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BUILT-IN FUNCTIONS

Mathamatic

String-handling

Conversion

12.1 Arithmetic functions

12.1.1 ABS-

@nJu : MIS(X)

n11lii1n0;  : X l&4  any arithmetic  expression

r&ha' : fiwil fil$d  Un\t X (returns the absolute

value of X)



&ina+%h  : if

12.1.3 DIVIDE

12.1.4 FLOOR

¶lulJu  :Y

w151ii  1 Plil; :

WiGin~  :

12.1.5 w

-nJMlu :Y
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X >= 0. then return X

otherwise return -X

IMiiilUiiU x

CEIL(X)

X I& any arithmetic expression

-FLOOR(-X)

DIVIDE (X,Y,P) H;O DIVIDE (X,Y,P,Q)

X Wi:: Y I& arithmetic expressions

i\lWiWlS  (quotient) WI\1 X H17kW Y &JU

Y ,ci
precision WNWi?llllU P LLR:: scale factor

&! Q ,:a P It% Q A&+l"\Md  n"-ltinlwl Q

FIXED BINARY k&ii Q &I Q k+~&iil&w

common arithmetic type WI\1 X IIW Y

FLOOR(X)

X b&A any arithmetic expression

4hnkrini~atM3;;U  x
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X WE Y l& arithmetic expressions

i\rdw1nnl1

if X>= Y then return X

otherwise return Y

common arithmetic type 2109  X ua:: Y

MIN(X,Y)

X LlA::  Y rriu arithmetic expressions

i~Fi~~Ufli1

if X<=Y  then return X

otherwise return Y

common arithmetic type WI\1 X ttar Y

~D(X,Y)

X lla:: Y l&J arithmetic expressions

i=i& X mod Y

if.Y = 0 then retyurn X

orthemise return X-ABS(Y)SFLOOR(X/ABS(Y))

" , a . d..
WRRWS  ROAlWbJ  common arithmetic type 'UOJ  X

11% Y

MOD(7,3)  return 1

MOD(-7,3)  return 2

MOD(7,-3)  return 1

MOD(-7,-3)  return 2
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UUIU LHW. il17y-h  ITI  Y # 0, MoD(X,Y)  wi\ldl non-negative

lkJn;-l  ABS(Y)  ItaJa

12.1.8 ROUND

-$aulJ  :

wl7liiwlD; :

uiJi;ws'  :

ROlJND(X,K)

X 1% an arithmetic expression

K k&d a signed integer constant

~I+I X ihrf~U  K Mi% M~~~~~D'u~\IBAM&~~

.

dWi1 SIGN(X)%FLGGR(ABS(X)*Bt*N)+0.5)/BWN

in B=Z th X &,tJllqItd~m

B=lO n"l  X &,R'u~IU%J

Da:: N=K i-h  X I&d FIXED

else N=K-E  ;I X I% FLOAT LLIJ::  E 1;; exponent

ROUND(12345.24689,3) returns 12345.24700

ROUND(34567.12345,-3)  returns 35000.00000

12.1.9 SIGN

ylJllUU : SIGN(X)

w11-lii1fl0; : X l&J any arithmetic expression

r‘mi;W;  : &I -1, 0 M% 1 &nJD"wl;0\1MJ7UZ10\1  x

ihv&iik  : if X < 0 then return -1

if X q 0 then return 0

if X > 0 then return +l
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&wn\lu&n;  : FIXED BINARY

12.1.10 TRUNC

-lIhlU : TRUNC(X)Y

w147;;1m; : X 1% any arithmetic expression

w&d : i\ld1~~LjllLRlIilu7ui&ll0\1  x

Lhw-lo~u : if X < 0 then return (CEIL(X))

if X >= 0 then return (FLOOR(X))

TRUNC(52.146) returns 52

TRUNC(-51.146) reurns -52

12.2 Mathematical Functions

Y ,v
vl\rnVUluLHi&~  &I$U PL/I-80  library &l%D&k~~  kaj7u%&?::1&  tri-

gonometric functions LlR:: inverses IKGU,  %lU  e (GO natural), 9lU 2

a
I~~JQIU  10 (~40 common) logarithm functions, the natural exponent

function, hyperbolic sin LLR:: cos functions tEiei%%kin"9  squart root

function &&.&k %lbJ  &%& a single FLOAT BINARY argument (argu-

ments &;n &A q t%kn" ~&LR&JKJ::IIJ~~~$  &'fii ‘lit%  &VI float bianry)

LIA&&IwEJ&~  I& a FLOAT BINARY

" ,"
vl\lnti  subroutines M"m" tJn1-k  SQRT based on algorithms hl;;

Y ,"
Chebyshev polynomial approximations vhn-du  subroutine SQRT  based on

NEWTON'S method tini scale mh&inn~~~~4  lhl&Wil  argument l&IL+

‘ih&t% (-l<=X<=l) &&::&WR Chebyshev approximation %Wfll'&

appropriate recurrence relation UHdWOW?lLJ~~WRlW  (error) kl&fl.



12.2.1 ACOS

-nJlILlLl : ACOS(X)Y

w141ii  wmb  : X liu an arithmetic expression, -1 <= x <- 1

WFJiWYWh : &il arc cosine WI\1  X iId!% ACOS(X)  ~&!J&J~,

UlhJI&1L4&JM  (radian) i9 cosine &I X &‘I~

0 <= ACOS(X)  <= PI

&imJo\lwaaw$  : FLOAT BINARY

&inn%u : Aces(x)  lvil&~  PI/z - ASIN(Xj

L &lu;;nwn1m  : ;I x li3bhAli1,  -1 <= x <= 19:Gnr&uhY

ERROR k

12.2.2 ASIN

-nJMJu : ASINY

WTmiLPlil;  : X I& an arithmetic expression, -1 <= x <= 1

war;vrs' : &h arc sine '11~ X &&I ASIN ~&&.&J&%%I

ilS.LL~~&lU  &l sine &I X Gil%Y

-PI/2 <= ASIN <= PI/2

liimmwaF;ws : FLOAT BINARY

&3ni%u : Chebyshev polynomial approximation



12.2.3 ATAN

-@Ju  :

w17lii1190;  :

wniiri~  :

12.2.4 ATAND

+JLl  :

w17lii1m~  :

WR&i;W;  :

12.2.5 COS-

-+JlJ  :

wlTliilIa;  :

waina'  :

lfiin~o\lwnijn~  :

1 2 3

ITI x ll.h&?usi1\r -1 <= x <= l8::&l&lAUhY

ERROR$

ATAN

X l&J  an arithmetic expression

f&l arc tangent Ml\1  X &&I ATAN  I&&$%&U

~&l-ll&lld  iti tangent &I X &1G

-PI/2 <= ATAN  <=  PI/2

FLOAT BINARY

Chebyshev polynomial approximation

ATAND

X 1&J  any arithmetic expression

i%l  arc tangent ?~a\1  X &I~JU~&IWVI  (degrees)

i&l ti7ULsUO\Iffl  tangent &I X &flH".

-90 <= ATAND  <= 90

FLOAT BINARY

ATAND  &I&.! 18O/PI  * ATAN

COS(X)

X 1&J an arithmetic expression

iWi1 cosine ?&I\1  X &lilUIGUU7L&U

FLOAT BINARY

&=m~ : Chebyshev polynomial approximation
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12.2.6 COSD

-pIuu : COSD(X)

w131ci  t Pm-: : Y a& 701  arithmetic expression

WWii& : i&Nil  cosine 210\1  X, X &klULjuil\)~~

lfiiRVO\lWRiW;wj  : FLOAT BINARY

iGmFi& : COSD(X)  n6l.l  COX(X$PI/180)

I”. 2 . 7  C O S H

plu :  COSH(X)

Wl’lliiLRO;  : X k& an arithmetic expression

w&in;  : &kl hyperbolic cosine '110\1  X

&WldwAii”;Wj  : FLOAT BINARY

itkflo~ : COW(X)  rui&  (EXP(X)+EXP(-X))/Z

12.2.8 EXP-

';tLJlLUlJ : EXP(X)

w17lii1m0;  : X I& an arithmetic expression

WA&~ : iWhlO\r  e untiif;\r  X &I e 1;iwgWWl\l  natural

logarithm

dik16\1w&&  : FLOAT BINARY

i!%wo'ii;u : Chebyshev polynomial approximation

1 2 . 2 . 9  @

nJrwu :  LOG(X)
Y

w14liTm; : X I& an arithmetic expression, x > o

WtGWs’ : &ldl natural logarithm 'uO\I  X

9iiPWO\tWRiW3wd  : FLOAT BINARY

nki-lo~  : Chebyshev polynomial approximation



12.2.10 LOG2

J-JJGZ(X)

X 1sU an arithmetic expression, x>o

kUFi1 logarithm 'uil\l  X q7u 2

FLOAT BINARY

LOGZ(X)  LlGLl LOG(X)/LOG(Z)

8-h X <= 0 U::l&kJ‘lli  ERROR k~

12.2.11 LOG10

nlr1lJu  :"

Wlmi rwo; :

"RGwii  :

?riwuouua&; :

iwna~  :

I &lul?lijrmal"  :

LOGlO

X Ilk an arithmetic expression, X > 0

iUF;l logarithm WilJ  X g?u 10

FLOAT BINARY

LOGlO L%il& LOG(X)/Lw(lO)

;I X < 0 U::Li;p1,;8Ut(l'u  ERROR &

12.2.12 SIN-

-llMJlJ  :Y

w171;;,*0; :

uwfjw;  :

&QlZIOUWA&;W;  :

jknn~  :

SIN(X)

X I& an arithmetic expression

iUFi1 sine 'UOU  X, X &l.i?ULZUUI'ILGifn.4

FLOAT BINARY

Chebyshev polynomial approximation

12.2.13 SINB

puu :

Wlmi  1s0; :

Y 8

SIND(X)

X I& an arithmetic expression

URwwa  : Fhfil sine WI\1  X ii&UL&wOUfll

1 2 5



FLOAT BINARY

SIND(X)  ~~'I;;u SIN(XSPI/180)

12.2.14 SINH

SINR(X)

X l&J  an arithmetic expression

i&d1  hyperbolic sine 'uO\t  X

FLOAT BINARY

SINH(X)  LM'GJ (sxP(x)-sxP(-x))/2

12.2.15 SQRT

SQRT(X)

X 1&d  an arithmetic expression, X >= 0

i&l&  square root WI\1  X

FLOAT BINARY

Newton's method

12.2.16 TAN-

nhluId  :
Y

n-v-& r rnf~s’ :

t&in;;  :

Pf;;Alla\IwBI;W~  :

&w&i.4  :

TAN(X)

X L&J an arithmetic expression

lj&l tangent 2109  X, X ii&UI&Jl~I&JU

FLOAT BINARY

TAN(X) = SIN(X)/COS(X)

;I COS(X)  tviltk 0 WiiAL:aU~~  ERROR &J

12.2.17 E

3lhuJu  : TAND(X)

1 2 6
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Wl’l?ijlAa; : X LSU an arithmetic expression

Wf& : &3\Ip;l  tangent 2109  X, X CMlkLjwBWf7

&mmw&jW;  : FLOAT BINARY

isno%iu : TAND(X)  k&J TAN(X*PI/lSO)

L :auluijPm*lfl  : o"l  cos

12.2.18 M

(XSPI/180)  lviliiu 0 9ztiif1 t&ula  ERRORk

nhUU  : TANR(X)Y

vn7-wLRa’I : X LUU an arithmetic expression

WRijW< : t&b hyperbolic tangent 'l100  X

?fikn~wa&s'  : FLOAT BINARY

&mF& : TANR(X)  tviliiu (SXP(X)-SXP(-X))/(SXP(X)+sXP(-X))

12.3 String Functions

12.3.1 BOOL

=iI.llUJU : BOOL(X,Y,Z)Y

nl1liiLiwJ~  : X I& a bit expression

Y t&J  a bit expression

Z I& a bit string constant AllNfJll  4 &

Wi%%3nj : & U$%J  ii\rfkuu X km::  Y &l\m'Wf1l5PlU  bit string
Y

constant Z A'4

7; Zl,  22, 23, 24 Lib d-& lu z d7U1ln~luWu~1

I P
U&IIUM  A, 'B UI::  four-bit string Z &WIIJ  lJ$%

" a"
v(\tn‘lrhc BOOL(A,B,Z):



1 2 8

A B BOOL(A,B,Z)

0 0 Zl

0 1 22

1 0 23

1 1 z-4

& induce '1~~&&lf&  BOOL(X,Y) UU bit string

X, Y i4 kl X, Y iiW3lWl3lilkih  UsJ"?  string

‘ d
%un;1  Lw7a\l?rlibJk3RZI  0 1;;M1\12131i;o1un7~;\1  km

7$iiR7w"-l71&J  BOOL(X,Y,Z)  !n hw Giu

bit string &d N 1f+Jlnp1lmhnJu  %l[Ru  ‘6 A I&

&wllo\lua&; : BIT(n) &I n LViliiLI  MAX(LENGTH(X),LENGTH(Y))

&Al\1- -

BOOL('OOll'B,  'OlOl'B, '1001'B)  returns '1001'B

BOOL('OlOll'B,  Ill',  '1001') returns '01100'

12.3.2 COLLATR

7lJllUU : COLLATE0Y

WlllG  1 Qlo; : 3i.i

Uf&d : C&l&  a character string Fl3WUl7Ii1til  128

ibkmnih  set wt\)k&m::  'lu ASCII charac-

ter set r%hCiu~l~ouI~~ln  (GfJ  ASCII

character set lUniAWU7fI A)

tfikNuar;wd : CRARACTRR(128)



129

12.3.3 INDEX

+Jl.l : INDEX(X,Y)

W17lG‘AOi : X LLR::  Y l&J string expression ~ri?&iin‘i;U3Cu

EIIWI::‘&J  bit string H%J  character string n"1;

12.3.4 LBNgH

+JLl : LENGTH(X)

w15lii  two; : X I&J  a string expression EIPJ~::~& bit string

%&I  character string G16

"A&i; : ikilU?u~~o'flPr~~  UiOiW& 'lU string X n'l X

; attribute VARYING, LENGTH(X) W!fi&l  flllUfJl7

iBk&iuno\r  xt

?flklO\)UA&~  : FIXED BINARY

12.3.5 SlJkTR

~wlJ : SJBSTR(X,I[,J])

Vil7liilWOi : X I&J  a string 0791::‘&  bit string H%

character string g16

I l&d1  FIXED BINARY

J ‘&&+I FIXED BINARY

‘it&~ : ri\l  a string &~i%&J&#l~  string X \&Jki

o'&i‘&  I llAt;;0\lfll7W?lUU17  J ;;1%&+lWld-1 J

‘A:tZW&+Wi?jiU  LENGTH(X)-I+1



unpredictable

12.3.6 TRANSLATE

nlulJu : TRANSLATE(X,Y[,Z])Y

w11lii  IPd  : X I&J a character expression

Y 1% a character expression

Z II%  a character expression

un;;ws'  : && Z L&w&i&~&&  COLLATE0  ii Y i&n+!  Z

w&w&.~  bl,anks  &m.m‘&dn-t~~~  iiuu~-~tvi~f%

TRANSLATE ('BDA',  '1234', 'ABC') returns '2Dl'

12.3.7 VERIFY

~1Lllu : VERIFY(X,Y)

w11li,l& : X t&~ a character expression

Y I& a character expression

ua&i : &1+1tt3&wn~t& 0 C-I Gh%rmni2i?lu  x iiahu  Yw
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VERIFY('ABCDE'I', '7ABDE7')  returns 3

VERIFY('ABC123', 'lA283C4D')  returns 0

VERIFY(", 'A') returns 0

VERIFY('A',")  returns 1

12.4 Conversion functions

12.4.1 ASCII

nllwlJ : ASCII(X)Y

wll-iiIRa; : X I& a FIXED BINARY expression

w&n; : itii3inu7::  1 G7 &P;WHI;\I 1UA'l&;uzIo\I  ASCII collate

tiuiiu  x (Fj^Mkih  ASCII ?;;P?%UlWu%l  A)

Yfl.iRuooww&~ : CHARACTER(l)

&=wwG : ASCII(X) tM")fh  SLIBSTR(COLLATE(),MOD(X,128)+1),1)

@JJlULHfl : ASCII(X) I& inverse function 210~  RANK(X)6

12.4.2 BINARY

puLl : BINARY(X[,P])

w177ij  wla; : x k&J  an

expression

Al x I&

b&Wh4WlF;l

arithmetic expression, MT0 string

&ih.J1~0LLl;yJuU?1J~~LihFh  arithmetic IRY

DECIMAL & non-zero scale factor

P 1; &I P LjUC;7R~G7U?UL&  wJlfJn"\r

precision lKW&G

wa&tri : F&d?  a BINARY arithmetic &~&U&7  X

lli-ifiun\rwR~;w;;  : h X I& FLOAT BINARY, wfi&&::,&  FLOAT BINARY
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f&u 7 f&in&::tijll  FIXED BINARY

12.4.3 BIT

puu : BIT(S[,LI)

"l7-liLm~  : S l&J an arithmetic expression GO string

expression

L ,& a positive FIXED BINARY expression

mGnci : ,~.Iij?uu~  S Ii,&  bit string fl?XJfJ17~t&U  LY

12.4.4 CHARACTGR

uw&i+  :

12.4.5 DECIMAL

nJlllJu  :Y

n177;;  I& :

CHARACTER (S[,L])

S ,& an arithmetic expression GO string

expression

L ,& a positive FIXED BINARY expression

S ~~ffltd&~~'l~,&  character string FlTlU&J1?  L

I& L ,judmdfi7uufi?;: l-l&  7 s ,iwlnrrlRduu¶lY "

6,& character string R7WUl7Fh7mln  fQn1-I

LlJ~"W7Ll  %JLln~  7"

CHARACTER

DECIMAL (X[,P[,Kll)

X ,ik an arithmetic expression
a

H70 string

d d
expression dwmrennrlJfwulll  lGljllR7  arithmetic



12.4.6 DIVIDE

4lJ11uLl : DIVIDE iX,Y,P[,Q])Y

w117;j  ml; : X LLsJt:  Y Iih arithmetic expressions

P, Q ljUFilA~iluluL&,  0 <= Q <= P

WimU; : ihi1  X Hl4kU  Y i precision ij, P scale LMl;;U

<‘ati  Y
Q, Q oiwc  lwnlfl

~lkir;WURdl  Q U& X IlEJ::  Y k~,ih FIXED BINARY

i&dw

lflhJO\rU~&~  : common type WI\1  X LLR:: Y

12.4.7 FIXED

yLl11uu  : FIXED  (X[,P[,KlI)

wlT-liiLP&  : X Ilk an arithmetic expression Gil strig

expression kWlbJl1OLLl&JU~ 'LHy*GNil  arithmetic

1;

P L&d7R&lu7lJI&

K dw+m&nmlk
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w&in;  : ~ti&Uti  X 'I~l~~l  FIXED arithmetic"
.mG Y

P l&R::  K oW9::klutl‘l~  ~64  W?&&l  precision LLR::

Y
scale factor Ul\lWfi&i  flWdWlJ

o"-ru"wm  P 0;1\1b;u?  k&&b-7  K i&b,&  0

thik  P LLR::  K precision LLR::  scale factor

lla\lww&s’  dlulN QwlQnl-rtlj~*~  UMMd  7Y

&llla\IWR&~  : ;;7  X lliu FIXED DECIMAL UT8  CHARACTER wR&&z&

FIXED DECIMAL W&ii&  7 WRL;W&::L&  FIXED BINARY

12.4.8 FLOAT

-trJlwLl : FLOAT (X[,P])

w14ltJ1iw; : X 1&J  an arithmetic expression MiO string

d
expression &WWl%l~~23UW¶.&Ll%UA1  arithmetic"

IRY  P btYhh&hmi&uu2n  (positive integer
8-e Y

constant) o-rwz:bunIn

WR&i~  : rti&Ud  X '&L&k  FLOAT
.oa  Y Y .

P  immluunk fm-m~Y

dl P WlUi%J  precision WhlWR&i~ n”1k;fi-MuwF;1  P

precision filU?n  %wqp-m~&unl ‘LuwMd  7
w

&RlmlwR~wJWSI  : FLOAT BINARY

12.4.9 RANK

puu : RANK(X)

w15lii1m;  : X I& a character value RIWUIII~~~  &

waiks'  : i& integer representation WI\1  ASCII charac-

ter ‘ltknlmu~n  A”

dii;R’UO\IWR&i; : FIXED BINARY

iiano% : RANK(X) Li-l&J INDsx(coLLATE(),x)-1
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12.4.10 UNSPEC
\

puu : LlNSPSC(X)

w17-G 1wa; : X L&J a reference Wk a data item & internal

representation bMlhJF17~11~1~  16 kl M%&lltlil

w&s : &I pk~  (contents) 'u0\1  address referenced MI X

7fikia\lwR&W;  :
I Y

a bit string fl77U017lMlnU  RT!AJUTJll0\1  data item

associated I% X

liinuo\lwnI;ws’  : FIXED BINARY

12.5.2 ONFILE

nhuu : ONFILE()Y

w&ii;  : dI&k&~& &&Jiu;o~i3 &~l&u'lu  BNDFILE  H;O"

ENDPAGE  &thfp  tWh&f#IuY

lflkWhlWi=iiVi~ : CHARACTER
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12.5.3 ONKEY

pLnJ : ONKEY()

wwiwjwj : d&k&~l&~  character string &hk210\1~;  k&J

12.6 Miscellaneous Functions

12.6.1 m

TLlIIlJlJ  :u

w151i\w0=i :

ADDR(X)

X l&d a reference to a variable whose storage

POINTER

12.6.2 DIMENSION

-¶Jlwu : DIMENSION (X,N)Y

w157;;IPlil~ : X I& an array variable

N \!%.A a positive integer

waiws'  : iGil  a positive integer UWlUiLl  extent llil\r

I& N 'EN a~,'=itEC;&kfW  X

li=iwUO\rwa&S’  : FIXED BINARY

12.6.3 KBOUND

nlwtl : RBOUND(X.N)Y

WI-l-i  rm; : X &CiU an array variable

N l&d a positive integer expression
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FIXED BINARY

12.6.4 LBOUND

nJlwlJ :*

w17-li,w0; :

cm&~ :

12.6.5 LINEN0

12.6.6 NULL

%mu  :"

f.&iw;  : & a null pointer value &O a pointer which

points to no location

POINTER

12.6.7 PAGENO

nhwu :"
a ,

PAGENO

Wl7luLwfll  : X t&J a file value

LBOUND(X,N)

X I& an array variable

N t& a positive integer expression

&d~~illl~'~fl&\l  (lower bound) m\t;k N PIOVO::L'I;

Md&\l&'lwu x

FIXED BINARY

&NENO(X)

X Il?U a file value

t&h linenumber 210\1  file control block &l&J

%w x

I Y
11% file control block U flO\1;;  attribute PRINT

FIXED BINARY

NULL
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uwiiwd  ‘: ihk pagenumber '@.h! file control block &%\m&

'Iw X UA:: file control block w"fd attribute PRINT

l&mlURt;WSI : FIXED BINARY


