
ALGORITHM 284 
INTERCHANGE OF TWO BLOCKS OF DATA [K2] 
WILLIAM FLETCHER (Recd. 25 Oct. 1965 and 24 Nov. 

1965) 
Bolt, Beranek and Newman, Inc., Cambridge, Mass. 
and 
ROLAND SILVER 

The Mitre Corp., Bedford, Mass. 

p r o c e d u r e  interchange (a, m, n) ; 
v a l u e  m,  n ;  i n t e g e r  m,  n ;  a r r a y  a;  

c o m m e n t  T h i s  p r o c e d u r e  t r a n s f e r s  t h e  c o n t e n t s  of a l l ]  . .  - aim] 
in to  a [ n + l ]  . . .  a[n+m] while  s i m u l t a n e o u s l y  t r a n s f e r r i n g  t h e  
c o n t e n t s  of a[m + 1] . . .  a i m  + n] in to  a[1] . . .  a[n] w i t h o u t  u s i n g  
a n  app rec i ab l e  a m o u n t  of a u x i l i a r y  m e m o r y .  

T h e  non loca l  p r o c e d u r e  gcd (x, y) h a s  v a l u e  t h e  g r e a t e s t  
c o m m o n  d iv i so r  of t h e  i n t ege r s  x a n d  y. T h e  non loca l  p r o c e d u r e  
swap (x, y) i n t e r c h a n g e s  t h e  v a l u e s  of t h e  v a r i a b l e s  x a n d  y. 

Le t  G be t h e  a d d i t i v e  g r o u p  of i n t ege r s  m o d u l o  m+n.  T h e  
m u l t i p l e s  0, n ,  2n,  . . .  of n f o r m  a cyclic s u b g r o u p  C of G. T h e  
o rde r  of C is r = (m +4- n)/d, where  d is t h e  g r e a t e s t  c o m m o n  
d iv i so r  of m a n d  n.  T h e  in t ege r s  1, . . -  , d be long  to  d i s t i n c t  
cose t s  C~ - • - Ca of C. T h e s e  cose t s  f o r m  a d i s j o i n t  cove r ing  of G. 

T h e  i n t e r c h a n g e  p r o c e d u r e  is b a s e d  on  t h e  f ac t  t h a t  if we s t a r t  
w i th  a m e m b e r  x of t h e  cose t  C~ , a n d  a d d  n r e p e a t e d l y  m o d u l o  
m + n ,  we will in r s t ep s  h a v e  g e n e r a t e d  each  m e m b e r  of C~ 
j u s t  once ;  

b e g i n  
i n t e g e r  d, i ,  j ,  k, r ;  
r e a l  t; 
d :=  gcd (m, n ) ;  
r :=  ( r e + n )  + d ;  
f o r  i :=  1 s t e p  1 u n t i l  d d o  
b e g i n  

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

i f j  =< m t h e n j  : =  j + n e l s c j  :=  j - -  m; 
swav (t, a[j]) 

e n d  k 
e n d  i 

e n d  interchange 
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ALGORITH1V[ 285 
THE MUTUAL PRIMAL--DUAL METHOD [H] 
THOMAS J. AIRD (Recd. 29 June 1964 and 5 Apr. 1965) 
Wolf Research and Development Corporation 
Manned Spacecraft Center 
Houston, Texas 

p r o c e d u r e  Linearprogram (n, p, A,  min, psol, dsol, bool); 
v a l u e  p, n ;  i n t e g e r  p, n ;  a r r a y  A, psol, dsol; r e a l  rain; 
B o o l e a n  bool; 

c o n l m e n t  T h i s  p r o c e d u r e  so lves  t h e  l inea r  p r o g r a m m i n g  p ro b -  
l em  b y  t h e  M u t u a l  P r i m M - D u a l  S imp lex  M e t h o d .  T h e  p r o b l e m  
is a s s u m e d  to be  in t he  fo l lowing  f o r m :  

A X  + B_<O 

X > O  

m i n u  = d + CTX 

where  A is p X n ,  B is p X 1 a n d  C is n X 1. T h e  dua l  p r o b l e m  
is t fien, 

Y > _ 0  

A T y  + C > 0 

m a x  v = d "t- B TY. 

T h e  m a t r i x  of coeff icients ,  a lso ca l led  A is f o r m e d  in  t h e  fol low- 

A = I d Ci C2 . . .  C,, -~ 
bl A n  A12 - • • Aln / 
b2 A21 A 2 2  " • • A2,~ |  

[ :p  Apl Av~ "'" Av,~_ll 

i ng  w a y :  

T h e  i n p u t  m a t r i x  A is dec la red  [0: p, 0: n], mnin is t h e  v a l u e  of 
t he  ob j ec t i ve  f u n c t i o n ,  psol is t h e  so lu t i on  v e c t o r  for  t h e  p r i m a l  
p r o b l e m ,  dsol is t h e  s o l u t i o n  v e c t o r  for  t h e  dua l  p r o b l e m ,  bool will 
be se t  to t r u e  if an  o p t i m a l  so lu t i on  is f ound ,  o the rwi se  bool will 
be  s e t  to f a l s e ;  
b e g i n  i n t e g e r  a r r a y  row [0 :2Xp ,0 :p ] ,  col [0 :2Mp,0 :n ] ,  norow, 

nocol [0:2Xp] ,  index [ 0 : n + p ] ;  
i n t e g e r  i ,  j ,  k, s, t; 
p r o c e d u r e  subschema (k); i n t e g e r  k; 
c o m m e n t  T h i s  p r o c e d u r e  defines a n  a d m i s s i b l e  s e q u e n c e  of 

s u b s c h e m a  Sk~l Sk+2, . - -  , a s s u m i n g  t h a t  S~ , $2 , ' "  Sk , 
h a v e  a l r e a d y  b e e n  def ined;  

b e g i n  i n t e g e r  count; 
f o r  i :=  1 s t e p  1 u n t i l  p do  i f  A[i,O] > 0 t h e n  go  t o  

WORK; 
f o r  j :=  1 s t e p  1 u n t i l  n do  i f  A[0,j]  < 0 t h e n  go  t o  

WORK; k :=  0; go  t o  RETURN;  
WORK: i f  2 X (k+2)  = k t h e n  go  t o  E V E N  e l s e  go  t o  ODD; 
E V E N  : 

b e g i n  
i f  k = 0 t h e u  
b e g i n  

f o r  i : =  1 s t e p  1 u n t i l  p do  i f  A[i ,0] > 0 t h e n  
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b e g i n  
row[1,O] :=  i; go t o  D3 

e n d ;  
row[1,O] :=  0; go  t o  D3 

e n d ;  
f o r  j :=  1 s t e p  1 u n t i l  nocol[k] do  

i f  A[row[k,O],col[k,j]] = 0 t h e n  go t o  D1; 
go t o  R E T U R N ;  

D i :  f o r  i :=  1 s t e p  1 u n t i l  norow[k] do  
i f  A[row[k,i],col[k,O]] > 0 t h e n  go  t o  D2; 

go t o  R E T U R N ;  
D2: row[k+l,O] := row[k,i]; 

eol[k+l,O] := col[k,O]; 
count :=  0; 
f o r  j :=  1 s t e p  1 u n t i l  nocol[k] do  
i f  A[row[k,O],col[k,j]] = 0 t h e n  
b e g i n  

count :=  count + 1; 
col[k+l,count] :=  col[k,j] 

e n d ;  
nocol[k+ l] :=  count; 

D3: count := O; 
f o r  i :=  1 s t e p  1 u n t i l  norow[k] do  
i f  A [row[k,il,col[k,Oll _< 0 t h e n  
b e g i n  

count :=  count + 1; 
row[k+ l,count] :=  row[k,i] 

e n d ;  
norow[k+l] :=  count; 
k : = k + l ;  
go t o  ODD 

e n d  E V E N ;  
ODD : 

b e g i n  
for i :=  1 s t e p  1 u n t i l  norow[k] do  

i f  A[row[k,i],col[k,O]] = 0 t h e n  go t o  B1; 
go t o  R E T U R N ;  

BI :  f o r  j :=  1 s t e p  1 u n t i l  nocol[k] do  
i f  A[row[k,O],col[k,j]] < 0 t h e n  go t o  B2; 

go t o  R E T U R N ;  
B2: col[k+l,O] := col[k,j]; 

row[k+l,O] :=  row[k,O]; 
count :=  0; 
f o r  i :=  1 s t e p  1 u n t i l  norow[k] do 
i f  A[row[k,i],col[k,O]] = 0 t h e n  
b e g i n  

count :=  count + 1; 
row[k+ l,count] :=  row[k~] 

e n d ;  
norow[k+l] :=  count; 
count :=  O; 
for j := 1 s t e p  1 u n t i l  nocol[k] do 
i f  A[row[k,O],col[k,j]] >_ 0 t h e n  
b e g i n  

count :=  count + 1; 
col[k+ l,count] := col[k,j] 

e n d ;  
nocol[k+l] :=  count; 
k : = k + l ;  
go t o  E V E N  

e n d  ODD; 
R E T  URN : 

e n d  subschema ; 
p r o c e d u r e  pivot (s,t); v a l u e  s, t; i n t e g e r  s, t; 
c o m m e n t  The  procedure  pivot per forms  the usual  p ivo t  opera-  

t ion on the  ma t r ix  A,  A[s,t] is the  p ivo t  e lement ;  
b e g i n  i n t e g e r  i, j ;  

A [s,t] : = 1/A [s,t]; 
f o r  i :=  0 s t e p  1 u n t i l  s -- 1, s + 1 s t e p  1 u n t i l  p do  

b e g i n  
A[i,t] := --A[i,t] × A[s,t]; 
f o r  j :=  0 s t e p  1 u n t i l  t -- 1, t + 1 s t e p  1 u n t i l  n do  

i f  abs(A[i,j]+A[i,t]XA[s,j]) _< abs(A[i,j]Xlo--8) t h e n  
A[i,j] :=  0 
e l se  A[i,j] :=  A[i,j] + A[i,t] X A[s,j] 

e n d ;  
f o r  j :=  0 s t e p  1 u n t i l  t -- 1, t + 1 s t e p  1 u n t i l  n do  

A[s,j] :=  A[s,j] X A[s,t]; 
i := index[t]; 
index[t] := index[n+s]; 
index[n+s] :=  i 

e n d  pivot; 
p r o c e d u r e  pickapivot (k,s,t); i n t e g e r  k, s, t; 
c o m m e n t  The  procedure  pickapivot will choose a p ivo t  ele- 

m e n t  f rom Sk or Sk-1 in a m a n n e r  which  will guaran tee  im- 
p r o v e m e n t  in the  goal vector ;  

b e g i n  r e a l  max, test; 
if 2 X (k+2)  = k t h e n  go t o  E V E N  e lse  go t o  ODD; 

ODD : 
b e g i n  

f o r  j :=  1 s t e p  1 u n t i l  nocol[k] do 
i f  A[row[k,O],col[k,j]] < 0 t h e n  
b e g i n  

f o r  i :=  1 s t e p  1 u n t i l  norow[k] do 
i f  A[row[k,i],col[k,j]] > 0 t h e n  go  t o  A1; 

s := row[k,O]; 
t :=  col[k,j]; 
k : = k - - 1 ;  
go t o  R E T U R N ;  

A i :  
e n d ;  
f o r  j :=  1 s t e p  1 u n t i l  nocol[k] do 
i f  A[row[k,O],col[k,j]] < 0 t h e n  
b e g i n  

fo r  i :=  1 s t e p  1 u n t i l  norow[k] do  
i f  A[row[k,i],col[k,j]] > 0 t h e n  
b e g i n  s := row[k,i]; 

t := col[k,j]; 
max : = A [row[k,i],col[k,O]]/ A [row[k,i],col[k,j]] ; 
go t o  A2 

e n d  
e n d ;  
go t o  A3; 

A2: f o r  i :=  i + 1 s t e p  1 u n t i l  norow[k] do 
i f  A[row[k,i],col[k,j]] > 0 t h e n  
b e g i n  

test : = A [row[k,i],col[k,O]]/ A [row[k,i],col[k,j]] ; 
:if test > max t h e n  
b e g i n  

s := row[k,i]; 
max :=  test 

e n d  
e n d ;  
k : = k - - 1 ;  
go t o  R E T U R N ;  

A3: f o r  j - : =  1 s t e p  1 u n t i l  nocol[k--1] do 
i f  A[row[k,O],col[k-l,j]] < 0 t h e n  
b e g i n  

s :=  r0w[k#]; 

t := col[k--l,j]; 
,max := A [row[k-- 1,O],col[k- 1,j]]/A [row[k,O],col[k-- 1,ill; 

go t o  A4 

e n d ;  

s :=  row[k,O]; 
t :=  col[k,O]; 
k : = k - - 2 ;  

go t o  R E T U R N ;  
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A4:  f o r  j :=  j + 1 s t e p  1 u n t i l  nocol[k--1] do  
i f  A[row[k,O],col[k-l , j]] < 0 t h e n  

b e g i n  
test :=  A[row[k--l ,O],col[k--l , j]]/A[row[k,O],col[k--l , j][;  
i f  test > max t h e n  

b e g i n  
t :=  e o l [ k - l , j ] ;  
max :=  test 

e n d  
e n d ;  
k : = k - - 2 ;  

go  t o  R E T U R N  
e n d  ODD; 

E V E N  : 
b e g i n  

f o r  i : =  1 s t e p  1 u n t i l  norow[k] do  
i f  A[row[k,i],col[k,O]] > 0 t h e n  
b e g i n  

f o r  j :=  1 s t e p  1 u n t i l  noeol[k] do  
i f  A[row[k,i],col[k,j]] < 0 t h e n  

go  t o  B1; 
s :=  row[k,i]; 
t : =  col[k,O]; 
k : = k - - 1 ;  

go  t o  R E T U R N ;  
B i :  

e n d ;  

f o r  i :=  1 s t e p  1 u n t i l  norow[k] do  
i f  A[row[k,i],col[k,O]] > 0 t h e n  
b e g i n  

f o r  j : =  1 s t e p  1 u n t i l  nocol[k] do  

i f  A[row[k,il ,col[k,j]l  < 0 t h e n  
b e g i n  

s :=  row[k,i]; 
t :=  col[k,j]; 
max : = A [row[k,Ol,col[k,j]]/ A [row[k,i],col[k,j]] ; 
go t o  B2 

e n d  
e n d ;  

go  t o  B3; 

B2: f o r  j : =  j + 1 s t e p  1 u n t i l  nocol[k] do  
i f  A[row[k,i],col[k,j]] < 0 t h e n  
b e g i n  

test :=  A [row[k,O],col[k,jll/ A [row[k,i],col[k,j]] ; 
i f  test > max t h e n  
b e g i n  

t :=  col[k,j]; 
m a x  : ~  t e s t  

e n d  
e n d ;  

k : = k - - 1 ;  
go  t o  R E T U R N ;  

B3: f o r  i : =  1 s t e p  1 u n t i l  norow[k--1] do  
i f  A[row[k--l,i],col[k,O]] > t h e n  
b e g i n  

s : =  row[k-- l , i ] ;  
t :=  col[k,O]; 
max  : = A [row [k-- 1,i] ,col[k-- 1,0I]/A [row [k- 1,i],col[k,O]]; 
go t o  B4 

e n d ;  

s :=  row[k,O]; 
t :=  eol[k,O]; 
k : = k - - 2 ;  

go  t o  R E T U R N ;  
B4: f o r  i : =  i + 1 s t e p  1 u n t i l  norow[k--1] do  

i f  A[row[k--l,i],col[k,O]] > t h e n  

b e g i n  

test : = A [row [£-- 1 ,i] ,col[£ -- 1 ,0 l l /A [row [k-- 1 ,i] ,col [k,O]] ; 

i f  test > max t h e n  

b e g i n  

s : =  row[k-- l , i ] ;  
max :=  test 

e n d  

e n d ;  

k : = k - - 2 ;  
go t o  R E T U R N  

e n d  E V E N ;  
R E T  U R N :  

e n d  pickapivot;  
f o r  i :=  1 s t e p  1 u n t i l  p + n do  index[i] : =  i ;  
f o r  i :=  0 s t e p  1 u n t i l  p do  row[O,i] :=  i ;  
f o r  j :=  0 s t e p  1 u n t i l  n d o  col[1,j] :=  j ;  
norow[O] :=  p;  nocol[1] :=  n;  k :=  0; 
c o m m e n t  T h i s  is a check  on the  row c o n s t r a i n t s ;  

N E X T P I V O  T : 
f o r  i :=  1 s t e p  1 u n t i l  p do  
b e g i n  

i f  A[i,O] _< 0 t h e n  go  t o  N E X T I ;  
f o r  j :=  1 s t e p  1 u n t i l  n do  

i f  A [i,j] < 0 t h e n  go  t o  N E X T I ;  
e o m m e n t  Row c o n s t r a i n t s  a re  i n c o m p a t i b l e ;  
bool :=  f a l s e ;  

go  t o  F I N I S H ;  
N E X  ~ 'I: 

e n d ;  

c o m m e n t  T h i s  is a check  on the  c o l u m n  c o n s t r a i n t s ;  
f o r  j :=  1 s t e p  1 u n t i l  n do  
b e g i n  

i f  A[0,j] > 0 t h e n  go  t o  N E X T J ;  
f o r  i : =  1 s t e p  1 u n t i l  p do  

i f  A[i, j]  > 0 t h e n  go  t o  N E X T  J; 
c o m m e n t  C o l u m n  c o n s t r a i n t s  a re  i n c o m p a t i b l e ;  
bool :=  f a l s e ;  
go  t o  F I N I S H ;  

N E X T  J :  
e n d ;  
subschema (k ) ; 
i f  k = 0 t h e n  
b e g i n  

c o m m e n t  k = 0 i n d i c a t e s  that,  t h e  p r e s e n t  s o l u t i o n  is op t i -  
mal .  A[0,0] is v a l u e  of the  o b j e c t i v e  f u n c t i o n ;  

rain : = A [0,0] ; 

f o r  i : =  1 s t e p  1 u n t i l  p + n do  psol[i] :=  dsol[i] :=  0; 
c o m m e n t  F i n d  the  p r i m a l  s o l u t i o n  v e c t o r ;  
f o r  i :=  1 s t e p  1 u n t i l  p do  

psol[index[n+i]] :=  - -A[ i ,0 ] ;  

c o m m e n t  F i n d  t he  d u a l  s o l u t i o n  v e c t o r ;  
f o r  i :=  1 s t e p  1 u n t i l  n do  

i f  index[i] > n t h e n  
dsol[index[i]--n] : =  A[0,i] 

e lse  
dsol[index[i]+p] : = A [0,i]; 

bool := t r u e ;  

go  t o  F I N I S H ;  
e n d ;  
pickapivot  (k,s,t); 
i f s  = 0 V t = 0 t h e n  
b e g i n  

c o m m e n t  No  feas ib le  so lu t ion ;  
bool :=  f a l s e ;  
go  t o  F I N I S H ;  

e n d ;  
piwot(s,t); 
go to N E X T P I V O T ;  

F I N I S H  : 
e n d  Linearprogram 

(Algori thms are cont inved  on page 354) 
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set, being formed of two proper tight sets; elements such 
as A [4, 8] belong to neither so that  further applications of 
E X P A N D  are needed to determine the feasibility of ele- 
ments in rows 4 through 9. 

6.  T i m i n g  

S u p p o s e  t h e  a r r a y  A h a s  n rows  w i t h  a n  a v e r a g e  of m 

n o n z e r o  e l e m e n t s  p e r  row,  i.e., t h e r e  a re  (mn) n o n z e r o  

e l e m e n t s  in  A .  I n  t h e  w o r s t  c o n c e i v a b l e  case  e a c h  ele- 

m e n t  of A w o u l d  r e q u i r e  a s e p a r a t e  a p p l i c a t i o n  of E X -  

P A N D  and each application of E X P A N D  would involve 
the examination of the whole lnatrix, i.e., the number 
of operations would be of the order of (m n) 2. However 
there is a complex interaction between the actual number 
of calls on E X P A N D  and the average number of rows 
searched in a single application of E X P A N D - - t h e  higher 
the average number of rows searched per application, the 
less the average number of applications, and vice versa; 
so that  it is difficult to estimate the exact dependence on 
m and n. Empirical results seem to indicate that  the above 
estimate is conservative. 

For the timetable problem m is always bounded by the 
number of hours in a school day (about ten) and decreases 
steadily during the calculation, and hence the number of 
operations required is of the order of n 2. 

7. C o n c l u s i o n  

A practical algorithm based on the Hungarian Method 
of H. Kuhn has been described for carrying out the exami- 
nation and reduction of 2-dimensional arrays as required 
in Gotlieb's method for the solution of the timetable 
problem. In addition, various devices to improve the effi- 
ciency of the algorithm have been described. 

RECEIVED DECEMBER, 1965 

R E F E R E N C E S  

1. GOTLIEB, C. C. The cons t ruct ion  of class-teacher t imetables .  
Proc. I F I P  Congress 62 (Munich),  N o r t h  Hol land Publ .  Co., 
1963, 73-77. 

2. ACKOFF, R. L. (ed.) Progress in Operations Research. Wiley, 
1961, 149-150. 

3. KUHN, H. W. The Hungar ian  Method  for the  ass ignment  
problem. Nay. Res. Log. Quart. 2 (1955), 83-97. 

4. FRIEDMAN, L. F., and YASPAN, A . J .  An analysis  of s tewardess 
requi rements  and schedul ing for a major  domestic air l ine:  
Annex A. The Ass ignment  Problem technique.  Nay. Res. Log. 
Quart. 1 (1954) 223-229. 

5. HALL, P. On representa t ives  of subsets.  J. Lond. Math. Soc. 
10 (1935), 26-30. 

6. CSIMA, J.  Inves t iga t ions  on a t ime tab le  problem.  Ph .D.  
Thesis,  U. of Toronto ,  1965. 

A P P E N D I X  

p r o c e d u r e  expand (A, rowsolution,  columnsolut ion,  row, n,  
infeasible) ; 

v a l u e  row, n; i n t e g e r  row, n; B o o l e a n  infeasible;  
i n t e g e r  a r r a y  A, rowsolution,  columnsolut ion;  

b e g i n  
e o m m e n t  This  procedure performs one i t e ra t ion  of the  Hun-  

gar ian  Method  on the  ar ray  A. A par t ia l  solut ion which does 
not  include an  e lement  in the  row " row"  is defined by  the  ar ray  
"co lumnso lu t ion"  (and equivalent ly  by  the  ar ray  "rowsolu- 
t ion" ) .  The  par t ia l  solut ion is rear ranged to allow an  addi t ional  
e lement  t aken  from the  designated,  previously unrepresen ted  
row to be incorpora ted  in a new enlarged par t ia l  solution,  when  
this  is possible. If the  l a t t e r  is not  possible, the  Boolean vari-  
able " in feas ib le"  is set  to t r u e ;  

i n t e g e r  j ,  k, marknext ,  marknew;  
i n t e g e r  a r r a y  reference [ l :n] ,  rowlist  [ l :n] ;  

infeasible := f a l se ;  marknex t  := marknew := 0; 
for  j := 1 s t e p  1 u n t i l  n d o  reference [j] := 0; 

newrow: for  j :=  1 s t e p  1 u n t i l n d o  
b e g i n  i f  A. [row, j] # 0 A reference [j] = 0 t h e n  

b e g i n  i f  columnsolut ion [j] = 0 t h e n  go to  back t r ack ;  
reference [j] := row; 
marknew := marknew + 1; 
rowlist  [marknew] := columnsolut ion [j] 

e n d  
e n d ;  
i f  marknext  > marknew t h e n  go to  nosolut ion;  
marknex t  := marknex t  + 1; 
row := rowlist  [marknext];  
g o t o  newrow; 

back t rack :  /c = rowsolut ion [row]; 
columnsolut ion [j] := row; rowsolut ion [row] :=  j ;  
if k = 0 t h e n  go to  finis; 
j := k; row := reference [k]; 
go to  back t rack ;  

nosolut ion:  iiffeasible :=  t r u e ;  
finis: e n d  of expand 

ALGORITHMS--cont'd from page 328 T A B L E  I. AVERAGE SORTING TIMES IN SECONDS 

Algorithm 201 Algorithm 207 Algorithm 245 Algorithm 271 
Number Shellsor t Stringsort Treesort 3 Quickersort 
of items I 

, Integers Reals Integers Reals Integers Reals Integers Reals 
C E R T I F I C A T I O N  OF A L G O R I T H M  271 (M1) 

Q U ICKER S OR T [R. S. Scowen, Comm. A C M  8 (Nov. 
1965), 669] 

CHARLES R. BLAIR (Recd. 11 Jan. 1966) 
Department  of Defense, Washington, D.C. 

QUICKERSORT compiled and ran wi thout  correction th rough  
the  ALDAP t rans la to r  for the CDC 1604A. Comparison of 
average sort ing times, shown in Table  I, wi th  other  recent ly  pub-  
lished algori thms demonst ra tes  QU[CKERSORT's superior per- 
formance. 

10 
20 
50 

100 
200 
500 

1000 
2000 
5000 

10000 

0.01 
0.02 
0.08 
0.19 
0.48 
1.5 
3.7 
9.1 

27. 
65. 

0.01 
0.02 
0.08 
0.22 
0.53 
1.7 
4.2 

10. 
30. 
72. 

0.03 0.03 
0.05 0.05 
0.20 0.20 
0.39 0.40 
1.0 1.1 
2.8 2.9 
6.6 6.9 

13. 14. 
40. 41. 
93. 97. 

0.02 0.02 
0.04 0.04 
0.11 0.12 
0.26 0.27 
0.59 0.62 
1.7 1.8 
3.7 4.0 
8.2 8.7 

23. 24. 
49. 52. 

0.01 
0.02 
0.06 
0.13 
0.28 
0.80 
1.8 
3.9 

11. 
23. 

0.01 
0.02 
0.06 
0.13 
0.30 
0.85 
1.9 
4.1 

12. 
25. 
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