
and from among sentences can be used for locating classes of 
common meaning at various levels of abstraction. The expression 
of individual words, pairs of words, and short strings in the multi-  
dimensional space can then be examined for semantic relevance. 

REFERENCE : 
BENNETT, E. M.; MAYER, R. P.;  ET AL. COLLAI)-I, a c omma nd  

language laboratory demonstration (preliminary concepts). The 
M I T R E  Corp., Techlfical Memorandum TM-3001, Mat'. 1960. 
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This routine determines the highest expected target  value 
routing of aircraft through a target  complex. Rout ing is done 
by an i terat ive dynamic programming technique nmdified to 
recognize aircraft range restrictions and to prevent  multiple 
visits by any aircraft to a single target.  

Location, range and number of weapons of each aircraft,  target  
values, arid inter target  distances and survival probabilities are 
required as input data. The routine prints out the targeting of 
each aircraft on each i terat ion of the routing scheme and a final 
summary of aircraft and target  statuses. The relative maximum 
numbers of aircraft,  targets,  and weapons can be varied by recom- 
piling. This routine was developed as a rese~rch tool for evaluat ing 
routing techniques. 
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RCA, Princeton, N. J. 

By the Subcommit tee  on Informat ion Retr ieval  of the 
A C M  Special Interest  Commit tee  on Computer  Languages 

So far, no computer  language designed especially for 
storage and retrieval applications has received widespread 
publicity. However,  a number  of languages have  been de- 
veloped for searching files, and languages have been de- 
signed for other specific problems. I t  would be interesting 
to know how many  of these languages have been machine 
tested, and to know how many  are being used. Are these 
languages similar to each other? If  not, how do they differ? 
Wha t  are their specifications? Wha t  are the l imitations? 
Probably,  some of the 'blue sky' languages include ' things 
to come'.  

The  subcommit tee  needs all the  information it  can re- 
cover, discover and uncover about  I R  languages. If you 
have  first-hand experience in designing, programming,  
testing or using a machine language for storage and re- 
trievM problems, please contact  one of the subcommit tee  
members:  

HERB KOLLER, R & D Group, U. S. Pa ten t  Office, 
Washington 25, D.  C. 

JACK MINKER, Astro-Electronic Products  Division, 
RCA,  Princeton, New Jersey 

MANDY GREMS, I B M  Corp., Whi te  Plains, New York 

Algorithms 
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M A T R I X  I N V E R S I O N  

])ONALI) COHEN 
B u r r o u g h s  C o r p o r a t i o n ,  P a s a d e n a ,  Cal if .  

p r o c e d u r e  invert  (n) array: (a) ; 
c o m m e n t  matrix inversion by Gauss-Jordan elimination; 

va lue  n ; 
a r r ay  a; i n t e g e r  n; 

beg in  
a r r ay  b, c [l:n]; i n t e g e r  i, j, k, ,g, p; 
i n t e g e r  a r r ay  z [l:n]; 

for  j := 1 s tep  1 u n t i l  n do z[j] := j ;  
for  i := 1 s tep  1 u n t i l  n do beg in  
k : = i ;  y : = a [ i , i ] ;  C : = i - - 1 ;  p : = i + l ;  
for  j : = p s tep  1 u n t i l  n do beg in  
w := a[i, j]; i fabs(w)  > a b s ( y ) t h e n  beg in  
k := j ;  y := w end  end ;  
for  j := 1 s tep  1 u n t i l  n do beg in  
c[j] := a[j, kl; a[j, k] := a[ j , i ] ;  
a[j, i] := --c[ j] /y;  b[jl := a[i, j] := a[i, j ] /y  end  
a [ i , i ] : = l / y ;  j := z[i]; z [ i ] : = z [ k ] ;  z [ k ] : = j  ; 
for  k := 1 s tep  1 u n t i l  C, p s t ep  1 u n t i l  n do 
for  j := 1 s tep  1 u n t i l  (, p s t ep  1 u n t i l  n do 
a [ k , j ] : = a [ k , i ] - - b [ j ] N c [ k l e n d ;  ~ : = 0  ; 

back: C : = ~ + i ;  k : = z [ C ] ;  i f g ~ n t h e n b e g i n  
for  j := C whi l e  k ~ j do beg in  
for  i := 1 s t ep  1 u n t i l  n do b e g i n  
w := a[j , i ] ;  a[j , i]  := a[k,i];  a[k,i]  := w e n d  ; 
go to  back end  
end  invert.  

A L G O R I T H M  59 
Z E R O S  O F  A R E A L  P O L Y N O M I A L  B Y  R E S U L T A N T  

P R O C E D U R E  

E.  H .  BARmSS a n d  M.  A. FISHERKELLER 

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 ,  Ill .  

p r o c e d u r e  RES (n, c, alpha, mu, re, im, rt, gc) ; va lue  n, 
c, alpha ; i n t e g e r  n, alpha ; i n t e g e r  a r r ay  
mu ; a r r ay  c, re, i n ,  rt,  gc ; 

c o m m e n t  RES finds simultaneously all zeros of a polynomial of 
degree n with real coefficients, ci (j = O, . . .  n), where cn 
is the constant term. The real part,  r e l ,  and imaginary part,  
im~, of each zero, with corresponding multiplicity,  mu~ , and 
remainder term, r t l ,  (i = 1, . . .  , n), are found and a poly- 
nomial with coefficients gcj (j = 0, . . .  , n), is generated from 
these zeros. Alpha provides an option for local or nonlocal 
selection of M, the number of root-squaring iteratigns, and 
delta and epsilon, acceptance criteria. If alpha = 1, these 
parameters are assigned locally. If alpha = 2, M, delta and 
epsilon are set equal to the global parameters Mp, deltap, 
and epsilonp, respectively. In cases where zeros may be found 
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m o r e  t h a n  once ,  t h e  s u p e r f l u o u s  ones  a re  e l i m i n a t e d  b y  fac-  
t o r i z a t i 0 n .  T h e  m e t h o d  h a s  been  d e s c r i b e d  b y  E .  H .  B a r e i s s  
(J. A C M  7, Oct .  1960, pp .  346-386). ; 
b e g i n  i n t e g e r  M ; r e a l  de l t a ,  ep s i l on  ; s w i t c h  U : =  
U1, U2 ; 
g o  t o  U [alpha];  

U i :  M : = 1 0  ; d e l t a : = 0 . 2  ; eps i l0n  : = 1 0  -s  ; 
g o  t o  S T A R T  ; 

U2:  M : =  M p  ; de l t a  : =  d e l t a p  ; eps i l0n  : =  
e p s i l 0 n p  ; 

S T A R T :  b e g i n  i n t e g e r  C T ,  n u ,  hue ,  b e t a ,  m ,  j ,  jc ,  k, 
i , p  ; B o o l e a n  R O O T  ; 
r e a l  X, Y, G X ,  rp  ; a r r a y  a,  ac [0:n,  0 :M] ,  
R ,  Re ,  t [0:n],  

s [ - l : n ] ,  ag  [ - 2 : n ] ,  rh,  q, G,  F [ l : 2 X n ]  ; 
s w i t c h S  : =  S 1 , $ 2  ; s w i t c h T  : =  T1,  T2  ; 
s w i t c h  V : =  V1, V2 ; 
r e a l  p r o c e d u r e  ra in  ( u , v )  ; r e a l  u , v  ; 

ra in  : =  i f u  _-< v t h e n u e l s e v  ; 
r e a l  p r o c e d u r e  S Y N D  (W, Q, I ,  T )  ; 
i n t e g e r  I ; r e a l W ,  Q ; 

a r r a y  T ; 
S Y N T H E T I C  b e g i n  s [--1] : =  0 ; s [O] : =  T [0] ; f o r  

I ) I V :  m : =  1 s t e p  1 u n t i l  I d o  

s [m] : =  T [m] - W*s  [in - 11 - Q X s  
[m - 21 ; 

i f Q  = 0 t h e n  S Y N D  : =  a b s  (s[I])  e l s e  T2:  
S Y N D  : =  abs  ( W / 2 X s  [I -- 1] + s[I])  

e n d  S Y N D  ; 

C T  : =  b e t a  : =  1 ; f o r  j : =  0 s t e p  1 u n t i l  
n d o a [ j , 0 l : = c [ j ]  ; 

S Q U A R I N G  b e g i n  i n t e g e r  e l  ; r e a l  h ; f o r  m : =  
O P E R A T I O N :  ] s t e p  1 u n t i l  M d o  

b e g i n  f o r  j : =  1 s t e p  1 u n t i l  n d o  
b e g i n  h : =  0 ; f o r  e l  : =  1 s t e p  1 u n t i l  
ra in  (n - j, j)  d o  

h : = h + ( - - 1 )  ~ e l X a [ j - - e l , m -  1 ] X a  
(j + e l , m -  1] ; $2: 

a [j ,m]  : =  ( - 1 )  T J x (a [j, m - i I T  
2 + 2 X h )  e n d  e n d  e n d  ; 

f o r j  : =  0 s t e p l  u n t i l n d o R  [j] : =  ( - 1 )  T 

j X a  [ j , M  -- 11 T 2 / a  [ j ,M]  ; 

j : =  0 ; n u  : =  1 ; S i :  
R I ) :  i f  (1 -- de l t a  =< R [j]) h (R [j] =< 1 + de l t a )  

t h e n  

b e g i n r p  : =  (a [j , M ] / a  [j - nu ,  M])  T (1/(2  T 
M X n u ) )  ; 

g o  to  T [beta]  e n d  ; M U L T :  
1: n u  : =  n u + l  ; 

2: j : =  j + 1 ; i f  j = n t h e n  g o  t o  S [beta]  I T :  
e l s e  g o  t o R 1 )  ; 

3: n u : = l  ; g o t o 2  ; 

T I :  r h  [CT] : =  rp  ; X : =  rp  + e p s i l 0 n X  rp  ; 
Y : =  X + eps i l on  X rp  ; 

f o r k  : =  0 s t e p  1 u n t i l  n d o t  [k] : =  a b s  (c[k]) ; 

F [CTI : =  S Y N D ( Y , 0 , n , t )  - S Y N D  
( X , 0 , n , t )  ; 

G [CT] : =  S Y N D  (rh  [ C T I , 0 , n , e )  ; i f  
F [CT] > G [CT] t h e n  

b e g i n  R O O T  : =  t r u e  ; q [CT] : =  0 ; 

C T : = C T + I  ; F [ C T ] : = F [ C T - 1 l e n d  ; V i :  
rh [CT] : =  - r p  ; G [CT] : =  S Y N I )  ( rh  V2: 
[ C T ] , 0 , n , c )  ; 

i f  F [CTI > (~ lOT] t h e n  b e g i n  R O O T  : =  E :  
t r u e  ; q [CT] : =  0 ; C T  : =  C T  + 1 ; D:  
F [ C T ]  : =  F [ C T -  1 l e n d  ; i f n u  = 1 t h e n  
g o  t o 2  ; 

q [ C T I : =  rp T 2 ; nuc  : =  n u  ; jc : =  j ; 

R E S U L T A N T :  

f o r  j : =  0 s t e p  1 u n t i l  n d o  
b e g i n  Re [j] : =  R [j] ; ac [ j ,M]  : =  a [ j ,M]  
e n d  ; 
b e g i n  r e a l  h ; a r r a y  b [ - - l : n  + 1, 
- - l : n  + 11, A [ l :n ] ,  

r [0:n,  0 :n ] ,  CB [ - - l : n  + 1] ; 
b [ - 1 , 0 1  : =  C B  [--1] : =  C B  [n + 11 : =  0 ; 
f o r  j : =  0 s t e p  1 u n t i l  n d o  
CB [j] := c[j] ; b [0,0] : =  1 ; f o r  k : =  
1 s t e p  1 u n t i l  n d o  
b e g i n  b [ k , - 1 ]  : =  0 ; f o r  j : =  0 s t e p  1 
u n t i l  k d o  

b [k -4- 1, j ]  : =  b [k,j  --  11 - q [CT] X b 
[k - 1 , j ]  ; 
b [ k +  1, k +  11 : =  h : =  0 ; f o r j  : =  
n - k s t e p  --1 u n t i l  0 d o  
h : = h + ( C B  Lj lXCB [ k + j l - C B [ j  -- 11 
X C B [ k + j + I ] ) X q [ C T ]  T ( n - - k - - j )  ; 
A [ k ]  : =  ( - 1  T k X h  ; f o r  ] : =  0 s t e p  
1 u n t i l k - -  1 d o  

b e g i n  r [0,j] : =  0 ; r [k, j ]  : =  r [k -- 1, j ]  + 
A ik] X b [k , j ]  e n d  ; 

r [k ,k]  : =  A [ k ] e n d  ; b e t a  : =  2 ; f o r  
j : =  0 s t e p  1 u n t i l  n d o  
a [j,0] : =  r [n , j ]  e n d  ; g o  t o  S Q U A R -  
I N G  O P E R A T I O N  ; 

i f  ( r p /2 )  T 2 >= q [CT] t h e n  g o  t o  3 ; r h  
[CT] : =  rp  ; 
G [CT] : =  S Y N D  (rh  [CT],  q [CT],  n , c )  ; 
i f  F [CT] > G [CT] t h e n  
b e g i n  C T  : =  C T  + 1 ; F [CTI : =  F 
[CT - -  1] ; q [CT] : =  q [CT - 1] e n d  ; 
rh  [CT] : = - - r p  ; G [CT] : =  S Y N D  [rh [CT],  
q [CT] ,  n , e )  ; 
i f  F [CT] > G [CT] t h e n  b e g i n  C T  : =  C T  
+ 1  ; F [ C T ] : = F [ C T - 1 ]  ; 
q [CT] := q [CT - I] end  ; go to  3 ; 
f o r  j : =  0 s t e p  1 u n t i l  n d o  b e g i n  a [j ,M] : =  
ac [ j ,M]  ; 

R [ j l : = R e [ j l e n d  ; j : = j e  ; b e t a : =  1 ; 
i f  R O O T  t h e n  g o  t o  3 e l s e  

n u : = n u c  ; g o  t o l  ; 

ag  [--2] : =  ag  [--11 : =  0 ; ag  [0] : =  1 ; 
f o r  j : =  1 s t e p  1 u n t i l  n d o  

a g [ j ] : = 0  ; k : = l  ; i : = n  ; m : = l  ; 

f o r  j : =  0 s t e p  l u n t i l n d o  

t [ j l : = c [ j ]  ; 
m u  [m] : =  0 ; p : =  i f  q [k] = 0 t h e n  1 
e l s e 2  ; 
G X  : =  S Y N D  (rh  [k], q [ k ] , i , t )  ; i f  F [k] 
> G X  t h e n  

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

ag  [j] : =  ag  [j] -- r h  [k] X ag [j --  11 + q 

[ k l X a g [ j - 2 1  ; 
m u  [m] : =  m u  [m] + p ; i : =  i -  p ; 

f o r  j : =  0 s t e p  1 u n t i l  i d o  

t [j] : =  s [j] ; g o  t o  I T  e n d  e l s e  i f  
m u  [m] # 0 t h e n  b e g i n  

r t  [ml : =  G [kl ; g o  t o  V [p] e n d  e l s e  
g o  t o  l )  ; 

r e [ m ] : =  r h [ k ]  ; i m [ i n ] : = 0  ; g o  t o e  ; 
re [In] : =  r h  [k]/2 ; im  [m] : =  s q r t  (q [k] -- 

re  [m] T 2) ; 
m : = m + l  ; 

k : =  k +  1 ; i f  k_-< C T  A m  =< n t h e n g o t o  
M U L T  ; 

f o r j  : =  0 s t e p  1 u n t i !  n d o  gc [j] : =  ag  [j] e n d  
e n d  R E S  
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C o n t r i b u t i o n s  to t h i s  d e p a r t m e n t  m u s t  be in t he  f o r m  
s t a t e d  in t he  A l g o r i t h m s  D e p a r t m e n t  po l i cy  s t a t e m e n t  
(Communications, F e b r u a r y ,  1960) excep t  t h a t  A L G O L  60 
n o t a t i o n  s h o u l d  be u s e d  (see Communications, M a y ,  1960). 
C o n t r i b u t i o n s  s h o u l d  be s e n t  in d u p l i c a t e  to J.  H .  W e g s t e i n ,  
C o m p u t a t i o n  L a b o r a t o r y ,  N a t i o n a l  B u r e a u  of S t a n d a r d s ,  
W a s h i n g t o n  25, D.  C. A l g o r i t h m s  s h o u l d  be in t he  P u b l i c a -  
t ion  fo rm of A L G O L  60 a n d  w r i t t e n  in a s t y l e  p a t t e r n e d  
a f t e r  t he  m o s t  r e c e n t  a l g o r i t h m s  a p p e a r i n g  in th i s  d e p a r t -  
m e n t .  

A l t h o u g h  each  a l g o r i t h m  h a s  been  t e s t e d  by  i ts  con-  
t r i b u t o r ,  no w a r r a n t y ,  exp re s s  or  impl i ed ,  is m a d e  b y  t h e  
c o n t r i b u t o r ,  t h e  ed i to r ,  or  t he  A s s o c i a t i o n  for  C o m p u t i n g  
M a c h i n e r y  as  to t he  a c c u r a c y  a n d  f u n c t i o n i n g  of t h e  al- 
g o r i t h m  a n d  r e l a t ed  a l g o r i t h m  m a t e r i a l  a n d  no r e spons i -  
b i l i t y  is a s s u m e d  by  t h e  c o n t r i b u t o r ,  t he  ed i to r ,  or  t h e  
A s s o c i a t i o n  for C o m p u t i n g  M a c h i n e r y  in c o n n e c t i o n  t he r e -  
w i th .  

T h e  r e p r o d u c t i o n  of a l g o r i t h m s  a p p e a r i n g  in t h i s  de-  
p a r t m e n t  is exp l i c i t l y  p e r m i t t e d  w i t h o u t  a n y  cha rge .  W h e n  
r e p r o d u c t i o n  is for  p u b l i c a t i o n  p u r p o s e s ,  r e fe rence  m u s t  be 
m a d e  to t he  a l g o r i t h m  a u t h o r  a n d  to t he  Communications 
i s sue  b e a r i n g  t he  a l g o r i t h m .  

C E R T I F I C A T I O N  O F  A L G O R I T H M  23  

M A T H S O R T  ( W a l l a c e  F e u r z e i g ,  Comm.  A C M ,  N o v . ,  

1960)  

RUSSELL W .  R A N S H A W  

U n i v e r s i t y  o f  P i t t s b u r g h ,  t ~ t t s b u r g h ,  P ~ .  

T h e  M A T H S O R T  p rocedu re  as p u b l i s h e d  was  coded for t he  
I B M  7070 in FORTRAN. TWO deficiencies  were d i scove red :  

1. T h e  T O T V E C  a r r a y  was n o t  zeroed w i t h i n  t he  p rocedure .  
T h i s  led to some  diff icult ies in r epea t ed  use  of t he  p rocedure .  

2. I n p u t  vec to r s  a l r e a d y  in sor t  on n o n s o r t  fields were u n s o r t e d .  
T h a t  is, g iven  t he  s e q u e n c e  

31, 21, 32, 22, 33, 
M ~ t h s o r t  would  p roduce ,  for  a sor t  on the  10's d ig i t :  

22, 21, 33, 32, 31, 
wh ich  is def in i te ly  ou t  of s equence .  

T h e  fo l lowing modi f ied  fo rm  of t he  p rocedu re  co r r ec t s  t h e s e  
diff icul t ies .  N o t e  t h e  t r a n s f o r m a t i o n  of s y m b o l s .  

p rocedu re  M A T H S O R T  (I, O, T ,  n, k, S);  v a l u e  n,  k;  
a r r a y  I, O; i n t ege r  a r r a y  T ;  i n t ege r  p rocedure  S; 
i n t ege r  n,  k;  

beg in  for i :=  0 s t ep  1 u n t i l  k -- 1 do T[i] : =  0; 
for  i :=  1 s t ep  1 u n t i l  n do T[S(I[i])]  :=  T[S(I[i])]  + 1; 
for  i :=  k - 2 s t ep  - 1  u n t i l 0 d o T [ i ]  :=  T[i] + 
T[i + 1]; 
for i :=  I s t ep  1 un t i l  n do 

beg in  P i n  + 1 - T[S(I[i])]] : =  I[i]; 
T[S(I[i])]  :=  T[S(I[i])]  - 1; 

end  
end  M A T H S O R T .  

U s i n g  t he  M A T H S O R T  p r o c e d u r e  t en  t i m e s  a n d  h a v i n g  t h e  
p rocedu re  S s u p p l y  each  d ig i t  in order ,  1000 r a n d o m  n u m b e r s  of 
10 d ig i t s  each  were so r t ed  in to  s e q u e n c e  in 31 seconds .  T h e  m e t h o d  
of l oca t i ng  t he  lowest  e l e m e n t ,  i n t e r c h a n g i n g  wi th  t h e  first ele- 
m e n t ,  a n d  c o n t i n u i n g  u n t i l  t h e  en t i r e  l is t  ha s  been  so e x a m i n e d  
y ie lded  a comple t e  sor t  on t he  s ame  1000 r a n d o m  n u m b e r s  in 227 
seconds .  U s i n g  t he  T a b l e - L o o k u p - L o w e s t  c o m m a n d  in t he  7070 
y ie lded  56 seconds  for the  s ame  se t  of r a n d o m  n u m b e r s .  

C E R T I F I C A T I O N  O F  A L G O R I T H M  30  

N U M E R I C A L  S O L U T I O N  O F  T H E  P O L Y N O M I A L  

E Q U A T I O N  ( K .  W .  E l l e n b e r g e r ,  Comm.  A C M ,  D e c .  

1960 )  

W I L L I A M  J .  ALEXANDER 

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 .  

R O O T P O L  was  coded  by  h a n d  for t he  LGP-30  u s i n g  t h e  A C T - I I I  
Compi l e r  w i t h  24 b i t s  of s igni f icance .  T h e  fo l lowing co r r ec t i ons  
were f o u n d  nece s sa ry .  
(a) b_~ :=  b_2 :=  c-1 :=  c-2 :=  d_~ :=  d-2 :=  e-1 :=  e-2 :=  0 

should be 
b_l :=  b_,  :=  C--I : =  C--2 :=  d--* :=  e-1 :=  h - i  :=  0 

(b) m :=  en t i e r  ((n + 1)/2)  should be 
m :=  en t i e r  ((n -- 1)/2)  

(c) j , _ j  :=  s should be hn-i := s 
(d) q :=  h /hn_2 should be hi,/hn_2 
(e) cj :=  b i - - p X  c i -  1 - -  q X  ca-2 should be 

c j : =  b j - -  p X  c i - ~ - -  q X  ci-~ 
(f) i f n n - 1  = 0 t h e n  go  t o B N T E S T  should be 

i f  h , - 1  = 0 t h e n  go  t o  B N T E S T  
(g) s :=  sq r t  (q -- (p /2)  3) should be 

s :=  sq r t  (q - (p/2)  ~) 
(h) f o r  j :=  0 s t e p  2 u n t i l  n d o  h i :=  bi should be 

f o r  j : =  0 s t e p  1 u n t i l  n d o  hj :=  bj 
(i) go  to  B A I R S T O W  should be go  t o  I T E R A T E  

T h e  fo l lowing co r rec t ion  was  f o u n d  n e c e s s a r y  in  t h e  g iven  
e x a m p l e  (Refer  to "On P r o g r a m m i n g  t h e  N u m e r i c a l  So lu t ion  of 
P o l y n o m i a l  E q u a t i o n s , "  by  K.  W.  E l l e n b e r g e r ,  Comm. A C M  8, 
Dec.,  1960) : 

f(x)  = (.10098) l0 s x 4 - (.98913) 106 x 2 + (.10000) 106 x + 
(.10000) 101 = 0 should be 
f(x)  = (.10098) l0  s x 4 - (.98913) 106 x 3 - (.10990) 106 x ~ + 
(.10000) 106 x + (.10000) 101 = 0 

W i t h  t he se  co r rec t ions  t h e  r e s u l t s  o b t a i n e d  agree  w i th  t h o s e  
g iven  in t he  example .  

For  e q u a t i o n s  of h i g h e r  o rder  it, was  f o u n d  n e c e s s a r y  to avo id  
r e p e a t e d  sca l ing  of t h e  r educed  e q u a t i o n  in o rder  to p r e v e n t  
f loa t ing  po in t  overf low. T h e  r ange  on t he  e x p o n e n t  in t h e  A C T  I I I  
s y s t e m  is - 3 2  ~- e -< 31. 

F u r t h e r  f loa t ing  p o i n t  overf low diff icul t ies  were e x p e r i e n c e d  
when  ce r t a i n  coeff ic ients  in t h e  r e d u c e d  e q u a t i o n  b e c a m e  sm a l l  
b u t  no t  zero. T h e  fo l lowing  a d d i t i o n s  were m a d e  to av o id  t h i s  
f a u l t  : 
(a) f o r j  :=  0 s t e p  l u n t i l  n d o  hj :=  di was replaced by 

f o r  j :=  0 s t e p  1 u n t i l  n do  b e g i n  i f  abs  (h i /d  j) < K t h e n  
hj :=  di e l s e  hj :=  0 e n d  

(b) f o r  j :=  0 s t e p  1 u n t i l  n d o  hj  :=  bj was replaced by 
f o r  j :=  0 s t e p  1 u n t i l  n d o  beg in  i f  abs  (h i /b j )  < K t h e n  
hi :=  bi e l s e  hi :=  0 e n d  

W i t h  t h e  above  c h a n g e s  t he  fo l lowing r e s u l t s  were o b t a i n e d :  
x 4 - 3 x 3 + 2 0 x  2 + 4 4 x  + 54 = 0 

x = --.9706390 ± 1.005808i 
x = 2.470639 ± 4.640533i 

x G -  2 x  5 + 2 x  4 + x 3 + 6 x  2 -  6x + 8 = 0 
x = - .9999999  ± .9999999i 
x = 1.500000 ± 1.322876i 
x = .5000002 ± .8660251i 

x ~ + x 4 - 8x 3 - 16x 2 + 7x + 15 = 0 
x = 3.000001 
x = -2 .000000  ± 1.000001i 
x = - .9999997  
x = .9999998 

* Work  s u p p o r t e d  by  t he  U. S. A t o m i c  E n e r g y  C o n u n i s s i o n  
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