
based"  machines)  has a machine- language  ins t ruc t ion  named 
(MOVE and EDIT, which permi ts  a considerable va r i e ty  of edi t ing 
features  at  hardware  speeds. This  suggests t h a t  a modera te  pro- 
gramming modification could enable  the  full power of the  EDIT 
ins t ruc t ion  to be added to the  FORTRAN language for such a com- 
puter .  The  au thor  has, in fact ,  done this  for Version 4 of 1410 
FORTRAN. From the  user ' s  s t andpoin t ,  the  extension takes the  
form of a new specification type  in the  FORMA.T s t a t ement ,  allow- 
ing a "p ic to r i a l " ,  reminiscent  of the  COBOL " p i c t u r e . "  This  pic- 
tor ial  (which is pract ica l ly  identical  wi th  the  corresponding 
1410 machine language specification) is effective only wi th  the  
"F"  and " I"  ou tpu t  modes. 

As an example, we can write in a 1410 FORTRAN program:  
W R I T E  O U T P U T  TAPE 6, 100, A, B, K 

100 F O R M A T  (F(XX$O.XX),  F6.2, I ( X X . X X ) )  
This  results  in the  following 1410 t r e a t m e n t :  

Internal Specification 141o Edit Word Output 
A 100.0 F (XX$O.XX) bb$0. bb  $100.00 
B 100.0 F6.2 None 100.00 
K 100 I ( X X . X X )  bb.  bb  1.00 

where the b 's  represent  blanks.  We have subs t i t u t ed  X ' s  for the  
blanks in the  source format  as a documenta t ion  aid. For  fu r ther  
examples of 1410 hardware  edi t ing see page 38 of the  IBM 1410 
Reference Manual ,  Form No. A22-1407-2. 

To create th is  feature  in the  1410 FORTRAN all formats  are ex- 
amined at  execution t ime for ed i t - type  specifications. When an 
ed i t - type  specification is encountered,  i t  is conver ted  to a s tand-  
ard edit  word and placed in the  I /O  buffer. After  the  da ta  word 
has been ar ranged for p r in t ing  it  is edi ted into this  s t andard  edit  
word. All checking features  of the  1410 IO COMMON package 
are util ized. Fixed-point  var iables  are edi ted direct ly  from loca- 
t ion 0500. Conver ted  f-fields are moved to a new area by  the  
s t anda rd  IO COMMON package from which they  are edited.  The  
s t anda rd  features  of the  original 1410 IO Common package are 
not  d is turbed.  

This  edi t ing abi l i ty  in 1410 FORTRAN allows business da ta  
processing problems to be compiled wi thou t  losing e i ther  the  facil- 
ities of the  hardware  edi t  feature  or the  programming advantages  
of FORTRAN. The au thor  will be glad to supply  the  l is t ing of this  
modification upon request .  

Thanks  are due F. J. Ba l in t  and E. B. Weinberger  for sugges- 
t ions leading to this  work and to Dr.  Weinberger  for a number  of 
programming suggestions.  

JOHN E. FED&KO 
Gulf Research & Development Company 

Pittsburgh, Pennsylvania 

LETTER TO THE EDITOR 

J. WEGSTEIN, Editor 

ALGORITHM 173 
ASSIGN 
OTOMAR HXJEK 

Research Institute of Mathematical Machines, Prague, 
Czechoslovakia 

p r o c e d u r e  assign (a) the value of : (b) wi th  dimension : (dim) 
indices : (ind) bounds : (low, up) t racer  : 0"); 

v a l u e  dim; i n t e g e r  dins, ind, low, up, j; 
c o m m e n t  This  procedure uses Jensen ' s  device (cf. ALGOL 

Report ,  procedure Innerproduc t )  twice: the a, b nmy depend on 
ind and also ind, low, up may depend on ]; 

b e g i n  
] : =  dim; 
for  ind : =  low s t e p  1 u n t i l  up do 

i f  dim > 1 
t h e n  

b e g i n  
assign (a, b, d i m - l ,  ind, low, up, ]) ;  
j : =  dins 

e n d  
e l s e  a : =  b 

e n d  assign; 
c o m m e n t  The obvious use of "assign" is in assigning the value 

of one ar ray  to another .  The poin t  here is t h a t  one procedure 
declara t ion  serves for all the  dimensions used. In  fact,  the  
dimension may  even be a var iab le :  thus  a procedure essential ly 
identical  with  "assign" was used by the au thor  in implement ing  
the recursive own process in an ALGOL compiler. 

However,  in addi t ion to this, "assign" can have fu r ther  
funct ions,  as i l lus t ra ted  below. The ac t iva t ion  assign (a, ( if  
i = 1  t h e n  fa l s e  else  a) Y b~.i , 1, i, 1, n, j) will calculate the  
join- t race of a Boolean 2-dimensional a r ray  b. 
assign (awi~ , ( i f  i8=1 t h e n  0 e l s e  aw~2) A- bil.i3 X ei~j2 , 

3, i¢ , 1, i f j  = 1 t h e n  n e lse  i f ]  = 2 t h e n  m e l s e  p, j) 
will assign to a the  mat r ix  product  of b, c. I t  may be noticed tha t ,  
more generally, "assign" will perform all the tensor  operat ions,  
e.g. tensor  mul t ip l ica t ion,  a l te rna t ion ,  etc. 

O n  t h e  C o m m u n i c a t i o n s  I n d e x  

Dear  Ed i to r :  

I have  found the  " Index  to the  Communica t ions  of the  A C M ,  
Volumes 1 -5"  the  M a r c h  issue of Communications extremely  
useful. I am sure t h a t  o ther  member s  have  found the  index 
equally useful and  I would like to add  m y  apprec ia t ion  to Mr.  
Youden  of NBS  for a job well done. 

Pe rhaps  all A C M  members  have  no t  not iced t h a t  the  index 
m a y  be easily de tached  from the  issue b y  s imply removing the  
b inding staples. Because of the  m e t h o d  of b inding  the  index 
into the  issue th is  results  in a convenien t ly  folded section which  
carries i ts own staples. 

C. L. •cCARTY, JR. 
Editor, Techniques Department 
Co~munications of the A CM 

ALGORITHM 174 
A POSTERIORI BOUNDS ON A 

ZERO OF A POLYNOMIAL* 
ALLAN GIBB 
University of Alberta, Calgary, Alberta, Canada 

c o m m e n t  The procedures below make use of Algor i thm 61, 
Procedures for Range Ar i thmet ic  [Comm. ACM 4 (1961)]. I t  is 
assumed t h a t  the procedures  below and the  range a r i thmet ic  
procedures are conta ined in an outer  block and, therefore,  t h a t  
the procedures are avai lable  as required.  Together  the proce- 
dures make possible an  a t t e m p t  to determine absolute  bounds 

* These procedures were developed under  Office of Naval  
Research Con t rac t  Nonr-225(37) at  S tanford  Univers i ty .  The 
au thor  wishes to t h a n k  Professor George E. Forsy the  for assis tance 
with this  work. 
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on a zero of a polynomial  given an ini t ia l  es t imate  of the  zero. 
The procedures below are given for the  complex case bu t  may  
readi ly be adapted  for the  real case; 

p r o c e d u r e  RngPlyC (N, A, Z, P) ;  
c o m m e n t  RngPlyC finds bounds [P1, P2] + i[P3, P4] on the  

value of an n t h  degree polynomial  ~k~0 {[a4k+~, a,~+2] 
-4- i[a,k+3, a4k+4]}z k with  complex range coefficients for a com- 
plex range a rgument  z = [Z1, Z2] + i[Z3, Z4]; 

i n t e g e r  N;  a r r a y  A, Z, P; 
b e g i n  i n t e g e r  K, J ;  a r r a y  X,  Y[1 : 4]; 
P[1] : =  P[2] : =  P[3] : =  P[4] : =  0; 
for  K : =  4 X N s t e p  --4 u n t i l  0 do  

b e g i n  fo r  J : = 1 s t e p  1 u n t i l  4 do  X[J]  : = A [ K + J ] ;  
RNGMPYC (P[1], P[2], P[3], P[4], Z[1], Z[2], Z[3], Z[4], r[1],  

Y[2], Y[3], Y[4]); 
RNGSUMC (Y[1], Y[2], Y[3], Y[4], X[1], X[2], X[3], X[4], 

PI l l ,  P[2], P[3], P[4]) 
e n d  

e n d ;  
p r o c e d n r e  RngAbsC (A, C); 
c o m m e n t  RngAbsC produces the  range absolute  value [C1, C2] 

of the  complex range number  [A1, A2] + i[A3, A4]; 
a r r a y  A, C; 
b e g i n  a r r a y  B[1 : 4]; 
RANGESQR (A[1], A[2], BIl l ,  B[2]); 
RANGESQR (A[3], A[4], B[3], B[4]); 
RANGESUM (B[1], B[2], B[3], B[4], C[1J, C[2]); 
C[1] : =  sqrt(C[1]); 
C[2] : = sqrt(C[2]); 
c o m m e n t  I t  is assumed t h a t  the accuracy of the sqrt rout ine  

used is known and  t h a t  the maximum error in sqrt(C) is ::t= K 
>(CORRECTION(C). K is to be replaced below by its appro-  
pr ia te  numerical  wdue;  

C[1] : =  C[1] - K × CORRECTION (C[1]); 
C[2] : =  C[2] + K X CORRECTION (C[2]) 
end ;  
p r o c e d u r e  BndZrPlyC (N, ZOR, ZOJ, A, W,); 
i n t e g e r  N;  r ea l  ZOR, ZOJ; a r r a y  A, W; 
c o m m e n t  BndZrPlyC a t t emp t s  to de termine  bounds [W1, W2] 

+ i[W3, W4] on a zero of an N - t h  degree polynomial  in z with  
complex range coefficients. I t  is assumed t h a t  an  es t imate  
ZO = ZOR-4-iZOJ of the  zero is avai lable.  The following 
theorem is used. Assmne f is regular a t  z0 wi th  f'(zo) # O. Let  
ho = --f(zo)/f'(zo), let  A be the  region I z -- z0 I --< r [h0 ], and 
assume t h a t f i s  regular  in ,5. If, for some r > 0, [ f ' (z)  I >= ( I / r ) .  
I f'(zo) [ for all z e A then  A conta ins  a zero off(see  [11, pp. 29-31) ; 

b e g i n  i n t e g e r  I ,  J'; a r r a y  B[ I :4XN] ,  E, F, FP, D[l:4],  AF, 
AFP,  G[i:2J; 

r e a l  RH, RHS, NL, NR, R, RNL, RNR; 
for  I : = I s t e p  1 u n t i l  N do  

b e g i n  J : =  4 X I ;  
R A N G E M P Y  (I, I ,  A i d + l ] ,  A [ J + 2 ] ,  B [ J - 3 ] ,  B [ J - 2 ] ) ;  
R A N G E M P Y  (I, I, A [ J +3] ,  A[J '+4],  B [ J - 1 ] ,  B[J]) 
end ;  

E[1] : =  El2] : =  ZOR; E[3] : =  E[4] : =  ZOJ; 
RngPlyC(N, A, E, F) ;  
RngAbsC(F, AF) ; 
RngPlyC(N--1, B, E, FP); 
RngAbsC(FP, AFP) ; 
RANGEDVD(AF[1], AF[2], AFP[1], AFP[2], NL, NR); 
R : = 2 ;  
1: RANGEMPY(R,  R, NR, NR, RNL, RNR);  
RANGESUM (ZOR, ZOR, - R N R ,  RNR, W[] ], W[2]) ; 
RANGESUM(ZOJ, ZOJ, - R N R ,  RNR, W[3], W[4]); 
e o n a n l e n t  We have replaced the  disk of the theorem by a square;  
RngRlyC(N-l ,  B, W, D); 
RngAbsC(D, G) ; 
i f  G[1] = 0 t h e n  go I:o failurel; 

c o m m e n t  failurel and failure2 are non-local labels;  
RANGEDVD(AFP[2], AFP[2], R, R, RH, RHS); 
i f  G[1] < RHS t h e n  

b e g i n R  : =  2 X R ;  
i f  R > 1024 t h e n  go t o  failure2; 
go t o  1 
e n d  

e n d  

c o m m e n t  The following procedure may  replace BndZrPlyC 
above;  

p r o c e d u r e  BndZrPlyC2 (N, ZOR, ZOo r, A, W);  
i n t e g e r  N;  a r r a y  A, W; r e a l  ZOR, ZOJ; 
c o m m e n t  BndZrPlyC2 is similar to BndZrPlyC t~bove. The  

theorem used here follows. If, in  the  disk I z -- z0 I =< 2 [ h0 I we 
have I f'~(z) I --< I f'(zo) I/( 2 ] h0 I), then  there is a unique zero in 
the  disk (see [2, pp.  43-50]; 

b e g i n  i n t e g e r  I ,  or; a r r a y  B[ I :4XN] ,  C[ I :4XN--4] ,  F, D, P ,  
S[1:4], X, T, Q, Y[l:2]; real V, VP, R, RL; 

fo r  I : = 1 s t e p  1 u n t i l  N do  
b e g i n J  := 4 X I; 
RANGEMPY(I ,  I, A [ J + i ] ,  A [ J+2 ] ,  B[J--3] ,  B[J- -2] ) ;  
RANGEMPY(I, I, Aid+3], A[J+4], B[J-1], B[JI) 
end ;  

fo r  I : =  1 s t e p  1 u n t i l  N -- 1 do  
b e g i n J  : =  4 X 1; 
RANGEMPY(I ,  I, B [ J + I ] ,  B [ J+2] ,  C[J--3],  C[J--2]) ;  
RANGEMPY(I ,  I, B[J+3] ,  B[.]+4], C [ J - i ] ,  C[J]) 
end ;  

Di l l  : =  D[2] : =  ZOR; 
D[3] : =  D[4] : =  ZOor; 
RngPlyC(N, A, D, F) ;  
RngPlyC(N-1,  B, D, P) ;  
RngAbsC(F, T) ; 
RngAbsC(P, X) ; 
i f  X[1] = 0 t h e n  go t o  failurel; 
c o m m e n t  failurel and failure2 are non-local labels;  
RANGEDVD(T[1], T[2], X[1], X[2], Q[1], Q[2]); 
RANGEMPY(2,  2, Q[2], Q[2], RL, R);  
RNGSUMC(--R, R, --R, R, ZOR, ZOR, ZOJ, ZOJ, WIll, W[2], 

w[3], w[4]); 
RngPlyC(N - 2, C, W, S);  
RngAbsC(S, Y) ; 
RANGEDVD(X[1], X[1], R, R, V~ VP); 
i f  Y[2] > V t h e n  go t o  failure2 
e n d  

References : 
1. GIBB, ALLAN. ALGOL procedures for range a r i thmet i c .  Tech. 

Repor t  No. 15, Appl.  Math .  and Sta t is t ics  Laborator ies ,  
S tanford  Univers i ty  (1961). 

2. OSTROWSKI, A. M. Solution of equations and systems of equations. 
Academic Press,  New York,  1960. 

ALGORITHM 175 
SHUTTLE SORT 
C. J. SHAW AND T. N.  TRIMBLE 
System Development Corporation, Santa Monica, Calif. 

p r o c e d u r e  shuttle sort (m, Temporary, N) ;  
v a l u e  m; i n t e g e r  m; a r r a y  N i l : m ] ;  
c o m m e n t  This  procedure  sorts  the  l ist  of numbers  NIl]  t h rough  

N[m] in to  numeric  order, by exchanging out-of-order  n u m b e r  
pairs.  The procedure is simple, requires only Tempora~T as 
extra  storage, and  is qui te  fas t  for shor t  lists (say 25 numbers)  
and fair ly fas t  for s l ight ly longer lists (say 100 numbers) .  For  
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still longer  l ists,  t hough ,  o ther  me thods  are m u c h  swif ter .  The  
ac tual  p a r a m e t e r s  for Temporary  and  N should,  of course,  be 
s imilar  in type ;  
b e g i n  i n t e g e r  i ,  j ;  
f o r  i : =  1 s t e p  1 u n t i l  m -- 1 d o  

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

b e g i n  
i f  N[j]  < N [ j + I ]  t h e n  go  t o  Test;  

Exchan9e: Temporary  := N[y]; N[/]  : =  N [ j + i ] ;  
N [ j + i ]  : =  Temporary;  e n d  o f  j loop;  

Test: e n d  of i l o o p  
e n d  shu t t l e  so r t  

ALGORITHM 176 
LEAST SQUARES SURFACE FIT 
T. D. ARTttURS 
The Boeing Company, Transport Division, Renton, Wash. 

p r o c e d u r e  S U R F I T  (F, z, W,  m, n) answers :  (a, e, rms);  
i n t e g e r  m, n; r e a l  rms; a r r a y  F, z, W,  e; 
p r o c e d u r e  Invert ,  sqrt; 
c o m m e n t  Given a set  of m ord ina tes  and the  co r respond ing  

values of n prescr ibed  general  funct ions ,  (fl), of one or more  
l inear ly  i ndependen t  var iables ,  th is  procedure  fits the poin ts ,  
in the  leas t  squares  sense,  w i th  a func t ion  of the  fo rm alf~ + a2fe 
+ . . . -4- a,,f~ where ai are the  u n k n o w n  coefficients. Also com- 
pu t ed  are the  vec tors  of residuals  (ey) and  the i r  l eng ths  (rms). 
Provis ion  is made  for  weigh t ing  the  da t a  po in t s .  Essen t ia l ly ,  the  

• . T T , . 

mat r ix  e q u a t m n  F W F a  = F W z  m solved,  where  a is the  vec to r  
of unknowns ,  W is an m X m diagonal  m a t r i x  of da t a  po in t  
weights ,  z is the  vec to r  of o rd ina t e  va lues  and  F is the  
m . X  n m a t r i x  of cor responding  func t ion  values .  The  avai la-  
bi l i ty  of a p rocedure  Invert ,  which replaces a real ma t r ix  wi th  
i ts  inverse ,  is a s sumed;  

b e g i n  i n t e g e r  i, j, k; r e a l  sqsum, g; a r r a y  G[ l :n ,  l : n ] ;  
c o m m e n t  G is work ing  space for  the  invers ion  procedure ;  
sqsum :=  0; 
f o r  i := 1 s t e p  1 u n t i l  n do  
f o r  j := 1 s t e p  1 u n t i l  n do  
b e g i n  G[i, j] : =  0; 

f o r  k := 1 s t e p  1 u n t i l  m d o  
G[i, j] :=  G[i, j] + Elk,  i] X Elk,  j] X W[k] 

e n d  j;  
Invert  (G, n) ; 
f o r  i := l s t e p  l u n t i l  n do  
b e g i n  all] := 0; 

f o r  j : =  l s t e p  1 u n t i l  m do  
b e g i n  g : =  0; 

f o r  k : =  1 s t e p  i u n t i l  n do  
g : =  g + G[i, k] X El i ,  k]; 
a[i] : =  a[i] + g X z[j] X WD'] 

e n d  j 
e n d  i;  
for  i : = 1 s t e p  1 u n t i l  m do  
b e g i n  eli] = y[i]; 

f o r  j : =  1 s t e p  1 n n t i l  n do  
eli] := eli] -- a[jl X F[i,  j]; 
sqsum :=  sqsum + eli] ~ 2 

e n d  i;  
rms :=  sqrt ( sqsum/m)  

e n d  S U R F I T  

ALGORITHM 177 
LEAST SQUARES SOLUTION WITH CONSTRAINTS 
M .  J .  SYNGE 

The Boeing Company, Transport Division, Renton, Wash. 

p r o c e d u r e  CONLSQ (A, y, w, n, m, r) resu l t s :  (x) res iduals :  
(e, rms) ; 

r e a l  r m s ;  i n t e g e r  n, m, r;  a r r a y  A, y, w, x, e; p r o c e d u r e  
abs, S U R F I T ;  

c o m m e n t  This  procedure  solves an  ove rde te rmined  set  of n 
s imul t aneous  l inear  equa t ions  in m unknowns ,  A x  = y. The  
first r equa t ions  ( r<m)  are satisfied exact ly  and  the  remain ing  
n -- r are satisfied as well as possible  by  the  m e t h o d  of leas t  
squares .  E a c h  equa t ion  is ass igned a weight  f rom the  vec to r  w, 
a l t hough  the  first r weights  have  no relevance.  This  p rocedure  
m a y  be used for curve  or surface f i t t ing when  the  a p p r o x i m a t i n g  
func t ion  or i ts  der iva t ives  are requi red  to have  fixed values  a t  a 
n u m b e r  of po in t s ;  

b e g i n  i n t e g e r  i,  j ,  k, i i ,  ick; i n t e g e r  a r r a y  ic[ l:m];  
a r r a y  B [ l : n - - r ,  l : m - - r ] ;  r e a l  A m a x ;  
f o r  i : = 1 s t e p  1 u n t i l  r do  
b e g i n k  : =  1; f o r  j : =  2 s t e p  1 u n t i l m d o  

b e g i n  i f a b s  (Al l ,  j]) > abs (Al l ,  k]) t h e n  k : = j;  e n d ;  
ic[i] := k; A m a x  :=  A[ i ,  k]; f o r ]  : =  1 s t e p l  u n t i l m d o  
A[i ,  j] : =  A[i ,  ] ] /Amax;  y[i] :=  y[ i] /Amax;  
f o r  i i  : =  1 s t e p  1 u n t i l  r do  
b e g i n  i f  i i  = i t h e n  go  t o  skip;  A m a x  :=  A[ i i ,  k]; 

f o r  j : = 1 s t e p  1 u n t i l  m d o  
A[i i ,  j] :=  A[ i i ,  j] -- A[ i ,  ]] X A m a x ;  
y[ii] := y[ii] -- y[i] X A m a x ;  

skip:  e n d  i i  
e n d  i; 
ick :=  r + 1; f o r  3" := 1 s t e p  1 u n t i l m d o  
b e g i n  k : =  1; 

repeat: i f  j = ic[k] t h e n  go  t o  next;  
k : =  k--4- 1; i f r  >- k t h e n  go  t o  repeat; 
ic[ick] :=  j;  ick := iek T l ;  

next: e n d  k; 
f o r  i : =  r + 1 s t e p  1 u n t i l  n do  
b e g i n  f o r  k : = 1 s t e p  1 u n t i l  r do  

y[i] :=  y[i] -- y[k] X A[i ,  ic[k]]; 
f o r  j : =  r + 1 s t e p  1 u n t i l  m do  
b e g i n  B[i,  j] : =  A[i ,  ic[j]]; 

f o r  k : = 1 s t e p  1 u n t i l  r d o  
B[i,  j] : =  B[i,  j] -- A[ i ,  ie[k]] X A[k,  ic[jJ] 

e n d  ] 
e n d  i ; 
S U R F 1 T  (B, y [ r + l : n ] ,  w [ r + l : n ] ,  n -  r, m -  r, x [ r + l : m ] ,  

e[r+l  :n], rms) ; 
c o m m e n t  The  procedure  S U R F I T  is called to solve the reduced 

set of n -- r s imul t aneous  l inear  equa t ions  in m -- r u n k n o w n s ,  
Bx2 = y2', which  have  no cons t r a in t s ;  

f o r  j : =  r + 1 s t e p  1 u n t i l  m do  x[ic[j]] : =  x[j]; 
f o r  j : =  1 s t e p  1 u n t i l  r do  
b e g i n  x[ic[j]] : =  y[j]; 

f o r  i : =  r -4- 1 s t e p  1 u n t i l  m do  
x[ic[]]] : =  x[ic[j]] -- A[], ic[i]] X x[ic[i]] 

e n d  j 
e n d  CONLSQ 

ALGORITHM 178 
DIRECT SEARCH 
ARTHUR F. I~AUPE, JR. 
Westinghouse Electric Corp., Pittsburgh, Penn. 

p r o c e d u r e  direct search (psi,  X ,  D E L T A ,  rho, delta, S);  
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v a l u e  K ,  D E L T A ,  rho, delta; i n t e g e r  K;  a r r a y  psi; 
r e a l  D E L T A ,  rho, delta; r e a l  p r o c e d u r e  S;  

c o m m e n t  T h i s  p r o c e d u r e  m a y  be u sed  to  l oca t e  t h e  m i n i m u m  
of t h e  f u n c t i o n  S of K va r i ab l e s .  A d i s cus s i on  of t h e  use  of t h i s  
p r o c e d u r e  m a y  be f o u n d  in :  R o b e r t  H o o k e  a n d  T .  A. J eeves ,  
'D i r ec t  S e a r c h '  So lu t ion  of N u m e r i c a l  a n d  S t a t i s t i c a l  P r o b l e m s  
[J. A C M  8, 2 (1961), 212-229]. T h e  n o t a t i o n  is e s s e n t i a l l y  t h a t  
u sed  in  A p p e n d i x  B of t h e  c i ted  pape r .  T h e  e x c e p t i o n s  be ing  t h e  
spe l l ing  of t h e  Greek  l e t t e r s  a n d  t h e  i n t r o d u c t i o n  of n o t a t i o n  to  
d i s t i n g u i s h  b e t w e e n  t he  p roces s  of c a l c u l a t i n g  a v a l u e  of S a n d  
t h e  v a l u e  i t s e l f - - t h u s  S(phi) a n d  Sphi. A modi f ied  v e r s i o n  of th i s  
p r o c e d u r e  a c c e p t a b l e  to t h e  B A C  compi l e r  for  t h e  B u r r o u g h s  
205 a n d  220 c o m p u t e r s  ha s  been  p r e p a r e d  a n d  r u n  s u c c e s s f u l l y ;  

b e g i n  r e a l  SS,  Spsi ,  Sphi, theta; a r r a y  phi [ I :K] ;  i n t e g e r  K ,  k; 
p r o c e d u r e  E; f o r  k : = 1 s t e p  1 u n t i l  K d o  

b e g i n  phi [k] : =  phi [k] + D E L T A ;  Sphi  : =  S(phi); 
i f  Sphi  < S S  t h e n  S S  : = Sphi  e l s e  

b e g i n  phi [k] : =  phi[k] -- 2 X D E L T A ;  Sphi  := S(phi): 
i f S p h i  < S S  t h e n  SS  : = Sphi  e l s e  phi [k] : = phi [k] + D E L T A  

e n d  E; 
Start: Sps i  : =  S(psi);  
1: S S  := Sps i  ; 
f o r / c  : = 1 s t e p  l u n t i l  K d o  phi [k] : = psi [k]; E;  
i f  S S  < Sps i  t h e n  b e g i n  

2: f o r  k : =  1 s t e p  1 u n t i l  K d o  b e g i n  
theta : =  psi [k]; 
psi [k] : =  phi [k]; 
phi [k] : = 2 X phi [k] -- theta e n d ;  

Spsi  : =  SS; SS  : =  Sphi  : =  S(phi); E; 
i f S S  < Spsi  t h e n  go  t o  2 e l s e  go  t o  1 e n d ;  

3: i f  D E L T A  >_ delta t h e n  b e g i n  D E L T A  : = rho X D E L T A ;  
g o  t o  1 e n d  e n d  

f insum : =  0; t e r m : =  1; letup : =  1 - - x ;  qrecur : =  index : =  q; 
f o r  index : = index -- 1 w h i l e  index > 0 d o  

b e g i n  qrecur : =  index; 
term := term X ( qrecur + l ) / ( temp X (p + qrecur ) ) ; 

f insum : =  f insum + term 
e n d ;  

c o m m e n t  T h i s  p a r t  s u m s  a power  ser ies  for  n o n - i n t e g r a l  effec- 
t i ve  q and  y ie lds  u n i t y  for  i n t e g e r  q; 

in f sum : =  term := l ;  index := 0; 
c o m m e n t  I n  t he  fo l lowing s t a t e m e n t  t he  c o n v e r g e n c e  c r i t e r ion  

m i g h t  well be a l t e r ed  to term > epsilon, s ince  in f sum > 1 al-  
ways ,  t h u s  s a v i n g  one d iv ide  pe r  cycle  a t  t h e  cost ,  p e r h a p s ,  of a 
few more  cyc les ;  

f o r  index := index + 1 w h i l e  (term/infsum) > epsilon d o  
b e g i n  term : =  term X x X (index-qrecur) X ( p + i n d e x - 1 ) /  

(indexX (p+index)); in f sum : =  in f sum + term 
e n d ;  

c o m n l e n t  T h i s  p a r t  e v a l u a t e s  m o s t  of t h e  n e c e s s a r y  fac to r i a l  
f u n c t i o n s ,  m i n i m i z i n g  t he  n u m b e r  of en t r i e s  i n to  t h e  fac to r i a l  
p r o c e d u r e ;  

temp : =  temp 1 : =  factorial (qrecur-1);  
term : =  term 1 : =  factorial (qrecur+p--1); 
f o r  index := qreeur s t e p  1 u n t i l  ( q - 0 . 5 )  d o  

b e g i n  temp 1 : =  temp 1 X index; 
term 1 : =  term 1 X (index+p) 

e n d ;  
c o m m e n t  T h i s  p a r t  c o m b i n e s  t he  p a r t i a l  r e s u l t s  i n to  t h e  final 

one ;  
temp : =  x T p X ( i n f s u m X t e r m / ( p X t e m p ) + f i n s u m X t e r m  1X 
( l - - x )  T q/ (qXtemp l)) / factorial  ( p - l ) ;  

incompletebeta : =  i f  alter t h e n  1 - - t e m p  e l s e  temp; 
end: e n d  incompletebeta 

ALGORITHM 179 
INCOMPLETE BETA RATIO* 
OLIVER a .  LUDWIG 

Mathematical Laboratory and Department of Theoret- 
ical Chemistry, University of Cambridge, England 
* B a s e d  in p a r t  on work  done  a t  C a r n e g i e  I n s t i t u t e  of T e c h -  

no logy ,  P i t t s b u r g h ,  P e n n s y l v a n i a  a n d  s u p p o r t e d  by  t h e  P e t r o l e u m  
R e s e a r c h  F u n d  of the  A m e r i c a n  C h e m i c a l  Soc ie ty  a n d  b y  t h e  
N a t i o n a l  Science  F o u n d a t i o n .  

r e a l  p r o c e d u r e  incompletebeta (x, p, q, epsilon); 
v a l u e  x, p, q; r e a l  x, p, q, epsilon; 
b e g i n  real  f insum, infsum, temp, temp 1, term, term 1, qrecur, index; 

B o o l e a n  alter; 
c o m m e n t  T h i s  p r o c e d u r e  e v a l u a t e s  t h e  ra t io  B~(p, q)/B~(p, q), 

where  B~(p, q) = f :  tP-~(1-t)q -1 dt, w i t h 0  _< x _< 1 a n d  p, q > 0, 
b u t  n o t  nece s sa r i l y  i n t ege r s .  I t  a s s u m e s  t h e  e x i s t e n c e  of a non-  
local label ,  alarm, to  wh i ch  con t ro l  is t r a n s f e r r e d  u p o n  e n t r y  to 
t h e  p r o c e d u r e  w i th  inva l id  a r g u m e n t s .  Also  a s s u m e d  is a proce-  

du re  to  e v a l u a t e  J o  rye -t  dt whi ch  is ca l led  factorial(p), (cf. e.g. 

A l g o r i t h m  80, M a r c h ,  1962); 
i f x  > 1 ~ / x  < 0 V p  =< 0 ~ / q  =< 0 t h e n  go  t o  alarm; 
i f x  = 0 V x = 1 t h c n  b e g i n  incompletebeta : = x; go  t o E n d e n d ;  
c o m m e n t  T h i s  p a r t  i n t e r c h a n g e s  a r g u m e n t s  if n e c e s s a r y  to ob-  

t a i n  b e t t e r  c o n v e r g e n c e  in t he  power  ser ies  below;  
i f  x =< 0.5 t h e n  alter : = false e l s e  

h e g i n  alter : =  t r u e ;  temp : =  p," p : =  q; q : =  temp; x : =  
1 -- x e n d ;  

c o m m e n t  T h i s  p a r t  r ecu r s  on t he  (effective) q u n t i l  t h e  power  
ser ies  below does  n o t  a l t e r n a t e ;  

ALGORITHM 180 
ERROR FUNCTION--LARGE X 
HENRY C. THACHER, JR.* 
Argonne National Laboratory, Argonne, Ill. 

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

r e a l  p r o c e d u r e  erfL(x); v a l u e  x; r e a l  x; 
c o m m e n t  T h i s  p r o c e d u r e  e v a l u a t e s  t h e  e r ro r  f u n c t i o n  of real  

f/ a r g u m e n t ,  erf(x) = (2/~/~-) e -u2 du b y  t h e  L a p l a c e  c o n t i n u e d  

f r a c t i o n  for  t h e  c o m p l e m e n t a r y  e r ro r  f u n c t i o n :  erf(x) = 1 - 
( 1 / ( l + v / ( l + 2 v / ( l + 3 v / ( l + . . . ) ) ) ) ) / ( ~ / g - x  e ~ )  where  v = l /  
(2x2). Succes s ive  even  c o n v e r g e n t s  of t h e  c o n t i n u e d  f r a c t i o n  a re  
e v a l u a t e d ,  u s i n g  an  a l g o r i t h m  s u g g e s t e d  by  M a e h l y ,  un t i l  t h e  
h d l  a c c u r a c y  of t h e  a r i t h m e t i c  be ing  u sed  is a t t a i n e d .  

T h e  c o n t i n u e d  f r a c t i o n  c o n v e r g e s  for  all x > 0. Fo r  sma l l  x, 
howeve r ,  c o n v e r g e n c e  m a y  be exces s ive ly  s low,  a n d  overf low 
m a y  occur .  I n  t h i s  reg ion ,  t he  T a y l o r  ser ies  c o n v e r g e s  s a t i s -  
f ac to r i l y ,  a n d  a l g o r i t h m s  s u c h  as No.  123 are  su i t a b l e .  

Fo r  x N 0, t h e  p r o c e d u r e  cal ls  t he  global  p r o c e d u r e  a l a r m .  
T h e  b o d y  of th i s  p r o c e d u r e  ha s  been  c h e c k e d  on t h e  L G P - 3 0  

c o m p u t e r ,  u s i n g  t h e  D a r t m o u t h  Self C o n t a i n e d  Algol P roces so r .  
T h e  p r o g r a m  was  u sed  to  t a b u l a t e  err(x) f r om 0.9(.1)5.0. T h e  
m a x i m u m  er ror  was  2 N 10 ~ ,  wh ich  is e x p l a i n a b l e  by  roundof f  
e r ro rs .  T h e  n u m b e r  of c o n v e r g e n t s  c a l c u l a t e d  r a n g e d  f ro m  36 
for  x = 0.9 to 2 for  x ~ 3.3. Overf low oeeur red  for x = 0.87; 

b e g i n  i n t e g e r  m; r e a l  B min  2, B rain 3, P,  R, T, v, v2; 
i f  x < 0 t h e n  alarm; 
v : = x X x ;  
T : =  --0.56418958/x/exp(v); 
c o t n m e n t  T h e  c o n s t a n t  0.56418958 . . . .  ~r -~/2, a n d  s h o u l d  

be g iven  to t he  full  a c c u r a c y  r equ i r ed  of t he  p r o c e d u r e ;  
v : =  0.5/v;  
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P = v X T ;  
v2 : = v X v; 
T : = T + I ;  
m : =  0; 
R : =  B m i n 3  : =  B m i n 2  : =  1; 
for  m : =  m + 1 w h i l e  T # R d o  

b e g i n  R : =  T; 
B min  3 := v X ( m - - l )  X B r a i n 3 +  B min  2 
T : =  B min  2; 
B r a i n 2 : =  v X m X B min  2 + B min  3; 
T : =  R - P / B  min  2 /T;  
P : =  m X  ( r e + l )  X v 2 X  P 
e n d  whi le ;  
erfL := T 

e n d  

ALGORITHM 181 
COMPLEMENTARY ERROR FUNCTION-- 

LARGE X 
H E N R Y  C .  THACHER ,  J m *  

Argonne National Laboratory, Argonne, Ill. 
* W o r k  s u p p o r t e d  b y  t h e  U.  S. A t o m i c  E n e r g y  C o m m i s s i o n .  

r e a l  p r o c e d u r e  erfcL(x); v a l u e  x; r e a l  x; 
e o m n ~ e n t  T h i s  p r o c e d u r e  e v a l u a t e s  t he  c o m p l e m e n t a r y  e r ro r  

function, e r f c ( x )  = 1 - e~¢(x)  = (2/x/~) f ~ e x p ( - u ~ ) d u  by 
t h e  Lap l ace  c o n t i n u e d  f r a c t i o n :  

erfc(x) = ( 1 / ( 1 + v / ( l + 2 v / ( l + 3 v / ( l + . . . ) ) ) ) ) / ( ~ X / ~ r x e  ~)  
where  v = l/(2x~). Success ive  even  c o n v e r g e n t s  of t h e  c o n t i n u e d  
f r ac t i on  are  e v a l u a t e d ,  u s i n g  a n  a l g o r i t h m  s u g g e s t e d  by  M a e h l y ,  
un t i l  t h e  full  a c c u r a c y  of t he  a r i t h m e t i c  be i ng  u sed  is a t t a i n e d .  

T h e  c o n t i n u e d  f r a c t i o n  conve rges  for  all x > 0. F o r  snml l  x, 
however ,  c o n v e r g e n c e  m a y  be exces s i ve l y  slow, a n d  overf low 
a n d  round-of f  a c c u m u l a t i o n  m a y  occur .  In  t h i s  reg ion ,  t he  
T a y l o r  ser ies  conve rges  s a t i s f a c t o r i l y .  

F o r  x ~ 0, t he  p r o c e d u r e  calls  t h e  g lobal  p r o c e d u r e  a la ru l .  
T h e  b o d y  of th i s  p r o c e d u r e  has  been  checked  on t h e  L G P - 3 0  

C o m p u t e r ,  u s i n g  t h e  D a r t m o u t h  Self C o n t a i n e d  Algol P roces so r ,  
for  x = 1.2(0.1)5.0. R e s u l t s  were g e n e r a l l y  co r r ec t  to  1 in t he  
6 th  s ign i f i can t  d ig i t ,  a l t h o u g h  a few er rors  were as l a rge  as 6 
in  t h a t  d ig i t .  T h e  e r rors  a re  be l i eved  to be due  to round-o f f  
on ly .  T h e  n u m b e r  of c o n v e r g e n t s  c a l c u l a t e d  r a n g e d  f r o m  46 
f o r x  = 1.2 t o 1 0  for x = 5.0. 

Overf low o c c u r r e d  for  x = 1.183; 
b e g i n  i n t e g e r  m; r e a l  B min  2, B min  3, P ,  R ,  T ,  v, v2; 
i f  x < 0 t h e n  alarm; 
v : = x X x ;  
T := 0.56418958/x/exp(v); 
c o m m e n t  T h e  c o n s t a n t  0.56418958 . . . .  ~r -~/2, a n d  s h o u l d  be 

g iven  to  t h e  ful l  a c c u r a c y  r equ i r ed  of t h e  p r o c e d u r e ;  
v : =  0.5/v;  
v 2 : =  v ×  v; 
P : = v X T ;  
m : = R : = 0 ;  
B r a i n 3  := B r a i n 2 : =  1; 
for  m : =  m + 2 w h i l e R  # T d o  

b e g i n  R : =  T; 
B r a i n 3  := v X ( m - l )  X B min  3 + B min  2; 
T : =  B rain 2; 
B r a i n 2 : =  v X m X B min  2 + B min  3; 
T : =  R -- P / B  min  2 /T ;  
P : =  m X  ( r e + l )  X v 2 X  P 
e n d  while; 
e~:fc L := T 

e n d  

ALGORITHM 182 
NONRECURSIVE ADAPTIVE INTEGRATION 
W. M.  McKEEM~N AND LARRY TESLER 
Stanford University, Stanford, Calif. 

r e a l  p r o c e d u r e  S impson(F)  l im i t s  : (a, b) t o l e r an ce  : (eps); 
r e a l  p r o c e d u r e  F;  r e a l  a, b, eps; v a l u e  a, b, eps; 
b e g i n  c o m m e n t  A n o n r e c u r s i v e  t r a n s l a t i o n  of A l g o r i t h m  145. 

N o t e  t h a t  t h e  dev ice  u s e d  he re  c an  be u sed  to s i n m l a t e  r e c u r s i o n  
for a wide c lass  of  a l g o r i t h m s ;  
i n t e g e r  lvl; 
s w i t c h  return : =  r l ,  r2, r3; 
r e a l  a r r a y  dx, epsp, x2, x3, F2, F3, F4, Fmp ,  Fbp, 
est2, est3 [1:30], pval[l:30, 1:3]; 
i n t e g e r  a r r a y  rtrn [1:30]; 
r e a l  absarea, est, Fa, Fm,  Fb, da, sx, est l ,  sum, F1; 
c o m m e n t  t h e  p a r a m e t e r  s e t u p  for  t h e  in i t i a l  cal l ;  
l v l : =  absarea : =  est : =  0; da : =  b - a; 
Fa := F(a) ;  F m  := 4.0 X F ( ( a + b ) / 2 . 0 ) ;  Fb := F(b) ;  
recur: 

lvl : =  lvl + 1; dx[lvl] : =  da /3 .0 ;  
sx : =  dx[lvl]/6.0; F l  : =  4.0 X F(a+dx[lvl]/2.0);  
x2[lvl] : =  a + dx[lvl]; F2[lvl] : =  F(x2[lvl]); 
x3[lvl] : =  x2[lvl] + dx[lvl]; F3[lvl] : =  F(x3[lvl]); 
epsp[lvl] : =  eps; F4[lvl] : =  4.0 X F(x3[lvl]+dx[lvl]); 
Fmp[lvl] : =  Fro; estl : =  (Fa+Fl+F2[ lv l ] )  X sx; 
Fbp[lvl] : =  Fb; est2[lvl] : =  (F2[lvl]+F3[lvl]+Fm) X sx; 

est3[lvl] : =  (F3[lvl]+F4[lvl]+Fb) X sx; 
sum : =  estl  + est2[lvl] + est3[lvl]; 
absarea := absarea -- abs(est) + abs(estl) + abs(est2[lvl]) + 

abs (est3[lvl]); 
i f  (abs(est--sum) <_ epsp[lvl] X absarea) V (lvl>30) t h e n  
b e g i n  c o m m e n t  done  on th i s  level ;  

up : lvl : =  lvl -- 1; 
pval[lvl, rtrn[lvl]] : =  sum; 
g o  t o  return [rtrn[lvl]] 

end;  
rtrn[lvl] : =  1; da : =  dx[lvl]; F m  : =  F1; 
Fb  : =  F2[lvl]; eps : =  epsp[lvl]/1.7; est : =  cstl; 
go  t o  recur; rl:  
rtru[lvl] : =  2; da : =  dx[lvl]; Fa : =  F2[lvl]; 
F m  : =  Fmp[lvl]; Fb : =  F3[lvl]; eps : =  epsp[lvl]/1.7; 
est : =  est2[lvl]; a : =  x2[lvl]; go  t o  recur; r2: 
rtrn[lvl] := 3; da := dx[lvl]; Fa := F3[lvl]; 
F m  := F4[lvl]; Fb := Fbp[h,l]; eps := epsp[lvl]/1.7; 
est : =  est3[lvl]; a := x3[lvl!; go  t o  recur; r3: 
sum : =  pval[lvl, 1] + pval[lvl, 2] + pval[lvl, 3]; 
i f  lvl > 1 t h e n  go  t o  up; 

S impson  : =  sum 
e n d  Simpson  

ALGORITHM 183 
REDUCTION OF A SYMMETRIC BANDMATRIX 

TO TRIPLE DIAGONAL FORM 
H .  R .  SCHWARZ 

Swiss Federal Institute of Technology, Ziirich, Switzer- 
land 

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

c o m m e n t  bandred r educes  a real  a n d  s y m m e t r i c  m a t r i x  of b a n d  
t y p e  (order  n, a[i, k]=O for [ i - k J > m )  by  a s e q u e n c e  of o r thog-  
onal  s in l i l a r i t y  t r a n s f o r m a t i o n s  to t r ip le  d i agona l  fo rm.  T h e  
p r o c e d u r e  r e p r e s e n t s  a g e n e r a l i z a t i o n  of t he  a l g o r i t h m  m21 by  
H.  R u t i s h a u s e r .  D u e  to s y m m e t r y  on ly  t h e  u p p e r  p a r t  of t h e  
b a n d  m a t r i x  m u s t  be g iven  a n d  t he se  e l e m e n t s  are  d e n o t e d  for 
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convenience in the following way: a[i, 0] ( i= 1, 2, • •., n) repre- 
sents the diagonal element in the i th  row, and a[i, k] ( i = l ,  2, 
• . . ,  n - - k  and k = l ,  2, . . . ,  m) represents the generally nonzero 
element in the i th  row and the kth position to the right of the 
diagonal. After  completion of the reduction, the elements of the 
symmetric  triple diagonal matrix are given by a[i, 0] ( i = l ,  2, 
• . . ,  n) anda[ i ,  1] ( i = l ,  2, - - . ,  n - l ) ;  

b e g i n  i n t e g e r r ,  k , i , j , p ,  rr; rea l  b, g, c, s, c2, s2, cs, u, v; 
for r : = m s t e p  --1 u n t i l  2 do 
b e g i n  

for k : = 1 s t e p  1 u n t i l  n - r  do  
b e g i n  

for j : = k s t e p  r u n t i l  n - - r  do 
b e g i n  

c o m m e n t  This compound s ta tement  describes the rota- 
tion involving the i th  and ( i + l ) s t  rows and columns 
in order to reduce either a[], r] or the off-band element 
g to zero, respectively.  This rota t ion produces a new 
off-band element g (in general different from zero) pro- 
v i d e d i  + r < n; 

i f  j = k t h e n  
b e g i n  i f  a[y, r] = 0 t h e n  go to  endk; 

b : =  - a l l ,  r -1] /a[] ,  r] 
e n d  
else  
b e g i n  i f  g = 0 t h e n  go t o  endk; 

b : =  - a [ j - 1 ,  rJ/g 
end;  
s := 1/sqrt(1 + bXb);  c : =  b × s; 
c 2 : =  c X c; s2 : = s X s; cs : = c X s; 
i : = j + r - - 1 ;  

cross elements: 
u := c 2 X  all, O]-- 2 X  c s X  a[i, 1 ] + s 2  X a [ i +  1,0]; 
v := s2 X a[i, 0] + 2 X cs X a[i, 1] '4- c2 X a [ i + l ,  0]; 
a[i, 1] :=  cs X (all, 0] - a l l + l ,  0]) + (c2--s2) Xa[i ,  1]; 
a[i, O] : =  u; a [ i + l ,  O] : =  v; 

column rotation: 
f o r p  : =  j s t e p  1 u n t i l i  -- 1 d o  
b e g i n  

u :=  c X alp, i - -p]  -- s X alp, i - - p + 1 ] ;  
alp, i - - p + 1 ]  :=  s X alp, i - -p]  + c X alp, i - - z ,+ l ] ;  
alp, i - -p]  : =  u 

e n d  p; 
i f  j ¢ k t h e n  

a[j--1, r] :=  c X a[]-- l ,  r] -- s X g; 
row rotation: 

rr := i f r  < n -- i t h e n  r e lse  n -- i; 
for p : =  2 s t e p  1 u n t i l  rr do 
b e g i n  

u : =  c X a[i, p] -- s X a [ i + l ,  p-- lJ ;  
a [ i + l ,  p- - l ]  :=  s X a[i, p] + c X a [ i + l ,  p-- l ] ;  
a[i, p] := u 

e n d  p; 
i f  i-4- r < n t h e n  

new g: b e g i n  g := --s X a [ i + l ,  rJ; 
a [ i + l ,  r] := c X a [ i + l ,  r] 

end  
end  j; 

endk: end  k 
e n d  r 

end  bandred 
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C U R V E  F I T T I N G  W I T H  C O N S T R A I N T S  [J. E .  

P e c k ,  C o m m .  A C M ,  J a n .  62] 

KAZUO ISODA 

J a p a n  A t o m i c  E n e r g y  R e s e a r c h  I n s t i t u t e ,  T o k a i ,  I b a r a k i ,  

J a p a n  

Algorithm 74 was hand-compiled into SOAP IIa  for the IBM 
650 and run successfully with no corrections except the case in 
which the origin (0, 0) are given as both a constraint  and a sample. 
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R E A L  E R R O R  F U N C T I O N ,  E R F  (x) [ M a r t i n  C r a w -  

f o r d  a n d  R o b e r t  T e c h o ,  C o m m .  A C M ,  S e p t .  1962] 

HENRY C. THACHER, JR.* 

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

The body of E~¢(x) was tes ted using the Dar tmouth  SCALP 
compiler for the LGP-30. For x = 0(0.01)0.3, the results agreed 
with tabula ted values to 8 in the 7th decimal place, and for x = 
0.4(0.2)1.6 the error was less than 1 in the 6th decimal. These 
results are compatible with the roundoff error in the ar i thmetic  
used. The computing time increased rapidly (by a factor of more 
than 10) as x increased from 0.01 to 1.6. 

The following comments should be considered by users of the 
algorithm : 
1. The parameter  x should be called by value, both to allow the 

use of expressions, and also to avoid destruct ion of the actual 
parameter .  

2. The constant  10--10 in s ta tement  2 determines the accuracy of 
the computat ion.  I ts  value should be adjusted to the ar i thmetic  
being used, and the accuracy required. A machine- independent  
test  could be made by subst i tu t ing i f  Y - T = Y t h e n  - . . .  

3. For large x, the error function is more efficiently calculated 
from the Laplace continued fraction for crfc(x).  Algorithm 180 
is based on this method.  

A contr ibut ion to this depar tment  must  be in the form of 
an Algorithm, a Certification, or a Remark.  Contr ibut ions 
should be sent in duplicate to the Edi tor  and should be 
writ ten in a style pa t te rned  after  recent contr ibut ions 
appearing in this depar tment .  An algorithm must  be wri t ten 
in ALGOL 60 (see Communicat ions of  the A C M ,  January  
1963) and accompanied by a s ta tement  to the Edi to r  indicat-  
ing tha t  it has been tes ted and indicat ing which computer  
and programming language was used. For the convenience 
of the printer ,  contr ibutors  are requested to double space 
material  and underline delimiters and logical values tha t  
are to appear  in boldface type.  Whenever feasible, Certi-  
fications should include numerical values. 

Although each algori thm has been tes ted by its contrib- 
utor,  no warranty ,  express or implied, is made by the con- 
t r ibutor ,  the Edi tor ,  or the Association for Comput ing 
Machinery as to the accuracy and functioning of the al- 
gori thm and related algorithm material ,  and no responsi- 
bi l i ty is assumed by the contr ibutor ,  the Edi tor ,  or the 
Association for Computing Machinery in connection there- 
with. 

The reproduction of algorithms appearing in this depart-  
ment  is explicitly permi t ted  without  any charge. When re- 
product ion is for publication purposes,  reference must  be 
made to the algorithm author  and to the Communicat ions  
issue bearing the algorithm. 
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