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ALGORITHM 112 
POSITION OF POINT RELATIVE TO POLYGON 
M. SHIMRAT 
University of Alberta, Calgary, Alberta, Canada 

B o o l e a n  p r o c e d u r e  P O I N T  I N  POLYGON (n, x, y, xO, y0);  
v a l u e  n,  x0, y0; i n t e g e r  n ;  a r r a y  x, y; r e a l  x0, y0; 
c o m m e n t  if t h e  p o i n t s  (x[i], y[i]) (i = 1, 2 , - . .  , n)  a r e - - i n  

t h i s  cyclic o r d e r - - t h e  ve r t i c e s  of a s imp le  c losed  p o l y g o n  a n d  
(x0, y0) is a p o i n t  n o t  on a n y  s ide of t h e  po lygon ,  t h e n  t h e  pro-  
cedure  d e t e r m i n e s ,  b y  s e t t i n g  " p o i n t  in  p o l y g o n "  to  t r u e ,  
w h e t h e r  (x0, y0) l ies in  t h e  i n t e r i o r  of t h e  p o l y g o n ;  

b e g i n  i n t e g e r  i ;  B o o l e a n  b; 
x [ n + l ]  : = x [ 1 ] ;  y [ n + l ] : = y [ 1 ] ;  b : = t r u e ;  
f o r  i i=  1 s t e p  1 u n t i l  n d o  

i f ( y < y [ i ]  ~ y > y [ i + l ] )  h 
xO -- x[i] -- (yO -- y[i]) X (x[i + 1] -- z[i])/(y[i + 1] -- y[i]) < 0  

t h e n  b :=  --1 b; 
P O I N T  I N  POLYGON := ~ b; 

e n d  I~OINT I N  P O L Y G O N  

ALGORITHM 113 
TREESORT 
ROBERT W. FLOYD 
Computer Associates, Inc., Woburn, Mass. 

p r o c e d u r e  T R E E S O R T  (UNSORTED,  n, SORTED,  k);  v a l u e  
n ,  k; 

i n t e g e r  n,  k; a r r a y  UNSORTED,  SORTED;  
c o m m e n t  T R E E S O R T  so r t s  t h e  s m M l e s t  k e l e m e n t s  of t h e  n -  

c o m p o n e n t  a r r a y  UNSORTED i n t o  t h e  k - c o m p o n e n t  a r r a y  
SORTED ( the  two  a r r a y s  m a y  be t h e  s a m e ) .  T h e  n u m b e r  of 
o p e r a t i o n s  is on t h e  o rder  of 2 X n + k X log2(n).  T h e  n u m b e r  
of a u x i l i a r y  s t o r a g e  cells r e q u i r e d  is on t h e  o rder  of 2 X n .  I t  is 
a s s u m e d  t h a t  p r o c e d u r e s  a re  ava i l ab l e  for  f ind ing  t h e  m i n i m u m  
of two  q u a n t i t i e s ,  for  p a c k i n g  one real  n u m b e r  a n d  one i n t e g e r  
in to  a word ,  a n d  for o b t a i n i n g  t h e  le f t  a n d  r igh t  ha l f  of a packed  
word .  T h e  v a l u e  of i n f in i ty  is a s s u m e d  to be l a rge r  t h a n  t h a t  of 
a n y  e l e m e n t  of UNSORTED;  

b e g i n  i n t e g e r  i ,  j ;  a r r a y  re [ l :2  X n --  l ] ;  
f o r  i :=  1 s t e p  1 u n t i l  n d o  m[n  + i - 1] : =  pack (UNSORTED 

[ i ] , n + i -  1); 
f o r  i :=  n - 1 s t e p  - 1 u n t i l  1 d o  mill : =  min imum (m[2 X i], 

m[2 × i + 1]); 
f o r  j :=  1 s t e p  1 u n t i l k  d o  

b e g i n  SORTED b'] :=  left half (m[1]); i : =  right half (m[1]); 
m[i] := i n f in i ty ;  

f o r  i : =  i + 2 w h i l e  i > 0 d o  re[i] :=  min imum (m[2 X i], m[2 X 
i + 1]) 

e n d  
e n d  T R E E S O R T  

ALGORITHM 114 
GENERATION OF PARTITIONS WITH CON- 

STRAINTS 
FRANK STOCKMAL 
System Development Corp., Santa Monica, Calif. 

p r o c e d u r e  CP G E N E R A T O R  (N, K ,  H, p, F, Z) ;  i n t e g e r  
N,  K,  H;  i n t e g e r  a r r a y  p;  B o o l e a n  F, Z; 

c o m m e n t  CP G E N E R A T O R  g e n e r a t e s  a p a r t i t i o n  of N i n to  K 
p a r t s ,  no  p a r t  g r e a t e r  t h a n  H.  E a c h  p a r t i t i o n  is r e p r e s e n t e d  b y  
t h e  a r r a y  of p a r t s  p[1] t h r u  p[K], where  p[1] => p[2] >= • - • >= p[K]. 
I n i t i a l  e n t r y  is m a d e  w i t h  F = t r u e  a n d  Z = t r u e  if p a r t s  = 0 
are  a l lowable ,  or F = t r u e  a n d  Z = f a l s e  if on ly  n o n z e r o  p a r t s  
a re  des i red .  U p o n  in i t i a l  e n t r y ,  p r o c e d u r e  ignores  t h e  i n p u t  
a r r a y  p, se t s  F = f a l s e ,  a n d  g e n e r a t e s  t h e  in i t i a l  p a r t i -  
t ion .  S u b s e q u e n t  cal ls  m a d e  w i t h  F = f a l s e  will c a u s e  
p r o c e d u r e  to  o p e r a t e  u p o n  t h e  i n p u t  p a r t i t i o n  to  p r o d u c e  
a n o t h e r  p a r t i t i o n  if one ex i s t s ,  so t h a t  all poss ib le  u n p e r m u t e d  
p a r t i t i o n s  w i t h  t h e  specif ied c o n s t r a i n t s  will be  p r o d u c e d  if CP 
G E N E R A T O R  is a l lowed to ope ra t e  u p o n  i t s  p r e v i o u s  o u t p u t .  
W h e n  t h i s  s c h e m e  is fol lowed,  a n d  in i t i a l  e n t r y  is m a d e  w i t h  
F = t r u e ,  Z = t r u e ,  K = N,  H = N,  all  poss ib le  u n -  
p e r m u t e d  p a r t i t i o n s  of N will be  p r o d u c e d .  U p o n  g e n e r a t i n g  
t h e  l a s t  p a r t i t i o n ,  p r o c e d u r e  r e se t s  F to  t r u e .  T h e  i n p u t  p a r a m -  
e t e r s  a re  r e s t r i c t e d  as fo l lows:  K => 1, H => 1, p[1] ~ p[2] 

• .. >= p[K]. F o r  Z = t r u e ,  N is  r e s t r i c t e d  to  t h e  r a n g e  
ON N N KH ,  and for Z = f a l s e ,  K =< N ~ KH .  A call should 
n o t  be m a d e  w i t h  p[1] - p[K] < 2 a n d  F = f a l s e ;  

b e g i n  i n t e g e r  a, b, i,  ], q, r; 
i f  F t h e n  go  t o  first; 
a :=  p[1] - p[2] -- 2; j :=  2; 

test: i f  p[1] - p[j] >= 2 t h e n  go  t o  divide; 
a := a -- l + j X ( p ~ ' ] - - p b ' + l ] ) ;  j : = j + l ;  go t o  test; 

first: i f Z  t h e n  go  t o  alpha; 
a : =  N - K ;  p[K] :=  0; go  t o  beta; 

alpha: a :=  N ;  p[K] :=  - 1 ;  
beta: F :=  f a l s e ;  j : =  K ;  
divide: b : = H - -  1 - - p [ ] ] ;  q : =  entier (a/b); r := a -- b N q; 

f o r  i :=  1 s t e p  1 u n t i l  q d o  p[i] := H; 
i f  q = K t h e n  go  t o  last; 
f o r / : =  q + 1 s t e p  1 u n t i l  ] d o  p[i] :=  1 + p[j];  
p[q + 1] :=  r + p[q + 1]; 
i f  p[1] - p[K] >= 2 t h e n  go  t o  exit; 

last: F :=  t r u e ;  
exit: e n d  C P  G E N E R A T O R  

ALGORITHM 115 
PERM 
H .  F .  T R O T T E R  

Princeton University, Princeton, N. J. 

p r o c e d u r e  P E R M  (x, n ) ;  v a l u e  n ;  
i n t e g e r  n ;  a r r a y  x;  
c o m m e n t  T h i s  a l g o r i t h m  was  i n s p i r e d  b y  t h e  p r o c e d u r e  

P E R M U T E  of P e c k  a n d  S c h r a c k  ( A l g o r i t h m  86, Comm. A C M  
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Apr .  1962) a n d  p e r f o r m s  t h e  s a m e  func t i on .  E a c h  call of P E R M  
c h a n g e s  t h e  o rder  of t h e  f irst  n c o m p o n e n t s  of x, a n d  nl succes -  
s ive  cal ls  will g e n e r a t e  all n! p e r m u t a t i o n s .  A non loca l  B o o l e a n  
v a r i a b l e  ~rs t '  is a s s u m e d ,  w h i c h  m u s t  be  t r u e  w h e n  P E R M  is 
f irst  cal led,  to  cause  p rope r  i n i t i a l i za t i on .  T h e  f irst  call of P E R M  
m a k e s  ~rs t '  f a l s e ,  and  i t  r e m a i n s  so (un less  c h a n g e d  b y  t h e  
e x t e r n a l  p r o g r a m )  u n t i l  t h e  exi t  f r o m  t h e  (n! ) th  call  of P E R M .  
At  t h a t  t i m e  x is r e s t o r e d  to i t s  or ig ina l  order  a n d  ~rs t '  is m a d e  
t r u e .  

T h e  excuse  for  a d d i n g  P E R M  to  t h e  g rowing  pile of p e r m u t a -  
t i on  g e n e r a t o r s  is t h a t ,  a t  t h e  expense  of some  e x t r a  o w n  s to rage ,  
i t  cu t s  t h e  m a n i p u l a t i o n  of x to  t h e  t heo re t i c a l  m i n i m u m  of n! 
t r a n s p o s i t i o n s ,  and  a p p e a r s  to  offer an  a d v a n t a g e  in speed .  I t  
also h a s  t h e  (p robab l y  use less )  p r o p e r t y  t h a t  t h e  p e r m u t a t i o n s  
i t  g e n e r a t e s  a re  a l t e r n a t e l y  odd a n d  even ;  

b e g i n  o w n  i n t e g e r  a r r a y  p, d[2: h i ;  i n t e g e r  k, q; r e a l  t; 
i f  f irs t  t h e n  ini t ial ize:  
b e g i n  f o r  k :=  2 s t e p  1 u n t i l  n d o  

b e g i n  p[k] :=  0; d[k] : =  1 e n d ;  
f i rs t  :=  f a l s e  

e n d  in i t i a l i ze ;  
k : = 0 ;  
I N D E X :  p[n] : =  q : =  pin] + d[n]; 

i f  q = n t h e n  
b e g i n  din] := - -1 ;  go  t o  L OOP  e n d ;  
i f q  # 0 t h e n  go  t o  T R A N S P O S E ;  
d[n] := 1; k : =  k + 1; 
LOOP: i f  n > 2 t h e n  heg i r a  

c o m m e n t  N o t e  t h a t  n was  cal led by  v a l u e ;  
n :=  n - 1; go  t o  I N D E X  e n d  LOOP;  

Final  exit: q : =  1; f i rs t  : =  t r u e ;  
T R A N S P O S E :  q : =  q + /c; t : =  x[q]; 

x[q] : =  x[q + 1]; x[q + 1] : =  t 
e n d  P E R M  ; 

ALGORITHM 116 
COMPLEX DIVISION 
R O B E R T  L .  SMITH 

Stanford University, Stanford, Calif. 

p r o c e d u r e  complexdiv (a, b, c, d) r e su l t s :  (e, f ) ;  
v a | u e a ,  b, c , d ;  r e a l a ,  b, c , d ;  
c o ] n m c n t  complexdiv yie lds  t h e  compl ex  q u o t i e n t  of a + ib 

d iv ided  by  c -4- id. T h e  m e t h o d  u sed  he re  t e n d s  to avo id  a r i t h -  
me t i c  overf low or under f low.  Such  spi l ls  cou ld  o the rwi se  occur  
w h e n  s q u a r i n g  t h e  c o m p o n e n t  p a r t s  of t h e  d e n o m i n a t o r  if t h e  
u s u a l  m e t h o d  were u s e d ;  

b e g i n  r e a l  r, den; 
i f  abs (c) => abs (d) t h e n  
b e g i n  r := d/c;  

den := c + r X d; 
e :=  (a + b X r ) /den;  
f :=  (b - a X r) /den;  

e n d  
e ] se  
b e g i n  r :=  c/d; 

den :=  d +  r X c; 
e :=  (a X r + b)/den;  
f :=  (b X r -- a) /den;  

e n d  
e n d  c o m p l e x d i v  

ALGORITHM 117 
MAGIC SQUARE (EVEN ORDER) 
D .  M .  COLLISON 

Elliott Brothers (London) Limited, Borehamwood, Herts., 
England 

p r o c e d u r e  magiceven (n, x ) ;  v a l u e  n ;  i n t e g e r  a r r a y  x; i n -  
t e g e r  n ;  

c o m m e n t  t h e  m e t h o d  of D e v e d e c  for e v e n  n is de sc r ibed  in  
" M a t h e m a t i c a l  R e c r e a t i o n s "  by  M.  K r a i t e h i k ,  pp .  150-2. E n t e r  
w i t h  s ide  of s q u a r e  n to  p r o d u c e  a mag i c  s q u a r e  of t h e  i n t eg e r s  
1 -  n T 2 i n x ,  w h e r e n > =  4; 

b e g i n  i n t e g e r  a, b, n2,  n n ;  B o o L e a n  p, q, r ;  
n 2 : = n +  2; n n : = n X n ;  
b e g i n  

p r o c e d u r e  alpha (p, q, a, h);  v a l u e  p, q, a, h; i n t e g e r  p, q, a;  
B o o l e a n  h ; 

C o m m e n t  p a t t e r n  0 / 0 / 0 /  . . .  ; 
b e g i n  i n t e g e r  r ;  

f o r  r :=  p s t e p  1 u n t i l  q d o  b e g i n  
x[r ,a]  :=  i f h t h e n  (a X n - -  n + r) e l s e  (nn - a X n + 
1 + n - -  r ) ;  h :=  - n h e n d ;  

e n d  alpha; 
p r o c e d u r e  beta (p, q, a, h);  v a l u e  p, q, a, h;  i n t e g e r  p, q, a ;  

B o o l e a n  h;  
c o ~ n m c n t  p a t t e r n  1 - 1 -- 1 . . . .  ; 

b e g i n  i n t e g e r  r;  
f o r  r :=  p s t e p  1 u n t i l  q d o  b e g i n  

x[r,a] : = i f h t h e n  [ n n - - a X  n + r )  e l s e  (a X n + 1 -- r ) ;  
h :=  -7 h e n d ;  

e n d  beta; 
p r o c e d u r e  gamma (p, q, a, h) ;  v a l u e  p, q, a, h;  i n t e g e r  p, q, a; 

B o o l e a n  h;  
c o m m e n t  p a t t e r n / - / - - /  . . . .  ; 

b e g i n  i n t e g e r  r ;  
f o r  r :=  p s t e p  1 u n t i ]  q d o  b e g i n  

x[r, a] :=  i f h t h e n  (nn -- a X n + n - -  r + 1) e l s e  ( a X  n 
+ 1 -- r ) ;  h :=  -1 h e n d ;  

e n d  g a m m a ;  
c o m m e n t  p r o g r a m  beg in s ;  
p :=  q :=  (n - (n + 4) X 4 = 0) ; r :=  t r u e ;  
f o r  a :=  1 s t e p  1 u n t i l  (n2 - 1) d o  b e g i n  

beta (1, a - -  1, a , r ) ;  alpha (a, n 2 - -  1, a, t r u e ) ;  
x[n2, a] :=  i f q t h e n  (nn -- a X n + n2 + 1) e l s e  (nn  - a X 

n + n2) ;  
alpha (n2 + 1, n ,  a, ~ q); 

q :=  -1 q; r :=  -7 r e n d ;  
alpha (1, n2 - 1, n2,  -1 p) ;  alpha (n2 + 2, n ,  n2,  f a l s e ) ;  
g a m m a ( 1 , n 2 - 1 ,  n 2 +  l , p ) ;  g a m m a ( n 2 + 2 ,  n, n 2 +  l ,  t r u e ) ;  
q :=  p;  r :=  t r u e ;  
f o r a  :=  ( n 2 +  2) s t e p  l u n t i l  n d o  b e g i n  

beta (1, n -- a, a, q); x[n - a + l ,  a] := a X n - a + l ;  
beta (n -- a + 2, n2 - 1, a, t r u e ) ;  
i f  r t h e n  f o r  b := n2,  n2 + 1 d o x [ b , a ]  :=  n n  - a X n + 

n - - b + l  
e l s e  b e g i n  x[n2, a] := nn  -- a X n + n2;  

x [ n 2 +  1, a] :=  a X  n - -  n 2 +  1 e n d ;  
beta (n2 + 2, a - -  1, a , - 7  r ) ;  alpha ( a , n , a ,  t r u e ) ;  
q :=  -7 q; r :=  -n r e n d ;  

f o r a : =  n2,  n 2 +  l d o f o r b  := n2, n 2 + l  d o  
x[b,a] :=  i f p t h e n  (a X n -- n +  b) e l s e  ( n n - -  a X n + n -- 

b + l ) ;  
i f  -n p t h e n  b e g i n  

f o r a : =  n2, n 2 + l d o x [ n 2 - -  1,a]  : = a X n - - n 2 + 2 ;  
f o r b : = n 2 ,  n 2 + l d o x [ b ,  n 2 + 2 ] : = n X n 2 - - 2 X n + b e n d ;  

e n d  e n d  m a g i c e v e n  

C o m m u n i c a t i o n s  o f  t h e  A C M  435 



ALGORITHM llS 
MAGIC SQUARE (ODD ORDER) 
D. M. COLLISON 
Elliott Brothers (London) Limited, Borehamwood, Herts., 

England 
p r o c e d u r e  magicodd  (n, x);  v a l u e  n;  i n t e g e r  n ;  i n t e g e r  

a r r a y  x;  
c o m m e n t  for  g iven  s ide n t h e  p r o c e d u r e  g e n e r a t e s  a mag i c  

s q u a r e  of t h e  i n t ege r s  1 - n T 2. F o r  t h e  m e t h o d  of De  la 
LoubSre ,  see M.  K r a i t c h i k ,  " M a t h e m a t i c a l  R e c r e a t i o n s , "  p. 
149. n m u s t  be odd a n d  n => 3; 

b e g i n  i n t e g e r  i ,  j ,  k; 
f o r  i :=  1 s t e p  1 u n t i l  n d o  

f o r  j :=  1 s t e p  1 u n t i l  n d o  x[i,  j] : =  O; 
i : =  ( n + l ) + 2 ;  j : = n ;  
f o r  k :=  1 s t e p  1 u n t i l n  X n d o  b e g i n  

i f x [ i , j ] # O t h e n b e g i n i : = i - -  1; j : = j - -  2; 
i f /  < l t h e n i  :=  i + n ;  i f j  < 1 t h e n j  :=  j + n e n d ;  

x[i ,  j] :=  k; 
i : = i + l ;  i f i > n t h e n i : = i - - n ;  
j :=  j +  l ;  i f j  > n t h e n j  :=  j - -  n ;  
e n d ;  

e n d  n m g i c o d d  

A L G O R I T I - I M  119  

E V A L U A T I O N  O F  A P E R T  N E T W O R K  

B U R T O N  EISENMAN AND M A R T I N  SHAPIRO 

U n i t e d  N u c l e a r  C o r p . ,  W h i t e  P l a i n s ,  N .  Y .  

p r o c e d u r e  per t  (nmax ,  i ,  j ,  te, st,  emax,  l, es, a t ) ;  
c o m m e n t  An  a l g o r i t h m  d e s c r i b i n g  an  i t e r a t i v e  p r o c e d u r e  for 

e v a l u a t i n g  a P E R T '  n e t w o r k  t h a t  p e r m i t s  t h e  use  of a r b i t r a r i l y  
o rdered  a c t i v i t i e s  a n d  e v e n t  iden t i f i e r s  s u c h  t h a t  an  u p p e r  
t r i a n g u l a r  m a t r i x  t y p e  of so l u t i on  is u n n e c e s s a r y .  

I t  h a s  been  o b s e r v e d  by  i n v e s t i g a t i o n s  of P E R T  n e t w o r k s ,  
t h a t  an  N X N m a t r i x  whose  rows are  d e s i g n a t e d  as p r edeces so r  
a n d  whose  c o l u m n s  are  d e s i g n a t e d  as s u c c e s s o r  e v e n t s ,  ha s  an  
e n t r y  in t he  (i, j ) . -e lement  r e p r e s e n t i n g  t h e  a c t i v i t y  t i m e  re- 
qu i r ed  in go ing  f rom e v e n t  i to e v e n t  j. By  e l e m e n t a r y  t r a n s f o r -  
m a t i o n s ,  t h e  m a t r i x  is t r a n s f o r m e d  gene ra l l y  in to  an  u p p e r  
t r i a n g u l a r  m a t r i x .  T h e  r e s u l t a n t  u p p e r  t r i a n g u l a r  m a t r i x  is well 
o rdered  (i.e. a n y  a c t i v i t y  t i m e  a p p e a r i n g  in a c o l u m n  is n o t  
d e p e n d e n t  u p o n  t h o s e  a c t i v i t y  t i m e s  w h i c h  a p p e a r  in c o l u m n s  
to  t he  r i gh t  of i t ) .  

T h i s  p rec i se  m a n i p u l a t i o n  gene ra l l y  d e m a n d s  cons ide rab l e  
r u n n i n g  t ime .  B y  d i rec t  e v a l u a t i o n  n o t  r e q u i r i n g  a co l lec t ion  of 
e l e m e n t a r y  t r a n s f o r m a t i o n s ,  i t  is poss ib le  to e v a l u a t e  t h e  ne t -  
work  w i t h  cons ide rab l e  r e d u c t i o n  of r u n n i n g  t i m e ;  

i n t e g e r  n m a x ,  emax;  
r e a l  st; 
i n t e g e r  a r r a y  i ,  j ,  l; 
r e a l  a r r a y  it ,  cs, at; 
c o m m e n t  G i v e n  t h e  to t a l  m n n b e r  of ac t iv i t i e s ,  n m a x ,  t h e  pre -  

ced ing  and  s u c c e e d i n g  e v e n t  ident i f ie rs ,  in a n d  i n ,  t h e  cor-  
r e s p o n d i n g  expec ted  t ime ,  re, for  e ach  a c t i v i t y ,  a n d  t he  s t a r t i n g  
t ime ,  st, of t h e  n e t w o r k ,  t h i s  p r o c e d u r e  con l pu t e s  t h e  ea r l y  s t a r t  
and  la te  f in ish  t imes ,  es~ a n d  a L ,  for  e ach  e v e n t ,  l , ,  in t h e  ne t -  
work ;  

b e g i n  
p r o e e d t t r e  scan (e, t, l);  
i n t e g e r  c, t; 
i n t e g e r  a r r a y  l; 
c o m m e n t  G i v e n  t h e  n u m b e r  of e v e n t s ,  e - l ,  c o n t a i n e d  t h u s  fa r  

in v e c t o r  a r r ay ,  l, a n d  an  e v e n t  ident i f ie r  i,~ or  Jn,  s t o r e d  in t, 

t h i s  p r o c e d u r e  s c a n s  t h e  ex i s t i ng  a r r ay ,  l, to d e t e r m i n e  w h e t h e r  
t h e  e v e n t  s h o u l d  be added  to t h e  l i s t  or  no t .  If  i t  is to  be a d d e d ,  
i t  b ecomes  l, a n d  e rep laces  t h e  e v e n t  ident i f ier .  I f  i t  is n o t  
added ,  k r ep laces  t he  e v e n t  ident i f ier .  ; 

b e g i n  
i n t e g e r  k ; 

i f  e = 1 t h e n  go  t o  add; 
f o r  k :=  e- -1  s t e p  --1 u n t i l  1 d o  

b e g i n  i f  t = l[k] t h e n  
b e g i n  t :=  k; 

go  t o  out  
e n d  
e n d ;  
add: l[c] :=  l; 

l : = e ;  
e : = e + l ;  

out:  
e n d  scan; 

i n t e g e r  n,  e, s, l, k; 
r e a l  a, x;  

e : = l ;  
f o r  n :=  1 s t e p  1 u n t i l  n m a x  d o  

b e g i n  t :=  /[n];  
scan  (e, t, /);  
j[n] :=  t; 
t :=  i[n];  
scan (e, t, /);  
i[n] :=  t 

e n d ;  

c o m m e n t  B y  m e a n s  of t h e  swi t ch ,  s, we will e i t he r  c o m p u t e  t h e  
a c t i v i t y  t i m e s ,  a G ,  a n d  t r a n s f e r  t h e  v a l u e s  to  t h e  e a r l y  s t a r t  
vec to r ,  es~,  or we will c o m p u t e  a L  w i t h o u t  a n y  t r a n s f e r  p roces s ,  
in w h i c h  case  t h e  l a t e  f in ish  t i m e s  will be o b t a i n e d .  ; 
emax  :=  e -- 1; 

s l :  

s2: 
b e g i n  
b e g i n  
bl :  

b2: 

/1: 
/2: 
e n d  
e n d ;  

b e g i n  
b e g i n  
b e g i n  

s3: 

e n d ;  

e n d ;  

b e g i n  

e n d ;  

s : = l ;  
a :=  st;  
k : = emax;  
f o r  e : =  1 s t e p  I u n t i l  emax  d o  
at[el :=  a;  
f o r  n : =  1 s t e p  1 u n t i l  n m a x  d o  
i f  l[i[n]] > 0 t h e n  
s w i t c h  s :=  bl ,  b2; 
x :=  abs (at[i[n]]) + tc[n]; 
i f x  > abs (at[j[n]]) t h e n  go  t o  /1; 
go  t o  /2; 

x :=  abs (at[i[nl]) -- te[n]; 
i f  x < abs (at[j[n]]) t h e n  
at[j[n]] :=  -- x; 

f o r  e :=  1 s t e p  1 u n t i l  cmax  d o  
i f  lie] < 0 t h e n  
i f  at[el < 0 t h e n  
l[e] :=  abs (/[el); 
k : = k + l ;  
at[el :=  abs (at[el); 
go  t o  13 

go  t o  13 

i f  ariel > 0 t h e n  
l[e] :=  -- /[el; 
k : = k - - 1 ;  
go  t o  13 

go  t o  s3; 
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13: 
e n d ;  

gl :  

b e g i n  

end ;  

b e g i n  

i f  k # 0 t h e n  go  t o  s2; 
s w i t c h  s := g l ,  g2; 
s : = 2 ;  
f o r  n :=  1 s t e p  1 u n t i l  n m a x  do  
t : =  i[n]; 
i[n] :=  j[n]; 
j[n] := t 

a : = 0 ;  
f o r  e :=  1 s t e p  1 u n t i l  e m a x  do  
es[e] := at[el; 
l[e] :=  abs (/tel); 
i f  at[el > a t h e n  

a :=  at[el 
end ;  

go t o  s l ;  
g2: fo r  e :=  1 s t e p  1 n n t i l  emax  do  

l[e] :=  abs (/tel); 
e n d  per t  

A L G O R I T H M  120 
M A T R I X  I N V E R S I O N  I I  
RICHARD GEORGE* 

P a r t i c l e  A c c e l e r a t o r  D i v i s i o n  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  A r g o n n e ,  I l l ino i s  
* Work  s u p p o r t e d  by  the  U. S. Atomic E n e r g y  Commiss ion .  

p r o c e d u r e  I N V E R S I O N  I I  (n ,  a, eps i lon ,  A L A R M ,  del ta);  
c o m m e n t  This  is a revis ion of Algor i thm 58. I t  accompl ishes  in- 

vers ion  of the  ma t r i x  a, w i th  the  resul t  s to red  in m a t r i x  a. The  
order  of the  ma t r i x  is n. I f  in the  process  of calculat ing,  any  
p ivo t  e lement  has  an abso lu te  value less t h a n  eps i lon ,  the re  
will be a j u m p  to the  non-local  label A L A R M .  The  var iab le  delta 
will con ta in  the  value of the  d e t e r m i n a n t  of the  original  ma t r i x  
on normal  exit,  zero or a ve ry  small n u m b e r  on exit to  A L A R M .  ; 

v a l u e  n;  
a r r a y  a; 
r e a l  eps i lon ,  delta; 
i n t e g e r  n ; 
b e g i n  

a r r a y  b, c[ l :n] ;  r e a l  w, y; 
i n t e g e r  a r r a y  z[ l :n] ;  i n t e g e r  i, j, k, l, p;  
delta :=  1.0; 
f o r  j := 1 s t e p  1 u n t i l n  do  

z[j] := j; 
f o r  i :=  1 s t ep  1 u n t i l  n do  

b e g i n  
]C :=  i ;  y := a [ i , i ] ;  l :=  i - -1 ;  p :=  i + 1 ;  
f o r  j :=  p s t e p  1 u n t i l  n do  

b e g i n  
w := a[i, j]; 

i f  a b s (w)  > abs(y )  t h e n  
b e g i n  

]C :=  j;  

y : = w  
e n d ;  

e n d ;  
delta :=  delta X y;  
i f  abs(y )  < e p s i l on  t h e n  go to  A L A R M ;  
y :=  1.0 / y; 
f o r  j :=  1 s t e p  1 u n t i l  n do  

b e g i n  
cf j l  :=  a[y, k]; 

a[L ]C] := a[j, i]; 
ab', i] :=  -- c[j] X y; 
b[j] :=  a[i, j] :=  a[i, ]] X y 

e n d ;  
a[i, i] := y;  
j := z[i]; 
z[i] := z[]c]; 
z[]c] := j ;  
f o r  ]C :=  1 s t e p  1 u n t i l  l, p s t e p  1 u n t i l  n do  

f o r  j := 1 s t e p  l u n t i l l ,  p s t e p  1 u n t i l  n d o  
at]c, j] :=  at]c, j] -- b[j] X e[]C] 

e n d ;  
f o r t  :=  1 s t e p  1 u n t H n d o  

b e g i n  
R E P E A T :  ]C :=  z [i]; 

i f  ]c=i t h e n  go  to  A D V A N C E ;  
f o r  j :=  1 s t e p  1 u n t i l n d o  

b e g i n  
w := a [ i , ] ] ;  
a [i, j] :=  a []C, j]; 
a [ k , j ] : = w  

e n d ;  
p := z [i]; 
z [i] := z []c]; 
z []c] := p; 
delta :=  - delta; 
go t o  R E P E A T ;  

A D V A N C E  : e n d ;  
e n d  

C E R T I F I C A T I O N  O F  A L G O R I T H M  18 
R A T I O N A L  I N T E R P O L A T I O N  B Y  C O N T I N U E D  

F R A C T I O N S  
[R. W .  F l o y d ,  Comm. ACM., Sept .  1960] 

HENRY C. THACHER, JR.* 
Reactor Engineering Div., Argonne National Lab., 

Argonne, Ill. 
* Work supported by the U. S. Atomic Energy Commission 

The body of procedure confr was tested with the ALGOL trans- 
lator system written for the LGP-30 computer by the Dartmouth 
College Computer Center. No syntactical errors were found in the 
procedure body, except for a missing semicolon after the array 
delcarat ion.  The  t r ans l a t ed  a lgor i thm gave sa t i s fac to ry  resul ts  
when tes ted  on values  of (4x + 1)/(x + 4) at  any  three  of the poin ts  
x = 1, 2, 3, 4. When  all four  po in ts  were used,  a division overflow 
occurred in the  s t a t e m e n t  f o r  i :=  1 s t e p  1 u n t i l  j - 1  do  aa :=  
(xx -- x [ i ] ) / ( a a - a [ i ] ) ;  which forms  the  reciprocal  differences. An 
overflow of th is  type  will occur whenever  y~'] is app rox ima ted  to 
high accuracy  by  one of the  con t inued  f rac t ions  based only on the  
poin ts  x[i], i = 1, 2, - • - , k w i th  k less t h a n  j. Unless  i = j - l ,  the  
difficulty m a y  be overcome by  se t t ing  aa equal  to  the  larges t  real 
r ep resen tab le  in the  c o m p u t e r  whenever  division overflow would 
occur.  When  i = j - - l ,  the  difficulty is i r re t r ievable ,  and the  da t a  
po in t s  m u s t  be reordered.  
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CERTIFICATION OF ALGORITHM 19 
BINOMIAL COEFFICIENTS [Richard R. Kenyon, 

Comm. ACM Oct., 1960] 
RICHARD GEORGE* 

Particle Accelerator Die., Argonne National Lab., Ar- 
gonne, Ill. 

* Work supported by the U. S. Atomic Energy Commission. 

This procedure was tested on the LGP-30, using the compiler 
ALGOL-30 from Dar tmouth  College Computat ion Center. The fob 
lowing changes were found necessary: 
(1) Within the eonlnaent ,  the line 

C . ~ I  = ( n  - -  1) C i " / ( i  + 1) 

should  be 

C~+~ = (n  - i ) C v ' / ( i  + 1) 

(2) The line defining the i terat ion loop 
for  i := 0 s t e p  1 u n t i l  b do 

should  be 
for  i := 0 s t e p  1 u n t i l  b - 1  do 

(3) The sequence 
e n d  C := a e n d  

should  be 
e n d ;  C := a e n d  

CERTIFICATION OF ALGORITHM 35 
SIEVE IT. C. Wood, Comm. ACM. Mar. 1961] 
J. S. HILLMORE 
Elliott Bros. (London) Ltd., Borehamwood, Herts., 

England 

The s ta tement  : 
g o  t o  i f  n /p[ i ]  = n ÷ p i l l  t h e n  bl e l se  b2; 

was  changed to the s ta tement :  
go to  i f  (n + p[i]) X pi l l  = n t h e n  bl e l se  b2; 

This avoids any inaccuracy tha t  might  result from introducing 
real ari thmetic into the evaluation of the relation. 

The modified algorithm was successfully run using the El l iot t  
ALGOL transla tor  on the Nat ional-El l iot t  803. 

CERTIFICATION OF ALGORITHM 37 
TELESCOPE 1 [K. A. Brons, Comm. ACM, Mar., 1961] 
HENRY C. THACHER, JR.*  

Reactor Engineering Div., Argonne National Lab., 
Argonne, Ill. 
* Work supported by the U. S. Atomic Energy Commission. 

The body of Te lescope  1 was compiled and tested on the LGP-30 
using the ALGOL 60 t ransla tor  system developed by the Dar tmouth  
College Computer  Center.  No syntact ical  errors were found, and 
the program ran satisfactorily.  The 10th degree polynomial ob- 
tained by t runcat ing the exponential  series was telescoped using 
lira = .1~0 -- 2 and L = 1.0. The result was N = 3, eps = 
.2103005~0 -- 3, and coefficients +.9997892, --.9930727, +.4636493, 
-- .1026781. The error curve for the telescoped polynomial was 
computed for x = 0(.02)1.0. The error extrema were bounded by 
eps  to within 0.5%. ']?he discrepancy is within the range of input  
conversion and round-off error. 

CERTIFICATION OF ALGORITHM 52 
A SET OF TEST MATRICES [J. R. Herndon, Comm. 

ACM, Apr. 1961] 
J.  S. HILLMORE 

Elliott Bros. (London) Ltd., Borehamwood, Herts., 
England 
The algorithm was corrected as recommended by H. E. Gilbert  

in his certification [Comm.  A C M ,  Aug. 1961] and then successfully 
run using the Ell iot t  ALGOL transla tor  on the Nat ional-El l io t t  803. 
The matrices so generated were used to tes t  the matr ix  inversion 
procedure G JR given by H. R. Schwarz in his article " A n  Int ro-  
duction to ALGOL" [Comm. ACM, Feb. 1962]. 

CERTIFICATION OF ALGORITHM 57 
BER OR BEI FUNCTION [John R. Herndon, Comm. 

ACM, Apr. 1961] 
HENRY C. THACHER, JR.* 
Reactor Engineering Die., Argonne National Lab., 

Argonne, Ill. 
* Work suppor ted  by the U. S. Atomic Energy Commission. 

The body of Algori thm 57 was tes ted on the LGP-30 using the 
ALGOL 60 t rans la tor  developed by the Dar tmou th  College Com- 
puter  Center.  No syntact ical  errors were found. For  z = 0.1 (0.1)1.0, 
with a 7+  significant decimal ar i thmetic  routine, the program 
gave results with errors less than  5 (and for z = 1(1)5 less than 12) 
in the seventh digit. For  large values of z, serious cancellation 
errors may occur. For example, for z = 20, more than  2 decimMs 
of significance can be lost in this way. 

REMARK ON ALGORITHM 58 
MATRIX INVERSION [Donald Cohen, Comm. ACM, 

May, 1961] 
GEORGE STRUBLE 

University of Oregon, Eugene, Oregon 
For the last seven lines, beginning with a[k, j] := a[k, i], substi-  

tu te :  
a[k, j] := a[k, j] -- b[j] X c[k] end;  
l : = 0 ;  
back: 1 := l + l ;  
again: k := z[l]; 
i f  k ~ l t h e n  

b e g i n  f o r i  := 1 s t e p  1 u n t i l n d o  
b e g i n  w : =  all, i]; 

al l ,  i] := a[k, i]; 
a[k, i] := w end ;  

z[l] := z[k]; 
z[kl := k; 
go to  again end ;  

e l se  i f  1 # n go to  back 
e n d  invert  

CERTIFICATION OF ALGORITHM 58 
MATRIX INVERSION [Donald Cohen, Comm. ACM, 

May, 1961] 
RICHARD GEORGE* 

Particle Accelerator Die., Argonne National Lab., 
Argonne, Ill. 
* Work supported by the U. S. Atomic Energy Commission. 
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This  procedure was programmed in FORTRAN and reduced to 
machine code mechanical ly .  I t  was run on the Argonne-bui l t  com- 
put ing  machine,  GEORGE. A float ing-point  rout ine  was used which 
allows maximum accuracy to 31 bits .  

There  are a number  of errors of various types:  
(1) There  are eight  b e g i n ' s  and only seven e n d ' s .  
(2) The line 

a[k, j] := a[k, i] -- b[]] X c[k] end ;  

should be 

a[k, ]] := a[k, ]] -- bill X c[k] end ;  

(3) The pe rmuta t ion  of rows of the  inver ted  ma t r ix  and permu- 
t a t ion  of elements of the  integer  array z mus t  be carr ied out  simul- 
taneously.  This  a lgor i thm fails to  do this ,  and consequent ly  the  
mat r ix  at  the  t ime of exit from the procedure is left  in a permuted  
condit ion.  
(4) The  a lgor i thm permits  the  s t a t emen t  

k := z[l]; 

to be executed even though  the  declarat ions  place an upper  l imit  
of n on the  integer  a r ray  z, and the  tes t  for l <= n has not  yet  been 
made. Obviously, Mr. Cohen 's  compiling system would allow an 
out-of-bounds array look-up. One could easily incorporate  in to  an  
ALGOL compiler a guard against  such illicit  ar ray references, and  
therefore the  publ ished a lgor i thm might  be considered machine 
dependent .  
(5) This  a lgor i thm requires 3n 2 divisions, most  of which are un- 
necessary. By inser t ing the s t a t emen t  

y := 1.0/y; 

a t  the  proper  place, one may  accomplish the  obvious economy 
of reducing this  to only n divisions plus 2n 2 nmlt ipl icat ions .  
(6) If a ma t r ix  should be s ingular  (or near ly  so), some pivot  
e lement  will be zero (or very  small),  and a tes t  should be made,  
wi th  provision for a jump to ALARM, a non-local label.  
(7) The identifiers w and y should be declared wi th in  th is  pro- 
cedure, to avoid t rouble.  
(8) This  a lgor i thm omits calculat ion of the  de t e rminan t  of the  
matr ix .  This  could be computed wi th  very l i t t le  extra  effort. 

The revised a lgor i thm was then  tes ted  on the  LGP-30 com- 
puter ,  using ALGOL-30, a small  subset  of ALGOL. Wi th in  the  re- 
s t r ic t ions  of this  subset ,  the  program worked sat isfactor i ly  on tes t  
matr ices.  

C E R T I F I C A T I O N  O F  A L G O R I T H M S  63, 64, 65 

P A R T I T I O N ,  Q U I C K S O R T ,  F I N D  [C. A.  R .  H o a r e ,  

Comm. A C M ,  J u l y  1961.] 

J .  S. HILLMORE 

E l l i o t t  B ros .  ( L o n d o n )  L t d . ,  B o r e h a m w o o d ,  H e r t s . ,  

E n g l a n d  

The body of the  procedure find was corrected to read:  
begin integer  I ,  d'; 
i f  M < N t h e n  b e g i n  partition (A, M, N, I,  d) ;  

i f K  ~ I then f ind  (A, M, J, K) 
e lse  i f J  ~ K thenf ind  (A, I ,  N, K) 
end 

end find 
and  the  t r io  of procedures was then  successfully run  using the  
El l io t t  ALGOL t rans la to r  on the  Nat iona l -E l l io t t  803. 

The  au thor ' s  es t imate  of ½(N--M)ln(N--M) for the  number  of 
exchanges required to sort  a random set was found to be correct.  
However,  the  number  of comparisons was generally less t han  
2(N--M)ln(N--M) even wi thou t  the  modificat ion ment ioned  
below. 

The efficiency of the  procedure quicksort  was increased by 
changing i t s  body to read:  
begin  integer  I, J; 
i f  M < N - 1  t h e n  b e g i n  partition (A, M, N, I,  J ) ;  

quicksort (A, M, o r) ; 
quicksort (A, I,  N) 
end 

else  i f  N--M = 1 t h e n  b e g i n  i f  A[N] < AIM] t h e n  
exchange (A [M], A IN]) 

end 
end quicksort  

This  a l te ra t ion  reduced the  number  of comparisons involved in 
sor t ing  a set of r andom numbers  by  4-5 percent ,  and the  number  
of entr ies  to the  procedure pa r t i t ion  by 25--30 percent .  

C E R T I F I C A T I O N  O F  A L G O R I T H M  71 

P E R M U T A T I O N  [R. R .  C o v e y o u  a n d  J .  G .  S u l l i v a n ,  

Comm. A C M ,  N o v .  1961] 

J. S. HILLMORE 

E l l i o t t  B r o s .  ( L o n d o n )  L t d . ,  B o r e h a m w o o d ,  H e r t s . ,  

E n g l a n d  

The a lgor i thm was successfully run using the  El l io t t  ALGOL 
t rans la to r  on the  Nat iona l -El l io t t  803. The integer  array x was 
made a pa ramete r  of the  procedure in order to avoid hav ing  an 
own array  wi th  var iable  bounds.  

C E R T I F I C A T I O N  O F  A L G O R I T H M  72 

C O M P O S I T I O N  G E N E R A T O R  [L. H e l l e r m a n  a n d  S. 

O g d e n ,  Comm. A C M ,  N o v .  1961] 

D .  M. COLLISON 

E l l i o t t  B r o s .  ( L o n d o n )  L t d . ,  B o r e h a m w o o d ,  H e r t s . ,  

E n g l a n d  

After  
for  ] := 1 s t e p  1 u n t i l  k do  d[]] := e ~ ' ] - l ;  

the  s t a t emen t  
/ : = k ;  

should be inser ted  (see ALGOL 60 report ,  para  4.6.5). Wi th  this  
a l terat ion,  the  a lgor i thm was successfully run  using the  El l io t t  
ALGOl, t r ans la to r  on the  Nat iona l -E l l io t t  803. 

CERTIFICATION OF ALGORITHM 75 
FACTORS [J. E. L. Peck, Comm. ACM, Jan. 1962] 
J .  S. HILLMORE 

E l l i o t t  B r o s .  ( L o n d o n )  L t d . ,  B o r e h a m w o o d ,  H e r t s . ,  

E n g l a n d  

The following changes had  to be made to the  tflgorithm : 
(1) For i f q  > l a p  = 1 t h e n  

put i f q  > 1 h p  = q t h e n  
(2) For begin c := c X a0; a0 := 1 end 

put begin c := c X a[0]; a[0] := 1 end 
(3) For i f q  = 0V (an + q) X q = an t h e n  

put i f  ( i f  q = 0 t h e n  t r u e  e lse  (an + q) X q = an) t h e n  
This  change is necessary to ensure t h a t  the  te rm (an ÷ q) is not  
eva lua ted  when q = 0. 

The  algori thm, thus  modified, was successfully run  using the  
El l io t t  ALGOL t rans la to r  on the  Nat iona l -E l l io t t  803. 
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REMARK ON ALGORITHM 78 
RATIONAL ROOTS OF POLYNOMIALS WITH 

INTEGER COEFFICIENTS [C. Perry, Comm. ACM, 
Feb. 1962] 

D. M. COLHSON 
Elliott Bros. (London) Ltd., Borehamwood, Hefts., 

England 
The algorithm was successfully run using the Ell iot t  ALGOL 

transla tor  on the Nat ional-El l iot t  803. I t  was noticed tha t  
multiple rational root will only be printed once by the procedure. 

REMARK ON ALGORITHM 84 
SIMPSON'S INTEGI~ATION [Paul E. Hennion. Comm. 

ACM, Apr. 1962] 
~ICHARD GEORGE* 

Particle Accelerator Div., Argonne National Lab., 
Argonne, Ill. 
* Work supported by the U. S. Atomic Energy Commission. 

In performing integrat ion by the use of Simpson's rule, it is well 
known tha t  the interval [a, b] must  be divided evenly into n equal 
parts ,  and tha t  i t  is  essential for  n to be an even number .  

In the published algorithm, there is nei ther  a comment  on this 
impor tant  restriction, nor a programmed test  for the par i ty  of n. 
I t  is therefore a potential  t rap for the unwary programmer.  

CERTIFICATION OF ALGORITHM 85 
JACOBI [T. G. Ev:~ns, Comm. ACM, Apr. 1962] 
J .  S. HILLMORE 

Elliott Bros. (London) Ltd., Borehamwood, Herts., 
England 
The s ta tement  

omega := (if m u  = 0.0 t h e n  i e lse  s ign (mu))  
X ( - - V 2 ) / s q r t ( V 2  T 2+ran ~ 2); 

was changed to 
omega := i f  m u  = 0.0 t h e l l  --1.0 e l se  -- s ign (mu) 

X V2 / sqr t  (V2 T 2 + m u  ~ 2); 
When m u  = O, the original s ta tement  reduces to 

omega := - V 2 / s q r t  (V2 ~ 2); 
and a t runcat ion error in the evaluation of the square root can 
make the magnitude of omega slightly greater than unity. As a 
result, an error stop occurs during execution of the next s ta tement  
when an a t t empt  is made to evaluate sqrt (1 -- omega T 2). 

In its modified form the algorithm has been successfully run 
using the Ell iot t  ALGOL translator  on the Nat ional-El l iot t  803. 
Matrices of order up to fifteen have been solved, yielding eigen- 
values and eigenvectors with an overall accuracy of seven decimal 
places. 

CERTIFICATION OF ALGORITHM 86 
PERMUTE [J. E. L. Peck and G. F. Schrock, Comm. 

ACM, Apr. 1962] 
D.  M .  COLLISO~ T 

Elliott Bros. (London) Ltd., Borehamwood, Herts., 
England 
The algorithm was successfully run using the El l iot t  ALGOL 

transla tor  on the Nat ional-El l iot t  803. Values of n used were 0, 1, 
2, 3, 4. 

Contr ibut ions to this depar tment  must  be in the form 
s ta ted in the  Algorithms Depar tmen t  policy s ta tement  
(Communica t ions ,  February,  1960) except tha t  ALGOL 60 
notat ion should be used (see Communica t ions ,  May 1960). 
Contr ibut ions should be sent in duplicate to J. H. Wegstein, 
Computat ion Laboratory,  National  Bureau of Standards,  
Washington 25, D. C. Algorithms should be in the Reference 
form of ALGOL 60 and wri t ten in a style pa t te rned  after  the  
most recent algorithms appearing in this depar tment .  For  
the convenience of the printer ,  please underline words tha t  
are delimiters to appear in boldface type.  

Although each algorithm has been tes ted by its contr ib-  
utor,  no warranty ,  expressed or implied, is made by the  con- 
t r ibutor ,  the editor, or the Association for Comput ing 
Machinery as to the accuracy and functioning of the algo- 
r i thm and related algori thm material ,  and no responsi- 
bi l i ty is assumed by the contr ibutor ,  the editor, or the  
association for Computing Machinery in connection there- 

with. 
The reproduction of algorithms appearing in this depar t -  

ment  is explicitly permi t ted  without  any charge. When re- 
production is for publication purposes,  reference must  be 
made to the algorithm author  and to the Commun ica t i o n s  

issue bearing the algorithm. 

CERTIFICATION OF ALGORITHM 87 
PERMUTATION GENERATOR [John R. Howell, 

Comm. ACM, Apr. 1962] 
D.  M .  COLLISON 
Elliott Bros. (London) Ltd., Borehamwood, Herts., 

England 
The array N was removed from the value list in order tha t  the  

permutat ions  might  be available outside the procedure. The 
Mgorithm was then run successfully with the El l iot t  ALGOL trans-  
lator on the Nat ional-El l io t t  803. I t  was rather  slower than 

Algorithm 86. 

CERTIFICATION OF ALGORITHMS 117 AND 118 
MAGIC SQUARE (ODD AND, EVEN ORDERS) 

[D. M. Collison, Comm. ACM, Aug. 1962] 
D. M. COLLISON 
Elliott Bros. (London) Ltd., Borehamwood, Herts., 

England 
Both algorithms were checked and t imed,  using a special ALGOL 

program, with the El l iot t  ALGOL t rans la tor  on the Nat ional-  
Ell iot t  803. The procedure for odd orders was the slower: 

Procedure Size of Square Time 

Odd order 9 10 sec. 
19 45 see. 

Even order 10 7 see. 
20 23 sec. 

Because of the different methods used and the length of the even 
order procedure it was decided not to combine the two. The 
smallest square of even order generated is given below:--  

13 3 2 16 
8 10 11 5 

12 6 7 9 
1 15 14 4 
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