














Example 2

CALL SUB (A,B,MULT (C,D),37)

-
-

bxplanation: An EXTERNAL statement is not required because the subpro-
gram named MULT is not an argument; it is executed first and the result
pecomes the argument.

BLOCK DATA SUBPROGRAM

To enter data into a COMMON block, a separate subprogram must be
Aritten. This separate subprogram contains only the DATA, COMMON,
DIMENSION, EQUIVALENCE, and Type statements associated with the data
being defined. Data may be entered into labeled (named), but not unla-
beled, COMMON by the BLOCK DATA subprogram.

} General Form |

b— —_—— -
BLOCK DATA i

END

r————

1. The BLOCK DATA subprogram may not contain any executable
statements.

2. The first statement of this subprogram must be the BLOCK DATA
statement.

3. All elements of a COMMON block must be listed in the COMMON state-
ment, even though they do not all appear in the DATA statement.
For example, the variable A in the COMMON statement below does not
appear in the DATA statement:

BLOCK DATA

COMMON/ELN/C,A ,B/RMG/Z,Y

REAL B(4)/1.0,1.2,2%1.3/,2%8(3) /3%7. 64980825D0/
COMPLEX C/(2.4,3.769)/

END

4. Data may be entered into more than one COMMON block in a single
BLOCK DATA subprogram.

5. No element may have more than one initial wvalue assigned in the
same program.
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APPENDIX A: FORTRAN COMPARISON

This appendix contains a description of the differences in the FOR-

TRAN language supported by IBM OS and 0OS/VS, and by the IBM Time Sharing
System. The FORTRAN language for IBM OS and OS/VS is described in IBM
FORTRAN IV Langquage, GC28-6515.

1.
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Extensions

TSS -~ Does not allow generalized subscripts and direct access 1I/0
statements; no list-directed I/0; no free format input.

OS and 0OS/VS -- Allows the above.

Call by Value

TSS -- Treats all argquments as call-by-name whether or not they are
enclosed in slashes.
OS and 0S/VS -- Treats arguments not enclosed in slashes, and not

declared as an array, as call-by-value.

Dummy Arguments

TSS -- Dummy arguments may not appear in any statement until
defined as such in an ENTRY, SUBROUTINE, or FUNCTION
statement.

0S and OS/VS -- Restriction holds only for executable statements.

ENTRY in FUNCTION Subprograms

TSS -- The name of a FUNCTION subprogram must be used to return the
value of the function, even though entry was made through an
ENTRY statement.

0S and 0S/VS -- The ENTRY name may be used to return the value of
the function.



APPENDIX B: SOURCE PROGRAM CHARACTERS

r LI v e 1
| Alphabetic | EBCDIC or BCD | Numeric | EBCDIC or BCD |
| Characters | Card Punches | Characters | Card Punches |
- } 1 } 3
H A | 12-1 { 0 { 0 |
| B i 12-2 | 1 I 1 |
| c | 12-3 { 2 | 2 |
{ D | 12-4 | 3 i 3 |
| E | 12-5 | 4 | 4 |
| F | 12-6 | 5 | 5 {
| G | 12-7 i 6 i 6 |
| H | 12-8 } 7 t 7 {
| I | 12-9 | 8 | 8 i
| J | 11-1 | 9 I 9 |
| K | 11-2 ] | |
| L | 11-3 | | [
I M [ 11-4 - + v i
i N | 11-5 | Special i EBCDIC | BCDIC |
} o { 11-6 | Characters |Card Punches|Card Punches|
| P | 11-7 F + 1 i
{ Q | 11-8 | + | 12-6-8 | 12 |
| R | 11-9 | - | 11 i 11 |
} S i 0-2 i / | 0-1 } 0-1 i
| T i 0-3 } = | 6-8 i 3-8 {
| U i 0-4 | . | 12-3-8 | 12-3-8 {
| v i 0-5 | ) i 11-5-8 |  12-u4-8 I
{ W } 0-6 i * { 11-4-8 | 11- 4-8 |
| X i 0-7 | s (comma) | 0-3-8 | 0-3-8 |
| Y | 0-8 | ( ** | 12-5-8 I 0-4 -8 |
i Z | 0-9 {’ (apostrophe) | 5-8 | 4-8 i
i s | 11-3-8 | bl ank | tno punch) | (no punch) |
" _____ 1 - A i ﬁ.
| Source programs are coded in either BCD or EBCDIC character codes; |
}] mixing the two, however, is not allowed. i
| +*Considered an alphabetic character in EBCDIC only. i
| *¢Considered a special character in EBCDIC only. |
L 3
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APPENDIX C: OTHER FORTRAN STATEMENTS ACCEPTED BY TSS FORTRAN IV

This appendix describes features of previously implemented FORTRAN IV
languages that are incorporated into the IBM Time Sharing System FORTRAN
IV language. The inclusion of these language facilities allows existing
FORTRAN programs to be recompiled for use in IBM Time Sharing System
with little or no reprogramming.

READ Statement

r 1
| General Form i
— , —— y
| READ b, list |
] |
| where b, is the statement number or array name of the FORMAT sta- |
] tement describing the data |
| |
| list is a series of variable or array names, separated by |
| commas, which may be indexed and incremented; they specify |
| the number of items to be read and the storage locations |
| into which the data is placed |
| 3
This statement causes data to be read from the data set associated
with the system input.
PUNCH Statement
- 1
| General Form |
4
i - = 1
! PUNCH b, list |
] |
| where b is the statement number or array name of the FORMAT state- |
| ment describing the data |
| |
| list is a series of variable or array names, separated by |
| commas, which may be indexed and incremented; they specify |
| the number of items to be written and the storage locations |
| from which the data is taken |
A — 1
The PUNCH statement causes data to be written in the data set asso-
ciated with the system output.
PRINI Statement
e —— - - -1
| General Form |
b ——- - — — ~
| PRINT b, list |
| |
| where b is the statement number or array name of the FORMAT state- |
| ment describing the data |
| |
| list is a series of variable or array names, separated by {
{ commas, which may be indexed and incremented; they specify
] the number of items to be written and the locations in |
| storage from which the data is taken |
b e e e e _— - p]
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The PRINT statement causes data to be written in the data set asso-
ciated with the system output.

DATA Initialization Statement

= I 1
| General fForm |

k- -~ P

DATA ¥ ,pecn eV, /i, %0 sl %] /v % oo, v /i ¢ *d,+ L..,1 %4 /,...

where Vis-+-,Vv are variables, subscripted variables (in which
case, the subscripts must be integer constants), or array

| |
| |
i |
| |
| names |
| |
i d,,...,4 are values representing integer, real, complex, i
i logical, or literal hexadecimal data constants {
| I
{ i,,--.,1 represent unsigned integer constants indicating |
1 the number of consecutive variables that are to be assigned |
| the value of 4,,...,4 i
L e e e o i P U

A data ipitialization statement is used to define initial values of
variables and arrays. There must he a one-for-one correspondence
between these variables (i.e., v,,...,v ) and the data constants (i.e.,
d,,..-,d4.

Example 1:

DIMENSION D(5, 10}
DATA A, B, ¢/5.0,6.1,7.3/,D/725%1.0,25%2.0/

Explanation: The DATA statement indicates that the variables A, B, and
C are to be initialized to the values 5.0, 6,1, and 7.3, respectively.
Also, the statement specifies that the first 25 variables in the array D
are to be initialized to the value 1.0, and the second 25 to the wvalue
2.0.

gxample 2:

DIMENSION A(5), B(3,3), L(4)
DATA A/5#%1.0/, B/9%#2.0/, L/4%* TRUE./, C/'FOUR'/

Explanation: The DATA statement specifies that all the variables in the
arrays A and B are to be initialized to the values 1.0 and 2.0, respec-
tively. All the logical variables in the array L are initialized to the
value .TRUE.. The letters T and F may be used as an abbreviation for
.TRUE. and .FALSE., respectively. Also, the variable C is initialized
with the literal data constant FOUR.

An initially defined variable, or variable of an array, may not be in
pvlank common; however, in a labeled common block, they may be initially
defired only in a block data subprogram (see "SUBPROGRAMS").

DOUBLE PRECISION S5tatement

T
| General Form |

e e i e e €~ .y S s it S P e A .8 S T . i e Lo T . A S i D S e S Ao S e e T S . S o St i ,'
| DOUBLE PRECISION a,b,C,... i
| |

| where a,b,c,... are variable names that may be dimensioned in the |
| statement, or function names H

e e o e e e e e e e i e i o i e

PR —— |
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The DOUBLE PRECISION statement explicitly specifies that the

var iables a,b,c,... are of type double precision. This statement over-
rides any specification of a variable made by either the predefined con-

vention or the IMPLICIT statement. This specification is identical to
that of type REAL+*8.
Also, FUNCTION subprograms may be typed double precision, in this way

DOUBLE PRECISION FUNCTION name (a,,a,,3;,---,3,)



APPENDIX D: FORTRAN SUPPLIED SUBPROGRAMS

The FORTRAN supplied subprograms are of either of two types: mathe-
matical subprograms and service subprograms. The mathematical subpro-
grams correspond to a FUNCTION subprogram; the service subprograms
correspond to a SUBROUTINE subprogram. Appendix D lists the in-1line and
out-of-line mathematical FUNCTION subprograms. An in-line subprogram is
inserted by the FORTRAN compiler at any point in the program where the
function is referenced. An out-of-line subprogram is located on a
library. A detailed description of out-of-line mathematical subprograms
and service subprograms is given in FORTRAN IV Library Subprograms.

MATHEMATICAL SUBPROGRAMS

All functions are used as described in the section "FUNCTION Subpro-
grams® -- i.e., A = AMOD(X ,X,), where A is the value and X, and X, are
the arguments.

Table 4. Mathematical function subprograms (part 1 of 3)

r - T T Y N v T 1
| | | { 1In-Line (I) |No. of| Type of | |
}LFunction |Name |Definition/Usage jout-of-Line (0){ Arg. i Argume mts JFunction ,l
. - + t + + t 1 1
|Exponential | EXP jeaxrg { e} i 1 |Real &4 |Real su |
| |DEXP |earg | o | 1 |Real *8 {Real *8B f
| |CEXP |earg | o i 1 |Complex #8 |Complex *8 |
| |CDEXP |earg | o | 1 |Complex *16 |[Complex *16 |
| | |A=EXP(X,) | | | | |
—- t + } + + + ?
|Natural Logarithm{ALOG {ln (Arg) | o} i 1 |Real 4 | Real *4 i
{ {DLOG |1ln (Arg) | o { 1 |Real #8 jReal *8 }
i |CLOG  |{ln (Arg) | 0 i 1 |Complex *8 |Complex *8 |
| |CDLOG |{1n (Arg) | o 1 1 |Complex *16 |[Complex *16 |
[ | |A=ALOG(X ) | | I I i
b 1 = } --—-+ + t i
|Common Logarithm |ALOG10|log,, (Arg) | (o] i 1 |Real 4 jReal *4 ]
| | DLOG10 |log,, (Arg) | o | 1  |Real *8 |Real *8 |
| | |A=ALOG10 (X ,) | i | | |
i t : { + + t 4
|hrcsine |ARSIN jarcsin (Arg) { o i 1 |Real #*4 |Real *u |
| | DARSI N|A=ARSIN(X,) | i |Real *8 |Real *8 i
o + ¥ 1 + + ¢ {
|Arccosine |ARCOS |arcos (Arg) | o] § 1 |Real *&4 {Real *4 |
| | DARCOS | A=ARCOS (X ,) | | |Real *8 {Real *8 |
- -4 + 4 1 + 4 i
jarctangent |ATAN jarctan (Arg) { (o] i 1 |Real »4 {Real *4 |
| |ATAN2 |arctan (Arg,/Arg,) | [¢] } 2 |Real *4 | Real *4 |
| | DATAN jarctan (Arg) ] (o] { 1 |Real 8 |Real *8 |
| |DATAN2|arctan (Arg, /Arg,) | [o] i 2 |Real *8 | Real *8 |
{ L IA=ATAN(X;) !‘ J } 1
po————— T T T D | T ¥ L]
|Trigonometric |SIN Isin{Arg) | [o] § 1 |Real *4 fReal *4 i
{Sine |DSIN  |sin{Arg) | (o} { 1 |Real *8 jReal *8 i
{ (Argument in [CSIN |sin(Arg) } o] i 1 |Complex *8 |Complex *8 |
{ radians) |CDSIN }sin (Arg) | [} i 1 |Complex *16 |Complex *1i6 |
| } {A=SIN(X,) | i { i \
b 4 4 4 4 4 e '
¥ T T T T T v
| Trigonometric jcos jcos (arg) | o | 1 |Real #*4 | Real *u4 |
|Cosine {pCos |cos (Arqg) | ] { 1 |Real #8 {Real *8 }
} (Argument in {Cccos |[cosiArg) ] o i 1 Complex *8 |Complex #8 |
| radians) jCDCOS |cos {Arg) | C | 1 Complex *16 [Complex *16 |
1 | |A=COS{X,) i i | 1
. 1 + } 4 1 {
JTrigonome tric | TAN jtan (Arg) | [} { 1 |Real *4 |Real *4 |
| Tangent | DTAN  [A=TAN(X,) ! 1 {Real 8 |LReal *8 !
F _— % j' T ¥ J T
lr‘nigonometric jCOTAN |cotan (Arg) i (o} | 1 Real =4 |Real *4 |
{Cotangent | DCOTAN | A=COTAN(X,) { J LReal -8 !Real 8 :
- + %7 ‘{' kt T ¥
| Square Root ESQRT { (Arg? | (o] | 1 |Real #4 |Real *4 }
| JDSQRT | (Axg) i o} i 1 Real #*8 |[Real *8 }
§ {CSQRT | (Ara) i o} f 1 Complex *8 |[Complex *8 |
{ JCDSQRT{ (Ax 1} } o { 1 Complex *16 |Complex ¢16 |
i | |A=SORT(X,) | | | |
Tt o t } + + + 1
|Hyperbolic {sINd  |sinh (Arg) | o | 1 |Real *u4 {Real *u4 i
|Sine [ DSINH |A=SINH(X,) | i | Real *8 |Real *8 |
B e e e e e e B R 1 L e L L —d
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Table 4. Mathematical function subprograms (part 2 of 3)
| A T i T DS Y T 1
] ] | In-Line (¥) |No. of]| Type of |
JFunction | Name {|Definition/Usage |out-of ~Line {0 | Arg. | Arquments |[Function |
——— $ 3 —- 1 4 4 ___,_-+_ 4
T L] T ¥ T 1
|Hyperbolic [COSH |cosh (Arg) | [¢] i 1 |Real #*4 jReal #*4 |
|Cosine |DCOSH |A=COSH(X )} | } |Real *8 |Real *8 i
e 4 4= } + T i
{Hyperbolic |TARH |(tanh{Arg) § O i 1 |Real =4 {Real *4 i
| Tangent |DTANH {tanh (Arqg) i o] { 1 |Real *8 | Real *8 {
i |A=TANH(X,) | ] | | |
——————— — + + + —— R 3 - 1
| Exror Function | ERF | 2 x =-u? | o] | 1 |Real *4 {Real =4 |
| |[DERF | » / e du { o] H 1 |Real *8 |Real *8 |
| | | o | | ! | |
i | |A=ERF (X,) I | | | l
b= t + 4o - fomm ot —-t --4
|Complemented { ERFC {jl-erf (x) i [¢] 3 1 |Real *t |Real =4 }
{ Error Function |DERFC |A=ERFC(x,) | o} i 1 [Real *8 |Real *8 {
| - t + —4-- + - + -4
{Gamma {GAMMA | % x-1 -u | (o} {f 1 [Real *u |Real =t {
i {DGAMMA| © u e du 1 [s) § 1 }JReal ¢8 {Real *8 |
i | | 9 1 | | ! |
| \ |ANS=GAMMA (X, } | | | | |
1 4 4 } - [ | 4 4
r T hs T T ] Al *
| Log ~gamma | ALGAMA | i o] | 1 |{Real *4 |Real #4 {
| |DLGAMA [log  T(x) | ¢] | 1 |Real *8 | Real #8 i
i [ |A=ALGAMA(x, ) | i ] i !
e —- + ¢ -1 e + ——-{
|Remainder ing | MOD |arg, (mod Arg,) | I { 2 J|(Integer *4 |Integer *4 |
| |AMOD  {A=MODI(X, ,X,) t 1 | 2 |Real *4 {Real *4 i
| | pMOD | | I { 2 |Real *§ jReal #*8 |
[ 3 o - e o -1
|Absolute value | IABS ||Argj | 1 | 1 |Integer *4 |Integer *4& |
1 {ABS | { 1 i 1 |[Real *4 |Real 4 1
| |DABS |A=ABS{(X,) | I | 1 |Real #8 |Real *8 {
| [ + } e } " 4
| {caBs ||vAkT+x2| for X, +x, | o i 1 |Complex #8 |Real #4 |
1 |CDABS [A=CABS(X,) 0 1 Complex *16 |Real *8
‘,_ 4 4 4 + 4 P ! ;
T e T T - T T e YT — 4
{Truncation | INT {Sign of Arg times | I { 1 Q'Real Y TIIm:egexf *y ;
I | llargest integer i 1 } { {
| | 1<jArg] i { | | {
| |AINT | 1 I | 1 |Real *4 | Real #*4 |
| | IDINT [I=INT(X,) } I | 1 |Real *8 jInteger #*4 |
3 —— 1 3 fom ot -t .
|Largest value |AMAX0 |Max (Arg, ,Arg,,...)| I { 22 |Integer *4 |Real *4 |
{ | AMBX]1 | i I } 22 |Real #4 {Real #*4 |
i [MAXO0 | H I | 22 |[Integer *4 |Integer *4 |
| {MAX1 |} i I | 22 |Real t4 jInteger #*4 |
| |DMAX1 jA=pMAXO(X, ,X,,..X.)} I | 22 |Real #*8 | Real #*8 t
l‘__ __________________ "i U o [P——— %, 3 U o 4
|Smallest value |AMINO (Min (Arg, ,Arg,,;...Jt I i =2 iInteqer *4 '[Real *Yy 1‘
| fAMIN1 | { I { 22 [Real #4 j{Real #*4 |
| | MINO | | I i 22 |Integer *4 |Integer 4 |
| IMINI | I | 22 |Real #u |Integer *4 |
| |DMIN1I |[A=AMINO(X, 6 ,X,,..X,.) | I | 22 [Real <8 |Real #8 |
b + + 4 -+ + -t i
|Float | FLOAT |Convert from i I | 1 |Integer *4 |Real 4 |
| |[PFLOAT{integer to real | I | 1 |Integer *4 |Real *8 i
| | | A=FLOAT(X,) { | | i }
b 4 + -4 " + + -1
{Fix |IFIX |Convert from ] I i 1 |Real =i {Integexr *4 |
| |HFIX |real to integer { I { 1 |Real =4 }|Integerxr *2 |
| | [I=IFIX(X,) ] { | | 1
F + 4 + + t + i
|Transfer of sign |SIGN |Sign of Arg, times | I i 2 |Real =4 |Real #*4 |
l | flarg,| | | | | |
i | ISIGN | i I { 2 |Integer *4 {Integer *»§ |
i |DSIGN |A=SI@(X,,X,) i 1 i 2 |Real %8 JReal *8 i
____________________ - ‘L 4 4 o 1 3}
[Positive {DIM  |Arg.-Min(Arg,,Arg,) | I I 2 [Real 8 {Real *4 |
Ichffetence |LIDI.M 1A=DIM(X,,X,) L i |Integer *4% |Integer =4 |
r . T T T — % 4 4 —_———
toptaiuung most |SNGL | | I { 1 }Real 8 iReal oy {|
Isignificant part | i i | i i ]
|of a Real *8 { i | i i | {
| argument | {A=SNGL(X,) § 1 | | |
% 4 3 - i 3 $ 4
r ) T H T t t —-———q
|Obtain real |REAL | | I H 1 |Complex =*8 ;Real 4y [
| part of complex | | 1 { 1 { |
jargument 1 jA=SNGL (X} i H { i |
[ 8 i A. i —de i — i 3
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Table 4. Mathematical function subprograms (part 3 of 3}

[T T e e B Sl T ———— T o i e Fo T 1
| | | In-Line (I) |No. of| Type of i
| Function [Name |Definition |out-of-Line (0)}| Arg. | Arguments |[Function i
_______ -4 4 -4 -__,._,+__._____ [ _.___+_-__._____._.__{
T T L
|Obtain 1maq1nary | AIMAG | | I | 1 |Complex #8 |Real ¢u |
|part of complex | | | | | |
largument | |A=AIMAG(X,) | { | | |
O e T — S f-mmme- oo e pommmmmmm e !
{Express a Real {DBLE | ) I | 1 |(Real =4 | Real @*8 {
|*4 argument in i i | | | | |
|Real *8 form | |A=DBLE (X,) | | | | |
prm oo - mmm e . R e et
|Express two real |CMPLX IC"Argﬁu\rg, | I | 2 |Real #4 |Complex *8 |
jarquments in com |DCMPLX | | I | 2 |Real *8B | Complex *16 |
|plex form ] [A'CMPLX(X,,XZ) | | | | |
O — } T e D
|Cbtain conjugate |CONJG tC‘x iy i I | 1 |Complex *8 jComplex *8 }
Jof a complex |DCONJG {For Arg=x+iY | I i 1 |Complex *#16 |Complex *16 |
largument | |A=CONJIG(X ) | | | i i
| SO 3 N - ————d — i § S, S — 4

SERVICE SUBPROGRAMS

MACHINE INDICATOR TESTS SUBPROGRAMS

In the list of pseudc machine-indicator test subroutines below,
assume that i1 is an integer expression and that j is an integer vari-
able. These subroutines are referred to by CALL statements.

SLITE (i): If i = 0, all sense lights will be turned off. If i = 1, 2,
3, or 4, the corresponding sense light will be turned on.

SLITET (i, j}: Sense light i (equal to 1, 2, 3, or 4) will be tested and
turned off. The variabie j will be set to 1 if i was on, or j will be
set to 2 if i was off.

kExample: Assume that the program is to continue if sense light i is on
and the results are to be written if sense light i is off. This can be
done by using the logical IF statement or a computed GO TJ statement:

-

-

CALL SLITET (3,KEN)

Go TO (6, 17) ,KEN
17 WRITE (3, 26) (ANS (K) , K=1, 10)
6 CONT INUE

-

Explanation: When the statement CALL SLITET(3,KEN) is executed, the
variable KEN is assigned the value 1 or 2 depending on whether sense
light 3 is on or off, (and the sense light is turned off). If KEN is 1,
statement 6 is executed next; if KEN is 2, statement 17 is executed.

OVERFL (j): Jj is set to 1 if a floating-point overflow condition
exists, i.e., if the result of an arithmetic operation is greater than
1663; j is set to 2 if neither an overflow condition or underflow condi-
tion exists; j is set to 3 if floating-point underflow condition exists,
i.e., if the result of an arithmetic operation is less than 16-93. The
machine is left in a no-overflow condition. 1If a sequence of operations
caused both overflow and underflow to occur, the value of j returned
represents whichever of these two conditions occurred last.

DVCHK (4): If the divide ¢ eck indicator is on, j is set to 1 and the

divide check indicator is turned off; if the divide check indicator is
off, j is set to 2.
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THE EXIT, DUMP, AND PDUMP SUBPROGRAMS

EXIT Subprogram

A CALL to the EXIT subprogram terminates the execution of the object

program.

DUMP Subprogram

A CALL to the DUMP subprogram

CALL DUMP (A,,B,,F, ,...,A,,B,,F,)

causes the indicated limits of storage to be dumped and execution to be
termd nated.

1.

2.

4.

A and B are variable data names that indicate the limits of storage
to be dumped; either A or B may represent upper or lower limits.

Fn is an integer indicating the dump format desired

Fn =0 hexadecimal
logical *1
logical #*4
integer *2
integer =4

real *4

real *8

complex *8
complex*16
literal character

Voo E WNRE

If the argument F, is omitted, it is assumed to be equal to 0, and
the dump will be hexadecimal.

The arguments A and B should be in the same program (main program
or subprogram) or same common block.

PDUMP Subprogram

cau
ret

30

A CALL to the PDUMP subprogram
CALL PDUMP (A, ,B,,F,,...,A_ ,B, ,F))

ses the indicated limits of storage to be dumped and control to be
urned to the calling program.



APPENDIX E: EXAMPLES OF FORTRAN-WRITTEN PROGRAMS

LXAMPLE PROGRAM 1

Example program 1 (Figure 2) is designed to find all the prime num-
bers between 1 and 1000. A prime number is an integer that cannot be
evenly divided by any integer except itself and 1. Thus 1, 2, 3, 5, 7,
11,... are prime numbers. The number 9, for example, is not a prime
number, since it can be divided evenly by 3.

IBM FORTAAN Codm Tacm
T SAMPLE PROGRAM t { - E,{ﬁ B } * 1
S .l ‘:/66 | B LS ddodo
- L m—— e
Ic *%EK NUM@EQ PROBLEM 3 ! l | ] i
100 waxr (648) | J e
PRI

8 FORMAT (52H FOLLOWING IS‘A LIET OF E NUMBERS FROM i TO 1809/
}19xast/i9xs1ug/1QXv1H3)
D@t 1S |
3 AT t
102 A= sqar(sy : v :
183 <A : . ‘ i
1@‘4 DO 1 K= 34022 i
195 L=1/%
186 TF (%K~ 1311204
1 CONTINUE i
4

[EEUIS S SO

197 WRITE (695)I
5 FORMAT (129)
2i1+2 | .
xas 1F{1008- !}7e4s3
[ WRIT E (639)
| FORMAT (14H PROGRAM EEQOR)

i
+

7 WRITE (616) | | |

| GI FORMAT (31H THIS IS THE GNf) QF THE| PROGRAM) ; | F
| 109 sTOP| , S ! ; ]
i END ; ! ) . . i S . 2 { |

i i i } I ! {

B b e =

Figure 2. Example Program 1

EXAMPLE PROGRAM 2

The n points (x , ¥y ) are to be used to fit an m degree polynomial by
the least-squares method.

y = a,* ax + a,x2 + ... + axm

To obtain the coefficients a , at,..., a , it is necessary to solve
these normal equations

(1) Wea, + W,a, + ... + Wmam = Z,
(2) W,a, + W,a, + ... ¢+ Wm+ am = Z,

-

(m+1) Wma + Wm+,a, + ... + W mam = Zm

where
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n
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After the Ws and Zs have been computed, the normal equations are
solved by the method of elimination, which is illustrated by the follow-
ing solution of the normal equations for a second degree polynomial (m =

2).
1)
(2)

(3)

Wea, * W,a, + W,a, = 2,

1

W,a, + W,a, + W,a, = Z,

W,a, + W,a, + Wa,6 =2,

The forward solution is

1. Divide equation (1) by W .

2. Multiply the equation resulting from

from equation (2).

step 1 by W,, and subtract

3. Multiply the equation resulting from step 1 by W,, and subtract
from equation (3).

The resulting equations are

(4) a, + bj,a, + b;a, = b,
{(5) b,, a, + by;a, = b,
(6) by, a, + by;a;, = by,
where
b,, = W, /W,, b,; = W, /W,,

b;; = W,-b;, W, , b,; = W,~b;;W, , by

b;, = W;-b,;,W, , by; = W,~b,;W.., by,

b,

Z /W,
Z )"b]
2.-b,

Wi

wZQ

Steps 1 and 2 are repeated, using equations (5) and (6), with b, and

b
(7
(8)
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;3 instead of W, and W, .

a, + Ca; = Cyy

C; 3@, = Cy,

The resulting equations are



where:

c,, =b, /b, . C,u = b, /by,

i

C i3

The backward solution is

(9 a,

C 3, /C3;

(10) a, C, =C,,a,

(11 a, =b,,-b,,a,-b,; a,

b;; ~¢,3 by, , €3y = b; ~c, by,

from equation (8)
from equation (7)

from equation (4)

Figure 3 is a possible FORTRAN program for carrying out the calcula-

tions for the case: n = 100, m < 10.
in W(1), W(2), W(3), ..., W(2M+1), respectively.

wOI w]L'

Zos

are stored in 2 (1), 2 (2), 2 (3), ..., Z(M+1), respectively.

IBM FORTAAN Ceding Farm
[T SAMPLE PROGRAM 2 - ,;ﬁf;»}"”

FORIRAN §

QEAJ‘X(160)foldgfiw(215zl(]i)’A(ii),é(

—

FORMAT (I29I3/((4F14.7))

2/ FORMAT (5E15.6) i
READ {S531)) MﬁN?(X(Iﬁ»YfI)’[=X,N)

LW = 2%MHt : !

LB =| M+2 !

LZ = M+t i

DO 5 J=23LW |

See |

DO 6 J=ibpLE |
6 2(J) = 0.9 ;
I=1sN

2(1)] = Z()+Y(T)
J=2+LE
P
W(
13] [2(
DO 16 J=LBsL

P = P

L i""

11212)

) |
MW o= B +Y(IIRP
1 W

N
H i

Figure 3. Example Program 2 (part 1 of 3)
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W, ««-, W,m are stored
Zl' zzl
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Figure 3. Example Program 2 {(part 2 of 3)

IBM FORTRAN Cofimg Form Rt b ool
[~ SAMPLE PROGRAM 1 1= I I A T -3 3 g
B B ‘Ii FoRTRAN SIATEMENT - - R

10@A+B{1-1%J)tA(J) B
B(>LB)-SieMh - [ ]

) §4b3s o ; DA o
652) (A(T)sT=1>2) | . : .

s

Figure 3. Example Program 2 (part 3 of 3)
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The elements of the W array, except W(1l), are set equal to zero; W(1)
is set equal to N. For each value of I, X and Y are selected. The
powers of X are computed and accumulated in the correct W counters.

The powers of X are mailtiplied by Y , and the products are accumulated
in the correct Z counters. To save machine time when the object program
is being run, the previously computed power of X is used when computing
the next power of X . Note the use of variables as index parameters.

By the time control has passed to statement 17, the counters have been
set to

N
W(1) = N z(1) = T Y,
1=1
N N
W2) =% X, 2(2) = ¥ ¥,X,
=1 1=1
N N
W3) =3 x 2 2(3) = T ¥,x,2
=1 1=1
. N
. Z(M+1) = Z Y, X M
. 1=1

N
W2M+1) = £ X, 2M
=1

By the time control has passed to statement 23, the values of W,, W,
...y W,m+ have been placed in the storage locations corresponding to
columns 1 through M + 1, rows 1 through M + 1, of the B array, and the
values of Z,, 2,, ..., Zm have been stored in the locations correspond-
ing to the column of the B array. For example, for the illustrative
problem (M = 2), columns 1 through 4, rows 1 through 3, of the B array
would be set to these computed values

wﬁ wl WZ z0
W, W, W, z,
W, W, W, zZ,

This matrix represents equations (1), (2), and (3), the normal equa-
tions for M = 2.

The forward soclution, which results in equations (4), (7), and (8) in
the illustrative problem, is carried out by statements 23 through 31.
By the time control has passed to statement 33, the coefficients of the
Al terms in the M + 1 eguations, which would be obtained in hand calcu-
lations, have replaced the contents of the locations corresponding to
columns 1 through M + 1, rows 1 through M + 1, of the B array, and the
constants on the right~-hand side of the equations have replaced the con-
tents of the locations corresponding to column M + 2, rows 1 through
11+ 1, of the B array. For the illustrative problem, columns 1 through
4, rows 1 through 3, of the B array would be set to these computed
values
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0 0 Ci; Cg,
This matrix represents equations (4), (7), and (8).

The backward solution, which resuits in equations (9), (10), and (11)
in the illustrative problem, is carried out by statements 33 through #40.
By the time control has passed to statement 41, which prints the values
of the A9 terms, the values of the (M + 1) *A, terms have been stored in
the M + 1 locations for the A array. For the illustrative problem, the
A array would contain these computed values for a,, a,, and a,

Location Contents

A((3) C,, /Cqy

A(2) C2¢ —C23 &

A1) b,,~-b,, a,~-b,; a,

The resulting values of the AI terms are then printed according to
the FORMAT specification in statement 2.

96



Where more than reference is given, the

major reference is first.

A format code 49-51
ABS 88
absolute dimensions of an array 60-61
absolute value 88
addition 14
adjustable dimensions of an array
AIMAG 89
AINT 88
ALGAMA 88
ALOG 87
ALOG1O 37
alphabetic characters 83
alphameric data format code
AMAXO0 88
AMAX1 88
AMINO 88
AMINL 88
AMOD 88
.AND. 18
arccosine 87
ARCOS 87
arcsine 87
arctangent 87
arguments, dummy 82
literal constant 52,83
arithmetic assignment statement
arithmetic condition 17
arithmetic expressions 13-17
arithmetic IF statement 24-25
arithmetic operators 14,15
arrangement of arrays in storage 12-13
arrays 10-13
absolute dimensions of 60-61
adjustable dimensions of 60-62,1
name of an array 33,66-68
size 12
subscripts
ARSIN 87
ASSIGN statement 23-24
assigned GO0 TO statement
ATAN 87
ATAN2 87
attribute control,

49-51

10-11

23-24

variable 1

BACKSPACE 56,31

BCDIC card punches 83

beginning of a data group 33
beginni ng-of-data transfer code 53
blank common area 64-65

blank output records 42

BLOCK DATA subprogram 81

boundary alignment 65-66

CABS 88
CALL statement 76-77
call-by-value 82

60-62,1

20-21,2

card input 2

carriage control 55-56
Cccos 87

CDABS 88

CDCOs 87

CDEXp 87

CDLOG 87

CDSIN 87

CDSQRT 87

CEXp 87

characters in program 83
CLOG 87

CMPLX 89

coding FORTRAN statements 2
comments 2
COMMON 62-66,57,12
blank 6u4-65
implicit argquments 82
named common area 64-65
statement 62
common logarithm 87
compiler 1
complemented error function 88
compl ex
argument
obtaining conjugate 89
obtaining imaginary part 89
obtaining real part 88
COMPLEX 57-59,15
constant 5
real arguments expressed in complex
form 89
statement
CONJC 89
constants 3-8
continuation line 2
CONTINUE statement 29
control statements 22-30,2
cos 87
COSH 88
COTAN 87
CSIN 87
CSQRT 87

57-59

D format codes
DABS 88
DARCOS 87
DARSIN 87
data initialization
data set 31

DATAN 87

DATAN2 87

DBLE 89

DCMPLX 89

DCONJC B89

DCcos 87

DCOSH 88

DCOTAN 87

decimal places Uu6,48
decimal point 48
DERF 88

48,46

85,6,59

Index
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DERFC 88
DEXP 87
DFLOAT 88
DSIN 87
DGAMMA 88
difference, positive 88
DIM 88
dimension
adjustable 94
DIMENSION 60-61,12,57
displacement, array 68

division 14,17
DLGAMA 88

PLOG 87

DLOGLO 87
DMAX1 88

DMINL 88

DMOD 88

0DC loop programming considerations 28-29

DO statement 26-27

DOUBLE PRECISION 85-86
DSIGN 88

DSINH 87

DSQRT 87

DTAN 87

DTANH 88

dummy argument 71,82
dummy array 61

dummy variables 76,68
DUMP subprogram 90
DVCHK 89

E format codes 48,46
EBCDIC card punches 83
elements of the language 2
¢END 33-34

END 30,31,72

END FILE 56,31

end of a data group 34

o NIRY statement 78-80,82
EQUIVALENCE 66-68,57
ERF 88

ERFC 88

ERR 31

error function 88
EXIT Subprogram 90
EXp 87

explicit specification
exponential 14-15,87
expressions  13-19
EXTERNAL statement

59-60,9-10,57

80-81

F format code
fix 88
FLOAT 88
FORMAT #40-5¢,1, 31
alternate Hollerith 6
codes 42-53
statement rules
FORTRAN
coding form 3
differences between 0S8 or 0S/VS and TSS
FORTRAN 82
records 41-42
special TSS FORTRAN IV features 1
supplied subprograms 87-90,69

47,46

40-42

98

function 69
function subprograms
return of value 82

72-75,69,87

G format code H2-4é
GAMMA 88

general format code U42-46
GO TO statements 22-24

assigned GO TO 23-24

H format code 52
hexadecimal constants 6-7
HFIX 88

hyperbolic cosine 88
hyperbolic sine 87
hyperbolic tangent 88

I format code
IABS 88

IDIM 88
IDINT 88

IF statement
IFIX 88
imaginary part of a complex argument 89
IMPLICIT 57-58

IMPLICIT specification 9

in-line subprogram 87

47,46

24-26

indexing I/0 lists 36-37
initialization of data 85,6,59
input data 33-34

inputsoutput statements 31-56

insert blanks 52-53
INT 88
INTEGER 57-60,12

integer constants 3-4
integer data format code
integer division 17
integer mode 14

I/0 lists 31-37,38-39
ISIGN 88

47,46

keyboard input 2

L formai code 49
labeied common area
largest value 88
length
specification for variables
total field length 44-45
list 31-37,38-39
{see also NAMELIST)
literal constants 6,1
literal data 51-52
literal format code 1
log-gamma 88
logical
assignment statement 20-21
constants 6
expressions 17-19,13
format code 49
IF statement 25-26
operators 13

64~65

7,44-45



machine indicator tests subprograms 89
mathematical subprograms 87

MAX0O 88

MAX1 88
MINO 88
MIN1 88
mixed mode 1
MCD 88

mode 13,1

modulus 88

multiline listing 43-45

multiple 2ntry into a FUNCTION
subprogram 75

multi plication 14

named common area 64-65
N&AMELIST 32-34,38-39
I/70 1
name 32, 33
natural logarithm 87
nested DOs 28
LNOT. 18
numeric characters 83
numeric format codes 47-49,46
numerical constants 3-5

obtaining the conjugate of a complex
argument 89
obt aining the imaginary part of complex
argument 89
obtaining the real part of complex
argument 88
operators
logical 18
relation of 17
optional length specification of
variables 8-9
.OR. 18
order of compution 19
in arithmetic expressions 16
in logical expressions 19
0S/TSS FORTRAN differences 82
out-of-1line subprogram 87
OVERFL 89

54-55
47-49

P scale factor
padding character
parentheses

in arithmetic expressions

in logical expressions 19
PAUSE statement 30
PDUMP subprogram 90
positive difference 88
PRINT statement 84-85
printing 55-56
programs, sample FORTRAN
PUNCH 84

16-17

91-96

READ 31-37

READ lists 31-37

reading FORMAT statements 37

real
complex form, two real arguments
expressed in 89

constants U4-5

mode 14

REAL 9,57-60,88
relational operators 17
remaindering 88
RETURN statement
REWIND 56,31

88-89,77,72-73,75-76

sample FORTRAN programs 91-96
scale factor 54-55
service subprogram 89,87
SIGN 88

SIN 87

SINH 87

skip characters 52-53
SLITE B89

SLITET 89

smallest value 88

SNGL 88

source program characters 83
spacing format code 53,1

SQRT 87

square root 87

standard length specification of
variables 7

statement 2

control 22-30
functions 70-71,69
inputsoutput 31-56
numbers 2
specification 57-68
subprogram 69-81

S5T0P statement 30

storage specification 6&0-66

subprogram 69-81,87-89
name 69
sexvice 89,87

statements 2
subroutine subprogram 75-81,87
subscript 10-11,82
subtraction 14

T format code 53
TAN 87
TANH 88
transfer of sign 88
trigonometric cosine 87
trigonometric cotangent 87
trigonometric Sine 87
trigonometric tangent 87
truncation 88
TSS FORTRAN IV 2

special features 2

TSS/0S, 0S/VS FORTRAN differences 82
type specification of the FUNCTION
subprogram 73-74
type statements 57-60

value, call-by 82
variable 8-10
attribute comtrol 1
length specification 7,89
names 8,31
predefined specification of variable
type 7
types 8-9
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WRITE 37-39,31 X format code 52
WRITE lists 38-39
writing blank lines 39

Z format code 48-49,46
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