








at statement 50, return is made to the calling proqram at statement 10, 
20, or the next executable statement following tlle CALL. 

AdditJ-onal Rules for using EN'mY 

1. A CALL may only change the value of explicit argurnents (or implicit 
arguments in COMMON). It cannot affect the va Ine of those that 
were initialized by some previous CALL. 

2. If a name is identified as a dummy argumeni: only by its appearance 
in a given ENTRY statement, no use of that dummy argument rna y 
appear in statements preceding <physically) the ENTRY statement. 

). The appearance of an ENl'RY statement does not_ alter the rules 
regarding the placement of Statement_ Functions in subprograms. 

4. If new dimensions for an adjustable dimension array are to be 
passed to a subprogram with an ENTRY, the array name must appear in 
the argument list of the ENTRY. 

The EXTERNAL Statement 

r--------------------------------------------------------------- 'I 
I General Form ! 
�'�"�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�.�-�-�-�~�-�,�-�-�-�-�.�- �-�-�-�-�-�-�-�-�-�-�-�-�-�-�1� 
I EX'I'ERNAL �~�,�E�.�£�,�·�·�·� I 
I I 
I whE'x€ 5!,Q.£.... are nanes of subprograms tilat are used as argu- I 
! ments in other subprograms I 1. __________________________________________ • ___ �~� __ • ___________________ .J 

If a FORTRAN-supplied in-line function is used in an EXTERNAL state­
ment, it is not expanded in-line; the function is assumed to be part of 
a library. (The FORTRAN-supplied in-line and Qut-oi-line functions are 
9i ven in Appendix D.) 

The name of any subprogram that is used as an iU'Jl.lment in another 
subprogram must appear in an EXTERNAL statement. 1"or example, assume 
that SUB and MULT are subprogram nanes in the following statements. 

bxample 1 

Calling Program 

4 
EXTERNAL MULT 

6 

Su.bprogral!l 

SUBROUTINE SUB(X,Y.Z) 
IF {Xl I.i ,6,6 
D == 'l tX.Z •• 2} 

RETUR.ii 
END 

Explanation: The subprogram name MULT is used as an argument in the 
�~�;�u�b�p�r�o�g�r�a�m� SUB. The subprogram name MJLT is passed to t.he dummy vari­
able Y; the variables A and C are passed to the dUI!lJ:ny variables X arrl Z. 
The subprogram MULT will be called and executed only if the value of A 
is negative. 
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Example 2 

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

J:.xplanation: An EXTERNAL statement is not required because the subpro­
gram named fviULT is not an argument; it is executed first and the resul t 
oecomes the argument. 

BLOCK D~TA SUBPROGRAM 

To enter data into a COMMON block, a separate subprogram must. be 
Nritten. This separate subprogram contains only the DATA, COMMON, 
DIMENSION, EQUIVALENCE, and Type statements associated with \.he data 
beil'¥:3 defi ned. Data may be entered into labeled (named), but not unl a­
beled, COMMON by the BLOCK DATA subprogram. 

,-------------------------------------------------------------------, 
I General Form I 
~-----------------------------------------------------------------~ 
I BLOCK DATA I 
I I 
I I 
I I 
I END I L-____________________________________________________________________ J 

1. The BLOCK DATA subprogram may not contai n any executable 
statements. 

2. 'llle first statement of this sUq>rogram must be the BLOCK DATA 
statement. 

3. All elements of a COMMON block must be 1 isted in the COMMON sta te­
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 
COMMONlELNlC,A,B/RMG/Z,Y 
REAL B(10/1.0,1. 2,2*1. 3/ ,Z*S( 3) /3*7. 649S0825DOI 
COMPLEX C/(2.4,3.769)1 
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 value 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 00 and OS/VS, and by the 11M Time Sharing 
system. The FORTRAN language for IBM OS and OS/VS is described in IBM 
FOR'lRAN IV Language, GC28-6S15. 

1. Extensions 

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

OS and OS/VS -- Allows the above. 

2. Call by Value 

TSS -- Treats all arguments as call-by-name whether or not they are 
enclosed in slashes. 

OS and OS/VS -- Treats arguments not enclosed in slashes, and not 
declared as an array, as call-by-value. 

3. DUmmy Arguments 

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

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

4. ENTRY in FUNCTION Subprograms 
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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. 

OS and OS/VS -- The ENTRY name may be used to return the va lue of 
the function. 



APPENDIX B: SOURCE PRCXiRAM CHARACTERS 

r------------T-----------------r-------------~-----------------------, I Alphabetic I EBCDIC or BCD I Numeric I EBCDIC or BCD I 
I Characters I Card Punches I Characters I Card Punches I 
~-----------t-----------------f-------------+_------------------------i 

A I 12-1 I 0 I 0 I 
8 I 12-2 I 1 I 1 I 
C I 12- 3 I 2 I 2 I 
D I 12-4 I 3 I 3 I 
E I 12-5 I 4 I 4 I 
F I 12-6 I 5 I 5 I 
G 12-7 I 6 I 6 I 
H 12-8 I 7 I 7 I 
I 12-9 I 8 I 8 I 
J 11-1 I 9 I 9 I 
K 11- 2 I I , 
L 11-3, I , 
M 11- 4 f--------+_---------..,-----------i 
N 11- 5 I Speci al ,EBCDIC, BCDIC , 
o 11-6 I Characters ICard Punches' Card Punches' 
p 11-7 ~------------+_---------__f-----------i 
Q 11- 8 I + ,12-6 - 8 ,12 I 
R 11-9 I I 11 I 11 I 
S 0- 2 I / ,0-1 I 0-1 I 
T 0-3 I = I 6-8 I 3-8 I 
U 0-4 I I 12-3-8 , 12-3-8 I 
V 0-5 I ) I 11-5-8 t 12-4-8 I 
W 0-6 I. I 11-4-8 I 11- 4-8 I 
X 0-7 I ,(comma) I 0-3-8 I 0-3-8 I 
Y 0-8 I ( •• , 12-5-8 I 0-4 -8 I 
Z 0-9 If (apostroPle) I 5-8 I 4-8 I 
$. I 11- 3-8 I blank I (no punch) I (no punch) I • ____________ ..l..-.--________ . ____ ..L-____________ ..L-__________ ..L _________ -i 

I Source programs are coded in either BCD or EBCDIC character codes; I 
I mixing the two, however, is not allowed. I 
, .Considered an alphabetic character in EBCDIC only. , 
I ·.Considered a special character in EBCDIC only. , L ______________________________________________________ J 
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APPENDIX C: OTHER FORTRAN STATl!MENTS ACCEPTED BY TSS FORTRAN IV 

This appendix describes features of previously implemented FOR 'IRAN 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 reprogranmdng. 

READ Statement 

r----------------------------------------------------------------------, 
I General Form I 
I---------------------------------------------------i 
I READ Q. list I 
I I 
I where b, is the statement number or array name of the FORMAT sta- I 
I tement describing the data I 
I I 
I list is a series of variable or array names, separated by I 

COiiiiiias, which may be indexed and incremented; they specify I 
the number of items to be read and the storage locations I 

I into which the data is placed I l ____________________________________________________________________ J 

This statement causes data to be read from the data set associated 
with the system input. 

PUNCH Statement 

r---------------------------------------------------------------------, 
I General Form I 
1---------------------------------------------------------------------~ 
, PUNCH b , list I 

- - I 
where b is the statement number or array name of the FORMAT state- I 

ment describing the data I 

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 

I 
I 
I 
I 
I l __________________________________________________________________ J 

nle PUNCH statement causes data to be written in the data set assa­
ciat_ed with the system output. 

P RI Nl S ta tf'..ment 

r----------------------------------------------------------------------, 
I General Form I 
~----------------------------------------------------------------~ 
I PRINT h, list , 
I - -- I 

where b is the statement number or array name of the FORMAT state- , 
ment describing the data , , 
1 ist is a series of variable or array names, separated by I 
commas, which may be indexed and incremented: they specify I 
the number of items to be written and the locations in I 
storage from which the data is taken I l ____________________________________________________________________ J 
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The PRINT statement causes data to be written in the data set asso­
ciated with the system QlJ'tput. 

DATA Initialization Statement 

,--------------------------------------------------,_.--------------- '1 

I General Form i 
~----------------------.---------------------------------------~ 
I DATA ~,,·· .. 2':,,1!.*9.1re··.in.5!,,/,2n+I.·.·'y /!n+\*g,' 1"·'!·,9 I •... I 
I I 
I where Vl' •••• ~ are variables, subscripted variables <in which I 
I case, the sub&:;ripts must be integer constants), or array I 
i names I 
I I 
I Q tI ... • ~, are va.lues representing integer, real, complex, I 
I logical, or literal hexadecimal data constants I 
I I 
I ! l' " •• , i represent unsigned integer constatnts indicati ng I 
I the number of consecutive var iables that are to be assigned I 
I the val ue of d I ••••• d I l ___________________ = .. _______ = __________________ . ______________ J 

A data ini tializa tion stat,ement is used to define initial values of 
variables and arrays. 'I'here must be a one-for-one correspondence 
between these variables (L e. ,y l ••••• y ) and the dat.a constants (i.e •• 
;,!! ..... ~). 

Example 1: 

DIMENSION DCS ,10) 
DATA A, B, C/S.O,6.1.1.3/.D/2S*1.0.2S*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 statemE';nt specifies that the first 25 variables in the array D 
are to be initialized to 'the value 1. O. and the second 25 to the value 
2 .0 • 

t:xample 2: 

DIMENSION AiS). B (3,3). L (4) 
DATA A/S*1.0/. B/9*2.0/. Ll4*.TRUE./, C/'FQUR'/ 

Explanation: The DATA statement specifies t_hat all the variables in tbp 
arrays A and B are to be initializ ed to the values 1. 0 and 2.0, respec­
tively. All the logical variables in the array L are initialized to t_be 
value .TRUE.. The let.ters T and F may be used as an abbreviation for 
.TRU.E;. and . FALSE •• respectively. Also, the variable C is initialized 
with the literal data constant FOUH. 

An initially defined variable, or variable of an array, may not be in 
olank conunon; howevrT. in d labeled common block, th€'y may be lni tia lly 
defir:ed only in a bl(x:k data subprogram (see "SUBPRa',RAMs·). 

DOUBLE PRECISION Statement 

r--------------'-----------------------------------------------------, 
I General Form ! 
1------------------,----------------------------'-------·-----------------1 
I DOUBLE PRECISION .ii.~._S.", t 
I I 
I where ~.E'E.'" are variable names that may be dimensioned in the I 
I statement, or funct.ion names I l ___________________ , ____ . ______ - ____________________ , ________________ J 
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'!he DOUBLE PRECISION statement explicitly specifies that the 
variables ~,~,£, ... 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*S. 

Also, FUNCTION subprograms may be typed double precision, in this way 
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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 
rorrespond to a SUBROUTINE subprogram. Appendix D lists the in-l ine 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 -lire 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 SOBPROORAMS 

All functions are used as described in the section "FUNCTION Subpro­
grams" -- i.e., A = AMOD(X1 ,X 2 ), where A is the value and Xl and Xz are 
the arguments. 

Table 4. Mathematical function subprograms (part 1 of 3) 
,-------------T------T--------·--------,-------------T---,---------,---------, 
I I I I In-Line (I) Ilb. otl Type of I I 
I FUnction IName I Definition/Usage IOut-ot-Line (0) I Arg. I Arguments I Function I 
~-----------t-----+_-----------------+------------+---+----------t-----------i 
I Exponential lEX£' learg I 0 ! 1 IReal.1I IReal .11 I 
I IVEXP learg I 0 I 1 IReal.8 IReal *8 I 
I I CEXP I earg I 0 I 1 I complex.8 I Complex.e I 
I !COEXP learg I 0 I 1 IComplex .16 Icomplex .16 I 
I I IA=EXP(X,) I I I I t 
t------------t----f---------------t-------------f-----t-----------t------------f 
INatural LogarithnlALOG Iln (Ar'l) I 0 I 1 'Real *11 tReal *11 I 
, IOLOG Iln (Arg) I 0 ! 1 tReal *8 tReal *8 I 
, ICL(x; Iln (Arg) I 0 I 1 IComplex *8 I Compl ex *8 I 
I ICOLOG lIn (Ar'l) I 0 I 1 Icomplex .16 IComplex .16 I 
I I I A=ALOG (X , ) I I I I I 
r--------------t-----+_- ------·----------f-------------t----t--------~------------ f 
ICommon Logarithm IAL(x;10llog,o (Arg) I 0 I 1 IReal.1I IReal *11 I 
I I DLOG10 \log,o (Arg) I 0 I 1 IReal *8 IReal *8 I 
\ I lA=AL(x;lO(X ,) 1 I I 1 I 
• ------------+-----_+_----------------f-------·------~-----_+_---- ----+------------1 
IArcsine IAlWIN larcsin (Arg) I 0 I 1 IReal.4 IReal *11 I 
I IDARSlNIA=I'.RSINeX,) I I IReal .8 IReal .8 I 
r-----------t------+-----------------+------------+-----+-------+------------i 
IArccosine IARCOS larcas (Arg) I 0 I 1 IReal.1I IReal .4 I 
I 1 DARCOS I A=ARCOS (X , ) I I I Real .8 I Real * 8 I 
r------------f------+_----------------+------------f-----+-------+_---------~ 
IArctangent IATAN I arctan (Arg) I 0 I 1 tReal.4 IReal */1 I 
I I ATAN2 I arctan (Arg, /Arg ,) I 0 I 2 I Real .11 I Real .4 I 
I IDATAN larctan (Arg) I 0 I 1 IReal.8 IReal .8 I 
I IDATAN21arctan IArgJArq,) I 0 I 2 IReal *8 IReal .8 I 

~---------__ ----t------~~!~~(X~~---------~---------------~--__ ~----------~------------~ 
I Trigonometric ISIN Isin(Arg) I 0 I 1 lReal *4 IReal *4 I 
ISine IDSIN Isin{Arg) I 0 I 1 IReal *8 lReal .8 I 
I (Argument in \CSIN Isin(Arg) I 0 I 1 IComplex.8 IComplex *11 I 
I radians) ICOSIN !sin(Arg) I 0 I 1 ICOOlplex .16 IComplex ·16 I 
I I IA=SIN{X,) I ! I I I 
r--------------+-----+-------------------+---------------+_-----t------------+-----------1 
I Trigonometric ICOS IcoslArg) I 0 I 1 IReal.1I IReal .4 I 
ICosine lOCOS loos(Arg) I 0 I 1 IReal *8 IReal .8 I 
t (Argument in ICCOS leoseArg) I 0 I 1 ICanplex.8 IComplex·8 1 
I radians) ICOCOS IcostArg) I 0 I 1 lComplex .16 lComplex .16 I 
I I IA=COSIX,) I I I I I 
r-----------+------f-------------.. ---------+---+---------+---------f 
ITrigonometric ITAN Itan IArg) I 0 ! 1 tReal *" IReal .4 I 
I Tangent IOTAN IA=TAN(X,) I I IReal.8 IReal ·B I 
r-------------+------i-----------------+---------+--+-------+------f 
I Trigonometric ICOTAN leotan (Arg) t 0 I 1 IReal.4 tReal .4 I 
I Cotangent IOCOTANIA=COTANIX,) I I IReal.8 IReal *8 I 
I-----------+----_+_------------+_-------------f-----+-------t---------I 
I Square Root I SQRT I Lug) I 0 I 1 1 Real." I Real .4 I 
I IDSQRT I (Aq) I 0 I 1 tReal.8 IReal *8 I 
I ICSQRT I (Aru) I 0 ! 1 lComplex *8 I Complex·8 I 
I ICDSQRTI O\.r'~) I 0 I 1 ICOIIJplex *16 lComplex *16 I 
I I I A=S\JJ:<T (X, ) I I I I I 
r--------------t------+_----------------+--------t---+_--------f----------- f 
IHyperbolic ISItf:! Isinh (Arg) 1 0 I 1 lReal·4 IReal *" I 
ISine IDSINHIA=SINH(X,) I I IReal.B IRleal.8 I L ___________ .L.-. _____ ..l..-________________ .L-_____ , ____ ~ ___ L _______ 4--______ -1 
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Table 4. Mathematical function subprograms (part 2 of 3) 

r------------T------.----------------.,.-------'---'--'i------T------·------T-----------l 
I I I I In-Line U) lib. ofl Type of I I 
I FUnction I Nallle fDefinitionl'Usage I OUt.-of -Line (O) I Arg. I Arguments I Function I 
.--------------f.-----4-------------------f------------t------+----·------f------------~ 
Illypertolic ICOSH IC03h (Jrrg) I a I 1 IReal *4 IReal '4 I 
ICo»ine IDCOs!! IA=COSH(X , ) I I IReal *8 IReal *S I 
~---------------f------f_----------------+-·-------------f-----f------------f·-------------; 
IHyperbolic ITANH Itanh(Arg) I 0 I 1 IPeal *4 IReal *4 I 
I Tangent IDTANH lunh (Arg) I 0 I 1 !Real *8 I Real *8 I 
I I IA=TANH(X,) I I I I I 
.--- -----------f-----f_-----------------f------------··--f-----f-----------f------------f 
I Error Function I E.RF I 2 x -uc>. I 0 I 1 I Real *4 I Real .4 I 
I IDERF I-"-J e du I 0 ! 1 \l<eal *8 IReal *S 1 
I I I a I i I I I 
I I IA=ERF(X , ) I I I I I 
• --------------t-----f-----------------i------- ---- -·---+-------f---------f-- ----------~ 
IComplemented I ERFC Il-erf (x) I 0 I 1 I Real '" I Real *4 I 
IError Function (DERFC IA=ERFC(x , ) I 0 I 1 iHeal *S IReal *s I 
~-·--------------t------f-------------------f-------------t------t------------f------------~ 
I Gamma IGAMMA I r = x-l -u I 0 I 1 IReal "'4 IReal *4 I 
I IDGAMMAI u e du I 0 I 1 IReal·S IReal *8 I 
I I I 'J I I I I I 
I I IANS=GAMMAIX , ) I I! I I 
r------------+------f------------------f---------------t__.-----+-----------+-------------~ 
I Log-gamma I AL GAM A I I 0 I 1 IReal *4 IReal *4 I 
! \OLGAMAIl:Jg, rlx) I 0 I 1 IRedl *S I Real *8 j 
I I IA~ALGAMA(x,) I I I I I 
~-------------f------+__---------------·--+--------------f----·--t-----------t-----------~ 
I Remainder ing I MOl) IArg, (mod Arg,> I I I 2 IInteger *4 IInteger *4 I 
I IAMOD IA=M.OD(X"X,) I I ! 2 IReal *4 iReal *4 I 
I IDMOD I I I I 2 IReal *8 IReal *S I 
I-----------------+-----f------------------+--·---------------t------f------------t---·---------f 
I Absolute val ue I lABS II A.rg I I I ! 1 lInt egeI *4 1 Integer *4 I 
I lABS I I I I 1 tHeal'4 IReal *4 I 
I I DABS IA=ABS(XI) I I I 1 !Real *S IReal *8 I 
I 1-----f-------------------+ ---------- ------t-------t------ ---·-t------------ ~ 
I ICABS 11~1 for x, +x,.! 0 I 1 IComplex *8 IReal *4 I 
! ICDABS !A=CABS(X,} I 0 I 1 IComplex *lb IReal *8 I 
1---------------t------f_------------------t---------- -- ··-·-t-----·-t-------- -----+ -----------~ 
ITruncation I lID 15ign of Arg times I I I 1 IReal *4 IInteger *4 I 
I ! Ilargest integer I I I I I 
I I 1~IArgl I I I I I 
I pUNT I ! I I 1 IReal *4 I Real *4 I 
I 11DINT II=INT(X,) I I I 1 IReal *8 lInteger *4 I 
t --------------f------f_------------------t----·------ ----+ -- ----t--------- --f------------f 
ILargest value IAMAXO IMax (Arg,.Arg" ••• ) I I 1:,2 IInteger.o IReal'4 I 
I IAMAXI I I I I 22 IReal *4 IReal *4 I 
I I MAXO I ! I I 2: 2 I Integer *4 I Integer *4 I 
I IMAXl I I I I 22 !Real ~4 I Integer *4 I 
I IDMAXl IA=AMAXO(X"X, ••• Xo ) I I I ;.,2 IReal '8 IReal *S I 
I---------------+-----+__-----------------f---------------t----t-----------t__----------i 
ISmallest value IAMINO IMin (Arg, ,Arg" ••• ll I I ~ IInt.eger *4 IReal *4 I 
I IAMINI I ! I I 22 IReal .,. IReal *4 I 
I IMINO ! I I I 22 IInteger *4 IInteger *4 I 
I l~jINI I I I I -~ IReal *4 IInteger *4 I 
I IDMINl I A=AMINi){X, ,X""X o ) ! I 1;,2 IReal *8 IReal *S I 
~--------------t__-----+__----------------f--------------t-·----t---------f_----------~ 
IFloat IFLOAT IConvert from I I I 1 IInteger *4 IReal *4 ! 
I IDFLOATlinteger to real I I I 1 I Integer *4 I Real *8 I 
I I IA=FLOAT(X,) I I I I ! 
t----------------t------+__-----------------f---------------f------f------------t------------f 
IFix !IFIX IConvert from I I I I IReal *4 {Integer *4 I 
I I HE'IX I real to integer I I I 1 I Real *4 I Integer *2 I 
I I II=IFIX(X , ' I ! I I I 
i--------------f------+__--------------f_-----------f----f_--.-.-------f_-----------~ 
ITransfer of sign ISIGN ISign of Arg, times I I I 2 iReal *4 IReal *4 I 
I I II~rg, I I I i I I 
I 115IGN I I I {2 IInteger *4 Iinteger *4 I 
I IDSIGN 1l\=SIGN(X"X,) I I I 2 IReal *s IReal *s I 
i---------------f------+__--------------t-----------t------f_----------t------------f 
IP,?sitive IDIM !Arg,-Min(Arg"Arg,) I I ! 2 IReal *4 IReal *4 I 
Id1fference I1D1M IA=D1M(X,.X,) I ! ,Integer *4 !Integer *4 I 
~-----------------f.------f_-----------------i--------------+----f---------+------------~ 
!Obtaining most ISNGL I I I ! 1 IReal *8 IReal .4 I 
!significant part I I I I I I I 
lof a Real .9 I I I I! I I 
!argumEnt I !A=SI«iLlX,) I ! I I ! 
f--------------t------f_----------------f----------------+----t-----------f------------~ 
!Cbtain real IREAL I I I I 1 IComplex *8 IReal·4 r 
I part of compl ex I It! I \ I 
I al:gument I IA=SNGL(X, ) I ,! I I l----________ J.. _____ ..L-______ . ________ J.. ______________ -.l. _____ .1. ____________ .1. ____________ --1 
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Table 4. Mathematical function subprograms (part 3 of 3) 

r---------------T------,.-------¥-----------T-------"---------T-----'T-----------,.------------, 
! I I I In-Line (1) INo. of! Type of I I 
! Function IName I DefinitJi.on IOut-ot-Line (0) I Arg_ I Argwnents IFunction I 
t ---------------t ------+------------------t---------------f-----+----- ----t·------.-- - - - ~ 
,Obta1.n imaq1nary ,"!MAG I I I ! 1 IComplex 08 IReal 04 I 
lpart of complex I I I I I I I 
largurrent I IA=AIMAG(X,) I I I I I 
t --- ---- -- -----.-- t ------f------------------ t-----·-------·-f------f-···----- -----t------ --- -- -, 
(Express a Real IDBLE I I I I 1 IReal +4 IReal *8 I '.4 arg ume nt in I I I I I I I 
IRedl .8 form I IA=DBLE(J(,) I I I I I 
f--- - -- -- -- -- .--. - -. - -f- - ----f-------·---------f--------- ----f------t----------t------ ---.- .. -~ 
Il:.xpress two real ICMPLX IC=Arg,+iArg, I I I 2 IReal *4 IComplex.8 I 
I acgumfflls in mm-I DCI1PLX I I I I 2 I Real .S I CampI ex .16 I 
Iplex form I I A=CMPU{II X , ,X,) I I I I I 
\--------------t------f-------------------f-------·--------t-----+--------·--f------------~ 
IObtain conjugate IOON,JG IC=X-iY I I I 1 IComplex.S IComplex·8 I 
lof d complex IDCONJGIFOr Arg"X+iY I I I 1 ICCIlIplex *lb Icomplex .16 I 
lar'lurrent. I IA=OONJG(X,) I I I I I 
L ______________ ..1. _ _____ -i-__ _____ . __________ .1 ______________ 4- __ ___ L ______ . _____ .1. _____________ J 

SERVICE SUBPRCX:;RAMS 

MACHI NE INDICATOR TESTS SUBPROGRAMS 

In the list of pseudo machine-indicator te st subroutines below, 
assune that i is an integer expression and that j is an integer vari­
able. These subroutines are referred "1:0 by CALL statements. 

SLITE U) : If i == 0, all sense lights will be turned off. If i 1 • 
3, or 4, thE~ corres pond ing sense light will be turned on. 

2, 

SLITET (if j>_: Sense light i (equal to 1, 2, 3, or 4) \Jill be test.ed and 
turned off. The variable j Ii ill be set: to 1 if i was on, or j wi 11 be 
set to 2 if i was off. 

Fxample: Assume that the program is to conti.nue 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 1'0 statement: 

CALI. SLITET (3 ,KEN) 
GO TO (6, 17) ,KEN 

17 WRITE (3,26) (ANS (K) , K=l, 10) 
6 CONTINUE 

Explanation: When the statement CALL SLITET( 3,KEN) is executed, the 
variable KEN is aSSigned the value 1 or 2 depending on whether sense 
1 ight 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. 

OVERF~: j is set to 1 if a floating-point overflow condition 
exists, Le., if the result of an arithmetic operation is greater than 
16e3 ; j is set to 2 if neither an overflow condition or underflo.l condi­
tion exists; j is set to 3 if floating-point lDderflow condi tion exists, 
Le., if the result of an arithmetic operation is less than 16-83 • The 
machine is left in a no-overflow condition. If 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 (j): If the divide c 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. 

D\J1P Subprogram 

A CALL to the DUMP subprog ram 

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

1. 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. 

2. Fn is an integer indicating the dump format desired 

Fo = 0 
1 
2 
3 
4 
5 
6 
1 
8 
9 

hexadecimal 
logical *1 
logical .4 
integer .2 
integer *4 
real *4 
real *8 
complex * 8 
complex*16 
literal character 

3. If the argument Fn is omitted, it is assumed to be equal to O. and 
the dump will be hexadecimal. 

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

PDUMP Subprogram 

A CALL to the PDlliP subprogram 

CALL PDUMP (Al'Bl.Fl' •••• An,Bn.Fn) 

causes the indicated limits of storage to be dumped and control to be 
returned to the calling program. 
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APPENDIX E: EXAMPLES OF FORTRAN-WRITl'EN PROGRAM:> 

~XAMPLE PRCGRAM 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 examp Ie, is not a pri me 
number. since it can be divided evenly by 3. 

IBM 
- -- -T --t 

1. j 

. i ' 
I , 

NU1sER5 iFROM 
I ' 

I 

rigure 2. Example Program 1 

EXAMPLE PRCGRAM 2 

The n poin ts (x • Y ) are to be used to fi t an m degree polynomial by 
the least-squares method. 

To obtain tne coefficients a , a+, •••• a , it is necessary to solve 
these normal equations 

where 

(1) 

( 2) 

(m+1) 

n 

+ Wmam = Zo 
+ Wm+1am = Z\ 

Z 
n 
~ yi 
i=l 
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n 
WI = 1: xi 

i=1 

n 
Wz = 1: xi 2 

i=1 

n 
Wzm = 1: xi2m 

i=1 

n 
ZI = 1: yixi 

i=1 

n 
Z2 = 1: yixi2 

i=1 

n 
Zm = 1: yixim 

1=1 

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) • 

The forward solution is 

1. Divide equation (1) by W • 

2. Multiply the equation resulting from step 1 by WI' and subtract 
from equation (2). 

3. Multiply the equation resulting from step 1 by W2 , and subtract 
from equation (3). 

The resulting equations are 

(5) 

(6 ) b 12 a l + b 33 a Z =b 14 

where 

b l2 = W I/WO' b ll = Wz /W 0, b l = Z /Wo 

b 22 = W 2-b12 WI , b n = W1-b 11 Wj , b l4 = ZI-bl Wu 

b J? W]-b IZ W2 b31 = W4-b 13 W24 , b34 = Zz-b l Wu 

Step:; 1 and 2 are repeated, using equations (5) and (6), with b a and 
b 32 instead of Wo and WI. '!be resulting equations are 
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where: 

The backward solution is 

(9) a 2 = c)4/c 1J from equation (8) 

( 10 ) a I = C 24 -c 21 a 2 from equation (7) 

( 11) a 0 = b 14 -b! 2 a 1 -b 13 a 2 from equation (10 

Figure 3 is a possible FORmAN program for carrying out the calcula­
tions for the case: n = 100, m :s: 10. Wo , WI' W 2f ••• , W2 m are stored 
in W(1), W(2l. W(3), ••• , W(2M+l), respectively. Zo, Zj, Z2f ••• , Zm 
are stored in Z (U, Z (2), Z (3), ••• , Z(M+l), respectively. 

Figure 3. Example Program 2 (part 1 of 3) 
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Figure 3. Example Program 2 (part 2 of 3) 

Figure 3. Example Program 2 (part 3 of 3) 
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'!be elements of the W array. except W(1), are set equal to zero; W(l) 
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 nnltiplied 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 11, the counters have been 
set to 

W(t) = N 

N 
W(2) = ~ Xi 

1=1 

N 
W(3) :::: E X ~ 

1=1 

N 
W(2M+1) = L X. 2 M 

1=1 

N 
Z(1) = ~ Y j 

1=1 

N 
Z(2) = ~ Y;X; 

1=1 

N 
Z(3) = E 'f;X; 

1=1 
~ 

N 
Z(M+1) = ~ YjXjM 

1=1 

By the time control has passed to statement 23, the values of Woo WI' 
••• , W2 m+ 1 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 Zo, Zl' •••• Zm have been stored in the locations correspond­
ing to the column of the B array. For example, for the illustrative 
problem eM = 2), columns 1 through q, rows 1 through 3, of the B array 
would be set to these computed val ues 

W, 

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

The forward solution, which results in equations (4), (7), and (8) in 
the illustrative problem, is carried out by staterr€nts 23 through 31. 
By the time control has passed to statement 33, the coefficients of the 
Al terms in the M + 1 e~Jations. which would be obtained in hand calcu­
lations, have replaced the contents of the locations corresponding to 
columns 1 through M + 1, rows 1 tlU:'ough 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 
It + 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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1 

o 1 C 23 C 24 

o o C 33 

This matrix represents equations (4), (7), and (8). 

The backward solution, which results 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 j 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 2 I ai' and a o 

Location 
A (3) 

A (2) 

A(l) 

contents 
C 34 /C 33 

The resul ting va lues of the AI terns are then printed according to 
the FORMAT specification in statEment 2. 
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where more than reference is given, the 
major refers\ce is first. 

A format code 49-51 
A85 88 
absolute dimensions of an array 60-61 
absolute value 88 
addition 14 
adjustable dimensionn of an array 60-62,1 
AIMAG 89 
AINT 88 
ALGAMA 88 
ALOG 87 
ALOG10 81 
alphabeti c characters 83 
alphameric data format code 49-51 
AMAXO 88 
At-lAX1 88 
AMINO 88 
AMI Nt 88 
AMOD 88 
• AND. 18 
arccosi ne 87 
ARCOS 81 
arcai ne 81 
arctangent 81 
arguments, dummy 82 
literal constant 52,83 
arithmetic assignment statement 20-21,2 
arithmetic condition 17 
ari th me tic expressions 13-17 
aritlulletic IF statement 21J-25 
ari thmetic 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 10-11 

i-l.RSIN 81 
ASSIGN statement 23-24 
assigned GO TO statement 23-24 
ATAl~ 87 
A'I'AN2 81 
attribute control, variable 1 

BACKSPACe 56,31 
BCDle card punches 83 
beginni ng of a data group 33 
beginni ng-of-data transfer code 53 
blank common area 64-65 
b 1a nk output records 42 
BLOCK DATA subprogram 81 
boundary alignment 65-66 

CABS 88 
CALL statement 
cal1-by-va1ue 

76-77 
82 

card input 2 
carriage control 55-56 
ccos 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 64-65 
implicit arguments 82 
named common area 64-65 
statement 62 

common logarithm 87 
compiler 1 
compI em en ted error f unc ti on 88 
complex 

argument~ 

obtaining conjugate 89 
ottaining imaginary part 89 
obtaining real part 88 

COMPLEX 57-59,15 
constant 5 
real arguments expressed in complex 
form 89 

statement 57-59 
CONJC 89 
con stan ts 3- 8 
conti nuation line 
CONTINUE statement 
control statements 
cos 87 
COSH 88 
CarAN 81 
CSIN 87 
CSQRT 87 

2 
29 
22-30,2 

D format codes 48,46 
DABS 88 
DARCOS 87 
DAR SIN 87 
data initialization 85,6,59 
data set 31 
DATAN 87 
DATAN2 87 
DBLE 89 
DCMPLX 89 
OCONJC 89 
DCOS 87 
DCOSH 88 
DCOTAN 87 
decimal places 46,48 
decimal pOint 48 
DERF 88 

INDEX 

Index 91 



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 
DLGA!>tA 88 
DLO(~ 87 
DLOGIO 87 
DMAXl 88 
DMINl 88 
DMOD 88 
DO loop programming considerations 28-29 
DO statement 26-27 
DeUBLE PHECISION 85-86 
DSIGN 88 
OSI NH 87 
Df>QRT 87 
DTAN 87 
DTAl,,'H 88 
dummy argument 71,82 
dwnrny array 61 
dummy variables 76,68 
DUMP subprogram 90 
DVCHK 89 

E format codes 48,46 
EBCDIC card punches 83 
e lerrent s of the language 2 
&END 33-34 
END 30,31,72 
END FILE 56.31 
end of a data group 34 
cNI'RY ,itaternent 78-80,82 
EQUIVALENCE 66-68,57 
ERF 88 
ERFC 88 
ERR 31 
error function 88 
EXIT Subprogram 90 
EXP 87 
expli ci t slJ€cification 59-60,9-10,57 
exponential 14-15,87 
express l()l;;:i 13 -19 
EXTF:RNAL stat:ement 80-131 

f' format coJde 47,46 
fix fJ8 
FLOAT 88 
FOR~AT 40-5t,1,31 

alter nat", Hollerith 6 
code s 42- 53 
stdt'.':'llIent rules 40-42 

FORC1FA~-J 

c:od1 nq form 3 
differencE'f> between as or OS/VS and TSS 

98 

i"URTZAN 8 2 
recotds 41-42 
SpeC.ld 1 TSS FORTRAN IV features 
supplied subprograms 87-90,69 

1 

function 69 
function subprograms 72-75,69,87 
return of value 82 

G format code 42-46 
GAMMA 88 
general format code 42-46 
GO TO statements 22- 24 

assigned GO TO 23-24 

H format code 52 
hexadecimal constants 6-7 
HFIX 88 
hyperoolic cosine 88 
hyperbolic sine 87 
hyperoolic tangent 88 

I format code 47.46 
lABS 88 
IDIM 88 
lDINT 88 
IF statement 24-26 
IFIX 88 
imaginary part of a complex argurrent 89 
IHPLICIT 57-58 
IMPLICIT specification 9 
in-line subprogram 87 
indexing I/O lists 36-37 
initialization of data 85,6,59 
input data 33-34 
input/output statements 31-56 
insert blanks 52-53 
HIT 88 
INTEGER 57-60,12 
integer constants 3-4 
integer data format code 47,46 
integer division 17 
integer mode 14 
I/O lists 31-37,38-39 
ISIGN 88 

keyboard input 2 

L fo!"ma t o:'de 49 
lab-:lt,d common area 64-65 
larrJest value 88 
length 

specification for variables 7,44-45 
total field leny th 44 -4.5 

list 31-37,38-39 
(see also NAMELIST) 

literal constants 6,1 
literal data 51-52 
literal format code 1 
loq-gamma 88 
logical 

assignment statement 20-21 
constants 6 
expreSSions 
format code 
IF stat_ement 
operators 18 

17-19,J 3 
49 

25- 26 



machine indicator tests subprograms 89 
mathematical subprograms 87 
NAXO 88 
MAXI 88 
MIN 0 88 
/>iI N1 88 
mixed mode 
tv\OD 88 
mexie 13,1 
modulus 88 
mul ti Ii ne Ii 3ting 
multiple entry into 

43-45 
a flJNCTION 

~,u .tpro gr am 7 ':; 
multiplication 14 

ILlmed common area 64-65 
Ni~,ELIS'I 12-34,38-39 

I/O 1 
na[!,e 32,33 

natural logarithm 87 
nest.eel DOs 28 
. NOT. 18 
numeric characters 
numer ic format codes 
numerical constants 

83 
47-49,46 

3-5 

obtaininiJ th,,; conjugate of a complex 
anJurre fit 89 

obt aininq the imaqinary p:irt of complex 
arg UIrent 89 

obt.aininq the real part of complex 
argument B8 

opera t.ors 
logical 18 
re la ti on 0 f 1 7 

optional length specific~tion of 
variables 8-9 

• OR. 18 
order 0 f compution 19 

ina ri thrretic expressions 16 
in logical expressions 19 

OS/TSS FORTRAN differences 82 
out-of-line subprogram 87 
OVERFL 89 

P scale factor 54-55 
padding character 41-49 
parentheses 

in arithmetic expressions 16-11 
in lO,Jical expressions 19 

PAUSE statement 30 
PDUMP subprogram 90 
positive difference 88 
PRINT st~tement 84-85 
printing 55-56 
programs, sample FORTRAN 91-96 
PUNCH 84 

READ 31- 37 
READ lists 31-37 
reading FORMAT statements 37 
real 

complex form, two real arguments 
expressed in 89 

constants 4-5 
mode 14 
REAL 9,57-60,88 

relational oper ator s 17 
remaindering 88 
RETURN statement 88-89,77,72-73,7~-76 

REWIND 56.31 

sample FORTRAN prograrrs 91-96 
scale factnr 54-55 
service subprogram 89,87 
SIGN 88 
SIN 87 
SINH 87 
skip characters 52-53 
SLITE 89 
SLI'rET 89 
smallest value 88 
SNGL 88 
source prograrr characters 83 
spacing format code 53,1 
SQRT 81 
square root 87 
standard length speCification of 
variables 7 

statemen t 2 
cont rol 22- 30 
functions 70-71,69 
i npu t/output 31-56 
numbers 2 
specification 57-68 
subprograrr: 69-81 

S'lDP statement 30 
storage s pecificat~ion 60-66 
subprogram 69-81,87-89 

name 69 
service 89,87 
statements 2 

subroutine subprogram 75- 81,87 
subscript 10-11,82 
subtracticn 14 

T format code 53 
TAN 87 
TANH 88 
tran sfer 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/OS. OS/VS FORTRAN differences 82 

type specification of the FUNCTION 
subprogram 73-74 

type statements 57-60 

value. call-by 82 
var labl e 8-10 

attribute control 1 
length specification 7,89 
names 8.31 
predefined specification of variable 
type 7 

types 8-9 

99 



WRITE 31-39,31 
WRITE lists 38-39 
writing blank 1 ines 39 

100 

X forma t code 52 

Z format code 48-49,46 
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