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P r o b a b i l i s t i c  G r a m m a r .  P o s i n g  t h e  P r o b l e m  

A probabil is t ic  f ini te-s ta te  g r a m m a r  is a par t i cu la r  case  of the probabil is t ic  g r a m m a r s  cons idered  in [3] 
and applied in problems of recognit ion of signals dis tor ted by noise. 

A probabil is t ic  f ini te-s ta te  g r a m m a r  is specified by the quadruple G = <S, V, P,  p}. We denote by S and 
V the finite sets called, respect ive ly ,  the nonterminat and terminal  alphabets. We denote by p the probability 
distribution on set  S, i.e., the function p (s) such that p (s) _ 0, s ~ S, and 2 :  p (s) ----- 1. We denote by P the c on- 

~ES 

ditionat probability distribution on set S x V x S, i.e., function p (s ' ,  v / s )  such that 2: 2: p {s', v/s) ~ I (s ~ S) 

a n d p ( s ' ,  v / s )  _> 0 (s' ~S, v ~V, s E S). s.es ~ev 

The p rocess  of generat ing a sequence of length n which belongs to given g r a m m a r  G is implemented as 
follows. 

On the zeroth step,  in accordance  with probabili ty distribution p(s),  there  is randomly selected nonde- 
terminis t ic  symbol s o. 

P r i o r  to the beginning of the i-th step (0 < i _< n), let there have been obtained the sequence vl,  v2, 
v z , . . . ,  vi-1, si-~, containing only the one nondeterminist ic symbol si-1 at the end of this sequence. On the 
i-th step,  in accordance  with the probabili ty distribution p (s, v / s i _ l ) ,  the random pai r  (vi,si) is determined 
and the substitution s i-1 ~ v i ,  s i i s  used, i.e., the sequence Vl, v2, v3, �9 �9 . ,  Vi-lSi-1 is rep laced  by the sequence 
Vl, v2, V z , . . . , v i - 1 ,  vi ,  si. After  n steps we will  have obtained the sequence vl , v 2, v z , . . . , V a _ l ,  vn,  s n t o  
which,  on the (n + 1)-th s tep,  substitution VnSn - - v n  is applied. 

Let m = (mo, m ~ , . .  , ,  m n) be a sequence of substitutions such that mi = (si-t - - v i ,  si). For  any such 
sequence we can compute its probabili ty with the aforement ioned method of generat ing the word  p (m)---- p (so)- 

t i p  (s,Ws~-,). 

Any sequence m generates  a unique word  V = f(m). We denote the set of sequential substitutions g e n e r -  
ating word V by M(V). It is obvious that the probabili ty of generat ing word  V of probabil is t ic  g r a m m a r  G equals 

mEM(V) suES s,E$ snES i~l 

Thus,  in contradist inct ion to simple g r a m m a r s  generat ing sets of words ,  a probabil is t ic  g r a m m a r  g e n e r -  
ates a probability distribution on a set  of words.  

In the given paper  we shall consider  an insignificant general izat ion of such p robab i l i s t i c -g rammar  con-  
structions.  Specifically,  we shall consider  the case  when probability distribution P,  in the p rocess  of gene r -  
ating words ,  does not necessar i ly  remain  constant,  but may also vary ,  in dependence on the ordinal number of 
the step i. In this case ,  the probabili ty of generating word  V is expressed  by the formula 

= 2: 2 : "  Z , ,  p, (2) 
so r ~n ~ l  

which differs f rom formula (1) in that the latter is wri t ten under the assumption that pi(si ,  v i / s i - 1 )  = p(si, 
v i / s i _ l ) .  Such a probabil is t ic  construct ion will be specif ied by the alphabets S a n d V ,  function p, and functions 
Pi  (i = 1, 2, . . . , n). Henceforth,  instead of wri t ing Pi (i = 1, 2 . . . . .  n), we shall use the notation {Pi}. 

Trans la ted  from Kibernetika,  No. 4, pp. 116-120, Ju ly-August ,  1977. Original ar t ic le  submitted June 
2, 1975. 
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The p rob l em so lved  in the p r e s e n t  pape r  is the following. 

We a r e  give n se t  of words  V 1 , V 2 . . . . .  V l. Each such word  is p r e s e n t e d  by a sequence of t e rmina l  s y m -  
bols of length n; v J (i = 1, 2 . . . . .  n; j = 1, 2 . . . . .  l) is the i- th component  of the j - th  word.  I t  is known that 
each of the a fo rement ioned  words  is gene ra t ed  by g r a m m a r  G. F o r  this g r a m m a r ,  there  a r e  known the a lpha-  
bets  S and V, while functions p and {Pi} a r e  unknown. It is r equ i r ed  to find functions p and {Pi} providing 
m a x i m u m  probabi l i ty  17 Pa (U). 

i 

In other  words ,  it is r equ i r ed  to find functions p and {Pi} providing a max imum to the functional 

l 

F p, o'.t)= 1-I Z, Z " Z p( o) (3) 
]=1 s, s t Sn t= l  

A n a l y s i s  o f  t h e  P r o b l e m  

Function PG(V), e x p r e s s e d  e a r l i e r  by fo rmula  (2), can be wr i t ten  in a somewhat  different fo rm:  

=XX X 
so st  s n i=1 

where  

(4) 

Pi (St/St--l) = Z Pi (St' "OJSi--l)' ( 5 )  

vi 

Pt (Ut/Si--l' St)  = Pt (Si' Ot/Si--l) 
Pt ( st/si-l) (6) 

If  we introduce the notation 

S = ( s o ,  s~ . . . . .  s.), (7) 
tl 

P (S) = p (so) [-1 p~ (s/s~_ O, (8) 
i=1 

P (V/S) = f i  Pt (v/st_t ,  st), (9) 
t = l  

then function PG (V) a s s u m e s  the f o r m  PG W) = ZSP (S)p (V/S). 

The  logar i thm of function F(p,  {Pi}) which should be m a x i m i z e d  with r e s p e c t  to the p a r a m e t e r s  p and 
{Pi}, wi l lhave  the fo rm 

L (p, (Pt}) = X ln ZsP (S/p,{Pt}) P(V/S, {P~}). {10) 

The p rob l em of max imiza t ion  of express ions  s i m i l a r  to (10) was t r ea t ed  in [l] where  it was  ca l led  the 
p r o b l e m  of se l f - teaching .  

The  p r o b i e m  t r e a t e d  in the p r e s e n t  p a p e r  differs f rom that  cons ide red  in [1] in the following fea tures .  

1. In [1], on the a p r i o r i  dis t r ibut ion P(S), apa r t  f rom the cons t ra in t s  I~(S) _> 0; ZsP(S) = 1, no additional 
cons t ra in t s  w e r e  imposed.  

In the p r e s e n t  p a p e r ,  probabi l i ty  dis t r ibut ion P(S) mus t  neces sa r i l y  have the fo rm (8). 

2. In [1], each condit ional probabi l i ty  dis t r ibut ion P (V/S),  for  distinct S, was unambiguously c h a r a c t e r -  
ized by its own group of p a r a m e t e r s .  

This  means  that  the choice of dis t r ibut ion P(V/S)  when S = $1 in no way depends on the choice of this 
dis t r ibut ion when S = S 2. In the p r e s e n t  p a p e r ,  however ,  the p a r a m e t e r s  we seek ,  {Pi}, s imul taneously  affect  
all  the dis tr ibut ions I ~ ( V / S ) ,  S'E S X S X �9 �9 �9 X S.  

n + l  

3. The  a lgor i thm p r e s e n t e d  in [1] r equ i r ed  the computat ion of l x k number s ,  where  l is the quantity of 
words  in the teaching s am p l e  while k is the quantity of va lues  of S. In the p r e s e n t  p a p e r ,  $ a s s u m e s  I S ]n+l 
va lues ,  where  [SI is the number  of symbols  in alphabet  S, while n is w o r d  length. T h e r e f o r e ,  the a lgor i thm 
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p r e s e n t e d  in [1] cannot be used for  the solution of the p rob lem cons ide red  h e r e ,  even when the f i r s t  two d i s -  
t inctions were  not  re levant .  

Despi te  these d i f fe rences ,  the ideas of solving the p rob lem of synthes is  of g r a m m a r  a r e  very  c lose  to 
the ideas of solving the se l f - teaching  p r o b l e m ,  and, in some  r e s p e c t s ,  i ts  development~ 

Asse r t i on  1. Le t  ~ ( S , j )  be  any function such that  ~(S, j) _> 0, ~ sa (S ,  j) = 1. Then for the likelihood 
function L(p, {Pi}), one can wr i t e  the equations 

L(p, {P,})= ~ In E P(S/p, {P,}) P(Vi/S, 
i S 

{P,}) -- ~ ~ ~ (S, i)ln(P (SIp, {P,}) 
S i 

X p (Vi/S, {P,})) - -  ~ ~ o~ (S, ]) In P (S/p, {P,}) P (Vi/S, {P,}) 
i s Y.sP(S/p, {P~})P(Vi/S, {Pi}) 

Let a (S, j) be the quantity de- Asse r t i on  2. Let  p '  and {P~} be some  values  of p a r a m e t e r s  p and {Pi}. 
fined by the formnl.a 

a'  (s, i) = 

(11) 

P(S/r {p;)) P(vi/s, {p;} (12) 
~., P(S/p',{P~}) P(VIIS,{P~} 
S 

Also,  let p"  and tiP:'}1, be values  of p a r a m e t e r s  p and {Pi}. which a r e  not equal to p '  and {P[} and which 
do provide  a max imum  to the f i r s t  t e r m  on the r ight  of {11); i .e. ,  

(p", {P:"}) ~--- arg(p,~p,~)max ~ s / ~  o~' (S, 1) 

X lnP(S/p, {P,})P(V/S, {P,}). (13) 

Then L(p",  {P['}) > L(p ' ,  {P]}). 

This  inequality is p roved  analogously to T h e o r e m  1 of [1]. 

F r o m  the val idi ty of these  a s s e r t i o n s  follows an unrea l izable  a lgor i thm for  max imiza t ion  of the likelihood 
function. 

Let p0, {p~} be s o m e  initial va lues  of the unknown p a r a m e t e r s .  

Let  pt-1,  {p~-l} be the values  of the p a r a m e t e r s  obtained by the beginning of the t - th s tep of the a lgo -  
r i thm operat ions .  

The step with ordinal  number  t amounts to the p e r f o r m a n c e  of two s teps .  

Step I. Compute the quant i t ies  ~t-1 (S, ]) for  all  pa i r s  (S, j) by fo rmula  (12). 

Step II. Compute  quant i t ies  pt ,  {p~} by fo rmula  (13). 

The  given a lgor i thm cannot be r ea l i zed  d i rec t ly ,  s ince it r equ i r e s  calculat ion of l x IS I n+l number s ,  
which is r idiculous.  T h e r e f o r e ,  we cons ider  below an a lgor i thm which is equivalent to the one jus t  c i ted ,  but 
which r equ i re s  a s m a l l e r  volume of computat ion.  

A n a l y s i s  o f  S e c o n d  S t e p  o f  t h e  A l g o r i t h m  

Let  be given the sequence of words  V 1 , V 2 . . . . .  V j , . . . ,  V l. Each word  cons t i tu tes  a sequence of t e r -  
minal  symbols  of length n: 

v ; =  v{, ~i . . . .  , r . . . . .  J . -  

Let function ~t - l (S ,  j) be known a n d g i v e n f o r a n y j  =1, 2, . . . .  l and for  any sequence S of nonterminal  
symbols  of length n + 1. S = s o , s l ,  s2 . . . . .  s i  . . . . .  Sn. 

The  meaning of the second step of the a lgor i thm for  g r a m m a r  synthes is  is the s e a r c h  for  va lues  pt and 
{P~} of p a r a m e t e r s  p and {Pj} maximiz ing  the express ion  ~ a (S, 1) In P (S/p, {P]}) p(VJ/S, {Pi})" In other 

s i 

words ,  on the second step of the a lgor i thm opera t ions ,  it is r equ i r ed  to find functions p~(s0), pti(v i / s i-1,  si) ,  
and p~(s i / s i_ l )  providing a m ax i m um  to the functional: 
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D(p, {P,}) = ~ ~, ~ . . . .  ' ~  at-' (so,s,, ...,sn, j)lnp(so) ~p,(sz/s,_,)p,(v{/sz_,,s,). 
j So s~ S n i = 1  

(14) 

Maximizat ion  of this exp res s ion  is ba sed  on the following a s s e r t i o n  of [1]. 

A s s e r t i o n  3. Let  a i  be f ixed pos i t ive  numbers ;  let x i be numbers  such that "~x~ --~ 1. 
f 

expres s ion  ~a~t lnx~ is ach ieved  when x ~ - - ~  ~ j .  

i 

F o r  our subsequent  exposi t ion,  we introduce the notation 

bo(so, j ) =  2; 2 : ' "  . . . . .  so, j), 
s l  s~l st l  

. . . . .  ,o,i). 
so sa Si__ 2 si-~l Sn 

A max imu m of the 

Replac ing  the logar i thm of the product  in 0-4) by the sum of the loga r i thms ,  we obtain the following e x -  
p r e s s i o n  for  D(p, {PL}): 

D(p, {P,}) = ~ '~ bo(so, j)lnp(so)-F "~ ~.d '~ ~.~ b,(st_,,s,,j)Inp,(s,/st-,) 
j So ] l s i _  I s i 

0-5) 

+ Z Z  Z 
i i s i _  1 s i 

On the bas is  of A s s e r t i o n  3, the m a x i m u m  of the f i r s t  t e r m  in express ion  0-6) is r eached  when 

bo(so, i )  
p(So) = J �9 0 - 7 )  

j so 

On the bas i s  of this s a m e  a s se r t i on ,  the max imum of the second t e r m  in 0-6) is r eached  when 

bi (st-l ,  st, j) 
; 0-8) (sdst_,) Pi ~. ~. b, (s,_,, ~,, i) 

J s t 

In o rder  to m a x i m i z e  the th i rd  t e r m  in 0-6), it is neces sa ry  to t r a n s f o r m  this t e r m  somewhat .  We p a r -  
t i t ion se t  J of the values  of index j into subse ts  J (v ,  i), v EV; i .e . ,  J = U J (v ,  i). By J(v*,  i) we shall  under -  

vEV 

s tand the se t  of ordinal  numbers  of the words  in which symbol  v* is in the i - th posit ion. 

It  is obvious f rom this that ope ra to r  ~ can  be r ep l aced  by the opera to r  ~ ~ , while the th i rd  t e r m  
j E J  vEY  j E J ( v , i )  

in (16) a s s u m e s  the fo rm 

By v i r tue  of Asse r t i on  3, the m a x i m u m  of express ion  0-9) is r eached  under the condition 

b~ (si_ ,, st, j) 
ies(--2~'tA (20) 

Pi (vJst_,, st)= S b~ (st-t, si, 1) 
led 

It is obvious f r o m  this that ,  for  the rea l iza t ion  of the second step of the a lgor i thm for  g r a m m a r - s y n t h e s i s ,  
it is r equ i r ed  to spec i fy ,  not function a(s0,  sl . . . . .  sn ,  j ) ,  but only function b0(S0, j) and functions bi(si-1,  s i ,  j) 
(i = i ,  2 . . . . .  n). 

We now cons ider  how to change the a lgor i thm of maximiz ing  express ion  (16) if it is known that the func-  
tions {Pi}, i .e . ,  the p robabi l i t i e s  of the subst i tu t ions ,  do not depend on i. 
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By taking into accoun t  that  v a r i a b l e s  s i -1 ,  s i  in e x p r e s s i o n  (1.6) a r e  r a n d o m  v a r i a b l e s ,  we  can  denote 
them by any o ther  symbol s .  F o r  example ,  ins tead  of s i  we  shal l  w r i t e  s + and,  ins tead  of s i -1 ,  we shall  w r i t e  
s - .  In that  c a s e ,  e x p r e s s i o n  (16) a s s u m e s  the f o r m  

~(~,p)=XXbo(S,j)~,(s)+ XX X ~ ~,(,-,,+,;),.p(,+1,. 
i ~ES l i s--ESs+ES 

+ X X X X X b , ( ~ ' , s + , ; ) ~ u ~ p ( o , ' ~ - , s n  - 
1 s--ESs+ESvEViEJ(vd) 

The  m a x i m u m  of this funct ional  is r e a c h e d  when condi t ion (17) and the  fol lowing two condi t ions  hold:  

X X~,(~-,,§ j) 
I (18a) 

p (s+/s)  _ Y .  be {s-, s+, 1)' 
i J s+ES 

~, ~_ b, is-, ~+, i) 
p(v l s - ,  s+) = ," . ie.r . , .o (20a) 

~' ,~ b~ (s-, s+, ]) z..* 

i iEd 

T h u s ,  qu i te  independently of whe the r  funct ions  {Pi} a r e  ident ical  fo r  a l l  i, f o r  the  r e a l i z a t i on  of the  
s e c o n d  s tep of the a l g o r i t h m  fo r  syn thes i s  it is r e q u i r e d  to know only the funct ions b0(s0, j) and b i ( s -  , s +, j) 
(i  = 1 ,  2 . . . .  , n ) .  

A n a l y s i s  o f  F i r s t  S t e p  o f  t h e  A l g o r i t h m  

The  a im of the f i r s t  s tep is the computa t ion  of the quant i t ies  b i ( s - ,  s +, j) fo r  i = 1, 2 , . . . ,  n (n is the 
w o r d  length) ,  j = i ,  2 . . . . .  l (l is the s iz e of the teach ing s a m p l e ) ,  s -  E S, s + 6 S. The  a l g o r i t h m  for  c o m -  
put ing these  quant i t ies  does not depend on whe the r  o r  not the funct ions {PL} a r e  ident ical  fo r  al i  i. 

With e x p r e s s i o n s  (12) and  (15) taken into accoun t ,  one can  wr i t e  the e x p r e s s i o n  

X X X. . .  X X X.. .  X ,('o) ,,_, (~._.. ~i-.../-~),. (s,, oi/~,-,) r] ,~ (,=, ~t~o-,) 
so s, S2 $/--2 S i+ l  Si+2 sn u~ |  

u~i--l,u4~i 
bi(s~-l ,  s i , ] ) =  _ �9 (21) 

n 

:.T, X ~:"" X.(s~ . =  {,~, ~u,o_,) 
Sn 51 ~ sn ~ I  

I t  is not r ea l i s t i c  to  c o m p u t e  the quant i t ies  bi (s i -1 ,  s i ,  j) immed ia t e ly  by f o r m u l a  (21). In  what  follows 
we  p r o p o s e  an  a l g o r i t h m  fo r  comput ing  these  quan t i t i e s ,  equivalent  to e x p r e s s i o n  (21) but ,  in addi t ion ,  us ing 
an  accep t ab l e  and  n e c e s s a r y  outlay of  t ime  and  m e m o r y .  The  quant i t ies  b i ( s - ,  s +, j) as  is obvious f r o m  f o r -  
m u l a  (21),. a r e  a p o s t e r i o r i  p robab i i i s t i c  events  (si-1 = s - )  A (si = s +) with the condi t ional  events  VJ = v~, 

v~ . . . . .  v~ 
b~ ( s ' ,  s+, ]) ----- p ( s~_ l = s - ,  s~ --~ s+ /v I, v12. . . ,  v~). (22) 

The  a lgo r i t hm fo r  comput ing  the quant i t ies  of (22) amounts  to a p r e l i m i n a r y  ca lcu la t ion  of the s o t v a b i l i -  
t ies  P(Si-1 = s - / s i  = s +, vJ)  fo r  i = 1,  2 . . . .  , n; s - ,  s + 6 S ,  and of  p robabi l i ty  p(s n = s+ /VJ) .  S ta r t ing  f r o m  
the ru le s  f o r  gene ra t ing  w o r d s  V j , t he r e  follows the val id i ty  of the  equat ions  

p (sf_ I = s-ls~ = s+, v{, v/ . . . .  , vi) ~--- p (si_~ = s - / s , = s + ,  v{, v~, . . . ,  vi). (23) 

Af t e r  the p robab i l i t i e s  in (23) a r e  found,  we then compu te  the p robab i l i t i e s  we  s e e k  by the r e c u r s i o n  

f o r m u l a s  

p(&_,  = s---, s, = s+ /V l )=  p(si = s+/Vi)p(s ,_ l  = s- /s i  = s+, v{, v ~ , . . ,  vi) , (24) 

p (st_ 1 = s+/VO = ~ p (s/_t ---- s+, si = ~VO. (2 5) 
N 
~ S  

F o r m u l a s  (24) and  (25) a r e  compu ted  s u c c e s s i v e l y  s t a r t i n g  with i = n and ,  t h e r e a f t e r ,  fo r  i ; n - 1 ,  e tc . ,  

down to i = l .  
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The probabi l i t i e s  of (23) a r e  computed  by r e c u r s i o n  re la t ionships  which a r e  success ive ly  used,  f i r s t  for  
i = 1, then for  i = 2, e tc . ,  and,  f inal ly,  for  i = n. 

Let  these  r e c u r s i o n  retatiqnsh.ips have  .been used i t imes ,  and. le t  there .have  been obtained the p r o b -  
abi l i t ies  p(s i*- t  = s - / s i .  = s +, v] ,  v~ . . . . .  v~,) and p(si* = s+/v~,  v ~ , . . . ,  v~.) for  all  i* _< i. 

The  probabi l i t i es  P(Si = s - / s i + l  = s +, v{, v~ . . . . .  v~+l) and P(Si+ 1 = s+/v~,  v~ . . . . .  vi+t) a r e  computed  
by the following fo rmulas :  

p (s~ = s - / s ~ + ,  - -  s+ ,  r  vi.2, �9 �9 �9  v f+ , )  =-- Cp (s+ = s-,IvJ,, v i ~ , . . . ,  v{) p (s~+, = s+, v{+,/s~ = s - ) ,  

where  C is a normal iz ing  coeff ic ient  and 

p(, ,+,  = ~ /~ { ,  v~, . . .  v !+ , )=  

' ~  p (s, = s- /v { ,  ~,~ . . . . .  v{) p (~,+, = s+, ~,l+,!s, = s-)  
s--E$ 

s-i- ES s - -~S  

The a lgor i thm desc r ibed  h e r e  was exper imenta l ly  ver i f ied .  Resul ts  of the exper imen ta l  tes t  a r e  con-  
ta ined in [2]. 

I. 

2. 

3. 
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M E T H O D  F O R  O P T I M A  L C L O T H  C U T T I N G  

V.  A.  T r u b i n  a n d  I .  N. G r a d  UDC 007:518.9 

At the p r e s e n t  t ime a method for  ca lcula t ing cloth layout,  in which only smal l  r emnan t s  r e m a i n a f t e r l a y -  
out, is used in  clothing fac to r i e s .  The  p rob lem of efficient  c loth-cut t ing calculat ion is s o l v e d b y l i n e a r p r o g r a m m i n g  
and the method of d i rec ted  s e a r c h ,  on which a r e  ba sed  the s p e c i a l - p u r p o s e  compute r s  EMRT-2 and "Kashtan" 
[1]. However  the exis t ing methods use only data about the length of the p iece  and do not take into account  in- 
f o r m a t i o n  about width va r i a t i ons ,  which may at ta in  l a rge  values  - up to 5-6 cm.  In addit ion,  only one width, 
usually the m i n i m u m ,  cloth in the p iece  is taken into account  which leads to substant ia l  loss of fabr ic .  On the 
other  hand,  taking into account the va ry ing  width of the cloth can a s s u r e  m o r e  eff icient  ut i l izat ion of m a t e r i a l s  
in the clothing industry by min imiz ing  cos ts  as a r e su l t  of increas ing  the useful su r face  in the wider  sect ions 
of ma te r i a l .  

The task of op t imal  calculat ion of cutting cloth p ieces  of varying width can be fo rma l i zed  in the following way. 
A set  of points I = { 0, 1 , . . .  , M} is given,  where  the z e r o  point is the s t a r t  and the M-th the end of the fabric .  
To each point i (i = 1, M) there  c o r r e s p o n d  two number s :  r i, the longitudinal coordinate  of the i-th point ,  and 
hi ,  the constant  width of fabr ic  in the segment  [ r i - t ,  r i ] ,  r0 = 0; rM = L, i .e. ,  the length of the piece.  It  is 
a s s u m e d  that the fabr ic  is s y m m e t r i c a l  about the longitudinal axis .  Thus ,  the cloth is app rox ima ted  as shown 
in Fig. 1. T h e r e  ex is t s  a se t  of s t andard  layouts ( rec tangular  pa t t e rns )  with indices J = {1, 2 . . . . .  N}. An 
a r b i t r a r y  layout j 0 = 1, N) is defined by its length lj and width dj. 

The task  of opt imal  calculat ion cons i s t s  in dividing a p iece  of cloth into a c e r t a i n  se t  of layouts minimiz ing  
a given toss  function. The following r e q u i r e m e n t s  mus t  be sa t is f ied .  

1. If  the cut fabr ic  is intended for  the j - th  Layout, then its min ima l  width h mus t  not be less  than the width 
dj, and the length mus t  be not less  than the Length lj. 

T r a n s l a t e d  f rom Kiberne t ika ,  No. 4, pp. 121-124, Ju ly -Augus t ,  1977. Original  a r t i c l e  submit ted  January  
6, 1976. 
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