
ALGORITHM 305 
SYMMETRIC POLYNOMIALS [C1] 
P .  BRATLE¥ AND J .  K .  S. M c K A Y  (Recd. 23 Sept. 1966, 

15 F e b .  1967 a n d  10  M a r .  1967)  

D e p a r t m e n t  of C o m p u t e r  Sc i ence ,  U n i v e r s i t y  of 

E d i n b u r g h ,  E d i n b u r g h ,  S c o t l a n d  

r e a l  p r o c e d u r e  express(b, unit, n) ;  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  b; a r r a y  unit; 

b 1 b 2 bn c o m m e n t  express expresses the  symmetr ic  s u m  ~ . ~ X i l X i 2 . . . x l n  

over n var iables  as a sum of de t e rminan t s  in  the  un i t a ry  sym- 
metr ic  funct ions  ~x~lx~xi3 .." x~,. The  non-negat ive  ex- 
ponents  b~ (i = 1, . . .  , n) are assumed to be in b[l :n] o n e n t r y  
to express. (The elements  of th is  array are al tered by  the  pro- 
cedure.) The  symmetr ic  sum is first expressed in terms of Sehur  
funct ions  which are then  eva lua ted  as de t e rminan t s  in  the  
un i t a ry  symmetr ic  funct ions.  The  Schur  funct ions  are generated 
in the  local a r ray  c[1 :i] wi th  the  sign in the  local in teger  sig. 
The  un i t a ry  funct ions  of degree r = 1 , . . -  , n should be in 
unit[1 :hi on en t ry  to express. 

This  procedure may  be used to de termine  the  coefficients of a 
polynomial  wi th  roots the  kth  (k a posi t ive integer)  powers of 
the  roots  of a given monic polynomial .  Use is made of the  
procedures determinant [Algori thm 224, Comm. ACM 12 (Apr. 
1964), 243)] and perm [Algori thm 306, Comm. ACM 10 (July 
1967), 450] 
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b e g i n  i n t e g e r  a r r a y  c, d[1 : n];  
i n t e g e r  sig, p, q, i, j ;  Booleau  finish; r e a l  sigma; 
p r o c e d u r e  sort (x, e, n) ;  v a l u e  n ;  i n t e g e r  c, n;  

i n t e g e r  array  x; 
c o m m e n t  sorts  the  in teger  array x[1 : n] into  descending order. 

c is set  to ± 1  according to whe the r  the  n u m b e r  of t ransposi -  
t ions made  is even or odd;  

b e g i n  i n t e g e r  i, j ,  k; 
c :=  1; 

L 4 : i  := 1; k := 0; j := x[l];  
L l : i  := i + 1; i f i  > n t h e n  go t o L 3 ;  

i f  x[i] < j t h e n  
b e g i n  x[i--1] := j ;  j := x[i] e n d  

e lse  b e g i n  x[i--1] := x[i]; k := 1; c := --c e n d ;  
go t o  L1; 

L3:x[n]  : = j ;  i f k  # 0 t h e n  go t o  L4 
end  sort; 
p r o c e d u r e  conjugate(p, long1, q, long2); v a l u e  longl; 

i n t e g e r  a r r a y  p, q; i n t e g e r  longl, long2; 
c o m m e n t  conjugate forms in q[l:long2] the  pa r t i t ion  conju- 

gate to t h a t  in  p[1 :longl]; 
b e g i n  

i n t e g e r  r, i, j;  
long2 := 0; 
for  r := longl s t e p  --1 u n t i l  1 do 
b e g i n  i := i f  r = longl t h e n  p[r] else  p[r] -- p [ r + l ] ;  

J. G.  H E R R I O T ,  [ d i t o r  

for  j :=  1 s t e p  1 u n t i l  i do 
b e g i n  long2 := lonng2 + 1; q[long2] :=  r e n d  

e n d  
e n d  conjugate; 
finish := t r u e ;  sigma := 0; 
sort (b, sig, n) ;  
i f  b[1] = 0 t h e n  b e g i n  sigma := 1; go t o  L99 e n d ;  

L3 : perm (b, n, finish) ; 
i f  finish t h e n  go t o  L99; 
for  i := 1 s t e p  1 u n t i l  n do 
b e g i n  c[i] := b[i] + n -- i; 

for  j := 1 s t e p  1 u n t i l  i -- 1 do 
i f  c[i] = c[j] t h e n  go t o  L3 

e n d  ; 
sort (c, sig, n); 
for  i :=  1 s t e p  1 u n t i l  n do 
b e g i n  e[i] := c[i] + i -- n; 

i f  c[i] = 0 t h e n  
b e g i n i  :=  i -- 1; go t o L 7  e n d  

e n d ;  
i : = n ;  
c o m m e n t  each Schur  func t ion  and i ts  sign are to be found in 

e[1 :i] and sig respect ively;  
L7: conjugate (e, i, d, q); 

b e g i n  
a r r a y  x[1 :q, 1 :q]; 
for  i :=  1 s t e p  1 u n t i l  q do 
for  j := 1 s t e p  1 u n t i l  q do 
begin p := d[i]  - -  i + j ;  

x[i , j ]  := i f p  < O V p  > n t h e n O e l s e  
i f  p = 0 t h e n  1 e l s e  unit[p] 

e n d ;  
sigma :=  sigma + sig X determinant (x, q) 

e n d ;  
go  t o  L3; 

L99: express :=  sigma 
e n d  express 

ALGORITHM 306 
PERMUTATIONS WITH REPETITIONS [G6] 
P. BaATL~Y (Recd. 23 Sept. 1966 and 15 Feb. 1967) 
Department of Computer Science, University of 

Edinburgh, Edinburgh Scotland 

p r o c e d u r e  perm(a, n, last); 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  a; B o o l e a n  last; 

c o m m e n t  a[ l :n]  is an  in teger  array.  In i t i a l ly  the  e lements  of 
a l l :n]  mus t  be ar ranged in descending order and last mus t  be 
set  t r u e .  If the  e lements  of a are no t  in i t ia l ly  in descending 
order the  effect of the  procedure is undefined. Successive calls of 
perm generate  in  a all pe rmuta t ions  of i ts  e lements  in reverse 
lexicographical  order.  

last is set  f a l s e  if the  procedure has genera ted  a new pe rmu ta -  
t ion,  bu t  if the  procedure is entered af te r  all the  pe rmuta t ions  

450  C o m m u n i c a t i o n s  of  t h e  ACM V o l u m e  10 / N u m b e r  7 / J u l y ,  1967 



have been generated,  last will be set t r u e .  Ne i the r  a nor  n should 
be al tered between successive calls of the  procedure;  

b e g i n  i n t e g e r  i, p, q, r ;  
o w n  i n t e g e r  m; o w n  i n t e g e r  a r r a y  b[l :n];  
i f  -7 last t h e n  go t o  L12; last := f a l s e ;  
fo r  i :=  1 s t e p  1 u n t i l  n do  b[i] :=  a[i]; 
p := b[n]; 
for  i := n s t e p  --1 u n t i l  1 do 

i f  p ~ b[il t h e n  
b e g i n m  := i;  go t o L 9 9 e n d ;  

m := O; go t o L 9 9 ;  
L12: i f m  = O t h e n  go t o L l O ;  

p := b[m]; q := m; r := O; 
L9: i : = n ;  
L4: i f a [ i ]  = p t h e n  go t o  L2; 

i f  a[i] < p t h e n  r := i ;  
L5: i := i - -  1; go t o L 4 ;  
L2: a[i] := b[n] -- 1; i f r  = 0 t h e n  g o t o L 8 ;  
L i :  a[r] := p; q := q +  1; 
L3: r := r + 1; i f r  > n t h e n  go t o L l l  else i f  a[r] > p 

t h e n  go t o  L3; 
L l l :  i fb [q ]  = p t h e n  go t o  L1; r := 0; 
L6: r :=  r - ~  1; i f  air] > p t h e n  go to  L6; 

a[r] := b[q]; i f q  = n t h e n  go t o  L7; 
q :=  q-4- 1; go t o L 6 ;  

L7: last := f a l s e ;  go t o  L99; 
L8: q := q - -  1; i f q  = 0 t h e n  go t o L l 0 ;  

i f  b[q] = p t h e n  go t o  L5; 
p := b[q]; go t o L 9 ;  

L10: last :-- true; 
L99 : 
end perm 

A L G O R I T H M  307  

S Y M M E T R I C  G R O U P  C H A R A C T E R S  t A l l  

J .  K .  S. McYKA.Y ( R e c d .  23 S e p t .  1966, 15 F e b .  1967,  a n d  

10 M a r .  1967)  

D e p a r t m e n t  of  C o m p u t e r  Sc i ence ,  U n i v e r s i t y  of  

E d i n b u r g h ,  E d i n b u r g h ,  S c o t l a n d  

integer procedure character (n, rep, Iongr, class, longc, first); 
value n, rep, longr, class, longc; 
integer  n, longr, longc; Boolcan first; 
i n t e g e r  a r r a y  rep, class; 

c o m m e n t  character produces the  i r reducible  charac te r  of the 
symmetr ic  group corresponding to the  par t i t ions  of the  repre- 
sen ta t ion  and  the  class of the  group S ,  s tored wi th  par t s  in 
descending order  in arrays  rep[l:longr] and class[1 :longe], re- 
spect ively.  Bo th  arrays  are preserved. The  method  is s imilar  
to t h a t  described by  Bivins  et  al. [1]. Com6t describes a l a te r  
method.  

On first en t ry  to character, first should be set  t r u e  in order  to 
ini t ial ize the  own a r ray  p[0:n, 0:n]. This  single in i t ia l iza t ion is 
sufficient for all symmetr ic  groups of degree less t h a n  or equal  
to n. character is in tended  for  comput ing  individual  characters .  
If  a subs tan t i a l  pa r t  of the  charac te r  tab le  is required i t  is sug- 
gested t h a t  procedure generate [Algori thm 263, Comm. ACM 
8 (Aug. 1965), 493)] be used to produce the  par t i t ions  pr ior  to 
use of character. If this  is done, then  the  own ar ray  p should be 
replaced by  a sui table  global array,  andfirst should be set  false 
to avoid unwanted  in i t ia l iza t ion,  character uses procedures set, 
generate, and place [Algorithms 262, 263, 264, Comm. ACM 8 
(Aug. 1965), 493]. 
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b e g i n  
i n t e g e r  p r o c e d u r e  degree (n, rep, length) ; v a l u e  n, length; 

integer  n, length; integer  array rep; 
c o m m e n t  degree gives the  degree of the  represen ta t ion  of the  

symmetr ic  group on n symbols defined by  the  pa r t i t ion  
rep[l:length] with  par ts  in descending order;  

begin 
own integer  array p[O:n, O:n]; 

i n t e g e r  a r r a y  q[l:length]; i n t e g e r  i, j ,  deg; 
i n t e g e r  p r o c e d u r e  fac(n); value n; integer  n; 
fac := i f n  = 1 t h e n  1 e l s e n  Xfae(n- -1) ;  
fo r  i := 1 s t e p  1 u n t i l  length do 

q[i] := rep[i] ~ length -- i; 
deg : = fac (n) ; 
fo r  i := 1 s t e p  1 u n t i l  length do 
fo r  j := i "4- 1 s t e p  1 u n t i l  length do 

deg := deg X (q[i]-q[j]); 
fo r  i := 1 s t e p  1 u n t i l  length do 

deg := deg + fac(q[i]); 
degree :=  deg 

end degree; 
i f  first t h e n  

b e g i n  set (p, n) ;  first := fa l se  cud; 
b e g i n  

integer  array pr[l:n], r[0:l ,  0:p[n, n ] - - l ] ;  
integer  length, m, t, old, new, index, i, char, k, coeff, u, pos, 

j l ,  j2;  
m :=  longc; 
new := n; 
index := 1; 
fo r  i := 0 s t e p  1 u n t i l  p[n, n] -- 1 do  

r[index, i] := 0; 
r[index, place(p, n, rep)] := 1; 
fo r  t :=  1 s t e p  1 u n t i l  m do 
b e g i n  i f  class[t] = 1 t h e n  go t o  identity; 

index := 1 -- index; old := new; new := new - class[t]; 
for  i := 0 step 1 u n t i l  p[new, new] - 1 do  

r[index, i] := 0; 
for  u :~- p[old, o/d] - 1 s t e p  - 1 u n t i l  0 do  
begin i f  r[1 -- index, u] = 0 t h e n  go t o  B;  

generate (p, old, u, pr, length); 
k := length; j l  := 1; 

G: j2 := j l ;  eoeff := r[1--index, u]; 
fo r  i :=  1 s t e p  1 u n t i l  k do  rep[i] := pr[i];  
i f  rep[1] = o/d t h e n  go to  H;  
rep[j2] := rep[ j2] -  class[t]; 
i f  rep~'2] Jr- k -- j2 < 0 t h e n  go to  B;  

E: i f rep[ j2]>_i f ( j2= k t h c n O e l s e r e p [ j 2 + l ] ) t h e n g o t o F ;  
i f  rep~2A-1]= rep[j2] % 1 t h e n  go t o  J ;  
i :=  rep[j2+l]; rep[j2q-1] := rep[j2] "4- 1; 
rep[j2] := i - -  1; coeff:= -- leoeff; j2 : = j 2 +  1; 
go t o  E; 

H: rep[1] := rep[1] -- class[tl; 
F: pos := place(p, new, rep); 

r[index, pos] := r[index, pos] -~ eoeff ; 
j l  := j l  + 1 ;  i f j l  _< k t h e n  go t o G ;  J :  

B:  
end 

end; 
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A: char :=  r[index, 0]; go to  Z;  
identity: char := 0; 

for  u :=  p[nsw,new] -- 1 s t e p  - 1 u n t i l  0 do  
b e g i n  i f  r[index, u] = 0 t h e n  go t o  BB; 

generate(p, new, u, pr, length); 
char := char + r[index, u] X degree (new, pr, length); 

BB: 
e n d ;  

Z: character := char 
end  

end  character 

ALGORITHM 308 
GENERATION OF PERMUTATIONS IN PSEUDO- 

LEXICOGRAPHIC ORDER [G6] 
R. J. ORD-SMIT:H (Recd. 11 Nov. 1966, 1 Dec. 1966, 28 

Dee. 1966 and 27 Mar. 1967) 
Computing Laboratory, University of Bradford, England 

i f  first t h e n  
b e g i n  first :=  f a l s e ;  go t o  label e n d ;  

c o m m e n t  the  above is the  in i t ia l iza t ion  process;  
loop: i f  q[k] = k t h e n  

b e g i n  i f  k < n t h e n  
b e g i n k  :=  k +  1; go t o  loop e n d  
e lse  begin  first := t r u e ;  go to f inlsh e n d  

end;  
n : = k - 1 ;  
c o m m e n t  note  n called by  value; 
label: f o r m  :=  2 s t e p l  u n t i l n  do  q[m] :=  1; 

c o m m e n t  af ter  the  in i t ia l iza t ion  the  for  s t a t e m e n t  sets all 
e lements  of q a r ray  to 1. Otherwise only the  first k--2 elemer~ts 
are reset  1; 

q[k] :=  q[k] + 1; 
transpose: t :=  x[l]; x[l] :=  x[k]; x[k] := t; 

l : =  l + l ;  k : = k - - 1 ;  
i f  l < k t h e n  go t o  transpose; 
c o m m e n t  when k < 4 only one t ranspos i t ion  occurs. On final 

exit  when first is reset  t rue ,  no t ranspos i t ion  occurs a t  all; 
~nish: 
e n d  of procedure  ECONOPERM 

Lexicographie generat ion has  the advan tage  of producing an 
order easily followed by  the  user, b u t  i ts  real value  in cer ta in  com- 
b ina tor ia l  appl icat ions  is t h a t  a (k--1)- th  in t r ans i t ive  subgroup 
of pe rmuta t ions  is genera ted  before the  k th  e lement  is moved.  By 
not  insis t ing on s t r i c t  lexicographic generat ion,  though  preserving 
the  l a t t e r  proper ty ,  an  enormous reduct ion in the  to ta l  n u m b e r  of 
t ransposi t ions  is obta ined.  The  to ta l  n u m b e r  of t ranspos i t ions  in  
this  a lgor i thm can be shown to tend asymptot ica l ly  to (sinh 1) nI 
which is less t h a n  in Algor i thm 86 [J. E.  L. Peck and G. F. Schrack,  
Permute ,  Comm. A C M  5 (Apr. 1962), 208] and a lmost  as good as 
Algor i thm 115 [H. F. T ro t t e r ,  Perm,  Comm. A C M  5 (Aug. 1962), 
434]. The  a lgor i thm offers a f u r t he r  useful facil i ty.  Like several  
others  i t  uses a nonlocal  Boolean var iable  called first, which may  be 
assigned the  value  t r u e ,  to ini t ial ize generat ion.  On procedure caI1 
this  is set  f a l s e  and remains  so unt i l  i t  is again set  t r u e  when com- 
plete generat ion of pe rmuta t ions  has been achieved. At  any  subse- 
quent  call af ter  ini t ia l iz ing genera t ion  of pe rmuta t ions  of degree 
n, one may  set  pa rame te r  n = n '  where n' < n. F u r t h e r  calls wi th  
this  value  may  cont inue unt i l  the  complet ion of the  subgroup of 
degree (n' -- 1) when first will be set  t r u e .  The  process can be con- 
t inued by  resettingfirst f a l s e  and calling wi th  a la rger  value  of n.  
This  gives the  user  complete  control  over  the  ma in  a t t r i b u t e  which 
lexicographic order  offers. There  is no res t r ic t ion  on the  e lements  
permuted.  Table  I gives results  ob ta ined  for ECONOPERM.  
Times given in seconds are for an  ICT  1905 computer .  The  algo- 
r i thm has  also been tes ted  successfully on IBM 7094, E l l io t t  503 
and STC Stan tec  computers ,  t ,  is the  t ime for complete genera t ion  
of n! pe rmuta t ions ,  r~ has  the  usual defini t ion r~ = t~/(n, t,_l). 

TABLE I 

Algorithm ts t~ ts re r~ r8 Number of transpositions 

E C O N O P E R M  '-~ 1.175n! 

p r o c e d u r e  ECONOPERM (z, n) ;  v a l u e  n ;  i n t e g e r  n ;  
array  x; 

b e g i n  o w n  i n t e g e r  array  q[2:n]; 
c o m m e n t  own dynamic  ar rays  are no t  of ten implemented.  

The  upper  bound  will t hen  have  to be given explici t ly;  
i n t e g e r  k, l, m; r e a l  t; 
l := 1; k : = 2 ;  

REMARKS ON : 

ALGORITHM 87 [G6] 
PERMUTATION GENERATOR 

[John R. Howell, Comm. A C M  5 (Apr. 1962), 209] 
ALGORITHM 102 [G6] 
PERMUTATION IN LEXICOGRAPHICAL ORDER 

[G. F. Schrak and M. Shimrat, Comm. A C M  5 (June 
(1962), 346] 

ALGORITHM 130 [G6] 
PERMUTE 

[Lt. B. C. Eaves, Comm. A C M  5 (Nov. 1962), 551] 
ALGORITHM 202 [G6] 
GENERATION OF PERMUTATIONS IN 
LEXICOGRAPHICAL ORDER 

[Mok-Kong Shen, Comm. A C M  6 (Sept. 1963), 517] 

R. J. ORD-SMITH (Recd. 11 Nov. 1966, 28 Dec. 1966 and 
17 Mar. 1967) 

Computing Laboratory, University of Bradford, England 

A comparison of the  publ ished a lgor i thms which seek to genera te  
successive pe rmuta t i ons  in  lexicographic order  shows t h a t  Algo- 
r i t hm 202 is the  most  efficient. Since, however,  i t  is more t h a n  twice 
as slow as t ranspos i t ion  Algor i thm 115 [H. F. T ro t t e r ,  Perm,  
Comm. A C M  5 (Aug. 1962), 434], there  appears  to be room for im- 
p rovement .  Theore t ica l ly  a " b e s t "  lexicographic a lgor i thm 
should be abou t  one and a half  t imes slower t h a n  Algor i thm 115. 
See Algor i thm 308 [R. J.  Ord-Smith ,  Genera t ion  of P e r m u t a t i o n s  
in  Pseudo-Lexicographic  Order,  Comm. A C M  10 (July 1967), 452] 
which is twice as fas t  as Algor i thm 202. 

A L G O R I T H M  87 is ve ry  slow. 

A L G O R I T H M  102 shows a marked  improvement .  

A L G O R I T H M  130 does no t  appear  to have  been  certified before.  
We find t h a t ,  ce r ta in ly  for some forms of vec tor  to be permuted ,  
the  a lgor i thm can fail. The  reason is as follows. 
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At execution of Air] := r; on line prior to that labeled schell, ] 
has not necessarily been assigned a value, f has a value if, and 
only if, the Boolean expression B[k] > 0 A B[k] < B[m] is t rue  for 
at least one of the relevant values of k. In particular when matrix 
A is set up by A[i] := i; for each i the Boolean expression above is 
false on the first call. 

ALGORITHM 202 is the best and fastest algorithm of the 
exicographic set so far published. 

A collected comparison of these algorithms is given in Table I. 
tn is the time for complete generation of n! permutations. Times 
are scaled relative to ts for Algorithm 202, which is set at 100. 
Tests were made on an ICT 1905 computer. The actual time t8 
for Algorithm 202 on this machine was 100 seconds, r~ has the 
usuM definition r~ = tJ(n.tn-1). 

TABLE I 

A lgoriihm t~ t~ Is re r7 

87 118 . . . .  
102 2.1 15.5 135 1.03 1.08 
130 . . . . .  
202 1.7 12.4 100 1.00 1.00 

1.1 

1.00 

C E R T I F I C A T I O N  OF A L G O R I T H M  285 [H] 
T H E  M U T U A L  P R I M A L - D U A L  M E T H O D  

[Thomas J. Aird, Comm.  A C M  9 ( M a y  1966), 326] 
H.  SPXTH (Recd. 13 Feb.  1967) 
I n s t i t u t  fiir N e u t r o n e n p h y s i k  u n d  Reak tor techn ik ,  
Kernforschungszen t rum,  Kar ls ruhe ,  G e r m a n y  

The procedure Linearprogram has been translated into FORTRAN 
II and successfully run on the IBM 7074 Computer. The fol- 
lowing corrections had been made (the first two are merely 
typographical errors). 

1. F. 328, left column, 1 line after label B3: 
reads : 

i f  A[row[k--1, i],col[k, 0]] > t h e n  
should read: 

i f  A[row[k--1, i],col[k, 0]] > 0 t h e n  

2. P. 328, left column, 1 line after label B4: 
reads: 

i f  A[row[k--1, i],col[k, 0]] > t h e n  
should read: 

i f  A[row[k-1, i],col[k, 0]] > 0 t h e n  

3. P. 328, right column, after the end of the procedure pickapivot 
and before the label N E X T P I V O T  there must be inserted the 
statement 
col[O, O] := O; 

Otherwise col[O, 0] has no assigned value when the procedure 
subschema is entered for the first time. 

C E R T I F I C A T I O N  OF:  

A L G O R I T H M  258 [H] 

T R A N S P O R T  
[G. Bayer,  Comm.  A C M  8 (June  1965), 381] 

A L G O R I T H M  293 [H] 
T R A N S P O R T A T I O N  P R O B L E M  

[G. Bayer ,  Comm.  A C M  9 (Dec. 1966), 869] 

LEE S. SIMS (Recd. 21 Feb.  1967 and  17 Mar .  1967) 
Kates ,  Peat ,  Marwick  & Co., Toronto ,  Ont . ,  C a n a d a  

Both of these algorithms were coded in Extended ALGOL 60 
and tested on a Burroughs B5500. Three problems were solved 
correctly, one of them being of medium size (55 X 167). On this 
larger problem transpl was found to be about twice as fast as 
Iransport. 

In coding and debugging transpl three apparent errors were 
found. In the right-hand column on page 870, after line 27 which is 

i := listu[u]; nlvi :~- nlv[i]; 
a line is missing. This line should read 

for s := (i--1) X n + 1 s t e p l u n t i l n l v i d o  
Also in the right-hand column, the line 

s4: ; 
should be inserted ahead of line --12, which begins 

comment  Step 4. A column j with b[j] has been labeled, b[j] 
On page 871, in the left-hand column, line --22 which reads 

f o r  s := 1 step 1 u n t i l  n d o  
should renal 

f o r  s : =  l s t e p  1 u n t i l  n d o  

R E M A R K  ON A L G O R I T H M  301 [$20] 
A I R Y  F U N C T I O N  [Gillian Bond  and  M.L.V. P i t t eway ,  

Comm. A C M  10 ( M a y  1967), 291] 
M.L.V. P i t t e w a y  (Recd. 19 M a y  1967) 
Brune l  Univers i ty ,  A C T O N ,  W.3., E n g l a n d  

The initial minus sign has been omitted from the line immedi 
ately following the line 

e n d  calculation of derivatives; 
The statement should read 

p:= -- (rlmdx/xi) X (2 X A[2] + 4 X A[4] + 6 X A[6] 
+ 8 X A[8] + 10 X A[IO]); 

ACM will be pleased to replace any copy of the Communi- 

cations of the A C M  that has been damaged in the mail. 

Please return the damaged copy to ACM Headquarters in 

New York with your request. 
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