 

2. Arithmetic IF statement 

3. Logical IF statement 

4. DO statement 

5. CONTINUE statement 

6. CALL statement 

7. RETURN statement 

8. STOP and PAUSE statements 

9. EJ:i!D statement 



GO TO STATEMENTS. 

There are three types: 

- Unconditional GO TO, 

Assigned GO TO, 

- Computed GO TO. 

Unconditional GO TO 

This statement is written 

G¢ T¢ n 
where n is a statement label. 

When this statement is encountered, the next statement 

executed will be the one whose label is specified in 

the GO TO. 

10 R = SQ,RT (z + Y) 

10 
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Assigned GO TO statement 

This is written 

Gf Tf i, (k1' k2, • • • ' kn) 

where i is an integer variable and the k's are statement 

labels. 

When executing an assigned GO TO statement, the current 

value of i must have been assigned to be one of the k 
n 

statement labels (by the execution of an ASSIGN statement). 

Execution of the assigned GO TO causes the statement whose 

label (k) is the value of the variable i to be executed 

next. 

ASSIGN 15 Tf I 

. 
20 G:¢ TO I, (50, 10, 15, 3) 

15 X = y - z 
ASSIGN 50 TO I 

GO TO 20 

20 z = y :IE:!£ 3 

........ 
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Computed GO TO statement. 

This statement is written 

G¢ T¢ (k
1

, k
2

, .•• , kn), i 

where the k's are statement labe£ and i is a non­

subscripted integer variable. 

This i s a multiple-branch statement where the value 

of the integer variable determines which statement 

- within the parenthesized list will be executed next. 

Control is transferred to the statement labell ed 

k 1 , k 2 , ••. or kn' depending on whether the current 

value of i is 1, 2, 3, ... , or n, respectively . 

That i s , if the variable has a value of 1, the first 

label in the list is the label of the next statement 

to be executed. If i is greater than n, an error 

mes sage will be generated . 

G¢ T¢ (9, 7, 5, 3, 1), LABEL 

If LABEL has a value of 5, the next statement executed 

is that which i s labelled 1. 

If LABEL has a value of 1, the statement labelled 9 

will be executed next. 
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' ARITHMETIC IF STATE:MENT 

This has the format 

IF (e) k 1 , k 2 , k
3 

where e is an arithmetic expression of any type except 

complex, and the k's are statement labels. 

If the value of the expression within parentheses is 

negative, the statement which has the label n
1 

will 

be executeµ next; if the value of the expression is 

zero, statement n
2 

will be executed next; and if the 

expression has a positive value n
3 

is the next statement 

to be executed. 

Exarng1,e: 
jvJv '\./ V\ 

IF (A - Y ~~ 2) 10, 20, 20 

10 A= Y ~~ 2 +A~~ 2 

G¢ T¢ 15 
20 Y = (X + C) z B 

15 COJ\TT INUE 

If the computed value of the expression i s negative, 

control will be transferre d to the statement labelled 

10; if the expression has either a zero or a positive 

value, the next statement executed will be the one ·· 

labelled 20 •! 

.-



( 

( 

LOGICAL IF STATEMENT 

This is written 

IF (e) S 

where e is a logical expression and Sis any executable 

statement except a DO or another logical IF. 

If the value of the expression is true , statement Swill 

be executed, followed by the next statement in the written 

sequence . I .f the expression if fals e , S will be i gnored 

_ and the program continues with the next s tatement . 

In both cases, the next statement to be executed is the 

one written after the logica l IF, unless Sis a GO TO or 

an arithmetic IF statement and the expression is true . 

~ 
5 IF (W.NE. A ~* B) W = 0.0 

10 X = A :X Z 

If the expression i s true , W = 0.0 will be execute d, 

followed by the statement with the l abe l 10. 

If .the expres s ion is fal se , W = 0.0 will be ignored 

and sta t ement 10 will be executed. 

5 IF (B.LE.5.75) GO TO 20 

10 NUMBER= I NT cl£ LIST 

12 IF (B.EQ.C) ANSWER= 7.0 ~ (B/A) 

15 A = ANSWER + NUMBER 

20 B = A :X3E 2 
r 

If the value of the expression in the statement labelled 

5 is true (i.e. Bis less than or equal to 5.75), GO TO 

20 is executed and control is passed to the statement 

labelled 20. If the expression is false, the statement 

GO TO 20 is ignored and the next statement executed is 10. 

2.. 3 
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DO STATEMENT 

The DO Statemen t may be written in either of two forms: 

D$6 n i = m1' m2 , m3 
or D$6 n i = m1' m2 
where n is a statement labe l, i i s an integer v a riable 

( c al led the control vari a ble), and ID ID and m are 
1' 2' 3 

each either a n unsi gned int eger cons tant or a non-

subs crip t ed int ege r variabl e referenc e (of which only 

m
3 

mus t have a value glffi t er tha n zero ). 

m
1 

i s known as th e initial value, m
2 

the termi nal value , 

and m
3 

the incrementa tion v a lue . If m
3 

is not specified, 

an increment of 1 is a ssume d . 

The DO s tat ement i s a command to repeat e dly execute the 

succe ss ive s e quence of statement s u p to and including 

the statement labe lled n. 

Tha t is, all the statement s following the DO up to stat ement 

n represent a loop. For the first pass through the loop, 

the s t a tements are execut e d with i = m
1

; at each s ucc eeding 

execut~on i i s i ncreased by m
3 

( or 1 where m
3 

is not 

specified) . If the value of the contro l variable is l ess 

tha n or equ a l to the t erminal-value, the r ange of the 

DO (i. e . the sequence of statements comprising the loop) 

i s executed again until the value of the control variable 

becomes greater tha n the terminal value. 

At this point t he DO is satisfied, the control variable 

becomes undefined and control passes to the statement 

following the one labelled n. 

The t erminal statement in a DO-loop mu s t not be a GO TO ' 

stat ement of any type, an .ari thmetic IF, a RETURN , STOP, 

PAUSE , another DO statement, or a logical IF containing 

any of these. 

The comma following· the initial parameter in a DO statement must 

appear on the initial lin e of the statement. 



A conditional branching statement may cause control 

to pas s out of the DO-loop before the DO i s completely 

cycled. When this occur s , the current value of the 

control' variable i r emains defined . 

J;n this ver s ion of FORTRAN , the range of the DO may 

contain sta t ements which cause the value of any of 

the paramete r s (the control variable i, m
1

, m
2

, and 

m
3

) to be redefined. Tha t i s , any of thes e quantiti es 

may appear on the l eft of an equal sign i n an arith­

metic statement. 

Trans fer of c ontrol fr om inside the range of a DO 

to outside it s range i s permitt e d a t any time . 

The rever se , however, i s not permissible and control 

c annot be passed to a ny statement within t he range 

without fi rst executing the DO statement it self. 

The r ange of a DO-loop may contain other D0 1 s. 

When this occurs ( known as ne sting), all stat ements 

in the ranges of the inner D0 1 s must be compl etely 

conta ined by the outer loop, although the t erminal 

statement may be common t o two or more DO loops. 

Examples: 
I VV G>O -'-""VC>J-i 

DO 

DO 

DO 

This is a permissible 

combination 

DO 

DO 

Thi s is not permissible 

as the range of the inner 

DO extends beyond that of 

the outer loop. 
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Statement 45 i s a command to execute the statements 

following , up to and including sta tement 50. The fir s t 

t ime through the loop N will have a value of 1; at 

each succeeding execution its value will b e increased 

by 1 until i t exceeds 100 ; contr ol then passes to the 

statement labelled 51 . 
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The example above looks f or the first duplica tion of 

values in two arrays, and records this index in the 

arrays. The IF statement may cause a 'special exit' 

from the inner loop. When this happens, the index 

values of all loops are preserved. 
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CONTINUE STATEMENT 

This is written 

CONTINUE 

This statement is a dummy statement which provi des 

a common finishing point for a DO-loop, and causes 

the normal sequenc e of execution to be continued. 
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CALL STATEMENT 

.-

A CALL statement has the form 

CALL s (a1 , a2 , • · · , an) 

or CALL s 

\..-

wheres is a subroutine name and the a's are 

actual arguments. The CALL statement transfers 

control to the subroutine subprogram and replaces 

the dummy para meters in the subroutine with the 

values of the actual argumen ts that appear :Ln 

the CALL statement. 

An actual argument may be a constant (including 

Hollerith) varia ble, array name, array element 

name, an expre ssion, or the name of a Function 

procedur e or another subroutine. 

The actual arguments must agree in order, number 

and type with the corresponding dummy arguments 

in the subroutine. 

RETURN STATEMENT 

This is of the form 

RETURN 

This statement returns any computed value and 

contr.ol to the calling program unit from a 

function subprogram or a subroutine~ 



STOP and PAUSE STA'I'EIVIENTS 

These are both program cont r ol statements and 

ha ve the effect of halt i ng e:x:s1 ~u't±on of ·the -·Tunning program 
(the co.::n_pi l ati.on proc-e-f) s . i s .not affect ed ). · 

The STOP s t at ement is written 
STOP or STOP n 

n is a string of up to four alphanumeri c chara ct er s . 

This stat ement t erminate s execution of the obj ect 

program. 

The PAUSE statement is writt en 

PAUSE or PAUSE n 

where n i s a string of up to f our alphanumer i c 

charac t e r s , indica t i ng at which point in the 

program the halt i s occuring . The machine waits 

until the operator types in 

causing execution to be resume d at the statemen t 

a ft er the PAUSE. 

When a halt occurs as a result of either of t hese 

statements, the t ext STOP nor PAUSE n is output 
I 

to the operators typewriter, so that the programmer 

can easily see what stage of the progr a m has been 

reached . 

END S'rATEMENT 

The END statement is written 

END 

and indicates the physical end of a program unit; execution of 

an END statement in a Function or subroutine subprogram causes 

control to be returned to the calling program. An END statement in 

a main program causes control to be r eturned to the Monitor. 

IT a label is given to an END statement it will be ignored. 

') c-
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Specification statements are non-executable in tha t they provide the 

compil er with information about the data in the source program, and 
\ 

do not result in the creation of any instructions in the 6bject program. 

They also supply t he information required to allocat e storage loc a tions 

for the data. 

There are s ix type s of sp ecification s t a tements: 

- DIMENSION sta tement 

- COMl'IJ:O:'.if sta tement 

- EQUIVALENC E s t a tement 

EXTERNAL s t a tement 

- Type statements 

- DATA initialization s tatement 

DIMENSION STATEMENT 

This statement has the form: 

DIMENSION v
1
(i 1 ), v 2(i 2), ... ,vn(in) 

where ea ch v(i) is an array declarator; 

( _ vis the declarator name, and (i), the subscript, is composed of 

up to three expressions, separated by commas . The · subscript expressions 

may be either integer constants or, in the cas e of adjustable dimensions, 

integer variable names. The values of the subscript expressions give 

the maximum size of each dimension. 

The DIMENSION statement provides the information necessary to allocate 

storage for arrays used in the source program. -The number of words 

reserved for an array depends on the array name (which implicitly specifies 

its type) or its declared type. 



,_ 
The numb er of location,· reserved for an integer or Boolean ~rray is 

the same as the number of elements i l'.t.-the array ; three words are re served 

for each element of a real array, four for each element of a double 

precision array , and six for elements of a compl ex array . 

Example 
~ 

DIM:ENSI ON J EST ( 200 ), EXP(2,5,25), XARRAY (2, 50 ) 

The elements of the integer array JEST would occupy 200 memory loca tions, 

real array EXP would occupy 2* 5*25~3=750 loca tions, and r eal array 

XARRAY would occupy 2'lt:50:t:3=300 locat i ons . 

Adjust able Dimensions 

In the for ego ing examples , the maximum value of each subscript in the 

dec l a rato r was specified by a numer ic va lue which is absolute and may 

not b e altered . However , if an array i s u sed in a Funct ion or subroutine 

subpr ogram, each of the array dimensions may be specifi ed by an i nteger 

variabl e . Such vara iables, and the array name , mus t appear in the dummy 

argument l ist of the subprogram. When the subprogram i s called the va lues 

of the actual argument s tha t r epresent array dimens ions in the cal ling 

program wil l be transferred to those int eger vari ables that represent 

the adjustable dimensions in the dummy argQment list of the subprogr am . 

The dimensions of a dummy array appearing in a subprogr am , may alter ­

each time the subprogram i s cal led. 
I 

The ab solute dimensions of an arr ay mu s t be declared in a calling program . 

The a djustable dimensions in a subprogram mus t not exceed t he absolute 

dimensions of the ac t ual array. 

An identifi er which appear s in a COMMON statement can not be used to 

identify an adjustable array in a subprogram. 

Example 
~ 

Calling program 

DIJVIE~SION B(5,15) SUBROUTINE RTINE(X,I,J, ..• ) 

CALL RTINE(B,3,10, •• ) W=A+X(I,J) 

The absolute dimensions of the array Bare declared in the calling progr am . 

When the subroutine RTINE is called, the dummy argumrnt Xis assigned the 

array name B, and the values 3 and 10 assigned to the dummy arguments I and J. 
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COMMON STATEME~T 

The COMMON statement provides a means of sharing memory space between 

subprogram variables and main program variables. Data may also be transferred 

between subprograms or modules of a program. 

'The COMMON statement assigns two variables in different subprograms, or 

in a main program and a subprogram, to the same memory location. 

The format of the statement is 

COMMON /x1/a / ••• /x /a 
1 n n 

where each a is a list of variable names, array names or array declarators 

(no dummy arguments are allowed), and each xis an optional common block 

name which must not be the same as any variable or array name. 

If no block name is specified at the beginning of the statement, all the 

entities listed, up to the first specification of a block name (between 

slashes), are in blank common; or if two slashes appear with no block name 

between them, all entities following are also in blank common. 

If one program contains the statement 

COMMON ALPHA 

and another program has 

CO:MMON :SETA 

the variable s ALPHA and BETA refer to the same storage location. 

If a main program contaans the statements 

REAL P,Q,R 

COMJ.\IJON P, Q,R 

and a subprogram contains the statements 

REAL A,:S,C 

COMMON A,B,C 

-the result will be that P shares the same storage location as A, Q shares the 

·same location as B, and Rand C ·share the same location.' 

All the variables named in a COMMON statement are assigned to storage locations 

in the sequence in which the names appear in the statement. 

The number of locations occupied by a common block depends on the number 

and mode of the elements that are introduced through COMMON and EQUIVALENCE 

statements. Labelled common blocks that have the same name in several modules 
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EQUIVALENCE STATEMENT 

The EQUIVALENCE statement causes two or more variables in one program 

unit to be assigned to the same memory location. The format of the statement 

is: 

\ 
where each k represents a list of two or more variables or array elements 

(subscript expressions must have positive, integer values). Each element 

in a list is assigned the same area of memory by the compiler. 

One of the principal applications of the use of EQUIVALENCE is that the 

programmer can make use of the same location to contain variables which 

are quite di£ferent from each other but which are never needed at the same 

time. If, for example, a variable named INT appears in the initial READ 

statement and is then used only in the first few statements of the program; 

later, a value may be given to another variable, K22, which is used as 

a parameter in a DO list, and similarly, the variable LIST is also used as 

a DO parameter. Thus, three locations would be allocated to these variables 

whose values would be required only at certain, separate points within 

the program. If it is necessary to economize on storage space the program.mer 

could assign all three variables to the same location by using an EQUIVALENCE 

statement: 

EQUIVALENCE (INT, K22, LIST) 

This example saves only two locations, but the appl"ication could be on a 

much larger scale. 

Another use of this statement allows the programmer to establish equivalence 

between variables which have different names but which all mean the same 

thing. After writing a long program a programmer may discover that he 

has given di£ferent names to variables which are, in fact, the same. 

He could go back through the program and alter the names, but it is much 

simpler to list the names in an EQUIVALENCE statement. 

However, the greatest value in the use of equivalence lies in establishing 

equivalence between arrays. When one array is made equivalent to another, 

an equivalence is established between other elements of their arrays 



For example, the statement: 

EQUIVALENCE (X(4), Y(2), Z(1)) 

will establish equivalences as follows: 

X(1) 
X(2) 

x( 3) Y( 1) - share the 

x(4) Y('2) Z(1) - share the 

x(5) Y(3) z( 2) 

x(6) Y(4) z(3) 

same location 

same location 

Any array name which is listed in an EQUIVALENCE statement must have a 

subscript; it is not sufficient to writ e just the array n ame . The number of 

subscript expressions must correspond to the number of dimens ions declared 

:for that array, or must be a single expression. If the array element 

name has more than one subscript expression thi s refers to the pos itio~ in 

the array in the same way as in an arithmetic statement; if there is a 

single sub script expression this refers to the sequential position in 

t he array (i.e. first, second, nth. variable ). A special rule exi sts - the 

element successor rule - to determine where a given element is stored in 

t he linear sequence of memory loca tions. By applying this rule, a two- or 

t hree-dimensional array can be made equiva lent to a one- dimensional array 

o:f the same length. 

The rule is given in the tabl e below. 

Dimensions Subscri12t declarator Subscri:12t Subscri12t value 

1 (A) (a) a 

2 (A,B) (a,b) a+A. (b-1) 

3 .(A,B,C) (a,b,c) a+A.(b-1)+A.B.(c-1) 

where A,B, and Care dimension s , declared in a DIMENSI ON, COMMON or Type 

statement, and a, band care the values of subscript expressions. 

~ 
DIMENS ION M(3,12), N(15) 

EQUIVALENCE (M(2,9), N(10)) 
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To determine which pos::.-tion element (2,9) is in thi s array we', -- can apply 

the above rule. Thus, if element (1,1) is in the first position in the 

linear sequence, element (2,9) is 

2 + 3. (9-1) = 26 

DIMENSION 1(5), J(10,10), K(5,10,5) 

EQ,UIVALENCE (L, 1(1), J(25)), (K(100), M) 

This EQ,UIVALENCE statement causes the variable L, the first variable in 

array I (i.e. I(1)), and the 25th. variable in array J · (i.e. J(S,3)) to 

be assigned to the same storage location. 

Variables that are listed in both COMMON and EQUIVALENCE stat ements may 

increase the size of the common block of storage. For example, 

COMMON A, C 

DIMENSION A(4), B( 4 ) 

EQ,UIVALENCE (A( 3), B( 1)) 

Without the EQUIVALENCE statement, the common block would consis t of 

fifteen locations (three loca tions for each real entity) in the sequence: 

A(1), A(2), A(3), A(4), C 

With the EQUIVALENCE statement, the array Bis brought into common and 

causes the following sequence of storage allocation: 

A(1), A(2), A(3), A(4), C 

B(1), B(2), B(3), B(4) 

The common block is extended by the furth.er three locations r equireu for 

the array element B(4). It is quite permissible .to l engthen a common 

block in thi s way, but as arrays are stored in consecutive forward locations , 

a variable mus t not be made equiva lent to another array variable in such 

a way that the array precedes the beginning of the common a r ea . 

For example, the following statement is illegal: 

COMMON L,M,N 

DIMENSION K(3) 

EQUIVALENCE (M, K(3)) 

This would caus e K( 1) to precede L as follows·: 

L, M, N 

K(1), K(2),K(3) 

Therefore, only forward lengthening - towards increas ing memory addresses 

is allowed. 

Two variables which are listed in a common block must not also be made 

equivalent. 



· When using both COMMON dnd EQUIVALENCE statements the programmer needs 

to remember the number 0,f locations arlocated to the different data types; 

an integer occupies one word of memory, a real value occupies three, 

.double precision four words, complex six words, and a logical value one 

word. 

.... 
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EXTERNAL STATEMENT 

The name of a subroutine or function may be u sed as an argument in a . 
subprogram call. When this happens , th~ function or subroutine name must 

be declared in the list of an EXTERNAL statement in the calling program . 

'so that it is distinguished from a variable name. 
\ 

The statement is written 

where each a is a subprogram name. 

Example 

Calling program 

EXTERNAL NUMSUM 

CALL S1T.BR (L, NUMSUM, X) 

Subprogra1,g 

. SUBROUTINE SUJ3R {INT, X, ARG) 

IF ( INT ) 5 , 1 0 ; 1 0 

5 RES=Y(INT, ARG-£:1:2) 

10 RETURN 

ENJ) 

In the above example, the . subprogram name NUMSUM is u sed as an argument 

in the subroutine SUJ3R. The subprogram name NUMSUM is passed to the 

dummy argument Y as are the values of Land X to INT and ARG respectively. 

The subprogram NUMSUM will be call ed and execut ed only if the value of 

INT is negative. 
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_ TYPE STATEMENTS 

' \ 

Type statements are used to declare variables, arrays or functions as 

being of a particular data type. This override s the norma l rule of integer 

variable or array names beginning with on~ of the letters I through N, 

and of real names beginning with any other character. The format of the 

statement is: 

where Type is one of the declarators INTEGER, REAL, DOUBLE PRECISION, 

COMPLEX or LOGICAL, and each Xis a variable name, array name, array 

declarator or a function name, which is to be of the specified data type. 

Array dimensions may be specified. 

Examples ......,._,..~ 

INTEGER ALPHA, BETA, R22(100) 

REAL NUMBR, LIST, JUM:PS 

DOUJ3LE PRECISION DMODE, Z, A]) 

COMPLEX CFUN, ZLIST 

LOGICAL ~RUTH,'LVARBL, LLIST 



C 

DATA INITIALIZATIO~ STATEMENT 

The DATA statement is used to compile data values into the object program 

from source program statements. 

The statment is written: 

where 'list' contains the names of variables ::-.a:rld array elements that are to be 

given values; the d's are corresponding lists of optionally signed constant 

values. If one value is to be assigned to successive variables in the 

list, that constant may be preceded by an integer constant specifying 

the repeat number, and an asterisk. 

An implied DO is accepted in DATA statements, provided that all the 

parameters are integer constants. 

Example 
""~ 

DATA A, B, c(2)/15.o, 1.75, 2.0, 4.0/, INR, LABEL/2*100/, 

LOG, VAL/.TRUE., .FALSE./,(R(I),1=1,10)/1.0, 2x5.75, 7.23, 

11 • 1 , 3~5. 5, 23£1 o. o/ 

Values for l abelled common block elements can only be defined in a 

block data subprogram (see next chapter). 

Id 



Subprograms ---------------------'--~=---------------­
,\ 

It is often necessary to write a program in which a particular s equence 

of statements is to be computed sev eral times , with different arguments 

for each calculation. To simplify the writing of such programs it is possible 

to write these frequently-used operations only once in a program and then 

to refer to them whenever necessary, or to store them on a library , to be 

called at execution ti~e. These operations are in the form of subprograms 

which may- be a series of FORTRAN or ass embl y language statements constituting 

a comple te program, external to the calling unit, or FORTRAN statements which 

are defined within the program that uses them . 

There are five categories of subprograms: 

Statement functions 

Library functions 

Function subprograms 

Subroutines 

Block Data subprograms. 



STATEMEN'r li'UNCIJ.'IONS 

·A s tatement function i s defined by a s ingle statement ( similar to an 

a r ithmetic a ss ignment statement) within t he prO[,Tam in which it i s u sed . 

The function need be defined only once , and then may b e referred to by name 

whenever it is required in that pr ogram. The name of a statement function 

must not be the same as any variable or array name in the same program unit, 

nor must it be lis t ed i n an EXTERNAL statement. 

The forma t of a stat ement function i s : 

where f is the function name , t he a ' s are dummy arguments, and e is any 

arithmetic expression ( ,-,hich may contai n subscripted variables ). Thi s 

express ion defines the computations which a re to be performed when the funct ion 

name i s u s ed i n an ari thme tic statement . 

The type of the function is determined either by the first l e tter of the name 

(integer or r eal indication), or by specify i ng its name in an explicit type 

statement. 

The dummy arguments are variables which r epr esent the a c tual va lues pa ssed to 

the stat ement function. The actual arguments must agree in order, numb er and 

t ype wi th the cor r esponding dummy arguments. An a c tual argumen t in a statement 

func t ion r efer ence may be any expres s ion of the same type as the corresponding 

dummy argument. 

Apart from dummy arguments , the expression e may contain 

constants (o ther than Hol l erith) 

variable refer ences 

Library function refrences :. 

r ef er ences to other statement functions (which must be pre-defined) 

externa l funct ion r ef er ences. 

A statement function i s executed by writing its name wherever the va lue of 

tha t function is r equired , and by substituting ac tual arguments for the dummy 

arguments in the statement f unction definition. Once the value of the function 

is computed, that value i s made avail abl e to t he express ion containing the 

fun ction ref erence. 

I,? 



All statement function defintions to be used in a program must precede the 

first executable progr,-am statements. 

A statement function is a clos ed subprogram, i.e. it appea r s in a program 

only once and the object program transf ers control to the subprogram each 

time the function name is used in an expression in that program. 

\ 
Examples 
\,•A.,,,.,.,............,... ................ " 

SUM(A,E,C,D) = A+B+C+D 

MEAN (I,J '~K,L,M) ::: (I+J+K+L+M)/5 

FUNC(Z) = B+C 3: hZ 

The statement function definition 

SUM (A,B,O,D)::: A+B+C+D 

can be used elsewhere inthe program simply by writing the function name, for example: 

If the following function were to be used s everal times in a program, the 

necessary definition for that function is as shown. 

Function: 

Statement function definition: 

ROOT(A,X, Y) = (-C + SQ,RT(A n 2 - 5 •. * X * Y)) / (2. :t: X) 



LIBTI/illY FUNCTIONS .I 

Library functions are processor--defined, commonly -used mathematical 

subprograms which are stored on the FOR'J'RAN Sys t ern Library. Thes e functions 

are available to all programs or program uni ts that mi ght r equj_r e them , and 

they are us ed simply by writing the a ppropriate name where r equired, accompanied 

by the cor rect number (and type ) of arguments . 

Library functions are also closed subprograms , inserted only once into the 

obj ect program , irrespective of how many times they a r e us ed. 

The t able below lis ts the P855/P860 Library functions . 

Function Argument type Function type Number of Definition 
name arguments 

EXP Real Real 1 a Exponential ,e 

DEXP Double precision Double precision 1 

CEXP Complex Compl ex 1 

ALOG Real Real 1 log (a ) Natural logarithm e 
DLOG Double precision Double precision 1 

CLOG Complex Compl ex 1 

ALOGlO Real Real 1 log10(a) Common l ogarithm 
DLOGlO Double Double precision 1 

SIN Real · Real 1 sin(aJ Trigonome tric sine 
DSIN Double precision Doubl e precis ion 1 

CSIN Complex Compl ex 1 

cos Real Real 1 cos(a ) Trigonometric 
DCOS Double precision Doubl e precision 1 cosine 
ccos Complex Complex 1 

TANH Real Real 1 tanh(a) Hyperbolic tangent 

SQ,RT Real 
) _ 

Real 1 (a)2 Square root 
DSQ,RT Double precision Double precision 1 

CSQ,RT Complex Complex 1 



-

ATAN Real Rea l 1 arctan(a ) 

--- DATAN Double precision Double precis ion 1 Arctangent 

ATAN2 Real Real 2 arctan( n.1/ a2 ) 

DATA11 2 Double precision Double precis ion 2 

CABS Complex Real l \ X} Modulus 

ABS _ Real Real l 

IABS Integer Integer l \ X \ Absolute value 

DABS Double precision Double precision 1 

AINT Real · Real l sign Of X 

INT Real Integer 1 times largest 

IDINT Double precision Integer 1 int eger ~ \ x } Convert , truncate 

AM.OD Real Real 2 al (moda2) 

MOD Integer Integer 2 defined as 

DMOD Double precision Double precision 2 al-(a l/a2)a2 Remainder 

AMA.XO Integer Real 

Al-'iAXl Real Real 

JvlAXO Integer Integer 2 max (a1 ,a2,., an) Choos e largest 

MAXl Real Integer value 

DM.AXl Double precis ion Double precision 

Al-'iINO Integer Real 

AMnn Real Real 

MINO Integer Integer 2 min (a1 ,a2,., an) Choos e smallest 

MINl Real Int eger value 

DMINl Double precision Double precision 

FLOAT Integer Real 1 · Integer to r ea l conversion 

IFIX Real Integer 1 Real to integer conversion; truncate 

SIGN Real Real 2 Sign of a2 t imes Jal I 
ISIGN Integer Integer 2 

DSIGN Double precision Double precision 2 

DIM Real Real 2 al-Min(al,a2 ) Positive difference 

IDIM Integer Inteeer 2 

I 



--..:, .. 

SNGL Double precision Real l Obtain most significant part of double 

precision argument 

REAL Complex Real 1 Obtain real part of complex argument 

AIMAG Complex Real 1 Obtain imaginary part of complex: 

argument 

DBLE Real Double precision l Express single precision argument in 

double precision forma t 

CMPLX Real Complex 2 al+ a2 -1 Express 2 real arguments 

in complex form 

CONJG Complex Complex · l Obtain conjugate of complex argument 

" 



\ 

FUNC'rION SUBPROGRAMS 

A ~unction subprogram is a FORTRf,N program consisting of any nwnber of 

statements which form a complete program unit, independent of any program which 

uses it. A Function subpro6rram will be exe cu t ed wherever its name (and argum~nts ) 

\ appears in another program . 

A Function name consists of up to six a l phanumeric characters , the first of 

which must be a le tter. If the Function name has not been declared as being 

a particular type, the first letter must be cons istent with the implicit 

type rule, i.e. if the type of the Function is integer the initial letter 

must be I, J , K, L, Mor N, and if r eal, any other letter. 

The first statement of a Function subprogram must be 

where Xis the Function name , and the a 's are dummy argum ents which may be 

variable names , array names or other Function or Subr outine names. 

The word ' FUNCTION ' can b e preceded by a REAL, I NTEGER, DOUJ3LE PRECISION , 

COMPLEX or LOGICAL specification ( e . g . REAL FUNC'rION NEWS (RAG,X2)) if the 

naming convention is to be overridden . 

Following the FUNCTION statement , the subprogram may cont ain any combi nation 

of statements (other than SUBROUTDiE , BLOCK DATA, or another FUNCTION statement)\ 

which define the relationship be tHeen the variable names used as arguments in 

the calling program, t he du.rnmy variabl es which are the argu ments in the 

Function, and the computed result which becomes the value of the Functiono 

A Function subprogram may not be called r ecursively , i. e . i t may not call 

its elf, nor may two subprogTarns call each other (if Function A calls Function 

B, B may not call A) unless both are complied with the dynamic core 

allocation option; "cross recursivity 11 is th en possible. 

The name of the Function must appear at l eas t once in the subprogram as a 

variable on the l eft-hand side of an arithmetic assi6rrunent statement; as the 

subprogram name has a value associated with it which is returned to the 

calling program , the value must be assigned to the name within the subprogram. 



Once the variable has b ~n defined, both it and the arguments m~y be referred 

to and redefined s o tha t .r esul ts may b,'- ,-2'.' e turned to the ca lling prog-ram , 

in addition to the },unction value . 

As a }<,unction subprogram is a complete pr oe;ram unit, it must contain an 

END sta t ement wich i ndicat es the physical end of the subprogram, and at 

l east one RETURN sta t ement which causes any computed value and control to be 

r eturned to the ca lling program unit. 

E'xampl e 
v~ 

Callints program 

• 
• 
RESULT= FINE/COMP(N,P,R) 

• 
• 

Function Subprogram 

FUNCTION FINE(L,X,YO) 

• 

• 
M = L+J/K 

• 
• 
FINE = ~ / YO 

RETURN 

END 

In t his example, the values of N,P and Rare transferred to the subprogram 

arguments L, X and YO respectively. The va lue of FINE is computed, and this 

value is returned fo the ca lling program wher e the value of RESULT is computed. 

If a dummy argument i s an array name , an appropriate DIMENS ION or specification 

statement must be written in the Function subprogram. None of the dummy 

arguments can be listed in EQUIVALENCE , COMMON or DATA statements in the 

subprogram. 



Calling program 

X.RAY cs 11.1 

RESULT= X.RAY + 2.3 + ALPHA(2.6, 0.5, XRAY} 

Function subprogram 

\ 
1. FUNCTION ALPHA (BETA, GAMMA, DELTA) 

X = BET~2 - G.AMM.AB:3 

DELTA= ~2.5 
ALPHA= DELTA:a:2 

RETURN 

END 
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SU13ROUTINES 

. \ 

A subroutine i s similar t o a Function subprogram in t hat it is an independent 

program unit in subpr ogram form, but unlike the Function, a subroutine has 

no value as sociated with its name, therefore it cannot be executed simply by 

writing its name ; a CALL sta t ement mus t be given to bring the subroutine into 

oper a tion. 

The subroutine name may cons i s t of from one to six alphanumeric characters, 

the first of which must b e a letter . Unlike variable and function names 

the first l e tter is not sign ificant as there is no mode associated with the 

subroutine name . 

If a main program n eeds to use a subroutine, control is trans f erred to that 

subroutine by the statement 

CALLS (argument 1, argu ment 2, •• , argument n) 

or CALLS 

S represents the symbolic name of the subroutine . 

The actual arguments may be : 

Hollerith cons t ants 

variable names 

array or array el ement names 

another subprogram name 

any other expression 

and they must agree in order, number and type with the cor r esponding dummy 

arguments in the subroutine . Holl erith constants must have the same int ernal format 

as r eal, integer, compl ex or doubl e precis ion variables . 

A subroutine must b egin with the statement 

SUJ3ROUTD~E X (a
1

,a
2

, •• , an) 

or SUJ3ROU'l1INE X 

Xis the subroutine name (which must not appear in any other statement i n the 

rout ine), t h e a's are dummy arguments ; these must not be listed in any 

EQUIVALENC8 , COJ,'J•iON or DATA initialization statement tha t occurs in the 

subroutine . 



A subroutine may contain any sta t ement other than li'UNCTIOlf , BLOCK DATA or 

another SUBROUTINE s tatement . 

• A subroutine can use any of its arguments to r eturn values to the calling 

program . Any arguments us ed l ike this mus t appear on the l eft-hand side 

of an arithmetic assignment statement or in an inpu t list within the 

subroutine. 

# dj~o.-lte CU#l~Oi,vJ : 
A subprogram may have arrays of adjustable size; the DIMENSION statement in 

the subprogram contains integer variables instead of integer constants. 

Thes e variables mus t be written in the dummy argument list and given values by 

the calling program . The following example illustra t es the use of adjustable 

dimensions . r:I.'he subroutine ca n be us ed to fine the l a r gest el ement in a 

particula r row of any square array . By us i ng ad j ustabl e dimensions which 

can be adapted t o the r eq_uirements of any main program there is no need to 

specify maximum dimens ions to allow for all eventualities, and then pos sibly 

waste valuable s torage spa ce by using only s ome of the el ements . 

The CALL statement in the main program could be: 

CALL LARGE (ALPHA, 50, 5, BIGGST , M) 

and the subroutine : 
' 

SUBROUTINE LARGE (ARRAY , N, I, BIG , J) 

DIMENSION PJ313 . .AY (N ,N) 

BIG= A.BS (ARRAY(I,1)) 

J= 1 

DO 15 K = 2,N 

IF (A.BS(ARRAY(I,K)) .Lr:I.1 • BIG) GO TO 15 

BIG =· ABS (ARRAY(I,K)) 

J = K , 

15 CONTINUE 

END 

With the actual values 50 and 5 passed to the dwT!lny arguments N and I, the 

subrou t ine will find the l a r gest el ement in row 5 of a 50x50 array named ALPHA , 

placing the largest el ement in BI GGS'I' and its row nwnber in M. 



In the next example, t11e main program reads a number N, and then N numbers into 

array A, and calls the s¢RT routine to sort the array elements into ascending 

order. The subroutine compares adjacent numbers and exchanges their positions 

if necessary. 

Main program 

DIJvi.BNS I¢N A(l00) 

1 F,{)RMA'l' (I3/(6Fl2.4)) 

2 F¢RMAT (10Fl2.4) 

READ (2,l)N, (A(I), I= l,N) 

CALL s¢Rrr1 (A,N) 

WRITE (3,2) (A(I), I= l,N) 

ST¢P 

END 

Subroutine 

SUBR,VUTilJE S¢RT (A,N) 

DIMENSI¢N A(N) 

K = N-1 

D¢ 10 I= l,K 

M = 11-I 

n¢ 10 J = l,M 

IF (A(J+l) - A(J)) 5,10,10 

5 TEMP= A(J) 

A(J) = A(J+_l) 

A(J+l) = TEMP 

10 C¢NTINUE 

RETURN 

END 
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ASSEMBLY LAJJGUAGF'. SU131'HOGRAJ\1S 

Subroutine or Junction subprograms may be written in Ass embl y l an[,uag-e , 

and the resultant ob ject modul es link- edi t ed or link-loaded Hith FORTRAN 

modules . 

The Ass embly language subprogram must conta in an entry point whos e name is 

the subproeram name. 

At execut ion time, the subprogram call i s interpret ed as a 

CF Al4, X 

ins truction, branching to the entry point, X. 

When this instruction i s exe cut ed,- the A4 r egi ster contains the addres s of 

the first word of the parameter list which i tself contai ns t h e address of 

the firs t actual paramet er; the second word contains the address of the s econd 

pa ramet er, and so on. 

A4 parameter lis t par ameters 

1st. parameter (int eger) 

2nd. parameter (real) 

When execution of the subprogram is completed, control i s r e turned to 

the calling program by the instructi on 

RTN Al4 

The subprogram cannot use the sta ck (which is defined by t he calling program) 

or Al4 (which is the stack pointer, indicating the first fr ee location on the 

stack) in any way other than as shown. 

If a CF instruction i s u sed in the subprog-ram , the sta ck mus t the"n be defined 

by the programmer and the conten ts of Al4 saved. 

If the subprogram i s a Function, r e turning a computed value to the main 

program , an integer or logical value will be re t urned to Al, a r eal va lue to 

Al - A3 (matltissa in Al, A2; exponent in A3 ), a doubl e precision valu e to 

Al A4, and a compl ex value to AJ_ - A6 (real part in Al - A3 , i maginary 

part i n A4 - A6 ). 



---.--­
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BLOCK DATA SUBPTIOGRAJ1S 

A separate subprogram must be ·writ t en to ini t i a lize variabl e values in a 

labelled common block. This subprogram cpnta ins only DATA , COViMON, EQUIVALENCE 

and DIMF--NSION statements , plus any ~'ype statements relative to the data being 

\ defined. 
\ 

The form of the statement is 

BLOCK DA 'l'A 

• 

• 
• 

END 

The BLOCK DATA statement . mus t be the first statement in the subprogram. 

Values cannot be entered into el ements of blank common blocks. 

BLOCK DATA 

COMMON/ BLOK/R,S,T/RUN/Z,Y(2) 

REAL T(5 )/2.5, 17 .O, ~O.55, 8.3/, Z/ff..,,3/ 
COMPLEX R/(0.71, 2.96)/ 
LOGICAL X,Y 

DATA s/13.2/,x, Y/.FALSE., .TRUE./, YON, RON/2~12.0/ 

END 

All elements of a common block must be listed a lthough they need not all 

be initialized . 



C 

Input/Output ' Sta t~'tnents 

"Input/Output statements are of two type s : 

- READ and WRITE statement s 

- Auxiliary I/0 statements 

' \ 
\ /1 

READ and WRITE s t a tement s cause da t a records of se q_uent i al . fil es to be 

transferred to and from internal memory. 

Auxiliary I/0 stateme:r:its consist of BACKSPACE and REWIND which are u sed 

for positioning of an external fil e , and ENDFILE whi ch i ndicates divi s ions 

on an externa l file . 
Only sequent i a l files are processed by the FORTRAN I/0 package . (Direct access will 

be handled by specia l routines which will be part of a later Library development ) 

READ and WRITE STATEMENTS 

READ and WRITE stat ement s specify transfer of information in the f orm of 

formatted or unfo rmatted records . 

A formatted record consists of a string of ASCI I charact er s . The transfer 

of such a record req_uire s tha t the READ or WRITE s t a tement contains a 

reference to a format specification which supplies the n ecessary 

positioning and conversi on specifica t i ons . 

An unformatted r ecord cons i s t s of a s t ring of va lues in binary code . 

The statements h ave the f ol l owing forms : 

formatted: READ(u ,f) k or READ (u,f) , 
WRITE(u,f) WRITE(u,f) k or 

unformatted: READ (u)k -or READ (u) 

WRITE(u)k 

In each case, u is.a fil e code ( an i nteger constant or non- sub scripted 

integer variable whose va lue has b een defined ) which is known to the 

Monitor , and which de s i gnat es an i nput/ output device; f (in formatte d 

statements ) i s the l abel of a FORMAT s t atement ; k is a li s t of variables , 

array names and a r ray elements . 

The assoc i a ted statement whose l abel (f) appears in a READ or WRITE 

statement i s the FORMAT statement. This i ndica t es to the c omputer the 



( 

form of the numbers being read or written, i.e. the I/0 s t a tement 

specifi es what is to be r ead or writt en , the FORMAT statement specifi es 
\::>C.-"'-""'- '""' 

h ow and whe re the information is placed within a record . 
\A...'-'v... \.......,.._._,.....v\. 

I/o LISTS 

The list (k) of an input/output stat ement may be of any leng th, and n ame s 

the var i a bles in the order the y are to be transmi tted. 

The list elements may be vari able names , array n ames , array elements 

and i mplied DO's. On input, the se elements rec eive the values of the 

d a ta b e ing read. When an inpu t statement is executed , the v a lues read are 

assigned to the corresponding list elements, i.e. the fir s t va lue re a d 

is assigned to the first element in the list, and so on. In this way, 

an int eger value read early in the li s t may be us ed as a subscript 

elsewhere in the li st . It mu s t, however , appear as an input variabl e 

before it is used as a subscript. 
~ 

Example --~ 
RE.AD( u, f)N, A(N), I, J, XARRAY(J), Y 

When vari a bles appear in an input li st with variable subscript s , the se 

subscripts n eed n o t necessarily be defined within the same li st (as_ they 

are in the previous example); their subscript values may h ave been defined 

( by other s tatements - in a DO-loop, for instance. 

The example following shows a READ st~-ement which will be executed t e n 

times. Each time it is execut ed a value will be rea d and pl aced in th e 

A array, its position determine d by th e value of the DO-index . 

4 DJ 5 I===1,10 

5 READ (01,7) A(I) 

To transfer a complete array, only the array n ame need be written, 

without the subscripting information. All the array elements will then 

be given values. (The array mu s t be declared el sewhere in the program, 

in a DIMENSI ON, COMMON or Type statement specifying the arra y dimension s ) . 



\ 

,,,,----- -

/ 
IMPLIED D0 1 8 

Variables within an ~I/0 list may be indexe d and incremented in the 

same way a s tho se in a DO sta t em,,mt. The variables and their index·es 

must be enclosed in parentheses. 

For example, the statement 

READ (u,f) (A(I),I=1,50) 

is equivalent to the statement 

READ (u,f) A(1),A(2),A(3), .••• ,A(49),A(50) 

Although only executed once, the self-indexing statement will cause 

50 numbers to be read into successive elem,ents of the array A. 

Implied D0 1 s may also be nested, for example, given an array of 

2 by 3 by 5 elements, the statement 

READ (u,f) (((ARRAY(I,J,K),K=1,2),J=1,2),I=1,1) 

will cause data to be assigned in the following order: 

ARRAY(1,1,1); ARRAY(1,1,2); ARRAY(1,2,1); ARRAY(1,2,2) 

As a further example: 

READ (u,f)I,(C(J),J=1,I) 

The variable I is read first and its value then used as an index to 

specify the number of values to be read into the array C. 
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FORMATTED AND UNFORM.." '~TED RECORDS 

A formatt ed record consists of a string of ASCII chara cters . The transfer 

of such a r ecord requir es a FORM.AT statement to specify - on out pu t -

the layout .of the external record, the form in which the da ta must be 

written, and - on input - the l ayout and how the da t a b e ing r ead are 

to be interpreted~ With i n a format specification records are defined 

by means of a slash (/) separator . Thi s means tha t FORTRAN log ica l and 

phys ical records, read or written via Monitor r/o reque s t s , ar e identical. 

The maximum record l ength allowe d in formatt ed READ or WRITE dep ends 

upon the I/0 device ·associated with the specified file code . 

An unformatted record i s a direct bina ry r epr esentation . Data are 

transferr ed between the I/0 buffer and the FORTRAN program or the output 

device without a ny convers ion, except where the output unit i s a line 

print e r or the opera tor' s typewri t er ; in thi s case an unformatted 

WRITE i s interpreted as a hexadec i mal core dump. (Unformatted input 

from the op e r ator's t ypewriter is not possibl e ). 

The length of a physica l record on unforma tt ed fi l es is variable, 

dep e nding on the devic e.', · The fh.'st t wo chara cters of any record identify 

the record as unforma tt ed . 

The logical record l e n g th is det ermin e d by the number and types of 

the variable s in an I/0 list. If the length of a logica l record is 

les s than (or the same as ) the maximum phys ica l record length, only 

tha t one log ica l record will be recorded on the physica l record; any 

unused part will rematn blank. If the length of a log ica l record 

(, . is greater than the maximum physi c a l record l ength, the log ical record 

will be continued over as many con secutive physica l records as is 

necessary. 
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Formatted READ 

READ (u,f ) k or READ ( u, f) 

The ne . .xt physical records are read from an external file. • Data are 

input from the device specified by file code u and converted according 

to the format spe cification f; the values are assigned to the li st 

elements (if any ). If no variable li s t is specified , one r e cord will 

be rea d but ignored, resu lting in a forwa rd skip . 

When a READ sta tement i s executed under forma t control, one record 

is read when the REA]) process is s tart e d; succee ding records will be 

read when slashes are found during the scanning of the format specific­

ation. ·when input is from the operat or' s typewriter, . a r eques t for a 

n ew record is made by the b ell ringing and a question mark being typed 

out. 

If the format control reaches the out ermo st ri ght parenthesis of the 

forma t specification and the re are list elements still to be input, 

scanning is re sume d from the beginning of the l as t group repeat 

specification. If there is no group repea t specification , control 

reverts to the beg inning of the fo rmat specification, and scanning 

continues from left to right. 

If more values are required for the list than are in one r e cord, and 

the format control does not initiat e r e~ding of another record , i.e. there 

is no slash in the format specificati on , an error message is output 

r and processing stops . 



Forma tt ed WRITE 

WRITE (u,f)k or WRITE (u,f) 

Succeeding records are written from memory to the specified medium. 

The li s t el ement s are converted according to the format specification 

and output to fil e u. 

A new record is written when a sl a sh is found or when forma t control 

ends . If more information is offered by the li s t than can be conta ined 

in one record, and the format cont r ol does not initiate the output 

of another record , an error message i s generated and proces s ing stops. 

If no list i s specified a blank record is inserted in the output 

stream . 

Unformatted READ 

READ (u)k or READ(u) 

One logical b inary record will be read from th~ file identified by u, 

and the values assigned to the corresponding list elements , if c:i,ny. ­

If the number of va lues input from the record do es not correspond 

( to the number required by the li s t, an error me s sage will be output. 

If the list is omitted, .a record i s skipped. 

Unformatted READ from the op erator' s typewriter i s not possible. 
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Unformatt ed WRITE 

WRITE (u)k 

The values specified by the list k are output to the specified file 

in binary format. As the data are in binary form, no format specification 

is necessary. 

Output to the typewriter or line printer is represen ted by four hexa­

decimal characters for each word output. 
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AUXILIARY ILO STATEMEt-i'I'S 

ENDFILE statement 

ENDFILE u 

Execution of this statement causes an E:nd-Of-File to be written on 

the specified file, and indicates a demarcation of a sequential file. 

REWIND statement 

REWIND u 

This statement is used only for ma gnetic tape units, and causes the 

t ape to be rewound to its initial point. 

BACKSPACE statement 

BACKSPACE u 

This statem,,mt applies to sequential disc files only; the file i s 

backspaced by one record, unless already at its initial point in which 

case the instruction ~rill have no effect . 

Standard File Codes 

01 Source input 

02 Listing output 

03 Punch output 

05 Operator's typewriter (input and output) 

06 ASR tape reader 

07 ASR tape punch 

08 Paper tape reader 

09 Paper tape punch 

11 o1 i 
~ Reserved for disc units 

; ~ j 
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J.9~ ______________________ F_o_r_m_a_t_S_t_a_t_e_m __ e_n __ t_, s __ 
\ 

Format statements are non-executable statemen~s which are u sed in 

\ conjunct ion with the input and output of formatt ed records to provide 

\ conversi on informa tion between the int8:;r:rral'· ':tepresentation and the 

external charac t er strings . Al l FORMAT s tatement s must b e l abelled 

so tha t they can b e referred to by REA]) or WRITE statements , and they 

may be pla ced anywhere in the program . 

The general form of the statement i s: 

FOR.MAT (format specification) 

The specificati on is written 

z 
n 

where q is a series of slashes, or i s empty ; 

ti s a field de s criptor or group of field descriptors; 

z is a field separator. 

FIEL]) SEPARATORS 

A field separator may be a slash ( or series of s l ashes) and/or a comma. 

( (A s l ash may also indicat e demarcation of format ted records ). 

A slash indicates either the beginning of . a new record or the end 

of the preceding one . If there are no slashes wi t hin a FORMAT statement , 

a FORTRAN record i s defined as being from the beginning of the forma t 

specification (l eft parenthes i s ) to the end (ri ght pa r ent hesis ). A new 

record is writt en when the format contr ol ends at the outer :;;,,ight 

parenthes is. 

Example 
-~::,---., 

xxxxx FORMAT ( ••• , ••• , .•. ) 

(-:---- ·~ 

1 FORTRAN r ecord 
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If slashes occur within a FORMAT statement·; a record is defined as 

being from the beginning of the format sp ecification to the first 

slash, or from one slash to the next, or from the last slash to the end 

of the format specification. 

\ Examnle 
\ VVV'-~ 

xxxxx FORMAT ( .... / .... / .... ) 
~ <7 ~ L----~----~---- each corresponds to one record. 

Blank output may be introduced or input records may be skipped by 

using cons ecutive slashes . 

If there are n consecut ive slashes at the beginning or end of a 

FORMAT statement, n input records are skipped or n blank records are 

inserted between output records - each one output is represented by 

a single blank character. If n consecutive slashes appear anyw~ere 

else in the statement, the number of records skipped or blanks inserted 

is n-1. 

.. _ 

f,.,l.l 



REPEAT SPECIFIC ATION 

This is an ·· integer constant preceding a field descriptor, or a group 

of field descriptors , and .indicates the number of times tha t particular 

conversion is to be repeated. 

Exampl e 
~ 

(2F7.3, 4I5) is the same as 

(F7.3, F7,3, I5, I5, I5, I5) 

If a group of field descriptors is to b e r epeated, the group is 

enclosed within parenthese s and preceded by the de sired r epeat count, 

-indicating the number of times to interpre t the enclosed grouping. 

· Exampl e 
~ 

(FS.5, I2, 3(E7,4, F5,2)) 

This will cause each of the descriptors within the inner s e t of 

parenthese s to be repeated three time s . These de scriptors will be 

repeated alternately, i.e. E7,4 then F5.2 then E7.4 again, and so on. 

This i s quite different from 

( 3E7. 4, 3F5. 2) 

which specifies three E7.4 fields followed by three F5.2 field s . 

In addition to the parentheses re~uired by the FORYL~T statement, 

( two levels of group parentheses are allowed. 

Example 
~ 

( I 2, 2 ( E9. 4) , 3 ( I 5, E6. 2) ) 
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FtELD DESCRIPTORS 

Field descriptors sp ecify the type and form of conver s ion be tween 

internal representation and external nota tion. 

The field descriptors have the forms: 

riw 

srFw.d 

srEw.d 

srGw.d 

srDw.d 

rLw 

rAw 

wheres is optional and represents a scale factor; 

r, the repeat specification, is a lso optional and represents a positive, 

unsigned integer cons tant indic ating the number of times the field 

descriptor it precedes is to be ·rr1e1geate~ 9 
wand n are positive, unsigned integer constants representing the 

field width of the external character string (including any plus or 

minus signs and a decimal point); 

dis also unsigned, an integer constant and repre sent s the number ~f 

positions in the field occupied by the fr a ctional part of the external 

character string; 

the. letters I, F, E, G, D, L, A, X and H indicate the type of conversion 

to be u sed ; 

each his one ASCII character. In place of the nH descriptor , Hollerith 

output data may be represerited by a string of characters enclosed 

within apostrophes. 

The format specification must be enclosed in parentheses . 

The value s of r, n and w must be greater than zero. 



SCALE FACTOR 

The internal or external d a ta repre sentation may be modified bY the 

use of a scale factor . The effect of the scale factor is tha t the 

externa l numb er i s equal to the internal number times t en raised to 

the power of the scale factor. 

The field specification is: 

nP or -nP 

where n is an integer constant. Thi s specification precedes a forma t 

de scriptor. 

A scale facto r may be used with the F , E, G and]) descriptors , provided 

none of these contain a d ecimal exponent in the input string . vn1enever 

( a scale factor is written with a field descriptor , it applies to all 

succe e ding F, E, G and]) descriptors until another scale factor is 

esta blished. If a given scale facto r is to be applied to one field 

descriptor only, the next de scriptor must have a n OP scale factor. 

Input 

A scale factor is ignored if any of the specifications contains a 

decimal exponent, otherwise it i s defined as 

external quantity= internal quantity~ 10n 

Examples """"'_,,.._ . ..............,....,.......__ 

Field descriptor 

-3PE12.4 

Output 

-2PE12 . 4 

2PE12.4 

1PF11.4 

Input characters 

bbbbbb123456 

-bbbbb123456 

bbb-bb123456 

bb-175. 8041 

Internal value 

+1 2345.6 

-12 34 .56 

-b.123456 

-17-5804 

The E,]) or G output specifications mar conta i n an E or]) decimal 

exponent. A po sitive scale factor u sed with a fi eld descriptor containing 

an exponent multiplies the number by 10n a~d decreases the exponent 

by n. 

F output has the same format as F input; for G output the scale factor 

has no effect if the value to be converted is within the range that 

allows F-typ e conversion to be effectively used. 



// 

Examples 
~~ 

Field de scriptor Internal value cha r ac ters output 

1PE13.3 55.3647 bbbb5.536Eb01 

-3PE12.4 +1 23456 bbb.0001E+09 

-1 Pil12 . 4 +1 23456 bbb.0123Il+07 

-1 PF11, 4 -1 75 , 8041 bbb-17,5804 
·\ 1PF8 .2 -1 23 . 456 -1 234.56 

2PG12, 4 0.01 2345 bb12.345E-0 3 

2PG12.4 -1 234 .56 bb-1 23 5,bbbb 



Format Sp ecification in READ and. WRITE Statements 

The FORMAT statement reference in a READ or WRITE statement may be 

specified by a label, an array name or a Hollerith constant which 

constitut e s a valid FORMAT specification. When the format specification 

is in an array, an nH descriptor may form part of the specifica tion. 

WRITE (2, 1 (6X, "A=", F15.4) 1 )A 

which is equivalent to 

WRITE (2,333).A 

333 FORMAT (6X, 1 A=',F15.4) 

In the first WRITE, quote marks inside the Hollerith string must be 

coded as double apostrophes. 

Alternatively, one could have 

WRITE (2,15H(6){ ,2HA=,F15.4))A 
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I-type descriptor (Integer) 

The field specification is Iw (or riw) 

w defines the number of characters to be processed, including sign 

(where applicable) and any blanks. 

On input w chara cters are converted to a 16-bit integer . Leading \ -
blanks or spaces are not significant; other s within the field width 

are interpreted as zeros. The range of any integer value , i, is 

-32767 ,< i ~ +32767 

Example s 
VV,....,-.,...:7~ 

Field descriptor 

13 

I5 

I7 

Characters input 

b+1 

bbb-5 

bb23451 

Internal value 

+1. 

-5 
23451 

On output the number is right justified in the field and is prece ded 

by a minus sign if negative, or a blank if the number is positive. 

If the field width is not large enough to · contain the stored number, 

the whole of the external field is filled with asterisks. 

Examples 
~ 

Field descriptor Internal value Characters output 

15 23456 23456 

I3 -2 b-2 

I2 125 :!::lf 

I5 -12345 :1: :lE :lf :lE :lf 

I6 -225 bb-225 

I3 0 bbO 
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F-type de s criptor (Real ) 

The field specification is Fw.d (or srFw .d) 

w defines the number of characters to be processed; d defines the 

fractional part. 

On i myQt the external cha racter string consists of an optionally signed 

digit string which may con tain a d ecima l poin t. If t he number rea d 

do es contain a decimal point, the d part of the specification will b e 
""'-'"'.,VV\ 

ignor ed. If no decima l point is pre sent, the number will be converted 

according to the specification . 

The b as ic form of the external charac ter string is as follow s : 

- leading blanks (these are i gnored) 

- a+ or - sign ( a n unsigned input is assumed to be positive ) 

- an int eger part 

- a decimal point 

- a fraction part 

Each of the se elements is optiona l and thi s b as ic form may be followed 

by an exponent which h as the form 

- letter E 

an optional + or a - sign 

- a decima l exponent in the form of an int eger cons t ant, consisting 

of not more tha n t hree digits. 

Examples 
~ 

Field de s criptor 

F6.2 

FS.4 

F5.2 

Cha racters input 

b12344 

bbb35711 

2.255 

Internal value 

123.44 

3.5711 

2.255 the input number 

contains a decimal 

point, so the d 

specification is 

ignored. 
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On output th~ external basic form i s used, without an exponent. 

The number is right justified in the field, preceded by blanks where 

nec essary and a minus sign if n egative . If the fraction i s larger 

than the d specification requires, it will be rounded. (This rounding 

-off may cause a very small number to appear to be zero). If dis 

larger than the fract ion , zeros will be added on the right hand side. 

If thew specification is too small, the whole of the external fi e ld 

is filled with asterisks. 

Examples 
~ 

A format specification of F5,2 specifies a t o t a l field width of five 

positions (including one position fo r the decimal point), a nd would 

have the following output formats: 

Internal value 

25.37 
505.25 

81. 5 
2.125 

-9. 
-.6 

6. 9821 

5.757 

Characters output 

25.37 

81.50 

b2 .12 

-9.00 

-b.60 
b6.98 
b5.76 

(w s pecifica tion too small) 

(last two digits of accuary los t) 

(fraction rounded) 
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E-type descript or (Real exponent) 

Th e fie ld spec ificat ion i s Ew . d (or srEw.d) 

The number of characters specified by w is conver t e d to a floating 

point number with d di git s to the right of the decimal point. 

On input the format i s the same as F input; the E exponent may b e 

included or omitt e d ( as with F-type ). 

The exp onent i s the power of ten by whi ch the number mus t be 

multiplied to obtain , :i;ts true value . 

. Examp l es 
~ 

Field descriptor Characters input Internal value 

E10.3 -0.200E-0 2 -.002 

E10.5 +27.567E- 3 .02756 7 

E10.5 + 27.5 67E+3 27567.0 

E1 2 .4 bbbbbbbbbbb5 0.0005 

E12.4 -1234567 BE-3 -1.2345678 

E10.5 567891E-01 .56709 1 

On output the iiu.mller i s right justified, the fi e ld is preceded by 

blanks where nece ssary, and a min:u s s i gn if the number i s negative ; 

thi s i s followe d by a decimal point, a decima l f rac tion part of d 

positions, and~ decimal exponent ' of the fo rm : 

E - Y1Y 2Y3 
where each y i s a decimal digit . 

If the exponent cannot be contained in three positions, the whole · 

externa l field is filled with asterisks . 

Exampl es 
........ = - . U"T-

Field descriptor 

E12.5 

E10.3 

E10.3 

E14.5 

E10.3 

E11.4 

Int ernal value 

222.55 

.0000000009 

535. 

276 .55 

-.002 

+1 23456 

Charac t ers output 

bb.22255E+03 

bb. 900E-09 

bb.535E+0 3 

bbbb. 27655E+03 

-b. 200E-02 

bb,1 235E+06 



.,_ ·-....- . 

G-type de scriptor 

The field specification is Gw.d (or srGw.d). 

The external fi eld oc cupies w postions , with d significant fractiona l 

di gits. 

On input t he external format of the numbers to be input is the same as 

F-type . In memory the number i s represented as a singl e precision 

flo a ting point number . 

Examples 
"'~~ '\ 

Field descriptor 

G12.7 

G12.0 

C9 .3 

Chara c ters input 

bbbbb-123456 

bbbbb+1 23456 

bbb17 546 3 

Internal value 

-.0123456 

+123456 . 

175. 463 

On output t he form depends on the magnitude of the internal flo a t i ng 

point number. If the decimal exponent of the internal number is 

grea t er than d or le ss than zero, an E-type conversion will be us ed ; 

otherwise if the exponent is le ss than or equal to d, and greater 

than or equal to zero, an F-type convers ion will be u sed , but 

modified as follows: 

F( w-4).(d-e),4x 

The decimal po i nt must immediately precede , follow, or be incorporat ed 
' 

in the d s tring of digi t s ; the external fi eld consist s of w-4 positions 

and four blanks are added to the value. 

Field descriptor 

G1 2 .4 

G12.5 

G14.6 

Interna l value 

136.7632 

82.43441 

.12345123 

Characters output 

bbb136.7bbbb 

bb82 .434bbbb 

bbb.123451bbbb 



D~typ~ descriptor (Double Preci s i on ) 

The field specification is Dw.d (or srDw .d). 

The external field consists of w positions, the fractional · part of 

which is d digits. The value is internally represented in doubl e 

precision floating point format (3 word mantissa and 1 w~rd exponant). 

On input the external field is the same as an F-type format. · 

Examples 
~~ 

Field descriptor 

n12.4 

D12.4 

D10.3 

Characters input 

bbbbbbbbbbb5 

bbbbbbbbbb5 . 

bbb7234bb1 

· Internal value 

0.0005 

5.0 

7234.001 

On output the format is the same as for the E-type descriptor except 

tt&t the letter D repla ce s the let ter E in the expon~nt part. 

Examples 
~'-">..,VW"' 

Field descriptor 

n10.3 

n11.4 

D10.3 

D15.8 

Interna l value 

2-38. 

654321. 

.00000000003 

12.34567890 

Characters output 

bb. 238IH-03 

bb.6543D+06 

bb.300D-10 

bb.12345679D+02 



L-type descriptor (Logical) 

The field specification is Lw (or rLw) 

On input the first Tor Fin the next w characters of the input 

string causes a value of.TRUE.or.FALSE.to be assigned to the 

corresponding logical variable. Internally, a logical value is 

represented as. an integer, the value of which is --=1 for True 

and O for False. 

On output the letter T or F ( corresponding to the .;--value of the 

logical variable) is inserted in the output record, preceded by w-1 

blanks. 

·" 
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A-type descriptor 

In the Aw specification w alphanumeric (ASC!1) cha r a cters .are read 

into or written from the specified list element. As 8-bit code is 

used for each character, each word of memory holds two charact ers . 

The associated vari able can be of any type , so an integer or 

logical variable contains 2 cha racters, a real var i able 6 characters , 

a double preci-sion variable 8 characters, and a compl ex variable 

12 chara cters. 

, 

The Aw descriptor causes w ASCTI characters to be read into, or 

written from, w consecutive character locat ions from the address 

of the fir s t character of the specified li s t element. If w is 

greater than the number of characters that can be held by the 

variable specified, successive variables are read until thew 

charact ers are transferred. If w is less than the "cha racter 

capacity" of the variable, w characters will be input followed by 

trailing blanks, and for output, thew characters will be right 

justified, and preceded by as many blanks as is necessary to 

complete the total field width. 



X-type descriptor 

The field specification i s nX. 

This descriptor governs the insertion of blanks . 

On input the next n characters are skipp ed. 

On output n blanks are inserted in the output record. 

H-type descriptor (Holler ith) 

Hollerith (alphanumeric) da ta may be transferred by means of the 

nH fi el d de s criptor. 

Hollerith informati on i s rea d into or wri tt.e.n f rom the n characters 

(blanks included ) following the l e tter Hin the format specification 

list. 

On input then characters in the fo rmat are replaced by n characters 

from the input field. 

On output the n character s follo0ing the format code are written 

as part of the qutput record. 

For output only, this fi eld descriptor may be replaced by an ASl:t 

character string enclosed in apostrophes. The data are then 

trans f erred exactly as written. When an apostrophe is used as 

pa~t of such a string, it must be coded as a double apostrophe. 

If n is zero in the nH descriptor, no operation will be .carried out. 



Printing of Formatt ed Records 

When formatted records are printed, the first cgaracter of the 

record (which is n0t output) determines the vertical spacing: 

0 indicates double line spacing 

1 " skip to first line of next page and single spacing 

+ " no advance 

any other character indicates single spacing. 

For each I,F,E,G,D,L or A de scriptor in a format specifibation, 

there is a corresponding element specified in the input/output list. 

However, there is no corresponding list elemen t ·for Hor X descriptors, 

and the format control communicates information directly with the 

record. 

• 
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The POR.TRAN Sys t ern . . 

The Full FORTRAN IV compiler runs under control of a ny Monitor (but 

if disc s torage i s u sed , c an only run under either of the two Disc 

Monitors ) a nd acc ept s both Bas ic and Full FORTRAN source progr am s . 

The minimum configuration r equire d i s a P855 or P860 CPU with 12k 

word s of memory and the ASR typewriter . However, s ource p ro5rams 

may be input from any of t he i nput p erpherals that c a n be atta ched 

to a 12K configuratj_on , and sys tem programs may b e stored on di s c 

and magneti c tape units . 

The ~ORTRAN syst em consis t s of a compi l e r a nd a s y s t e m library which 

conta i ns r/o function s and Mathemat ical and Arithme tic routines . 

Both the c ompil er a nd the system library may b e perma nently store d 

on di s c. (De tail s of disc op eration and acc ess can b e foun d i n the 

P855/P860 Disc Monitor s manual.) 

The compiler makes one pass over the FORTRAN source modul es ( main 

program and any subprogr ams called by the main program ) and produces 

correspond1ng obj e ct module s , ready for processing by the Link 

Editor/Loader. Ea ch source module may be compil ed invidualJ.y . The 

input to the Link Edit or /Loade r is: 

1) the FORTRAN main program, 

2) all external s u bpr ograms written by _t he u ser , 

3) the FORTRAN Sys t em Libra ry. 

(The input order of the fi rs t two i s unimp or t ant, but the Library 

modul es must b e the l ast to be input.) 

The Link Loa der sel ec t s fr om the tibrary al l t he routines called by 

the main program , and all other function s require d for program 

execution. It then comb i nes the various modules into one r e loca t a bl e 

object prog r a m which is r eady for execution. 

Error messages tha t are found during c ompilation are printed on a 

new line i mmedi a t e ly after the source line in which the error was 

detect ed (not n ece ssar ily a ft er the line in which the error f irst 

~-~~;rre d) .The e rror message has the fo rm : 

F/MESSAGE 

followe d by a h exadecima l error code ( a lis t ~f the codes a nd their 

meanings i s g iven at the end of the ch ap ter ). 
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CO:MPI I.Ji'.Jl . CONTROL STATEMENTS 

Two special sta t ements are available which control the compilation 

process ; these are IDENT and OPTIONS. 

IDENT Statement 

The IDENT stat ement~ be used to assign a name to any source 

(and its corresponding obj ect) module. The statement i s written 

on the first line of the modul e in the form: 

IDENT m 

where mis an identifier. 

This identifier has no connection with the FORTRAN program itself, 

but is used during the link .... edit or link ... load process to identify 

the object module. Where the object module is a subpr ogram, the 

identifi er may be the same as , or different from, the subprogram 

name . Any Block Data subprogram must be preceded by an IDENT 

statement . 

OPTIONS Statement 

The OPTIONS sta tement may be u s ed to suppress listing, to control · 

the conditional compilation feature, and to r e quest the generation 

of a re-entrant module. Thi s statement may be written anywhere in 

a source program, and has the form: 

OPTIONS i 

where i is an option or list of options separated by commas. 

The options are specified by the letters L,X,D or M which are 

associated with four corresponding boolean variables in the 

compiler's work area. When an IDENT statement at the beginning of 

a module is proce ssed, the s e variables are initialized to zero. 

When the OPTIONS statement i s processed the values of those boolean 

variables who se names appear in the OPTI ONS list are reversed. 
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Example 
v'--"'-,.-., _,,_ ._ , 

Source program . 

IDENT PROG 

OPTIONS L 

X A = B 

OPTIONS X 

X IF (M+(I-J,.,~2)) 10,15,15 

L -; -

all booleans set to 0 

value reversed so statement listing is 

suppressed 

X boolean is O, therefore this line is 

not compiled 

value reversed 

this line will be compiled (boolean ~1) 



L ( Suppre ss Li sting ) 

When the 1· variable i s se t to 1 there will be no source listing . 

Error messages , however , will still be listed . 

X (C onditi ona l Compilation) 

When the bool ean variable Xis O any source line who se first 

character i s the letter Xis i gnored by the compiler. 

When the variable is s e t to 1, the source line will be compiled, 

the X will be ignored and pr ocessing will start from t he second 

character in the line . 

D (Generation of a Re-entrant Module - Dy;pamic Allocation ) 

When the bool ean variable .Dis set to O, the output obj ect module 

will not be re-entrant . 

When the variable is s e t to 1, the work storage fo r the output 

obj ec t modul e is obtained at run time by means of a dynamic _memory 

a llocation r_eques t to the Monitor. This obj ec t module wil l then be 

re- entrant, i.e . it can run concurrently at different software 

levels and can be interrupted at any stage at a reques t from 

another program of a higher priority. 

Care m~st be t aken not to modify the format descriptors at run time . 

M (Mapping ) 

The M variabl e is tested after an END statement has been processed. 

If the boolean variable is set to 1 a map of identifier s and l abel s , 

with their relative addresses , i s printed . 



FORTRAN JOB CONTROL 

When the FORTRAN compiler is store d on disc , a job c ontrol command 

must b e g iven to call the compiler and the sourc e modul es into ,· 

memory. Under the disc sys t em source prog r a ms mu s t be loade d onto 

disc from external i nput peripherals b e fore be ing compil ed . All 
I 

source prog rams are sto:red on ,t hen t empora ry di s c file f~ The 

Read Source command which copies a source modul e on to the 

t emporary disc file has the form : 

RDS._.f-/<fi l e code >l 

If the u se r wi shes to make the fil e perma n ent the RDS command ma y 

be foll owed b y a Keep File comma nd which stores the program in the 

user' s libra ry. •~hi s is writt en : 

KPF'LJ <name > 
<name) i s the program identifier . 

The FORTRAN job control command is: 

FORw LJs I <name Lt r, Ntl 

This command must b e us e d to call the compiler into memorY,~ a nd to 

compile a FORTRAN source program from the t emporary file /s or from 

the u ser ' s library . 

One of the i terns within the L _J bracke t s must b e specified. /S 

indicates tha t the sourc e p rogra~ i s to be compil ed from thi i file ; 

(name > i s the p ~ og ram identifi er and indica tes tha t the sourc e 

program is in the user's library . 

If NL i s specifi ed , no li st i ng of the compiled progra m will b e 

provide d. Where a listing is g iven it is output to the pri nt unit. 

Any error messages a re also output on the operat o 1 s typ ewriter. 

The obj e ct modul e i s output to the t emp orary obj ec t code f i l e /0• 
If the u ser wishes to have an object modul e on paper t ape , crthe 

POB cont rol c omma nd c a n b e given, and by means of the 'KPF command 

the obj ec t modul e c a n be t ransfe r r ed to the u ser 1 s library. 
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Error Code s 

Code 

0000 

0001 

0002 

0003 

0004 

0100 

0101 

0102 

0103 

0104 

0105 

0106 

0107 

0108 

0109 

0200 

0201 

0202 

0203 

0300 

0301 

0 600 

0601 

0602 

0603 

0604 

0605 

0606 

0607 

0608 

0609 

060A 

______ _ _ Meaning _____________ _____ _ _ _ _ _ _ _ ______ _ 

Invalid statement numb e r 

1 T0 1 missing in an ASSIGN statemertt 

Va riabl e in an ASSIGN stat ement i s not int eger 

Invalid cha r a cter ending an AS SIGN statement 

FORMAT l abel instead of a s t at ement label in an AS SIGN statement 

Left part of an assignment sta t e me n t inva lid 

I nval id character ending an a ss i gnment sta t ement 

Forma l argument n ame g iven as a statement f ,m c tion n ame 

More than 32 statement functions 

More than 8 arguments i n a sta tement function 

A stat ement function's name is us e d as one of · it s a rguments 

Right parenthe s i s following l a s t argument of a statement function 

defin ition is mis s ing 

The= sign in a s t atemen t function definition is missing 

Invali d cha r a cter ending a stat ement function definition 

Statement function definition not a llowed i n Block Data subprogra m 

CALL must b e followed by a subroutine n ame 

Name following CALL is already s pecified a s other t h a n a subroutine n ame 

Name following CALL is already s p e cified a s a FUNCTION name 

Inva lid chara cter ending a CALL s t a tement 

The first cha racter of a FORTRAN stat ement must be a l etter 

Unclassifi e d sta tement 

Illegal vari a ble or arra y name in DATA 

Ill egal d elimiter in . DATA 

Forma l argument in DATA 

Ill egal v a ri a bl·E':i- . or ?,r:ra y ·.type- ins ide BLOCK DATA 

Common variable outside BLOCK DATA 

Illegal sub s cript express ion in DATA 

Subscript ove rflow in DATA 

Illegal initia l parameter in a DO- i mplied loop 

I. 

Init i a l parameter in a DO- implied l oop does no t correspond to any subs cr ipt 

Illegal parame ter in a DO-implied lo op 

Terminal v a lue les s tha n initial value i n a DO-impli e d loop 



060B 

o6oc 
090D 

060E 

0701 

0800 

0801 

0803 

0804 

0900 

0901 

0902 

0903 

0904 

0905 

OAOO 

OA01 

0A02 

OA03 

OBOO 

Inc rement of zero in a DO-implied loop ~ 

Ill egal variabl e list in DATA s t a t ement 

Zero r ep eat f ac tor in DATA constant list 

Cons t ant li s t do es not correspond to vari abl e li s t in DATA s tat ement 

Inva lid charac ter in a qeclaration s t a tement 

Control variable not sp~c ifi ed in a DO s tat ement 

An= sign must follow the DO-loop control variabl e 

Ill egal number of parame t ers in a DO s tatement 

Too many commas in a DO statement 

A DO stat ement may not end another DO statement 

A DO s tatement may not be the second part of a logical IF statement 

DO mus t be foll owed by a stat ement number 

The statement l abel specify ing the end of the DO must not be a 

FORMAT label 

The end of DO --loop statement label not defined 

DO ends in an invalid cha r a cter 

An EQ,UIVALENCE group de clarat ion must begin with a left parenthesis 

Only actual array/variabl may be sp ecified in an EQ,UIVALENCE statement 

Any subscript element mu s t be an integer number in an EQUIVALENCE s t a tement 

EQ,UIVALENCE group decl aration must end with ri ght parenthesis 

A name which is a lready specifi ed in a DIJVIENSION/EXTERNAL/SUJ3ROUTI NE/ 

FUNCTION statement appea rs in an EXTERNAL s tatemen 

OJ301 A name already specifi ed in an EQ,UIVALENCE statement c1ppears in an EXTl"i;RNAL 

OJ302 

OJ303 

OC01 

OC02 

oco3 
oco4 
oco5 
OC06 

oco7 

statement 

A name a lready specifi ed in a COMMON statement appears in an EXTERNAL 

statement 

Unexpec t ed character . in an EXTERNAL statement 

Non-executable statement in a module other than Block Da ta 

Undefined l abel(s) 

Incomplete Do-l oop 

Dynami c allocation with DATA initiali sation 

Execut able sta t ement in Block Da ta 

No DATA initi a lisation in Block Da t a 

RETURN miss i ng in subprogram 



OEOO 

1000 

1100 

1101 

1102 

1103 

1104 

1105 

1106 

1400 

1500 

1600 

1900 

1901 

190 2 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

190A 

: 190B 

19CDX: 

190:0 

190E 

Unexpected chara~ter ending an auxil ia~y I/0 s t a t ement 

Number of argumen t s specifi ed in two u ses of the same subprogram is not 

the same 

FORMAT l abe l missing in a FORMAT statement 

A FORMAT s tat ement ends a DO-loop 

FORYLAT l abe l already defined as l abel of another FORMAT or as a statement 

label 

FORMAT l abel already referenced as a statement l abel 
1 FORMAT 1 must be f ol lowed by ( 

) i s missing at end of FORMAT stat ement 

A FORMAT may not b e the second part of a logica l IF statement 

Integer variabl e or constant request ed and not found 

A name was requested and n ot found 

Non-FORTRAN cha r ac t er 

A COMMON block name mu s t n ot be used as a variabl e name 

A digit must · fol low the dec i mal point of a constant whi ch has no integer 

part specified 

The character fo l lowing the E or D exponent must he a+ or - or a di gi t 

The exponent par t mus t be le ss than 32767 

The r eal/imagina ry part of a complex constant must not be e ither logica l 

or integer 

) must fo llow the i maginary part of a complex cons t ant 

Relationa l operator , logical operator or l ogical constant is 

incorrectly written (terminal period miss ing or insufficient letters 

A rela ti ona l op erator/logi cal operator/l ogica l con s t ant name was not 

define d 

A Holleri th cons t ant written nH .. i mpli e s n 
11 doe s not appear within quote marks 

0 

A compl ex constant is not correct: real number mis s ing 

Hexa de c i mal cons t ant overflow or$ not followe d by a di git 

Real constant overflow 

Too many digits in a real constant 



lAOO 

lAOl 

1.A02 

1A03 

lA04 

1A05 

lA06 

lA07 

lFOO 

11~01 

lF02 

1F03 

1F04 

1F05 

1F06 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

23,00..-

2301 

2400 

2600 

2800 

2COO 

DO-loop ends in a GO rro sta t ement 

Unexpected character following GO TO 

)) missing in computed or assig1-ied GO 'J'O 

Comma mi s sing in computed or assigned GD TO 

Integer va riable name not found in computed or assiened GOTO 

Name in computed or assigned GO TO is not a variable name 

Variable in a computed or assign ed GO '110 is not integer 

Unexpected character ending a GO TO statement 

Parenthesis error: IF must b e followed by a ( with a corresponding ) 

Invalid IF expression ; such an expression may not contain an= 

An arithmetic IF may not be used to end a DO-loop 

More than three statement numbers specifi ed in an arithmetic IF 

Unexpected chara cter ending an arithmetic IF statement 

The control expression of a logical IF statement is neither integer nor logica: 

A logical IF statement may not follow another one 

Parenthesis error iu an I/0 sta t ement 

Invalid FORMAT lab,e].. reference in an I/0 statement 

Unexpext ed FORMA'J: reference (neither an array name nor a Hollerith constant ) 

Incomplete DO-impJ.i ed loop 

No list and no format specified in a WRI'rJ~ statement 

Incorrect variable in a DO-implied list (not a name nor an array ) . 

Unexpected chara c ter in an I/0 list 
' 

Incompl ete DO-impl i ed loop 

Invalid array subscript in an I/0 list 

Invalid statement number 

Executable statement not allowed in Block Data 

Statement numb er a l ready defined (as FOPJv'l.AT or other statement number ) 

A FORM/1.T label may not be specified in a lis t of statement labels 

A F011Jl'L4.'l' or a statement number may not be zero 

Unexpected character ending an OP'l'IONS statement 



C) 

3200 

· 3500 

3601 

3700 

3BOO 

-3B01 . 

3B02 

}B03 

3B04 

3B05 

}B06 

3coo 

3EOO 

3E01 

3E02 

3E03 

3E04 

3FOO 

31''01 

3F02 

3F03 

3F04 

3F05 

3F06 

3F07 

3F08 

3F09 

3FOA 

3FOB 

3FOC 

A PAUSE or S'l'OP ~-, ta t ement may not end a DO-loop 

A R~ :'l'UBN sta t ement may not be us ed in a main prorc:ram 

A RJ::TURN statement may not end a DO-loop 

DA'l'A statement has been incorr ectly processed 

Number of dimens ions decl a r ed in a DIMb~S ION statement does no t corres pond 

with tho s e s pecified in EQ,UIVALE.'ii!CE 

Over fl ow in a COMMON block (mor e than 16 or 384 words ) 

Inconsistency in declaration of groups of Eq_uivalenced names , maki ng 

allocation imposs ible 

An array name which is specified in an EQUIVALENCE: s tat ement mu s t be declar ed 

in a DIME1'1S ION statement 

COM.MON variabl e r elated in EQ,UIVAU:NCE 

EQUIVALENCE decla ration extends COl'iJMON block backwards 

Inva lid s equence for cirren t statement 

Inva lid .s eq_uence for a SUBROUTINE or FUNCTION s t a t ement 

A FUNCTION decla r a tion ha s no argument s pecified 

Inva lid argument in a SUBROU'l'INE or FUNCTI ON stat ement 

Argument in a SUEROUTTNE or FUNC~'ION s t a t emen t i s duplicated 

Illega l delimitei' in a SUBROUTrnE or FUNCTION s t a t ement 

Mispla ced common block name in COHMON statement 

Ille5a.l variabl e dimens i on in array declarat ion 

Number misy;1aced in declaration 

Ill egal declar at ion ( gener a l ) 

Illegal del imi ter in declaration 

Ille6,al common block name 

Slash miss i ng in COMMON statement 

Illegal array name in array declara tion 

Illegal number of dimens ions in a rray declarat i on 

Forma l argument i n COI'-'iJl'iON stat ement 

Common el ement defined t wice 

Inconsisten t variable or array type 

Di mens ion over f low in array decla,r a t:i.on 



4200 

4201 

4202 

4203 

4204 

4205 

4206 

4207 

4208 

4209 

420A 

420B 

420c 

/f.,_,a 

Operator incorrect in an ar i thrrtE:_t i c expression 

Hollerith cons t ant in an ari t hmetic expression 

Incorrect char a cter in an arithmetic expression 

Erroneous Function call 

No argument r ef er en ced in an intrinsic function ca ll._, 

Error in arithmetic expression 

1\. ... 

Holl erith cons t an t in an arithmetic expr ession or impermissibl e type mixing 

Incorrect type in a l oe ica l expression 

Error in MIN or MAX function 

Subscr ipt is nq t integer or there are more than 3 subscript s in an array 

element reference 

Subroutine r ef er ence in an arithmetic expression 

Argument type or number of argumen ts incorrect in an intrins ic function 

reference 

Wrong number of argum en ts in a statement function 

r-.. , 



Run-'.i:irne .Errors 

01 

02 
·\ 

\ 03 

04 

19 
11 

1 2 

13 
20 

21 

22 

23 
24 

25 
26 

27 
28 

29 
2A 

2B 

2C 

2D 

2E 

2F 

30 

31 
32 
33 

34 

35 
36 

37 
38 

39 

3A 
3J3 

3c 

3D 

No more core stor age can be alloca t ed for a r e- entrant modul e , or f or an I / 0 

operation 

Wrow.:)Y generated ob ject code - ask software maint enance 

Incorrect value given for j_nd ex variabl e in a GO '1'0 statement 

Negativ e c t ep value i n a Do-loop 

Overf low in int eger ari thme tic operat i on 

Undefined result for IS IGN f unction 

Ove1:fl ow or undefin ed r esult in integer exponentie. t i on 

Arithme tic overflow in subscript computat i on or subscr i pt not pos i tive 

Overflow i n r ea l add i t ion or subtraction 

UnderfJ.ow in real a ddition or subtraction 

Overf low i n r eal multiplication or div ision 

Underflow in r eal mul tiplication or division 

Real divi s ion by z er o 

Overflow in r eal n egc1.tion or j_n ii.BS or SIGN computation 

Undefined r esult fo r SI GN fm1c t i on 

Ov~rflow in I.FIX function 

Undefin ed r esul t in r ea l exJ:lonentiation 

Overflow in r eal exponentiation 

Undefin ed r esult for ALOG funct ion 

Overflow in ALOG function 

Negative SQ,RT argument 

OverflO\·✓ in EXP function 

Undefined r esult for raising a r eal to an integer power 

Overflow i n r a is ing a r eal to an integer pow er 

Overflow i n doubl e precis ion a ddition or subtraction 

Under flow in doubl e pr ecision addition or subtraction 

Underflow in double precis ion neg-ct.t i on 

Undefined r esult f or DS IGN f unction 

Over flo1v in doubl e precision mult iplication 

Underflow in doubJ. e precision multiplication 

Overf low in double prec ision divis ion 

Underflow in doubl e precis ion division 

Doubl e precision djvision by zero 

Negativ e a rgument to DSQRT 

Undefined result for ALOGlO funct ion 

Ov er flow in DEXP function 

Negative ar gument to DLOG. f unct ion 

Negative argument to DLOGlO function 

9l 



3E Undefined r esult f or Nl1AN 2 functi on 

3F Undefined result for DA'l'A.N2 func t i on 

40 Undefin ed result in double prec is ion exponentia tion 

41 Overflow in double precision exponentiation 

42 Undefined r esult when raising a doub1e prech, ion to an integer power 

43 Overflow in raising a double precis ion to an j_ntcger power 

44 Second arti.l.ffient to MOD function is zero 

45 Second are;u.ment to AI"lOD func tion is zer o 

46 Erroneous or un-normaliz ed argument in r eal or doubl e precision operation 

or function 

47 Second argument to DMOD f unction i s zero 

48 Overflow in CONJG function 

49 Overflow in DIM function 

70 Irrecover abl e I/0 error durine an auxiliary I/0 oper a tion 

71 Irrecoverabl e I/0 error during a HEAD or WHITE: operation 

72 Illegal FORMAT specification 

73 Overflow during an input conversion 

74 I/0 buffer overflow: too many char a cters in a record (Input or Output) 

75 Illegal input character 

76 Illegal unformatted input r ecord 

77 Unformat t ed record does not ma tch I/0 list on input 

99 Illegal logical input variabl e 

7A Field descriptor does not match data type 

7B Left parenthesis missing in f6i~na t specification 

f' ©I() 



Program I~put from ASR 33 

and from PapeJ:: _T.,.._ a_·.._p_e_. __ _ 

CONTROL CHARACTERS IN SOUR CE LINES 

When source programs are i nput from the ASR 33 operator's typewriter 

or from paper t ape , certain non-FORTRAN charac ters can be r ecognised 

by the compiler which f a cilita t es t he p:t:·eparation of such source lines . 

All source lines contain some non-FORTRAN characters which control t he 

typesett i ng of a FORTRAN line. T\"e input line is edited internally by 

the compiler and the result ( the actua l l ine to be compil ed ) stored 

in a buffer of 72 characters . The contents of the buffer are listed 

(unle ss the suppress listing opti on ha s b een specified). 

Control characters are u sed to mark the end of a line, to del ete 

characters and to i nsert s pace s . The control characters are: 

LF 

CR 

Xoff 

DE 

Line Feed 

Carriage Return 

Tape reader on ASR switched off 

Delete; thi s is i gnored i.e. there is no corresponding 

character transmitt ed to the buffer. Charac ters are deleted 

by over-punching. 

Horizonta l arrow; indicates 1delete the preceding character 1. 

The current postion or column i n the buffer is decreased 

by one. Several~ character s in successi on cau se a 

corre sponding number of characters to be deleted. 

~~ Vertical arrow ; i ndicates 1delete the whol e of t he current 

line' from column 1 up to and inc luding the next CR. 

'\. Reverse slash is u sed for t abulation. Its interpre t a tion 

depends on the number of the c olumn n a t the time it occurs,i.E 

if n(6: 6-n space s are transmitt ed to the buffer (tabulate 

to column 6); 

if n=6: no corre sponding character is transmitted ; 

if n)'6: 73-n spaces are transmit ted (tabulate to end of 

buffer). 

r-.• -



'\ 
\ 

A maximum of 72 characters can be transmi tted. ,.,If there are more , than this 

they will b e ignored; ·i.f there arc f ewer than 72, the line will be fill ed with 

spaces. 

End of line on the' operator 's typewriter must be coded as 

LF XOff CR DE 

The sequence for any other device is 

Source line: 

FORTRAN line : 

Source line : 

FORTRAN line : 

Source line: 

FORTRAN line: 

Source line : 

FOR'I'RAN 1 ine : 

Source line : 

FOR'rRAN 1 ine : 

CR LF 

L, w e-J w •..! wA=l. '-"'-' 
1 6 

\ ._., SUlIB~~BROU'i'INE ...... A(i) LF CR 

....,._.,__.,__. .._. ,__, SU13ROUTINE ...... A( i) ..... 
1 6 

\ 0:8=1 LF CR 

500 \ 0:8=3 • LF CR 

'\ 1/(P+Q)HR LF XOff CR DE 

l-1'-' ~ ,._......._.1/ (P+Q)aR <-.;L... 

1 6 

55 DE DE 555\ ..... X=Y+Z CR LF 

55555<-iX=Y+Z CR LF, .... H...., 

1 6 

L..J 1.......1 

72 

.................. 

72 

72 

72 
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~GMENTE:O PUNCHED TAPES 

FORTRAN source programs that are input on paper tape may be punched 

on several pieces of tape, each of which is called a segment and 

which must have the four characters 

:EOS 

on a separate line at its end. 

When the End of segment is read, the compiler waits for further 

input from the opera ror 1 s typewriter. The user can then remove the 

tape, put another segment in the reader and recommence reading by 

typing CR. L~· • 

A program module and a program are entirely separate entities. A 

segment is physical and may contain severa l modules; conversely, 

a module may be split into several segments. 



OPERA'rING PROCEDURES li'OR PAPER TAPE; INPUT 

To load the compiler put the t a pe in the re a der and typ e in the 

control comma nd 

LD 

The compil er is read into memory and the sys tem outputs the Monitor 

message 

M: 

The operator replies by t yping 

ST 

which activa tes the compiler. Once start e d it outputs 

F: 

which is a request for the 1/0 options to b e specifi e d. 

If the standa rd I/0 options are to be u sed the oper a tor replies by 

typing 

LF CR 

(Standard I/0: sourc e input from high speed paper tape reader 

li s ting output to ASR typewriter 

object code output to high s pe ed paper tap e punch), 

If other opt ions are selected the operator must specify the fil e 

codes for the source input file, the li sting output file and the 

obj ect output file plus, if required, the options Q and/or N, 

followed b y LF CR. 

Q spec ifie s object code output in 4 x 4 fo r mat; 

N indicates that the output li sting is to b e suppres s ed; this app l ies 

to all source modul es being proce s sed. and has absolute priority 

over any OPTIONS sta t ement in the source program. However, error 

messages will still be li sted . 

If object code output is not required, the code to suppress it · is O. 

If the opti ons are incorrect1y typed, the compiler outputs a further 

F: 

and the options can be re-typed, ending with LF CR. 

The compiler then b egins r eading and proces s i ng th e source prog r a m, 

the fir st line of which mus t be an ITIENT control stat ement . If th e 

IDENT is missing the compiler will continue r eading the source 

file, without processing, untii:l the IDENT is found. 



If :B·o·s is enc c,. :n tered in the input stream the compiler halts to 

allow a n ew tape segment to be loaded ; reading is re-started by 

typirl.g 

LF CR 

When an EJ\r:D statement is processed and is not followed by 

:EOF - indicating further modules a.re to be c on:pi led - the compiler 

ptmches 

:EOS on the obj ect code output file and, if no errors have been 

found in the END statement, outputs the mes sage 

F/MES SAGE 

on the listing device and aut omatic ally continues reading a new 

source module (which must begin with an IDENT statement), without 

any operator act ion being necessary. If there is not another module, 

the next statement read must be :EOF 

When :EOF is read in the inpui -.stream , the compiler checks that the 

last statement was an END statement, if it was not, 

F/MESSAGE EM 

is printed on the listing device and an END statement is automatically 

generated and compiled. The compiler then punches :EOF on the object 

code output file and types out 

F: 

A fresh compilat ion can then be started, or if no further processing 

is required, the operator. types 

:EOF 
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__________________________ Appendix 

.American Standard FORTRAli 

(This will be provid8d in the second draft of tho manual ). 



Run-Tim0. Errors 

01 
.. 

No more core storage can be allocated for a re-entrq,nt module, or for a1t I/0 

operation 

02 Wrongly gener ated ob ject code ask software maint enance 

03 Inco::-rcct value given .fo:!':' i ndex variable in a GO r_ro statement 

04 
1~ 

Net:'a ti.ve step v2.lue i!1 2 , Do-loop 

Ovcrflm-1 in int eger arithme t ic operation 

11 Undefin ed r esult for I SIQJ fun~tion 

12 Overflo' .. r or und::firn1 d r esult i n- integer exponentia tion 

13 Ari thme t ic overflow in subscri pt computation or subs cript not positive 

20 Overflow in r eal adcl ition or subtraction 

21 Underflow in r 0al addi t ion or subtraction 

22 Overflow in r eal multiplication or division 

23 Under f l ow i n r eal multiplication or divis ion 

24 Real d ivis ion by z ero 

25 Ov erflow in r eal n eeation or in ABS or SIGN computation 

26 Unclefincd r esult fo r SICN function 

Ov er f l ow i n I FIX ftmct ion 

u Und efined r esul t in r eal ex ponentiation 

29 Ov erflow in real exponentiat i on 

2A Und .fjncd result for ALOG f unct ion 

2B Over f low in f, LOG .function 

2J) 0--,rerf lo-..-: in J~XP funct.i on 

2E Undefin e d result f or r2.i sing a real t o an int,16 or power 

2P Overflow i n r0.i:Jing a r co. J. to an i 1teger power 

30 Ovcrflo·.1 in doub l e J; rr. c i sion add i tion or subtro.ction 

31 Uncc:i:flc·.-1 .in doubl e pr ec ision a.cldition or rmb tract ion 

32 Und.c r f lo·,,: in c1o· 'r-lc precis i on n cca t ion 

33 Un '.'i.cfinc:·d r. ::; .1l t fo::' IJ'.-ilCl: f ullct fon 

3,1 Overfl01.1 J. , dour;lc F::·e:c:isio:i mul tipl i. c2.ti c-n 

35 Dnd , :::·tlc1:.' in c:c,•.1': ilc r,!cis ion rn lt.i.p1ica U .on 

36 Ovu:flo·,: in cio·,;i,lc preci. j_on divi:3ion 

37 lJ~clc.·:t·fJ.o-.: i . c2.ou.i"JJ.u pre:cis i on d iY i:.; ion 

Douul,: y-::-,· c.i sj_on d i.vi~,j on hy z e: ro 

39 

3c fur1c~,.ior1 

-· 
I ' , I 

t 
.... ' 

• 



3E 
3F 

Unde fined re sult for ATAN2 functi on 

Undefined result for DATAN2 function 

· 40 Undefine d result in doubl e preci s ion exponentiation 

41 Overflow in double preci s ion exponentia tion 

42 Undefine d result when r a i s ing a double preci s ion to an int e ger 

power 

43 Overflow in raising a double pre ci s ion to an integer power 

44 Sec ond a r gument to MOD f unction is ze ro 

45 Secon d argument t o AMOD f u nction i s z e ro 

46 Erroneous or u n - n ormali z ed argumen t in real or double p recision 

operati on or f u n c tion 

47 Second argument to DMOD fun c t ion i s z e ro 

48 Over fl ow in CONJ G function 

49 Overflow in DIM function 

I/0 Error s 

70 Irrec ov e r a ble I /0 e r ror during an auxilia ry I/0 operation 

71 Irr e cov e r a bl e I /0 error du rin g a REA]) or WRI TE ope r a t ion , or 

ill e gal file cod e for a random I/0 r eque st 

72 Ill egal FORI1L!!.T s pe cifica t i on 

73 Field wi dth t o o sma ll or z ero 

74 Group or fi e ld r epeat coun t is z e ro 

75 Err or i n a s t r i n g of ASCII chara c t ers betwe en qu ot es i n a f ormat : 

Such a forma t is no t a l lowed with a READ stat ement, or End of 

fo r mat s tatemen t enc ountere d b e fo re l as t qu ota t i on mar k . 

76 No conver s i on specified i n f ormat f or next I / 0 l ist e l e ment 

77 Maxi mum number of char a cters a l l owed for a phy s ica l re c ord on 

the specifi ed unj_t i s ex c eeded ( I / 0 buffe r ove r f l ow. ) 

78 First p a r en t hes i s o f fo rma t spedification i s mi ss ing ( when 

f orma t r eference i s a n array name ) 

./:·. 79 1r yp e of variab le is no t. compatible. with fi e l d descrip t or 

7A Mor e tha n t e n level s of pa rentheses in a f ormat spec i fic a t ion 

7B Ill e gal logica l variabl e ( I nput ): 

Th e f ir s t non- bl a nk cha r a ct e r is n either T no r F ; or Th e who l e 

e x t ernal fie l d i s b lank 

80 I l legal i tlpu t charac t e r ( pos sibly a de. imal p oin t or exp on e n t 

i n an int122:e :r ) 

8 1 Overflow durin g i npu t conversion. 

02 Illegal unformat t ed re c orcl 

83 Log ica l ( unformatted ) record is too smal l 

84 Unl'cl'J;, .tt e d RE:P,D is n ot all om?d on t yt cwri t e r 

0,5 Only one sect o. ( !rOO c:har ;:1.c terD ) is 2110,10·· for an 

vnforrn'L · 1.nrl r,; -·,• ·,· /n 



(J 
Error Codes 

.,__Qg)..s:d~e::.._ ___________ ..fl'~ie~a~n~-c'-;_ 1~1i5_ ______________________ ~---

0000 

0001 

0002 

0003 

0004 

0100 

0101 

0102 

0103 

01 04 

0105 

0106 

0107 

0 108 

0 ·109 

0200 

0201 

0 202 

0203 

0 300 

0 301 

0600 

0 601 

0602 

0 603 

0 604 

0 605 

0606 

0607 

-608 

0609 

060A 

Invalid statement number 
1 T0 1 mi ssing in an ASSIGN statement 

Variable in a n ASSIGN statement is not integer 

Invalid character ending an ASSIGN stat ement 

FORMAT l abe l instead of a statement label i n an ASSIGN stat ement 

Left part of an ass i gnment statement invalid 

Invalid character ending a n assignment statemen t 

Formal argument name given as a statement functi on name 

More than 32 s tatement funct ions 

More than 8 arguments in a s t atement funct i on 

A statement f unc tion ' s name is us ed as one of ' its arguments 

Right parenthesis f ol lowi ng last argument of a stat ement funct ion 

definition i s missing 

The= s i gn in a statement function definition i s missing 

Invalid character ending a stat ement funct ion definition 

Statement function definit i on not allowed in Block Data subprogram 

CALL mus t be followed by a subroutine name 

Name fol lowing CJLL is already specified as other than a subrou tine name 

Name following CALL i s already specified as a FUNCTION name 

Invalid charact e r ending a CALL stat ement 

The fir s t character of a FORTRAJ'r statement mu s t b e a l e tte r 

Uncl a sified statement 

Ill egal va r iable or ar.ray name in DATA 

Ill e&al delimit er in DATA 

J,,orrnal argu cnt in DATA 

I l legal varia le or ?,T":t::ay .t.ypo inside :BLOCK DATA 

Common variable outside BLOCK DATA 

Ill eeal subs-ript expression in DATA 

Subccript overflow i n DATA 

I ll egal contro l variable in a DO- impl ied Loop 

Control va_i- ble in a DO - impli ed loop does not correspond to any subscript . 

I l l gal pa.ramet cr in a DO - implied J.oop 

Terminal value les s than init i al value in a DO- i mplie loop 



060B 

o6oc 
060D 

060E 

060F 

0701 

0800 

0801 

0803 

0804 

0900 

0901 

0902 

0903 

0 904 

0905 

OAOO 

OA01 

OA02 

0A03 

OBOO 

Increment of zero in a DO-impli ed loop 

Illegal variable list in DATA statement 

Zero repeat f ac tor in DATA constant list 

Constant list does not correspond to variable list in DATA statement 

Illegal constant in DATA statement 

Invalid character in a declaration statement· 

Control variable not specified .or not integer in a DO statement 

An= sign must follow the DO-loop control variable 

Illegal number of parameters in a DO statement 

Too many commas in a DO statement 

A DO statement may not end another DO statement 

A DO statement may not be the second part of a logical IF statement 

DO mus t be followed by a sta tement number 

The s t a tement l abel specifying the end of the DO must not be a 

FORMAT l abel 

The end of DO-loop ·statement l abel not defined 

DO ends in an invalid character 

An EQUIVALENCE gr oup declarati on must begin with a left pa renthesi s 

Only a ctual array/ variable may be specified in an . EQUIVALEYCE statement 

Any sub s cript 0lement mu s t be an i nteger constant in an EQUIVALENCE · statemen 

EQUI VALENCE group dec l aration must end with r ight pa renthesi s 

A name which is already specified in a DIMENSION/ EXTERNAL/ Su:BROUTINE/ 

FUlTCTION statement appears in an EXTERNAL s tatemen 

OB01 A name already spe cified in an EQUIVALENCE sta tement appears i n an EXTER_rAL 

OB02 

01303 

OC01 

OC02 

OC0 3 

oco4 
oco5 
OC06 

oco7 

s tatement 

A name a l ready specifi ed in a cor~10N s t atement appear s in an EXTERNAL 

stat ement 

Unexpecte d cha racter i n an EXTERNAL statement 

Non- executabl e statement in a module other t han Block Da t a 

Und efined l abel(s ) 

I ncomplete Do-loop 

Dynar;i i c alloc a tion with DATA ini tialisation 

Exe cutable s t a temen t i n Block Data 

No DATA i nitialisation in Block Data 

RETU1m missing in subprogram 



OEOO 

1000 

1100 

1101 

1102 

1103 

1104 

1105 

1106 

1400 

1500 

1600 

UneA'1)ec ted character ending an auxiliary I/0 statement 

Number of argunients specified in two uses of the same subprogram is 

the same 

FORMAT l ab e l mi ss ing in a FORYJ.AT statement 

A FOIDlAT statement ends a DO-loop 

FORMAT l abe l already defined a s label of another FORMAT or as a statement 

label 

FORYJ.AT l abe l already r eferenced as a statement label 
1 FORMAT 1 mus t be followe d by ( 

) is mi s sing a t end of FORMAT statement 

A :E'OFJ,TAT may not be t he second part of a logica l IF statement 

Integer variable or constant requested and not found 

A n ame was r equested and not found 

Non- FORTRAN chara cter 

~ COMT10N block name must not b e us ed as a variabl e name 

1J 0 A d i git u s t fo l lor the decima l point of a constant which ha s no integer 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

190A 

190B 

part spe cified 

The chara ct er following the E or D exponent must b e a+ or - or a digit 

The exponen t part u st be less than 32767 
The real/i maginary pa r t of a compl ex constant must not be either logical 

or int ep:e r 

) mus t f ollow t h e i maginary part of a complex c onstant 

Rel a t i ona l ope r a t or , logic a l operat or or l ogi cal c ons t ant i s 

i n c orrectly wr i t t en ( termina l per iod missing or insufficient letter s 

A r el a ti onal oper a t or/ l ogica l oper ator/ logical constant name was not 

defi ned 

A IIolleri th c onstant written nH .. i mplies n> 0 

11 doe s not a ppear wi t hin qu ot e marks 

A c omplex c o stant i s not correct : rea l number rnis s ~ng 

Too any nu . eri ca l con t an t s in this program unit 

190c = Ilexadecical c onstant overflo , or S not f ollowed by a digit or a letter 

from A to P 

190D 

190E 

Real c on~ vant o e r -low 

Too many dig ·t s i a real con s tant 



lAOO 

lAOl 
1A02 

1A03 

1A04 

lA05 

1A06 

lA07 
1A08 
1A09 
1FOO · 

lFOl 

1FO2 

1FO3 

1FO4 

1F05 

1F06 

2000 

2001 

.>002 

2003 

2004 

2005 

2006 

2007 

2008 

23.00·: 

2301 

2400 

2600 

2800 

2COO 

DO-loop ends in a GO TO statement 

Unexpected character following GO TO 

)) missing in computed or assigned GO 'r O 

Comma missing in comput ed or assigned GO TO 

Integer variabl e name not found in computed or assigned GOTO 

Name in computed or a ss igned GO TO is not a va riable name 

Variable in a compu ted or assigned GO TO is not integer 

Unexpected character ending a GO TO statement 
More than one statement l abe l reference in a simple GO TO 
Illegal chara cter endi ng a GO TO 
Paren thes is error : IF mus t be followed by a ( with a corresponding ) 

Invalid IF expression; such an express ion may not contain an= 

An arithmetic IF may not be us ed to end a DO-loop 

y 

More or l ess three stat ement numbers specified in an arithmetic IF 

Unexpected character ending an arithmetic IF statement 

The cont rol expr ession of a logical IF sta t ement i s neither integer nor logical 

A logical IF s t a t ement may not follow another one 

Pa r enthes is error in an I/0 statement 

Invalid FO IAT l abeJlreference in an I/0 statement 

Un expexted FORMAT r ef erence (neither an array name nor a Hollerith constant ) 

Format reference i s a n ame but n ot an array name 

No list and no f or mat specified i n a WRI'l'E statement 

Incorrec t variable in an I /0 li st ( not a name nor a n arr ay ) __ 

Unexpec t ed character in an I/0 l ist 

Incompl ete TIO- implied loop 

I !1val i d array subs cript i n an r/o list 

I nva lid sta t em nt number 

Ex cutable statement not a llowed in Block Dat a 

StatcQent number already defined (~s F01~1AT or other statement number ) 

A FOIW1.AT l abel .a y not be specifi ed in a lis t of statement l abels 

A FOhVi.A 'l' or a stat ement numb er may not be zer o 

Unexpec t ed ch r:1.c ter ending an OF l'I OJ-; S statement 



3200 

3500 

3501 

3601 

3700 

3BOO 

3B01 

3B02 

3B03 

3B04 

3B05 
3B06 

3coo 

3EOO 

3E01 

3E02 

3E0 3 

3E04 

3FOO 

3F01 

3F02 

3F03 

3F04 

3F05 

3F0 6 

3F07 

3F08 

3F09 

3FOA 

3F0I3 

3FOC 

A PAUSE or STOP statement may not end a DO-loop 

A RETURN statement ;may not be used in a main program 

A RETURN statement may not end a DO-loop 

A RETURH statement may not end a DO-loop 

DATA . statement has been incorrectly processed 

' I 

The requirements of local (non-coIDIDon) variables and arrays 

exceed 16384 16-bit words 

Number of dimensions declared in a DIMENSION statement d0es 

not correspond with those specified in EQUIVALENCE 

Overflow in a . ·COMNON block (more than 16384 words) 

Inconsi s t ency in declaration of groups of Equivalenced names , 

making allocation impossible 

An array name which is specifi ed in an EQUIVALENCE statement 

must be decla red in a DIMENSION statement 

Two COMMON variabl e s may not be relat ed in EQUIVALENCE 

EQUIVALENCE declaration extends COMMON block backwards 

Inva lid s equenc e for C4rrent sta tement 

Inva lid sequ ence for SUBROUT I NE or FUNCTION sta t ement 

A FUNCTION de clar a ti on has no argument specified 

I nva l id argument i n a SUBROUTINE or FUNCTION ·sta t ement 

Argument in a SUBROUTI NE or FUNCTION statement i s dup1i)at e d 

Ill egal de l ime t e r i n a SUBROUTINE or FUNCTI ON stat ement 

Misp l aced coIDIDon bl ock name in COMMON sta tement 

Illegal vari abl e di mension in array declaratio n 

Number misplaced i n declarat ion 

I ll ega l dec l aration (gener al ) 

Illegal de limeter in dec l arati on 

Illegal comm on bl ock name 

Sl ash miss ing in COIB10N s tat ement 

Ill egal array name in array declaration 

Ill egal number of dimensions in a rray declarat i on 

Formal argument in COMMON s t at ement 

Comm on e l ment defined t wice 

Inconsistent variabl e or array type 

Di mens i on over f low in array decl a:r:ation 

• 

' I ; I 



4200 

4201 

4202 

'4203 

4-204 

4205 

4206 

4207 

4208 

4209 

420A 

420B 

420c 

Operator incorrect •in an arithmetic expression 

Ho~lerith cons tant in an arithmetic expression 

Incorrect character in an arithmetic expression 

Erroneous Function call 

No argument r ef er enced in an intrinsic function call . 

Error in arithmetic expres sion 

Hollerith cons t ant in an arithmetic expression or impermissible type mixing 

Incorrect type in a logica l expr ess ion 

Error in NIN or MAX function 

Subscript is not integer or there are more than 3 subscripts in an array 

element reference 

Subroutine r ef er ence in an arithmetic expression 

Argument type or number of arguments incorrect in an intrins ic function 

r ef er ence 

Wrong numb_er of a riSUJil ents in a statement function 



EXTENSIONS 

Line Synta..'C 
'-~ .... .,,_,___......,..._.... 

Ext ens ions t o , and Res trictions on 

./\m()rica n St anda rd F011TH/\.N . 

There i s no limit i mposed on the number of continua tion lines. 

The f i r s t char a cter of any l ine may be the l etter X which is u s ed in the 

condi tional compi :.a tion f eature . 

A comment line may be followed by a continua tion l i ne . 

Subs crip t s ~ _....._,.......,,..._,. ... 

Any i nte ~er - va lued expr ess i on is a cc~pt ed as a subs cript expre s sion . 

Ari t hme t i c Exur9s sions 
'-"""""~,..._~ '-,..,~ "\.. / V~""'°' 

:Mixed mode arithme t ic express ions a r e allowed . 

1)0 Stat err,cn t 
~ ............... -... . --~ 
Tho control va r iabl e s the initia l , t er mi na l and i ncr ementat ion va lues may 

be r edef i ned during exe cut i on of t he r ange of the DO. 

Only the i ncrementat i on va l u e must be greater t han zer o . 

Forma t Sn0cif ic~tions ~ ~ ~ ~..., .... 

The FOflHNr statement r ef er ence in a REA]) or \·IBI'rE s tatement may be specified 

by a l ab e l , a n a r r ay name or a Hol J.eri th cons t an t which cons t i tut s a val i d 

f or mat specif ica t i on . When t he f orma t spec i f ica tion .is in an a rr"' y , an . nH 

des cript or may f or r:i part of t he s pecif ica t i on . 

Holl erith ])escri ntor 
'------~~ ... ~'-'"-- '- ~ - .... .,.- _...... 

On output , the nH dc:, criptor rr.a y be repJ.a ced by a s t r i ng of ch.J.r a c tcr s 

encl os ed wi t i n n.postrophes. Data a r e then t rans f erred exactly as wr j_t ten. 

Control GtateQents 
~ '-""-....._,,~ ........... .... ......... '-"-· ..... """"'' • 
Two s poc .ial s t a terr.1::1 -ts - I DL -I'I' __._nd OFrIO JS - are avaj_l able which control t he 

compilation p_occss . 



Lor,-ical a.na. Intc,cer Exnressions 
'-"·\,,,'-""- .... ...-.. ........ .........__..,........_............,.. ___ ~---.:.,.......--·'- ·-----

Any intcgcr-value;d 2.ri tlirrwtic expression may be used i nstead of a logical 

express ion in any statement or expression, and conversely, any loeical 

expres s ion may be used instead of an i nteger expression. 

'. 



HES'11RICTimls 

In a statement function or assignment sta t ement the= sign must be written 

in the initia l line of the statement. 

In any control statement t he keyword (GOTO, CONTI111JE e tc.) mus t be written 

in the initial line of t he statement ; no par t of it may be carried on to 

a continuation line . 

The comma f oll owing the i nitial pa r ameter in a 1)0 statement must appear in 

t he initial l ine of the statement. 

:Both S'.l'OP and PAUSE statement s may be followed by a s t ring of no t more t han 

four a l phanumeric charactel:'s ( 2.s opposed to f ive i n A. S . A)o 

The number of subs cript expressions must no t differ from t he number of 

dimensions decla r ed for a n arr ay. However, t h i s do es not prevent a t wo- or 

i mens i or.al a r ray from being made equi valent t o a one- dimens ional 

· y appl ica tion of · the element successor rule ) . 

r 



v· 

P855/P860 Full FORTRAN Errata sheet. 

P.31 Add to bottom of page: Applying the element successor rule to 

the previous example, element X(2,2) in the subroutine 

would occupy position 

2+3(2-1)=5 in the array; but element B(2,2) in the 

calling program would occupy 

2+5(2-1)=7 

Thus, when an array has more than one dimension, and 

the array is used as an argument, great care must be 

taken in applying the element successor rule. It is 

generally preferable for dimensions of multi-dimensional 

arrays to be the same in both the calling and the called 

program. 

P.32 last line 

P.33 first line 

should read: Labelled common blocks that have the 

same name in several modules of one 

P.45 max and min functions: 

program may be of different sizes. The 

only restriction is that the longest 

block must be the first one input to 

the Linkage Editor or Link Loader. 

note that all functions of max and min 

types have two or more arguments. 

P.61 Direct Unformatted READ should read: This statement causes one 

I record of 400 characters to be read 

from the specified sector on file u. 

P.61 Direct Unformatted WRITE should read: The values specified by 

the list k are output to the indicated 

sector of file u. 

P.69 Line 4. Add: When the format specification is a Hollerith constant, 

it must not be in the nH form. 

The following forms, therefore, are not 

allowed: 

WRITE (2,15H(6X, 1A= 1 ,F15.4))A 

WRITE (2,15H(6X,2HA=,F15.4))A 

P-.81 Last paragraph: "The options are specified by the letters L,X or D 

which are associated with three boolean variables----" 

P.90 Add: ?FOO This is not an error code but indicates that 

and END statement has been successfully 

processed- 1end of compilation' message. 

-·. 



P855/P860 Full FOR'.i:RAN Errata sheet. 

P.31 Add to bottom of page: Applying the element successor rule to 

the previous example, element X(2,2) in the subroutine 

would occupy position 

2+3(2-1) =5 in the array ; but el ement B(2,2) in the 

calling program would occupy 

_2+5(2-1)=7 

Thus, when an array has more than one dimension, and 

the array is used as an argument, great care must be 

taken in applying the element suc cessor rule. It is 

generally preferable for dimens ions of multi-dimensional 

arrays to be the same in bo th the calling and t he ca lled 

program. 

P.32 last line should read: Labelled common blocks that have the 

P.33 first line same name in several modules of one 

program may be of different sizes . The 

only restriction is t hat the longest 

block must be the first one input to 

the Linkage Editor or Link Loader. 

P.45 max and min functions : note that al l functions of max and min 

type s have two or more arguments. 

P.61 Direct Unforma tted REA]) should read: This statement causes one 

record of 400 cha racters to be r ead 

from the specified sector on fil e u. 

P.61 Direct Unformatted WRI'I'E sh oul d read : Th e values specified by 

the list k are output to the indicated 

sector of file u . 

P.69 Line 4. Add : When the forma t specification is a Hollerith cons t ant, 

it mus t not be in the nH form. 

The fo llowing forms , therefore, are not 

a1lowe d : 

WRITE ( 2, 1 5H( 6X, ' A== 1 , F15 . 4) )A 

WRITE ( 2,1 5H(6X ,2HA=,F15.4))A 

P. 81 Last p2.,ragraph : "The options are specified by the letters L,X or D 

which are associated with thre e boolean variables-- - - :, 

P.90 .Add : 7FOO This is not an error code but indica te s that 

and EHD statement has been successful ly 

pr ocessed- 1 -nd of compilation 1 me asage. 
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Line Continuati on Field ( c a rd column 6L 

A statement may be continued on an unlimited numb er of lines , 

provided that the continua tion lines contain any cha ract e r other tha n 

a blank or zero in colurri:-1 6, and do not contain the chara cter C 

(which d enotes a Comment Line) in column 1. 

Stat emen t Fi e ld ( c a~:d columns · 7-7tl_ 

Any arithme tic, specification, control , Input/Ou t put or f u nction 

statemen t may b e written in the statement field. Except in Hollerith 

data where they a re significant characters , bl anks may b e used fre ely 

as they are ignored by the compiler. 

Identifica tj_o:i Field ( card columns 73-80) 

The last eight- columns of a line are reserved for card sequence numb ers. 

This fi eld is i gnored by the compiler , and may b e left bla nk if t he 

programmer wi s h es . 

Comment Line 

The letter C in column 1 of a line i ndicat es a comment l ine. This h a s 

no effec t upon the program i tself and is s olely for t he programmer ' s 

conveni ence . 

A c omment line may be writt en anywher e in the program t ext . 

Init i a l Line 

An i niti a l line is the fi rst line of a s tat ement , and contains a zero 

or blank in column 6 and an opt ional statement label or bl anks in 

colu mns 1-5. 



A loe i ca l assignment sta teme n t i s wr it ten i n t he f orm 

V = e 

where vis a loCTica l va ri able or logica l a rray element, and . e is a loGica l 

expressi on. The comput e d v a lue of the expres s ion i s ass i gned ~o the logical 

variable. 

Ex&mpl e s ., ,.., .. , ....... . \,,,"'-'-....,.._..... ... 

X = . TRUE . The va lue of Xi s repl aced bf t he l og i9a l constant . TRUE. 

LVAR = 5 .GT. J If the inte ge r cons t ant 5 is grea t e r than the va lue of 

J, LVAR will be ass i gne d the logica l cons t ant .TRUE. 

If 5 is not g r ea t er tha n J, LVAB. i s ass i gne d the va lue .FALSE . 

The following exa mple is gi ven to illus tra t e t he differences . t hat may 

aris e b e cau se of t he P855/P860 FORTRAN ext en s i on to logica l express i ons 

(i.e. tha t any int eger-valu ed expre s sion may b e u sed ins tea d of a 

logica l expre s s ion , and vic e-ver sa ). 

LOGI CV = . NOT .A 

If A were sol e l y a l ogica l vari abl e , and the value of A wer e TRUE, the 

value of LOGICV woul d be r ep l ac ed by t h e logica l cons t ant . FALSE .; i f 

A were FALSE , the va lue of LOGICV would be r eplaced by .TRU~ . 

Ho1-1ever , be cause of t h e exten s ion , A may be a logica l or an i ntege r 

var i abl e ( one 16 b i t word. i n memory). This variab l e i s cons ider ed to 

be TRUE if bi t O is 1, other wis e it is t a.ken to be FALSE. The l ogi cal 

oper a tor . NOT . changes all 16 bit s ( see the rul e on page 11) and the 

r esult is st ored i n LOGI CV. 

Thus , i f A wer e TRUE (because b it O i s i, irre spective of the other 

bit s ), LOGICV would b e t aken to bs FJ..LSE ( bit •j wonlcl _be 0 ) l-rnt thi s 

n ot necessari l y mean that LOGI CV woul d have t he lo~ical cons t ant value 

. FALSE . (wh ere a ll 16 b its woul cl b e 0 ) . 

If LOGICV i s used i n a l ogi cal expression (in a l ogical I F , f or example) 

t he r esul t ilill be the same as if the constant • FJU,SE . had been 

as signed to LOGICV, but if i t is used a s an arithmeti c expres s i.on t he 

re sult may be q_uit e different ~ 

nn~s ,~ be \"r · -t 1~g-r1 on t1:o tni t :1.a l 1 ine uf: U ie s ta Leme n t;. 
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Stateme n t 45 is a command to execute the statements 

followi ng, up to and including stat ement 50. The fir s t 

time through t he loop N will h a ve a value of 1; at 

each succeedin g exe cution its v a lue will be increased 

by 1 until it exce e ds 100; control then passes to the 

statement l abelled 51. 
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_!LiQ,._L_ --· . ...1--Jff, t:-J_,:_ l ..: ~ -Y..f-.___.!._J.___J _j_ L.J--'-L~._.1--L-l.-L.J._..LJ___.!._J_J_....LJ_j, __ :_ L- • .L. L..i...- L-1........J_ : .• ..L I _1.,_J.....J.~~~~- L--' - ..l...J. 

__;_t_J_ _ _ (.._,(/, _I . 'f.;.,._ ,(D_C,__J --1.....J__.!._J___L_.!._L.J ' _ !_L_.!_ L.~~-~~ ~--LJ-1-..L_.i -1.-....!,_,J._J._L...L...J_~~~~~J-L 
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The exa mple abov e looks fo r t he fir s t duplicat ion of 

v a lue s in two arr ays , and r ecor ds this i ndex in t he 

a r r a ys . The I F stat ement ma y c a use a ' s pec i a l exit ' 

fr om the i nne r loop . When thi s happens , the i ndex 

v alu es o f a ll lo op s are pres e rved . 

I 



STOP and PAUSE STATEJ.'IENTS 

These are both program control statements a nd have the effect of 

halting execution of the running program (the compilat ion process I 
is not affect ed ). 

The STOP statement is written 

STOP or STOP n 

n i s a string of up to four alpha.numeric charact ers . 

An= sign may no t be included in the string . 

Thi s statment terminates execution of the obj ect program. 

The PAUSE statment is written 

PAUSE or PAUSE n 

\ 

where n is a string of up to f our alphanumeric charac t ers, indi cating 

at which point in the program the ha lt i s : occurr in_g . The machine wait s 

waits until the operat or t ypes in 

0!D @;) 
caus i ng execution to be re sumed a t the :::; t atement after the PAUSE. 

·when a halt occurs as a re sult of e ither of these sta t ements, "F : 11 

foll owed by the stri ng n i s output to t h e operator ' s typewriter, s o 

t ha t the progr ammer can easily see what stage of t he program has 

be en r eached . 

ENI) STA'.I.1E.MEUT 

The END statement i s written 

and i ndic a t es the physical end of a pr oeram unit; an Ellffi stat ement in 

a main program causes c ontrol to be r e turned to t he Monitor . 

If a l abel is given to a n ENI) sta tement it will be i gnored . 

When a n EHD stater:ient i s processed , a STOP statement is generated 

aut omatically , but t his does not appear on t lrn source li,..ting . 

t 
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For example , the statement : 

EQUIVALENCE ( X( 4 ), Y(2), Z(1)) 
will establish equivalences as follow s : 

X(1) 
X(2) 
X( 3) Y(1) - share the 

x(4) Y(2) Z(1) - share the 

X(5) Y(3) Z(2) 
x(6) Y(4) z(3) 

. . 

same location 

same location 

.. 

Any array name which is listed in an EQUIVALENCE s tat ement mus t h ave a 

subscript; it is not sufficient to write just the array name. The mrnber of 

subscript expressions mus t correspond to the number of dimensions declared 

for that array , If the array element name has more t han one subscrip t 

expression this r efers to the position i n the array in the same way as in 

an arithmetic statement . A special rule exi s t s - the e l ement succe s sor 

rule - to determine where a given element i s stored in the linear sequence 

of memory locations. By apl lying this rul e , a two- or thre-e -d-i -mens ional 

array can be made equivalent to a one- dimensiona l array of the· same l ength . 

The rule is given in the t able b elow . 

Dimension s Sub ~£E.i£..Ld.ec1 Gr a tor Sub script Sub s c:r~ v L ya ll!..£_ - --~·--
1 (A) (a) a 

2 ( A,B ) ( a,b ) a+A . ( b-1 ) 

3 (A, B,C) ( a,b,c) a+A .(b-1)+A . E.(c-1) 

where A, B, and C a r e dim·,m s i ons , declared in a DH'IENS I ON, COHt·ION o:r:- Type 

statem2n t , a nd a , band c a re t h e va lue s of sub s cript express ions . 

Examp l es ...._....._,,....,_...,,,..:....__....,_,_ 

DI"fiENSIO i 1·1 (3,12) , N(1 5) 

EQUIVALElfCE ( I-1 (2 , 9), H( , o ) ) 

I 



FUNCTION SUBPROGRAMS 

A ·Function subprogram is a FOR'.I·RAN program consisting of any numb~)r 

of statements which form a complete program unit, independent of lny 

program which uses it. A Function subp~ogram will be executed where­

ever its n Rme ( and arguments) appears in another .program . 

A Function name consi s ts of up to six alphanumeric cha ract ers, the 

f'ir st of which must be a l e tter. If the Function name has not been 

decl ared as b eing a particular type, the fir s t letter mus t be 

consistent with the implicit type rule, i.e. if the type of the 

Function is integer the init i a l letter must be I, J, K, L, Mor N, 

and if real, any other letter. 

The first -statement of a Function subprogram must be 

FUNCTION X ( a
1

, a 2 ,. · ,,an) 

where Xis the Function name , and the a 1 s a r e dummy arguments which 

ma;y be used as variable names ,_ array names or other Function o:c Subroutine 

names. 

The word I FUNCTION I can be prec eded by 8, REAL, I NTEGER , DOUBLE PREC ISION, 

COMPLEX or LOGICAL spec ificat i on ( e . g . REAL FUJlfCTIO_J NEWS (RAG , X2) ) 

if the naming convent ion i s to be overridden . 

Foll owing the FUNCTION sta,tement, the subprogram me,y conta in any 

combina tion of statement s ( othe r than SUBROUTINE , BLOCK :OATA , or 

another FUNCTION statement ). 

A Function subpr ogram may not be ca lled recursively , i. e . it may not 

c a ll i tself , nor may two subprogr ams cal l each other ( if Func tion 

A ca ll s Function D, B may not ca ll A) unl ess both are compil ed with 

the dynamic core al location option ; "cross r e curs ivity " i s t h en 

po ssible . 

The name of t he Function mus t appear at leas t once in the suuproeram as 

a variable on the left- hand side of an a ri thmetj_c · ass i gnncnt stater:ient ; 

as the subprogram name has a value assocj_ated witl1 it which is returned 

t o t he calling progr8 , . the alue must be assigned to the nar!l e -lithin 

the subprogram . During execution of tho subprogram the variable name 

( of the Funct ion ) may be referenced or re-defined . The value of the 

varia ble a t the time of ezccution of a HETURiT at atcment in the sub-

program , is then the value of the Function . ;' ' , i I 
t 



, 'rho arguments of a function s ubp r oe;ram may be refe rred t.o and redefined :::;o 

tha t re suJ.~ s ma y be r eturned to the ca11in6 program , in addition t o the 

Function value . 

As a F unction subprog-ram is a c ompl e t e proc ram unit , it must contain an 

END statemen t wich j_nd icates t h e phys ical end of t he subprocrra.m , and at 

l east one ru,_;rrmm s tatement Hhich causes any comput ed value and control to be 

r eturned to th e calling progr a m unit. 

Exam-ol e 
v~ 

CalJ.:inr., pror.(ram 

• 
• 
RESULT= COJVIP/F I HE ( N,P, R) 

• 

• 

Func tion Sub-pror.Tam 

• 

• 
M = L+J/ K 

• 
• 
F INE = X=t::*M/ YO 

RE'l.'Ul1N 

END 

I n this Exampl e , the va lues of lJ , P ancl R a r e tram;f erred to the subprogr a m 

arGrt.unents L, X and YO r e spectively. 1r h c value of FiliE: i s computed , a nd th is 

value j_s returned. to the ca ll ine prbgT!:;,. , wh er U w value of ESULT i s comput ed. 

If a dummy arQ-lI'.cnt i s a n array name , an appropriat e DJJ.'i::NSIOi! or specificat ion 

s tatPrr. ont mus t be wr itten in the Function s ubpr o l;:,-ram. Hone of t ,e dummy 

arcurncnts c2.n b e lis t ed in . ~q,U IV!cL.1JC_' ~ C FJ·'!ON or D,.l 'rl1 e t a t e ., cnts i n 

subpr ogram . 

v' 

: 
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SUBTIOlJ'l'IN' :s 

A subroutine i n similar to a Function subprog-ram in that it i s an independent 

pro6--rar;i uni t in subpr oe:;ram fo rm , but unlike the Function, a subroutine has 

no va lue associated with i ts narr.e , therefore it . cannot be execut ed sirn})ly by 

writing i ts name; a CALL s tat emen t must be given to bring Jchc subrou tine ikto 

operation. 

The subroutine name ma y consist of from one to s i x a l phanumeric cha r a cters , 

the first of which must be a le t t er o Unlike variable and function names 

the firs t l etter is not significant as ther e is no mode associated with the 

subrou tine nai:ne . 

If a main program.ne0ds to use a subroutine , control is t ransferred to that 

subroutine by the statement 

CALLS ( argument 1 , argument 2, ••t argument n) 

or CALLS 

S r epresents the symbolic name of the subrouti ne. 

The actua l a r g-umcnts may be : 

Holl erith constants 

va.r:iabl e names 

a rray or array element n;..1,mes 

ano ther subprogram nan!e 

any other express ion . 

and t hey must a t,:_."l'ee in order, number and type with the corr,isponding dumrny 

arc,,u.r:i cnts in the subroutine . When a Holl erith c onstant is u sed as an actu a l 

argument , the address of the first character is trans fer red to t he corres­

pond:i.ng dummy argument (irrespective of the t ype of the dummy argument ). 

A subrout ine rust begin wi th the statement 

or SUBROUTINE X 

Xis the subr outi!'"lc name (which must not appear in any other s tatement in the 

rou tjnc ), t he u s c1r 0. du.."'.:;,1y n: :u.mont:c; thc: ~..: f, r.:ust not be lis ted :i.n any 

EQUIV/.L~ ::.'.Ci:: P CO:•J.~Ol-I or DA'l'!, initi2.liz2.t ion s tatcr.:i::nt that occurs in the 

subroutine . 

\ J_ 
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A subroutine ma y contain a ny sta t emcmt oth er tha n FUNC'l'IOlf, Bl ,OCK DA'l 'A or 

anothe r SUJ3i10U'l'I HE s t a tement. 

A subroutine can use any of its arguments to r e tur n value s to the ca llinc 

program. Any arg u.mcnts us e d. like this r;mst appear on the l eft-ha nd side 

of an arithme tic as s i gnment stat0ment or in an inpu t list within t he 

subroutine . 

A subpro ;_;r a m may ha v e arra y s of adjus t able s ize ; t he 1)1f1:EN S I OH (~ b-t ement in 

the subprogram contains integ,.::: r varia bles ins t ead of integ e r cons tants. 

These variables must b e writte n in the dumr0y argument lis t and g iven value s by 

the calling program. The followi ng exampl e iJ.lus tra t e s the us e of adjustable 

dimensions . 'l'he subroutine c 2,n b e us ed to fine t he l arges t e l ement in a 

particular row of any square array. 

The CALL statement in the ma in prog r a m could be: 

CALL L.A..11.GE ( ALHUt , 50, 5, BI GGST , 1'1) 

and the s u broutine : 

SUBROU'l'INl: LlL°RG E ( ARR!;_Y , N , I, BI G, J) 

DU ff:};S I ON luU.lJ\.Y (N , N) 

BIG = ABS ( ARilliY ( I ,1)) 

J= 1 

DO 15 K = 2,H 

ll' ( lwS ( ARR.i\Y(I 1 K)) . LT . BIG ) GO TO 15 

BIG = ABS ( AHRAY ( I 1 K)) 

J = K. 

15 COi1 TINUE 

RE'J.'DIL"N" 

E.till 

Hi th the a c tua l va lUL!S 50 and 5 passed to the dummy argur;i s nts N o,nd I , the 

subroutine v1ill fi nd th e lar gest e l e!iicnt in roH 5 of a 50.x:50 arr ay named ALPlUi. , 

pla cing the larc e s t element in DIGG'.:J 'l' and i ts r ow nUI'.1b E..: r in J,; ., 



BLOCK DATA SUTIPIIOrRAJl[S 

A separa te subprogram must be writt en to initial ize variabl e va lues 

in a labell ed . c ommon block . This subprogram conta ins only DA'.PA , 

COMMON , EQ,UIVALENCE and DHIBNS ION statements; plu s any Type sta tement s 

relative to the data being defined. 

The form of the 8tatement is 

BLOCK DATA 

EN]) 

The BLOCK DATA statement mus t be the first s t a t ement in the subprogram . 

Values canno t b e entered i nt o elements of blank common blocks . 

All e l ements of a c ommon block mus t be listed a l though t hey need 

not all be initia liz ed . 

BLOCK DATA 

COMNON/BLOK/ R, S, T/ RUN/ X,Y, Z( 2) 

DIMENSION T (5) 

COMPLEX R 

I NTEGER Z(2 ) 

LOGICAL X,Y 

.. 

DATA B/( 0 . 71, 2. 96 )/, (T(I),1~1, 5)/2 . 5,17. 0, 2*0,55 , 8, 3/, 
x/. FALSE ./, Y/. TRUE ./, z(1 ), z(2)/4, 8/ 

1 EN]) 

\ 



I ,n t Outnut Sta t ements 
"'---- - - ---------------~--...... - ---- - _;;;~ ;..c.....:...., 

I nput/ Output sta t ements are of two types ; 

READ ancl WRI'I'E statements 

Auxiliary I / 0 statements 

REA]) and WRI'l'E s tatements cau se data r e cords of s e q_uential fil e s to be 

trans f erred to ancl from inter nal memoryc 

Aux:il iar y I/0 staterr.cn ts consis t of BACKSPACE and REWil-l D whj_ ch a re u s ed for 

positioning of an externa l fil e , and. mrnPILE which i ndi ca t es divj.sions on a n 

e!tterna l f ile . 

READ and WRI 'I'E STA'l'EMENTS 

READ and i-ffiITE statemen t s specify tra nsf er of informa t ion i n the form of 

forma t t ed or u n.forrna ttecl r e cords . 

A format t ed r e cord consists of a strine of ASCI I characte r s . The tra nsfer of 

such a r e c ord req_uire s tha t the R...~AD or Vi'RI'l'E stat emen t conta i ns a r efer enc e to 

a f o r ma t speciLLcat i on \vb ich s u pplies t h e n e c essary :posi t ion·i ng and convers ion 

spe cifica tions. 

An u..,v1forrnatte d r e cord consis t s of a s tring of values i n binar y code . 

'11he stat ements ha v e t he f ollowing forms : 

formatted : 

unformatted : 

dire c t 

fo rma tt ed : 

dire c t 

un.format t ed : 

READ ( u,f ) k 

WHI'i'E (u,f )k 

REA:O (u)k 

WRIT:8 (1,.) k 

m.:Ju) ( u I s , r) k 

WRI'i'E( u I s f f ) k 

READ (u':' ) k 

WlU'i'E ( u I s ) k 

or 

or 

or 

or 

or 

or 

READ (u sf ) 

v/RI'l'E ( u , f )) 

REA:O (u) 

Rl~AD ( u ' s , f ) 

WRI T},:( u ' s ,f) 

In each ease r u is a file code ( a n ir, t er;e:t' constant or n on- cub:scrip ted i nt eger 

va ria ble \•:hose va l u e ha s b een def ined ) v:hich is kno,-m to the r.;oni t or, "'nd 1:h i ch 

d e ci6-n tes a n i nJ)ut / output d ev i ce ; f ( in forr.-1a t ted st:-i.t~1. ,.rnts ) i s the l abel of 

s e c t or i· f ile u. v!Le:n s is an int&cer '~.r i.abl e , ii:, value i s no t .r:odified m 

c ompl e:t i on of a IlL:D or WP. I 'l'}: stat e;nent c Fhcm direct unfo:r..r.atted llF'..Jw or WHl111E 

are u sed , both l o,'.;icill a nd phy:::;i c;:-~l r c o:i:·ds have a fix0d l en ,,.th of 200 word.::: . 

\ .........__ 
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,..1..._ 

The associatE-:cJ stcttc::1:i c-mt whose l abel (f) a >pe::!.rs in a Ifr;J,D or WilI 'rE 

sta t ement i s the FORM.AT stat ement. 'J:his i ndica tes to t he compu t er 

the fo rm of the numbers b eing r ea d or wri t t en, i . e . t ~e I / 0 stat ement 

sp ecifi es what i s to b e r ead or written , t he FORMAT s t a t ement spec ifies 
\.;~~ .................. 

how and where the infor mation i s pla c ed wi t h i n a r ecord. 
~~~~, ~...-.,,,.........,.....~ 

_!Lo LI STS 

The list (k) of an i nput/oatput s t a t ement may be of any l engt h , and names 

the va ri a ble s in the order t hey a re to b e t ran ~mi tt ed. 

The list element s may be va ri alJl e names , array names , a rray el em•.:mts 

and i mpli e d DO's. On input, t h e se e l ement s r ec eive the va lues of the 

dat a b e ing r ead . When an input s t atement i s execut e d, the va l"ues r ead are 

as s i g ned to the correspondi ng li s t e l ement s , i.e. the fir s t va lue rea d 

is as s i gned to t he f i~st ele~en t in the l ist , and so on . I n t h i s way , 

an integer valu e r ead early i n the l is t may be u sed a s a subs cript 

el sewhere in t h e l is t. I t must , h owever , appear a s an i nput varia b le 

b e f or e it is u se d as a sub scri pt. 
v-v...,.._,,__,,-..--.r-

Exampl e 
\.,,'-,,~ 

READ (u ,f )N, A(w), I, J, XARRAY(J ), y 

When vari ab l e s appea r i n an i npc1t l ist wi th .var i abl e sub s cripts , t hese 

sub s cripts ne ed not n ecessarily be define d within t he same l ist ( as they 

a re i n the previous exR,mpl e ); thei r sub s cript values may h ave be e::i defined t: 
( by other s tatement s - in a DO - l oop , for in s t ance . 

The examp l e following shows a READ s ~tement which will b e executed t en 

times . Ea ch time it i s execut ed a va lue will be rea d and p l aced in t he 

A a rray , it s pos ition de t er mined by t he va lue of the DO-index . 

4 DjJ 5 I= 1, 10 

5 RE/ill (01,7) A(I) 

To transfer a c omp l ete a rray , only the arr~y name n eed be wri tt en , 

with out the sub scripting information . All the array elc~ents will then 

b e civen valu es . (Tbe ar~-y mu8t be declared el se where j_n the program, · 

in a DIVi.EUSIOX , COVi1·10~~ or Type st 0, te:ment spse.ifying th r:: array dimensions ) . 
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The ;issociated 0tatei:1ent \•!hose label (f ) a;,pe:1.:r:::: in a H1';J1 D or v!IU 'l'E 

sta tement is tb e FORf.1.!T statement . This i ndicates to the computer 

the form of t he nmnbers bcj_ng r ead or writt en , i . e . tlie I/0 s tat ement 

specifi es what is to b e rea d or wr :i. tten , t he FORM.AT statement specifies 
\::>u.,..............,.• 

how and whe re the informat ion is placed within a record. 
~~~~, ~~ 

li_O LISTS 

. 
The list ( k) of a n input/o~tput s t a t ement may be of any l ength, and name s 

the va riable s in the order they are to be tranqmitted . 

The li st elements may be variable n ames , array names , array elem•.:mts 

and i mp lied DO's. On input, the se elements receive the va lues of the 

dat a being read . When an input statement i s executed , the values . read are 

assigned to the corresponding li st el ements , i.e. the first value read 

i s assigned to the fir st element in the li st , and so on . In thi s way, 

an integer va lue r ead ea rly in the list may be us ed as a subscript 

els ew~ere in the li s t. It m~st, howaver, app ear as an input variable 

b efore it is u sed as a sub script . 
vv-,v-v-.. .,_,..._ 

Example 
\,., ............. ~ 

READ(u,f) N, A( N), I, J, XARRAY (J), Y 

Wh en variabl es appea r in an input l ist with variable sub scripts, these 

sub script s n eed not necessari ly be defined within the same list ( as t hey 

are i n the previo'J.S example) ; their subscript VQlues may h ave b een defined 

( by other s~atements - i n a DO-l oop, for ins t ance. 

The example following shows a READ st:;it ment which will b e executed ten 

times . Each time it i o executed a va lue will be read an d p l a ced in th e 

A array, i t s po s ition determined by the value of the DO - index . 

4 DfJ 5 1=1, 10 
5 RE[\]) (01,7) A(I) 

To tra nsfer a comp l ete a rray , only the arr ay name ne ed be writt en , 

wi tho'J.t the s 1J.b::-; criptinr; informat ion . Al l the array e l ements wi ll then 

b e civen values . ( The array mus t be declared elsewhere i n the progr am , 

i n a DUIEl· SIO:; , COI 'IMO~·I or Ty pe statr::men t sp9t:~i fying the array dimensions ) • 

.-.-.--------------
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IMPL IED D0 1 S 

Vari a bl es withi n an I/0 li s t may b e ind exed and incremented in the 

same wa y as tho s e i~ a DO stat ement. The vari a bl e s a nd their indexes 

. must b,3 enclosecl in p a ren theses . 

For example, the statement 

READ (u,f) (A(I ),1=1, 5~ ) 

is equivalent to t he statement 

READ (u,f) A(1),A(2),A(3), .•.• , A(49 ),A(50) 

Althou gh only e xecuted once , the s el f-indexing s t at ement wi ll cause 

50 numb ers to be read into successive e l ement s of the array A. 

Implied D0 1 s may a l s o be nested , f or example, given an array of 

2 by 3 by 5 ele~ent s , th e sta tement 

READ (u, f ) ((( ARRAY (I, J 1 K), K= 1, 2), J=1,2),I=1,1) 

will cause data to be as s i g n e d in t he following order : 

ARRAY(1,1,1) ; ARRAY (1,1, 2); ARRAY (1,2, 1); ARRAY (1, 2, 2) 

As a further exampl e : 

REJill (u,f)I , (C(J) , J~1,I) 

The vari able I i s r e ad f i r s t a nd it s va lue the n u sed as a n i ndex to 

s p ecify the numb e r of v a l u es to be read i nto the a rray C. 

I 



FOTIMNC'TED ii TD UNFOHViN['TRD TIEC011DS 

A formatt ed record consists of a stiing of ASCII cha racter s . The trans f e r 

of such a record r equires a FORJl'IAT stat ement to sp e cify - on output -

the layout of the external r ecord , the form in which the data must be 

written, and - on input - the layout and how the data being rea~ are 

· to be int erpreted . Within a fo rmat specification r ec ords are defi ned 
•:-:;-:. 

by means of a slash(/) sepa rator . This maans that FORTRAN logical and 

physical records , rea cl or written vi a Mo~1i tor I/0 ;req_uests , a re identical. 

The maxi mum record length a ll owed in f ormatted READ or WRITE clep,:mds 

upon the I/0 device as sociat ed with the specifi ed file code . 

An unformatted record i s a direct binary representati on. Data are 

transferred betwe en the I/0 buffe r and the FORTRAlT program or the output 

device without any conv_ersion , except where the output unit i s a line 

printer or the 6p erator 1 s typ ewriter; in this case an unformatted 

WRITE is interpreted as a hexadec i mal core dump . ( Unfor matt ed input 

from the ope r a tor' s typewriter is not possibl e ). 

The l ength of a physical record on unfo rma tted f i l es is vari abl e , its 

maximum va lue dependt:. on the d8vice . The first two character s of any record 

identify t he record as unforma tted . 

In unformatted I/0, the l ogica l length is determine d. by the number and 

types of the variables in an I /0 li st . If ·fue l ength of a logical record 

is les s tha n ( OJ} t h e same as ) the maxi mum physic 8,l record l eng th , only 

that one l ogica l rec ord will b e recorded on the physical r ecord . I f the 

l ength of a logical rec ord is greater than the maximum physi ca l record 

l ength, the l ogical rec ord will be cont inued over as many c onsecutivP 

physical record s as is necessary . 

Hh P. n dirP. ct a.cces s un.formattecl HJ;Jill or WRITE ar e used 9 both log-:_cal and 

physica l records h2.vc a fixed l c:n5t ·1 of 200 JOrds o 



Unfo rmatt ed WRITl'.j 

WRITE (u)k 

The values specifi ed by the li s t k are output to the specified file 

'. in binary .for mat. As the data are i n binary form·, no format specifica tion 

is nece ssary . 

Output to the typewri ter or l ine printer i s r epresent ed by four hexa­

decimal characters fo r each word output. 

Direct Access 

Direct Form~tted READ 

READ (u• s , f)k or READ (u •s ,f) 

Execut ion of this statement causes the specifi ed sector ( s ) of file u to 

be read. 

Direct Formatt ed WRITE 

or WRITE (u• s,f ) 

This stat ement causes da t a to be written on the specified sector of file u. 

Di rect Unformatted READ 

READ ( u •s )k or READ (u I s ) 

This statement causes one l ogical to be r ead from the sector s on file u. 

If the numbers of values requj_red by the list k exceeds t he rn.J.mber on the 

sector , the next se c to r of the file will be r ead until k i s sat i sfied . 

Direct Un.forr:i , .. ttcd \,T'.I 'l'E 

WRI 'rE (u • s )k 

The values spe c ified by the list k are output t o the indicated sector of 

fi l e u; i f the value of k exceed 200 words , the remaining va lues will be 

ou tput t o the sector fol lowing . 



AUXILI ARY r/o STATET-1:EJITTS 

ENDFILE statement 

ENnFILE u 

Execution of this statement causes and End-:--Of-File to be written on 

the specified file, and indicates a demarcation of a sequential file. 

R~'WI}ill st a t ement 

REWINn u 

This statement is used only for magnetic tape units and sequential 

disc files, and causes the file to be positioned at its initial point. 

BACKSPACE statement 

BACKSPACE u 

This statement appli es to magnet ic tape units only; t he file is 

ba ckspaced by one record , unle s s already at its initia l point in 

which case the ins truction wi l l have no effect. 

IOSTAT FU_TCTIOJ" 

A library f uncti on ca lled IOSTAT i s ava i l able which tests the status 

r e t urner!. by the I1oni tor aft er each REA]) or WRITE. (For de t a il s on 

the status word , see P855/ P860 Disc Moni tor s ) . Thi s function a llows 

the programmer to te s t an End- Of- File, or some othe; specia l c ondi ti on . 

I f bit O of t he sta tus wor d is set to 1, an err or message i s output 

and the job aborte d . 

If the status word has a po 3itive , non- zer o value , the current 

REA:D or WRITE statement i s abandoned ( even i f thE; whole of the I /0 

li st has no t been processed ) and control is passed to the next 

s tatement in sequence in the FORTRAN program . 

If the sta us word is O th e I / 0 statement i s proc ess ed a s normal . 

;. l i 
', i : I I 



IO~AT is an i ntege r function with one integer argument . (This 

argument is i gnored but must be coded to prevent a syntax error 

as FORTRAN does not accept functions without arguments). The value 

of the function IOSTAT is the last status returned by the Monitor 
~ 

for a REAJ) or vffiITE operation . 

For example, 

REA]) ( 1 , 10) ( A ( :V, I =J, K) 

IF (IOSTAT (o) .EQ. 1) GO TO 200 

. will cause data to be rea d from fil e 1, and t hen a branch made to 

the statement with the . l abel 200 when an End-Of-File has been read. 

Standard Fi l e Codes 

(For Basic Executive Moni tor) 

01 Sourc e i nput 

02 Li sting output 

0 3 Punch output 

04 Operator ' s typewri t er ( input 

06 ASR t ape read.e r 

07 ASR tape punch 

0 8 Paper tape reader 

0 9 Paper tape punch 

eserved for disc units 

and 

(For Di sc Op er a ting System) 

01 Operator ' s typewri ter 

02 Print unit 

\ 03 Punch unit 
OU~-;~ 

\ 10 to 20 7 = For user assi gnment 

others- Reser-v-ed 
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Forma t Specificati on in READ and \·ffiI'rE Sta t ements 

The FORMAT statement reference in a READ or WRITE statement may be 

specified by a label, an array name or a Hollerith constant ~1ich 

const.:L tutes a valid FORM.A.T specifj_cation. When the format specification 

is in an array, an nH descriptor may form part of the specification. 

Example 
1";1\.JQ'v'VOVV \ 

WRITE {2, 1 (6X, "A=", F15.4) 1)A 

is equivalent to 

WRITE (2 ,333)A 

333 FORMAT ( 6X , 1 A= 1 , F15 .4) 

In the fir st WRITE , quote marks inside the Hollerith string must be 

coded as double apostrophes . 



X-type descriptor 

The field specification is nX. 

This d escriptor governs the insertion of blanks . 

On input the nex t n character s are skipped •. 

On output n blanks are inserted in the output record. 

H-type descriptor (Holl erith) 

Hollerith- ( alphanumeric) data may be transferred by means of the 

nH field descriptor. 

Holl erith information is read int o or written from then characters 

(blanks i ncluded) following the l etter Hin the format specification 

list. 

On input then characters in the format are repl a ced by n ch a r a cters 

from the input fi e ld. 

On output the n cha racters following the format code are written 

as p a rt of the output r ec ord. 

For output only, thi s field descriptor may l) e r epl ace d by an ASCII 

character s tring enclosed in apostrophes . The data are then 

t r a nsferred e}~actly as Hritt en . When a n apostrophe is u s ed a s 

par t of such a s tring , it must b e code d as a doubl e apostrophe . 

A OH descript or i s not acc epted ( illegal format specificat i on i s 

di agnosed). 



L (Suppress List i ng) 

When the L variabl e is set to 1 there will be no source lis t ing. 

Error messages , however, will still be listed. 

X (Condi t ional Compila ti on ) 

When the bool ean variable Xis O any source line whose first 

chara cter is the letter Xis ignored by the compiler. 

When the vari able is set to 1, the source line will b e compiled, 

the X wi l~ be ignor ed and processing will star t from t he second 

character in t he line. 

D (Genera tion of a Re - entrant Modul e - Dynamic Alloca ti on ) 

Wh en t he bool ean variabl e .Dis se t to O, t he output ob jee t moclul e 

will not be r e- ent rant. 

When the variabl e is se t t o 1, t he work s t or age for the output 

obj ect module i s obta i ned a t r un t ime by means of a dynami c memory 

allocation r eques t to the Moni tor . This object modul e will then be 

r e-entrant , i . e . it ca n run c oncurrently a t different software 

l evel s and can b e interrupted at any stage at a request f rom 

another program of a higher priority . 

Care m~rnt be t aken not to modify the . format descriptors at run time • . 
·The D option i s no t a cc ept ed if the module contains a DATA stat emen t. 

i, 
h 


