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P l t O O E D U R E  FO[{. T H E  N O I I I ~ [ A L  D I S T R I B U T I O N  

FUNCTIONS* [S15] 
M. 1). M:~cLAt~N 

(Reed. 28 July 1964, 17 Nov. 1.96t and 26 July 1965) 
A r g o n n e  N a t i o n a l  L a b o r a t o r y ,  Argom~e ,  I l l . ,  a n d  B o e i n g  

ScieLttifie Rese~r rch  L a b o r a t o r i e s ,  S e a t t l e ,  W a s h .  

* Work per fo rmed  in par t  under the  auspices of bite US Atomic 
l)~ergy Commission.  

real p r o c e d u r e  phi(a, k) ; va lue  a, k; r e a l  a; i n t e g e r  k; 
c o m m e n t  Before use, th is  procedure  must  be called once with 

k = 3 to ini t ial ize o w n  variables.  Thereaf te r  for k = 1 tile 
procedure gives fo 

4,(at = ( , )o r  exp (-tV2) dr, 

and for/c  = 2 it gives 

+ * ( a t  = 2 ( ~ ( i  a l) - .5)  

= - exp (--t2/2) dt; 
\~-I go 

begin o w n  i n t e g e r  N;  
o w n  r e a l  B, EPS, EPS2, EPS3, ONE, DELTA, DELT:t2, P[2; 
c o m m e n t  iP* (at is eomputcd  by Taylor ' s  series expansion in tile 

interval  0 < a < B, and by a sympto t i c  series in tile ittterval 
l/ < a. The  Tay lor ' s  series expanson is made about  one of tile 
points  0, B/N, 2B/N, .. • , B, and the coeiiieients in the  series 
are compu ted  using the  recursio~t formula for t I e rmi te  poly- 
at)minis. The number  of terms 1o take in the series is deter-  
mined by an error  e s t ima te  based on a majorizing series. This 
procedure ,  whieh is essent ia l ly  rite familiar  one of in terpola t -  
ing in a s to red  lable  of values, gives a fast  program and ca~l be 
used effect ively for many  functions.  In  this ease another  sig- 
nificant increase in speed could be ob ta ined  by also s tor ing a 
table ef values of the first der ivat ive  ef ,I)*. The o w n  variables 
B, EPS and  N might  be called l)rogram parameters .  By suit-  
ably choosing the i r  values tile p rogrammer  may make tile 
procedure  as accura te  as desired and may increase the  speed 
of the  procedure  at  the  cost  of ext ra  s torage  space. This  is the 
advart tage of this  procedure  over othm's previously publ ished 
in this journa l  (see [I-4]). 

The values  of these  p rogram parameters  are de te rmined  
when the  pro(:edure is coded,  not  when it is called. They  are 
set by means  of an ini t ial izing call wi th  k = 3. The  o ther  o w n  
variables are computed  f rom B, EPS and N when tire init ial iz-  
iHg call is made.  If FO1VPaAN IX: were used, all the o w n  vari-  
ables could be set  by use of a DATA s t a t emen t .  Art a l te rna t ive  
to e i ther  m e t h o d  is to replace all oeeurrenees of the  pa rame te r s  
by the  appropr ia re  cons tan ts .  

The choice of the  pa rame te r  N depends  mainly  on speed 
w~rsus s torage  considerat ions .  The  larger N is, the  fas ter  tile 
procedure  will be and  tile inore s torage will be needed.  Note ,  
however,  that. N mus t  be chosen large enough so t h a t  
B ~ (1/(2N) + 1/(4N 2)) < 1, for otherwise the  method of es t imat-  
ing tile e r ror  in the Tay lor ' s  series may  fail. The  choice of  B 

t nmv also affect the  speed,  because for smaller  va.lues of a tile 
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a sympto t i c  series for ¢I,* (at will take longer t han  the Taylor ' s  
series. Tile choice of B depends,  however,  mainly  on tile error  
desired. Neglec t ing  roundoff,  tim maximum error  in tile com- 
pu ted  value of op*(a) will be EPS if a < B or max (EPS, ~(a)/2) 
i f / /  < a, where 6(@ is the  absolute  value of tile smallest  term 
in the  asyml) tot ic  series for ,I,*(a). Some values of ~(a) are: 
5(4) = 3.0 X 10 -s, a:(5) = 3.0 X 10 -t~, 6(5.5) = 1.4 X 10 q~, and 
~(6) = 4.4 X 10-~L If Y is large enough,  rouudoff  will be no 
problem.  (The referee has po i n t ed  out t h a t  the  computa t ion  
for B < a could be made  by  cont inued fract ions,  as in Algo- 
r i thm 180. The advan tage  of this would be rha t  tile con t inued  
fract ion expansion converges for all a > 0, bu t  roundoff errors 
may be significant  for smaller  wdues  of a.} 

With  the p rogram pa ramete r s  having the  values given 
below, tile procedure was compiled as a F(mTRA N I [  subrout i  ne 
on the  I B M  1(320, using e ight-digi t  floating point  tLrithmetie, 
and t e s t ed  for many  values of a. The e r ror  never exceeded 
2 X 10 s. The p rogram was also compiled wi th  B = 6.0, EPS = 
2 X 10 -t~ and N = 60, using 15 digit a r i thmet ic .  Spot  cheeks 
turned Ul) Ito errors grea te r  than  2 X 10-~s; 

o w n  r e a l  a r r a y  C[0:16]; 
c o m m e n t  The ar ray  C mus t  give the value of ~*(a) at the 

point  of expansion,  i.e., C[m] mnst  equal ~I~*(mB/N). Tables  of 
eo*(a) to fifteen decimal places are publ ished by the Nat ional  
Bureau of S tandards  [5]. The  upper  bound for the  a r ray  musl, 
equal the  value of the program parameter  iV; 

r e a l  f,  fl ,  .t"2, x, y, z, t, t2, xt; 
i n  t e g e r  m ; 
r e a l  p r o c e d u r e  max(x, y);  v a l u e  x, y; r e a l  x, g; 
b e g i n  max :=  i f x  < y t h e n  y e l s e  :c; 

e n d  'max; 
i f  k = 3 t h e n  
b e g i n  c o m m e n t  initiMize o w n  var iables ;  

EPS := .00000002; B := 4.0; N := 16; C[0] := 0.0; 
C[I] := .19741265; 

C[2] := .382!}2492; C[3] :=  .54(17530; 
C[41 := .68268949; 

C[5] := .788700-15; C[6] :=  .86638560; 
C[7] := .91988169; 

C[8] := .95449974; C[9] :=  ,97555195; 
C[IO] :=  .(18758067; 

C[ll]  := .99404047; C[12] := .99730020; 
C[13] :=  .99884595; 

(/[14] := .99953474; C[151 := .99982317; 
C[16] :=  .99993666; 

ONE :=  .99999999; 
c o m m e n t  ONE is tile la rges t  mmlber  less t han  1 wh ich  may 

be represen ted  in the machine.  This p reven t s  loss of ac- 
curacy in some implementa t ions  of floating po in t  sub-  
t rac t ion  ; 

PI2 : = .797884560802865 ; 
c o m m e n t  PI2 = (2/~r)t/2; 
DELTA :=  B/N; 
DELTA2 := .5 X DELTA; 
EPS3 := 2.0 X EPS; 
t2 := max(BXDELTA, sqrt(2.0)XDELTA2J; 
t := DELTA2 X (B+DELTA2); 
x := (t+sqrt(t)) X exp(.5Xt); 
y := t2 X (1.0+/2} X exp(.5Xl2T2); 
i f  t2 < 1 A y  ~_ x t h e n  EPS2 :=  EPS/yelse EPS2 :=  EPS/x; 
phi := 0 

e n d  in i t ia l iza t ion 
e lse  
b e g i n  c o m m e n t  compute  ~I,(a); 

y := abs(a); 
i f  y > B t h e n  
b e g i n  c o m m e n t  computa t ion  by asympto t i c  series;  

z := y 1" 2; f := PI2 X ezp(-.5Xx)/y; 
x := 1.0/x; z : = f ; f l  :=  - f X x ;  
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1,1: 

f o r  m := 3, m -~ 2 * ~ h i l e ~ l b s ( f i )  < (lt~:~(j')(h, 
I m g i n  z :=  s: .-i f l ;  f : = j ' t ;  f l  : ........ f l  X ~z X m; 

ifab:s(f) < E I ' S 3  I [ i ~ i i  ~ o  ! o  [ , I  

end  ; 
z :=  O V E  -,-z .5 X,/' 

(? l id a,'.;yHipf(H ic (3~)[ll])lll :it i { l l i  

I ) e g i n  (~ ( ) i i i l l i t~ l l l  "F~Q']!JF'S .quri(:s I : omp t l l  ;tl i o n ;  

m :=  ,'nti~r (y/D/q/ ,7 ' , l )  ; 
:c : = r e x  D E L T ' , , I ;  t :::--7/-- x; 
i f  DELT'A2 < I l;h,l!n 
| ) , e g i n  /1~ :-= 1/~ }- I ; y" :== .I 1115"[,7'.1 ; / : =  y - y (~n,d; 

:d : = : c X  /; //2 : =  t T 2; 
f l  :=  / X 1if2 X c.rp(.--,5X,c~ 2); 

f 2 :  . . . . . .  , 5 X u : / X f l ;  
=' : =  C[, I ]  q. j ' l  + / ' 2 ;  

l l e v i s e d  A l g o r i t h m s  P o l i c y  . M a y ,  19M 

A eo)ltr ibul ion to the Algorithms departmcn¢ m~st be in the form of 
an algorit l lm, a certif ication, or it remark. Oontrributiolis shollid be Sent ]n 
duplicate to the editor, typewri t ten double-spaced i l l  capital and lower-ea.se 
letters. Authors should earefully follow tim style of this del,,artmcnt, wi th 
especial attention to indentatioo arid eonll)le(eee88 of references. Material 
to appear in bo ld face  type shosfld be underlirmd in blaek. Bhie tlnt[erlining 
may be uewd te ind ica~ itatic type, but this is uatildiy best left te the Editor. 

At), algorithm il l l lSt be wl-itt0n i l l  the Ai,(to[, 60 Reference Lltrigtls, ge 
[Comm. A C M  a (Jan. 1963), 1-.17], and normally eoasists of a (:ommetited pro- 
(x!dtlre d, mhmdion. Each algoritOmi muet  be accompanied by a eolnDiete 
driver pl'ogFalft ill At,(iOL G0 wilieh ge[lerates test data,  calla t, he proeedure, 
sl id otlt [)lit8 {(!St ItflslVeFS. ~l|Ol'(~O ve['. 8eleele(l previotasly obtained ~st, ariswer8 
shotll,d lie given ill eolalaenl8 ill either Ihe driver  DrogrP~la or tile aig()t'itilf(I. 
The driver i)fogrlier/ l inty b(! IniMished with i l ia algorlthnl if it, wouhl be .of 
llllajor S+SrtiStltll(N! to It III'WF, 

[IlDIlt slid OtttIfJtlL should be achieved by  procedure 8ta~,qaen~s, (lsing 
one of the followilig five Dro(x~dtlrea (whosi3 body is not specified in ALGOl,}: 
[ewe "Repor t  on h lpu t . (h i tpu t  Procedures for AI ,GOL 60," Comm,  A C 3 f  7 

(Oet. 1964), 628629]. 
procedure inreal (channd, deetinafion); v a h l e  chan~a:l; I n t e g e r  chamwl; 

real destination; eOlt lment  the Ilt lniber read from ehalrlne[ channd is as. 
signed to the variable dsstination ; . . . ; 

p r o c e d u r e  outreal (channel, source); va lue  cDan~ld, *ource; lntel~er channel; 
real sollrce; (~Onllll~llIf [he VI/[ll{! of i,xpr,rs:sion 80ttrce iS Ol£tptlt tO ehltline] 
c#la~tnd;. . .  ; 

proce(I t l re {nitdeycr (channel, des£itlaHo~l); 
val[ue chc~r~lel; I n t e g e r  channel, des t ina t ion ; . . .  ; 

p r o c e d u r e  oulinteger (channel, source); 
v i l h l e  ch~lr*zte/, 8 o u t ' c e ;  i l t t e l .~er  C#lattT'i¢/, a o u r e s ;  . . . ; 

p r o c e d u r e  ou£slring (channel, string); vah le  chart*tel; i n t e g e r  eha,lllel; 

s t r l n l , !  a l r h l g ;  . , , ; 

If only ()lie (:haneel ia tlewd by the program, i t  si~ould be (iesigimted by l. 
Examples:  

outstring (I, 'x = ' ) ;  oubz~d (1, x); 
fo r  i :=  1 s t ep  I u n t i l  n do  outrad (I, All]); 
i~integer (I, digit [17]); 

It is intended tha t  each publistmd algori thm be it welborganized, eleurly 
commented,  sywtactically correct, and a snbstantial  contribution to the 
Ab(~o~, literature. AK contributions will be refereed both by human  beings 
and by an ALGOL eomi)iler. Authors shoul.d give great  attention to the eor- 
reetness of their programs, since referees cannot be expeeted to debug them. 
Beeause ALGOL eompilers are often incomplete, authors are eneotn'aged to 
indieate in comments  whether their a lgori thms are written in a recognized 
subset of A~ooL 60 [~e "Repe r t  on SUBSE'P  A L G O L  00 ( IF[P},"  Comm. 

A C M  7 (Oet, 1964), 626-627]. 
Certifieations and  remarks  should add new information to that  alresdy 

publisiied. Readers are especiatly encouraged to test and certify previously 
uncertified algorithms. I{ewritten versions of previously published zdgo- 
r i thms will be refereed as new eontributions, and should not be imbedded 
in eertiticatkms or remarks .  

Galley proofs will. be sent te If he authors;  obviously rapid  and  careful 
proofreadiiIg is of Daralnotlnt iitlporlailee. 

Although each algori thm hss been tested by its author,  no liability is as- 
sumed by the contributor,  the editor, or the  Associatkm for Comput ing  
Machinery in connection therewith. 

The reproduction of Mgorithms appearing in this depar tment  is explicitly 
permit ted withont any  charge. When reproduction is for publication p u r -  
p o s e s ,  reference m u s t  be made  to the algori thm author and to tlm Coramuni-  
air\ions issue bearing the a lgor i thm.--G.E.F.  
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f o r  ~. : ..... :;. m i ~ , h i h .  ~;,, I X A' tL<! - , . ,  r ~ 8  ~] 

<7 ; .... ~' ~ ! - l :  i l  : =  ."2; i'2 : = ( :  

t~lllt 

c t i d  "['~ly/~v':;~ s r l  i/./; r '~)l l i [) l l l  i l l  it~}/: 

if'/,: I i h e .  

be~ i  n 
z : =  i f ( ) < ~  I h e n  .5 , 5 ~  r e l s v  5 5 X  :' 

C l i d ;  

pDi :=  = 
(~il([ ( ! ( ) l l l t ) l l {a i  iOll 

( ! l i d  7)7/[ 

I ~ E If," I,; R E N f'  I<;S : 

1. (.3R,.*<~,~FOI¢IL M . ,  3. N1)"[ ' l ;<tuJ.  I{. . \ I ~<w i i l lm  12;{, t ) , .a l - r~ , ,~  
[ l l n c l i o n ,  [q12F{r i .  ( ' /  . / f ' 1 1 5  f,'4t,l)t. < ;'~_,. L~;2. 

'2. T I IAC I IE I t ,  11 ( ! . ,  ,I1~. . \ l ~ o i ' i l h l n  l,c1()~ } ' ]Fi 'of  [ l l l tC t i ,H i  isl ing, " \  

C ' o , l , I .  A ( ' . I I  f; ( J l l l lU  19113), ]{1 i. 

~{. [ t t l IETTON,  [ ) .  . . \ l K r r i t h I  2(19, ('mI177. ( ' )1~ . t ( '~1[  t7 <'tic! 

19(G), 616. 

4. t 'vvIfx, S. . l .  A l g . r i i t , ,  22 Nornml (lislribufh~ii fulmlh.i, 
Comm. A C M  7 (May  19(H), 295. 

;~. N AT[O NA L ]{(7 Rh].k l ( iF H I . \  N bX I t i )~. 7'rddc.~ ¢~1' . \ 'm 'm(d  t~mdm/~d~ i.l 
[ ' m c h '  *~ A p p l i e d  M a i l <  Wr ies .  N . ,  F3. I 'S  (hw+, r . r . , , r , l  

l)riniiliK ()ft.,  W s d . ~ t . ,  I ) . ( L ,  I,t,), . 

C,E I ( T I  I" [ (  LXT [( ) N  ( ) 1: A IA ~( )11 I T  I l X l 12,t [S 17! 
I IA .NI ( I i ; I~  V U N ( I T [ ( ) N  [l~/li~,J. S 'hacf fc r ,  (% ~ m A ( ' J /  .; 

(Sel)t. 19(i2), ,183i 
(IEOl{(iI!: ;k. I~rEII~[A" (lh~cd. 5 ()ct. 19(H :tml -I Nov. I!i!~ti 
'~Ves~hlgh() t lsc  I{c~:cal'ult l , a b c ) r : t t o r i o  G l)i~tsbur~h, P . -  

T h i s p r l , c e d u r m  a f t ( . r l . . d i f i c ~ J l i . n > w . s  r l m o n t h e  IL500~) A.,_ 
IL5IK)0 Alxa) [ .  \ s l u t ' s  *,b/ail.~d checked  wit h [ S  N;J lh . la l  t'l,ll<.~ 
of St a m h t r d s  [Iamfi)o.k <d" ,lloUitnl+:U/<ral [,'!t#tc&'ot~s. kpplio<l M:~I}¢. 
mat  i t s  Seri<,s 55, [ 'S (h,v( , rnnlei l l  P r h f l h l g  OI lh" .  W a s h i l ~ l . .  

I ) .C.  19(H, 
F o r  N = 0, t a im . ,  ') aecm'aev, w a s t e  10 dec imals  for it." < S,0. [: 

(h : i e r io ra ted  1o (i dec ima l s  for S < X <" 17.5. D , r  3 5~ .V "< !) : . '  
CUl'~t<ty Wli.S IX) t i l e  5 d e c i m a l s  of  l.h(' (al)h,s. 

SOIII(! (~httlll~(!S [)FOVI'(I II,~!(X!SSiLI'~V (O llltl~{(! (hC ~tlKot'itlHI/ I'IHi 

Since the a l g . r i i h m  is s h . r l  a , d  i he  . h : m g c s  are i a v o l v ( . l ,  ~ i .  

Igou'iihlu s r u s I a l cd  [wrc. NoIe  t h a t  a (es/  for  a zero tH'gunw!~r 
X is i n c l u d e d  hi (h(! b o d y - I "  the p r o c e d u r e  si[ lct t [ [21 ouglH t~, i .  

i l i i t i t lS i n [ i n i t y  w[lt!n X" = 0. 
pl'Ol~lPdtll+e [[+LVKEI, (.Y, X,  / l ) ;  til[ll(+ 7\', +{; i n t e g e r  .\'; 

r e a l  X;  a r r a )  H; 
b e g i n  r e a l  K ,  [ ), 12, . l ,  S ,  'F, 1), 1,; i n l e g e i ' ( ~ ) ;  

i f X  = 0 t | i o n  
[ ) e g i n  e O l l i n l e i l i  l i t  t h i s  ease 11[21 is m i n u s  i l d i l l i t y .  ,is" i[ml.i+.~ 

t h e  h i r g c s t  l / t l l l l b o f  wt/ieh ca  11 b(! POpI'(~SOII[()(I i l t  t h{:! [ l l~ti, lt i l t~. 

Ti l t !  l l t l l l l ( ! l ' ical  v n [ u c  o f  .1[ is to  t)e w r i t t e l i  h i t -  ! t .  

p roce t [ u re  : 

t1[2]  : =  - M ;  
H[1] :=  i f X = 0 t h c n l e l s e ( i ;  

g o  to ¢:~;e[/t 
e n d  ; 
A : =  h' : =  I ;  1f[1]  : =  [ / [ 2 ]  : =  S : - - 0 ;  
i f A - = 0 t h e n b e g i n R  :=  1; S :=  1) : =  0 e n d  

e l s e  
b e g i n  f o r  O : :  1 s t e p  1 u n t i l  N d o  

b e g i n R  : = R X Q ;  S : = S +  1 /Qend;  D : = / ~ / A "  

e n d  ; 
R : =  I/R; K : =  X X X / - t ;  t:' : =  K T N ;  7' :=  In i K  -- 

1.15143132986 ~ l ;  
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~70 EI~ENVECTDRS BY GAUSSIAN ELIM, 11-65(6681 

SymMETRIC-B~sECTION,INV,ITN, BIT 196~(I2~) 

DETERMINANTS 
~69 DETERMINANT BY GAUSSIAN ELIM. 11-65(6681 

SIMULTANEOUS LINEAR EQUATIONS 
135 OROOT ~ITH E Q U I L I ~  11-62 i '55B) ,11-62(557) ,  
135 7.6g(~211,2-65(10~) 

LEAST SoJARES SoLuTION NUN.MATH,VT(2?I) 
GAUSSIAN ELIMINATION. BIT 1965(6a) 
ELI~,~IT4 ~EIGHTED ROW COMB, NUM.MATH,VTCB~I) 

Gt 
G1 CALCULATIONS ON STATISTICAL OATA 

TAIL AREA PROB,FOR 2X2 TABLE C 0 ~ - ~ 9 ( 5 6 )  

BS RANDOM NUMBER GENERATORS 
65 121 RANDOM N O R M A L ~  9"62(~821,9-65(5561 
GS 2DO RANDOM NORMAL 8"63(44~) ,9 -65{555)  
G5 266 PSEuDO-RANDOM NUMBERS 10"65(6051 
G5 267 RANDOM ~)RMAL DEVIATES I0"65(606) 

G6 
G6 202 PERMUTATION; ER~UTATIONS ANO COMB .i_:~TION S 

9 " 6 3 ( 5 1 7 ) , 9 = 6 5 ( 5 5 6 )  
G6 235 RANOOH PERMUTATION 7=6~(~201~?.65(g~51 
G6 250 INVERSE PERMUTATION 2 " 5 5 ( 1 0 a ) , 1 1 - 6 5 ( 6 7 0 )  

H O~ERAT-~-----.-J- ONS RESEARCH, GRAPH STRdCTURES 
H 119 PERT NETWORK 8.8-~-~-~,.-~-~.~-~65(330) 
N 2~8 NETFLO~ 2-65(103) 
H 25B TRANSPORT 6"65(381),?-65(~5) 
N *253 INTEGER PRDGRAMMING-GOMORTI I0"65(6011 
H MINIMAL SPANNING TREE COMpI, BULL,VB(6T)~ 
N VB(IOQ)~VB(I~T)~V~(18) 
H SIMPLEX ~ETHOD 81T 1Q6a(I9~) 

15 INPUT - COMPOSITE 
I5 299 OUTREA~ ~ 2-65(10g) 

L2 COMPILING 
L2 265 FIND PRECEDENCE FUNCTIONS 10-65(6041 

W1 SORTING 
~l 2aS TREESORT 3 12"6~(701) ,7 -65(~g5)  
~1 271 QUICKERSORT 1 1 " 6 5 ( 6 6 9 )  
WI SORTING 3F INTEGERS COMP,BULL,VO(631 

02 
G2 

SIMULATION OF COMPUTING STRUCTURE 
EVALUATION OF FCNAL EXPRESSION BIT 1965(1371 

R2 SYMBOL MANIPULATION 
R2 268 ALGOL 60 REF.LANG,EDITOR 11"65(667) 

S 
S 
S 
SIS 272 NORMAL DISTRIBUTION FUNCTION 
S16 259 LEBENORE FUNCTION 
S17 21 BESSEL FjNCTIDN 
$17 124 MANKEL FJNCTIDN 
$17 236 BESSEL FCNS OF FIRST KIND 
$21 ELLIPTIC INTEGRALS-KINbS 1,2,3 
S21 VF(353) 
$21 JACB~IAN ELLIPTIC FUNCTIONS 
$22 RIEMANN ZETA FUNCTION 
$23 23Q POISSON-CHARLIER POLYNOMIALS 

A~PRDXIqATION OF SPECIAL FUNCTIONS~jj. 
FUNCIOT~'~-ARE CLASSIFIED SOl TD 522, ~OLLO~ING 

FLETCHER-MILLER=RDSENHEAD, INDEX DF MATH. TABLES 
1 2 " 6 5 [ 7 8 9 )  
8-65(ggB) 
11"60(600),g-65(219) 
9-62(~831,12-65(790) 
B-6a(479)m2-65(1051 
NUM.HATR.V7(851, 

NUH,HATH,VI(B9) 
BIT 1965(I~I) 
?'64(g20)p2"65(105) 

Z ALL OTHERS 
Z 2a6 GRAYCODE 12-Og(701),6-65(3BZ) 
Z 252 VECTOR C~dPLING COEFFICIENTS 4-65(217) 
Z 260 6=J SYMBOLS B-65(~921 
Z 261 9"d SYMBOLS B-65(~921 
Z GRADER PROGRAM CACH 5 - 6 5 ( 2 7 7 )  
Z CALCULATION OF EASTER COMP,BULL,V9(IB) 

* THE NUMBERS 263 AND 26g MERE EACH INADVERTENTLY ASSIGNED 
TO TNO A~GORIT4MS. ~HEN GIVING REFERENCES TO THESE 
ALGORITHMS~ PLEASE BE CAREFUL TO DO SO UNAMBIGUOUSLY, 

K . . . .  h,mn" ~1 B1 B8 eta is the key to the underlined Modified Share Classification heading each group of algorithms" 2d column: r u n >~ ' of ey--ts~ ~ . . . . . . . . .  z , , , • . . . • •, . the al~orlt}zm in C ~CM" 3d column: trtle of algorithm; 4th eolumn: month, year and page (in patens} in CACM, or leferenee elsewhere. This index sup- 
pie~'~e~ts the previ~us|ypublished indexes: Index by Subject to Algorithms, 1960~1963 [CAC~I 7 (Liar. 1964), 146 -]49], and 1964 [CACM 7 (l)ee. 1964), 7031. 
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!i / 

f / 

e o t u m e n t  T h e  ltLst c0ns t a l a t  is 2 X gamma, E u l e r ' s  c o n s t a n t ;  

f o v Q : = 0 ,  Q + l w h i l e Q - ~ N V L ~  H [ 2 l d o  

b e g i n  L : =  H [ 2 ] ;  HE1] : =  H[ I ]  + A X I t ;  

HE2] : =  HE2] + A X (RX ( T - S )  - ( i f q < N  t h e n  D / P  e l s e  0 ) ) ;  

A : =  A × K / ( Q + I ) ;  R : =  - R / ( Q + N + I ) ;  

S : =  S + 1 / ( Q + 1 )  + ] / ( Q + N + I ) ;  

Y o l u m e  8 / N u m b e r  12 / D e c e m b e r ,  1965 

i f Q +  1 < N t h e n D  : =  D / ( N - Q - 1 ) ;  
e n d ;  

P : =  ( X / 2 )  1" N ;  HEll : =  H[ I ]  X P ;  HE2] : =  0 .318309886184 

X HI2] X P; 
c o m m e n t  T h e  m u l t i p i i c a t i v e  c o n s t ~ n t  is 1 / P i ;  

exig : 

e n d  H A N K E L  

C o m m u n i c a t i o n s  o f  t h e  A ( ] ~ [  791 


