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Objccfivc 

,\ ~l('w e(litori,~i dcpartme~at called *~Algoritbms" has 
l>{,e~ added t~) tim ('omm~n/c'ati~)ns. This departme~,~ was 
estabtisi~ed publish t g¢)rithms col~sisting of "proce-  
durvs" amt programs i~ {t~e ALGOL l:mguage. ContribuCed 
i~c~s may take one (ff chree possible forms: An 
Al,c,()t,l'r~fsl, C*'.'lcrlFlc ~'rioN of a previously published algo- 
rithm, t{~;.~A~< ~m a previously published algorithm. T h e  
seciio~ will always be headed by a disclaimer a~M a s ta te-  
merci I)ermiitit~g reproductio>. (:ontributi(ms shou (t be 
spi~( Io 

J. tl. WEt;s'rk:~:, 
(?omputa{i(m 1,aboratory 

Natio~ml Bureau of Stm~dards 
Washi~gt(m 25, I),(?, 

i~ should be noted I hnt algorithms i~ ALGOl, may  con- 
{irate (o appear in a<y other department of the ('ore- 

orith m 

, c(mtribul(d Mgori~hm should be in the followi~l,g 

EI~IAL : \ IA ;ORITl lM ~ ' A M E  

)~ 1 MBER* 

:kL'THOR~S EMPIA)YtNG ORGANIZATI ( )N  A N D  

I) I) t ~ fiNS 

A~Sq'~A~T: This is a brief d('scriptio~ of 
the algorithm, a~d lIt/tst be less 
than 20() words i~:l length. T h e  
pro'pose of the algorithm should be 
stated, givi~,g a~euracy, rauges, 
derivatitm or references, tabular  
space requirements, and any o ther  
hlforlltatioti that might help a user. 
The status and method of checkout  
migh¢ atso be givem This abs t r ac t  
should Mways be expressed as a 
c o m m e n t  in ALGOL rlotatioit. 

AL(;oRvritM: The ALGOL language mus t  
be used (see Preiiminaw [{eport- 
lnterlmtiomd Algebraic Language 
Comm~micationa, ACM December ,  
t958). The author shouM use the 
Publication form of ALGOL and  is 

'by Editor. 

requested to write the algorithms 
in a style patterned after the ID.OSt 
recent algorithms appearing in this 
section of the Communications. 

C e r t i f i c a t i o n  

The  successful use of a published algorithm, either by 
maehi lm or hand compilation, enhances its value. There- 
fore, contributions in the fornl of "Certifications" "~re also 
solicited by this dep 'mment ,  i t  is anticipated that  peri- 
odically, perhaps once "t year, an index or catalog of algo- 
r i thms  along with references to all their certifications and 
remarks  will be published. An algorithm in this "l ibratT" 
which includes several certifications assumes a certain 
s ta ture .  

A contributed Certification should be in the following 
form : 

The  word "CI~:~cru,'tCATIOX". 

I D E N T I F I C A T I O N  OF T H E  A L G O R I T H M  B E I N G  C E R T I F I E D .  This 
consists of the year and month of the Communications 
and the serial nulnber of the algorithm, its name, and 
author.  

N A M E ,  E M P L O Y I N G  O R G A N I Z A T I O N  AND ADDRESS OF T H E  

C O N T R I B U T O R  OF T n I s  C E R T I F I C A T I O N .  

CEnT[FICAT[OX: This should be a brief s tatement  of how 
the algorilhm was used, the values of quantities used, 
and results obtained. Information such as the type of 
computer  used and the compiler or compiling method 
used Inay also be helpful. A strong form of certifica- 
t ion is a test, routine or test value generator which 
tests each possible branch of the a.lgorithm. This test, 
in ALGOL, [n'ty t)e included in the certification. 

R e m a r k s  

I t  is anticipated that, a published algorit~hm may con- 
tain an error, may require clarification, or may be modified 
by someone  (e.g., its author).  For these purposes, "re- 
marks"  arc solicited. 

A contributed Remark should be in the following form: 

The  word "REMARK". 

IDI ,~NTIFICATION OF T H E  A L G O R I T H M  :BEING R E M A R K E D  

"UPON. 

N A M E ,  Jd~MPLOYING O R G A N I Z A T I O N  AND ADDRESS OF CON- 

TR[BUTOR OF T H I S  RI~;MARK: 

PtEMARK : This should be limited to 200 words or less, but~ 
in addition, it might include sections in ALGOL nota- 
tion intended for addition to or replacement of sec- 
tions of the algorithm being referred to. 
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Algorithms 
Contributions to this depar tment  must be in the form stated in the Algorithms Depar tment  policy s ta tement  

(Communications, February,  1960). Contributions should be sent to J. H. Wegstein, Computat ion L~boratory,  
National  Bureau of Standards, W'~shingto~t 25, D. C. Algorithms should be in ghe Publicat ion form of ALGOL 
and written in a style patterned after the most recent algorithms appearing in this department.  

Although each algorithm has been tested by its contributor,  no warranty, express or implied, is made by the  
the contributor,  the editor,  or the Association for Computing Machinery as to the accuracy and functioning of 
the algori thm and related algorithm material, and no responsibility is assumed by the contributor,  the editor,  or  
the Association for Computing Machinery in connection therewith.  

Tile reproduction of algorithms appearing in this depar tment  is explicitly permit ted without any charge.  
When reproduction is for publication purposes, reference must be made to the algori thm author  and to the Corn- 
munications issue bearing the algorithm. 

. 

e o m l n e n t  

p r o c e d u r e  

QuadI  : 

L1 

L2 

L3 : 

QUADI 

R .  J .  t t e r b o l d  

N a t i o n a l  B u r e a u  of S t a n d a r d s ,  W a s h i n g t o n  25, D .  C.  

QuadI  is useful when in tegra t ion  of several  func- 
tions of same l imits  a t  same t ime using same 
point  rule is desired. The  in te rva l  (a,b) is di- 
vided into m equal subintervals  for an n-point  
quadra tu re  in tegra t ion ,  p is the number  of func- 
tions to be in tegra ted .  Wk and uk are normal ized 
weights and abscissas respect ively ,  where 
k = l , 2 , 3 , - - . , n ,  uk must  be in ascending order.  
P(B, j )  = : (c) is a procedure which must  be sup- 
plied by the programmer.  I t  evaluates  (c) the  
funct ion (as indicated by j) for B. Ij is the result  
of in tegra t ion  for funct ion j . ;  

QuadI  (a,b,m,n,p,wk,uk,P(B,j)  = :  (c)) = : (Ij)  

b e g i n  

h := ( b - a ) / m  

for j := l (1)p ; Ij := 0 

A := a - - h / 2  

for i :=  l (1)m 

b e g i n  A :--- A + h  

for  k := l(1)n 

b e g i n  B :~ A + ( h / 2 ) X u k  

for  j :=  l(1)p 

b e g i n  P(B,j)  = : (c) 

Ij := Ij+WkXC e n d  L3 

e n d  L1 

for  j :=  1(1)p 

ii  := (h /2 )XI j  

r e t u r n  

i n t e g e r  (j,k,i) 

e n d  QuadI  

; e n d  L2 

2. ROOTFINDER 

J .  W e g s t e i n  

N a t i o n a l  B u r e a u  of S t a n d a r d s ,  W a s h i n g t o n  2 5 ,  ] 

c o m m e n t  This procedure  computes  a va lue  of g ~ -  x 
fying the equa t ion  x = f ( x ) .  The  p r o e e d u r ~  c 
s t a t emen t  gives the funct ion,  an i n i t i a l  ~ P l  
ma t ion  a # 0  to the  root,  and a t, o l e  
pa rama te r  e for de termining the  n u m b e r  c 
nif icant  figures in the  solution.  Th i s  u c c e l ~  
i t e ra t ion  or secant  method  is d e s c r i b e d .  Io 
au thor  in Communications, June ,  1958. ; 

p r o c e d u r e  R o o t ( f ( ) ,  a, e ) = : (g) 
b e g i n  
R o o t  b := a ; c :=  f(b) ; g :=  c 

i f  ( c=a )  ; r e t u r n  
d : =  a ; b : = c  ; e : = c  

Hob:  c :=  f(b) 
g :=  ( d X c - - b X e ) / ( c - - e - b + d )  
i f  (abs((g--b)/g)_-<e) ; r e t u r n  
e : =  c ; d :~  h ; b : =  g ; go  t o I : q [ o k  

e n d  

3. SOLUTION OF POLYNOMIAL EQUATION BY B . & I I ~  

I-[ITCHCOCK METHOD 

A.  A.  G r a u  

O a k  R i d g e  N a t i o n a l  L a b o r a t o r y ,  O a k  R i d g e ,  T ~ n n  

p r o c e d u r e  

B A I R S T O W  

c o m m e n t  

(n, a[ ], eps0, epsl ,  eps2, eps3, K) = : 
(m, x[ l, Y[ ], nat[ ], ex[ ]); 
The Ba i r s tow-Hi tchcoek  i t e ra t ion  is u s e d  
successively pairs of roots of 9, p o I y 1 :  
equa t ion  of degree n wi th  c o e f t i a i ~ i 1  
(i = 0, 1, • - -, n) where a ,  is the  c o n s t a n t  t e r  
exit  from the  procedure,  m is the  n u m b e ~ "  o t  
of roots  found, x [ i ] andy[ i ]  (i = 1, - ' ' ,  ~1~ I 
pair  of real roots if na t [ i ]=1,  the  r ea l  a t - ~ d  : 
nary parts  of a complex pair if n a t [ i ] ~ -  ~ '  
ex[i] indicates  which of the fo l lowing  c ¢ ) ~ <  

74 C o m m u n i c a t i o n s  o f  the  ACM 

i{ 
__  ii 



e l l t ,  
~r y ,  
O L  

t, he 

o f  
o r  

l l  

g e r  

Y 
• g e .  R S T O W  

tep : 

' ,boa 

h i s  a e e ~ i l  : :  
s c r i b e d ; i  : 
t 9 5 8 . ;  

w a s  m e t  to ex i t  f r om t h e  i t e r a t i o n  loop in f inding 
t h i s  p a i r  : 

1. R e m a i n d e r s ,  r l ,  r0, b e c o m e  a b s o l u t e l y  less 
f h a n  e p s l .  

2. C o r r e c t i o n s ,  inc rp ,  inorq,  become  a b s o l u t e l y  
less  t h a n  eps2.  

3. T h e  r a t i o s ,  i n e r p / p ,  i n e r q / q ,  become  ab-  
s o h t e l y  less  t, h a n  eps3. 

4. T h e  l m m b e r  of i t e r a t i o n s  becomes  K .  
I n  t h e  lasts case ,  t he  pa i r  of roo t s  found  is not; 
r e l i a b l e  and  no f a r t h e r  effort  to find a d d i t i o n M  
r o o t s  is m a d e .  T h e  q u a n t i t y  epsO is used  as a 
l o w e r  b o u n d  for t he  d e n o m i n a t o r  in t h e  expres -  
s i o n s  f r o m  w h i c h  inc rp  arid i n c r q  are  found .  ; 

(i, j ,  k, n l ,  n2,  m l )  ; 
(b, c[0 : n + l ] )  ; 
f o r i  : =  0 ( l ) n  ; bi :=  ai 
b,~+l : =  0 ; n2 :=  e n t i r e ( ( n + l ) / 2 )  

n l  : =  2 X n 2  
: for  m l  := 1 ( 1 ) n 2  ; b e g i n  p :=  0 
f o r k  : =  I ( 1 ) K  ; b e g i n  
f o r i  : =  0 (1 )n l  ; el :=  bl 
f o r j  : =  n l - -2 ,  n l - - 4  ; b e g i n  
f o r  i : =  0(1)j  ; b e g i n  
e i + l  : =  ei~l -- p X ei 
ei+~ : =  el+- o --  q X ei e n d  e n d  
r0  : =  e,a ; r l  :=  e , , - ,  
S0 : ~  Cnl-~ ; $1 : =  Cnl-~ 

v0  : =  - - q X s l  ; v l  :=  s 0 -  s l  X p 
d e t 0 : = v l X s 0 - v 0 X s l  
i f  ( a b s ( d e t 0 ) < e p s 0 )  ; b e g i n  

; q : = 0  

nex~ : 

o u t :  

e n d  e n d  

p :=  p + l  ; q :=  q + l  ; go  t o s t e p e n d  
d e t I  :=  s 0 X  r l  - s l  X r0 
det.2 :=  r0 X v l  - v0 X s l  
i n c r p  :=  d e t l / d e t 0  ; i n e r q  :=  d e t 2 / d e t 0  
p :=  p + i n e r p  ; q :=  q + i n c r q  
i f  (abs  (I"0) < eps l )  ; b e g i n  
i f ( a b s  (t'1) < eps l )  ; b e g i n  
exmt :=  1 ; go to  n e x t  e a d  e n d  
i f  (abs  ( incrp)  < eps2)  ; b e g i n  
i f  (abs  ( incrq)  < eps2)  ; b e g i n  
exmt :=  2 ; go  to  n e x t  e n d  e n d  
i f  (abs  ( i ne rp /p )  < eps3)  ; b e g i n  
i f  (abs  ( i ne rq /q )  < eps3)  ; b e g i n  
ex~l  :=  3 ; go to  nex t  e n d  e n d  e n d  
eXm~ : ~  4 

S :=  p /2  ; T :=  S ~--  q 
i f  (T ~ 0) ; b e g i n T  :=  s q r t  (T) 
n a t . ~  :=  1 ; x.,t : =  S + T  

ymt := S - - T  e n d  
i f  (T < 0) ; b e g i n  na t .~  : . . . .  l ; x.,~ :=  S 

y,~l := s q r { ( . - T )  e n d  
i f  (exm~ :=  4) ; g o  to  otlt  
tkw j := 0(I)  (111--2) ; b e g i n  
bj~, :=  b>~ -" p X bj 
bi+.e :=  b i + e -  ( IX bj ; e n d  
nl  :=  n l  - 2 ; i f  (h i  < 1) 
b e g i n  m :=  m l  ; r e t u r n  e n d  
i f  (h i  < 3) ; b e g i n  
ml  :=  m l  + 1 ; ex, , ,  :=  I 
p :=  b,/b0 ; q :=  b:!/b0 
go  t o  n e x t  e n d  

C o r r i g e n d u m  

In the paper "A Technique for Handling Macro Instruc- 
tions" by Irwin D. Greenwald, Communications ACM 2, 
No. 11 (Nov. 1959): 

(1) Use the term SCAT (instead of Sos) in referring to tile 
S:HAaE assembler. Sos is too comprehensive a term. (p. 21, 

2d par.) 
(2) Label the example following (2) as example (2a), 

which reads: 
A L P H A  M1 Q + 20, GAM,  R H 0 ,  Z, OP6 (2a) 

(p. 21, 2d col., line 12). 
(3) Then on p. 22, 1st col., 10th line from bottom, 

"Thus, for example (2a), • • .". 

read: 
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