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The apparatus of a machine g r a m m a r  was proposed in [1] to descr ibe  p rog ramming  languages and 
solve the problem of syntax analysis and control  for a very  wide class  of languages which are  impor tant  
in prac t ice .  In this paper  the apparatus is developed and generaI ized in the direction of using it to solve 
the problem of the analysis and synthesis in translat ion.  To this end a relat ion is established between the 
symbols of the input sequence and their  semantic  equivalents direct ly  in t e rms  of the general ized rules of 
a machine g r a m m a r .  The descript ion of the language -with the aid of these rutes is a descript ion of a t r ans -  
lator for the language into some other language. The t rans la to r  consists  of a sequence of calls of semantic  
subprograms of which the actual pa r ame te r s  are  the symbols of the input sequence~ 

The account is i l lustrated by the example of the specification of a general ized machine g rammar ;  the 
eharac te r i s t i c s  are  given of a typicaI p rogramming  sys tem which is implemented on the basis  of the ap- 
paratus  for  the Dnepr-2 computer .  

1. Lel; Z and A be te rminal  dict ionaries of the input and output languages: W s =Ws(~), s={0, 1, 2}, 
~={~5, h . . . . .  Ok} , ~ ~A({3 i s the  empty symbol). 

The descr ipt ion of the t rans la to r  T in a machine language is specified by the enumerat ion of a se-  
quence of rules  (operators)  having one of the following forms:  

A ~ 6*p~n.*M, (1) 

STACK ~, (2) 

SE oz. (3) 

Here A is a nonempty t ra in  of symbols belonging to E; 5, p, <~ ~A; n is an [nteger, 1 --< n -< N, where N is the 
total number  of rules  specifying the t rans la to r  T; M is a t ra in  consist ing of a number of integers  m, 1-< 
m -< N; /3 denotes the stack. 

The execution of the algori thm T uses par t  of the s tore  consist ing of a r eg i s t e r  ~ which contains at 
any moment  the number  of the rule in the g r a m m a r  being scanned and three stacks C, B, Do The stack C 
is  used in the translation of pairs  of symbols;  the stack B is used in p rocess ing  the symbols the semant ics  
of which are  defined by the context on the right; the stack D is used to p rocess  symbols which make it 
possible to predic t  the possible paths of the gramr~_atica! analysis.  Before execution of the algori thm the 
top of each stack contains the symbol @ and the r eg i s t e r  [b contains 1. 

The semantic  equivalent for an input word (which is assumed to be terminated by a marke r  symbol) 
i s  const ructed by a single symbol -by-symbol  scan f rom left to right~ In general  the p rocess ing  of each 
input symbol causes a review of the chain of rules  of the g r a m m a r  until a rule of type (t) which can be 
applied is detected or  until syntax e r r o r  is detected in the input word. The cr i te r ion  that the latter has 
been detected is an at tempt to read f rom empty stacks o r  to execute a rule of type (3); additionally, a c r i t e -  
r ion for a syntax e r r o r  is that there  is at least  one nonempty stack when the algori thm has finished p r o -  
cess ing the marke r  symbol at the end of the input word. 
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A rule of type (1) cannot be implemented if and only if: !) the symbol in the input word being scarmed 
does not coincide with any of the symbols in the t rain A; 2) it does coincide, s =2, but u does not coincide 
with the symbol in the top of stack C. 

When a rule which cannot be implemented is reviewed, the contents of % are increased  by unity and 
the next rule is reviewed, its number  now being contained in %. 

The implementation of each rule of the form (1) consis ts  in defining the semantic  react ion (depending 
on the symbols 5 and p) and in defining the rule for its successor .  

The Case s = 0 
1. Definition of the Semantic Reaction 

ff 6 = q) /~ p = (/) (5 is the symbol (0, but p is not), p is added to the output chain, and its address  in 
the output chain is recorded in the top of stack B for  possible redefinition in the light of the context on the 
right. The symbol being scanned is provisional ly defined in this case .  

If 5 ~ r  p~ r  then p is sent to the output chain at an address  read f rom the top of stack B. This 
situation cor responds  to the redefinition of a previously provisional ly defined symbol. 

If 5 = ~  A p = r  there  is no react ion associated with the construct ion of an output word (this corresponds  
to the p rocess ing  of symbols which do not have any semant ic  connotation, for example, comments) .  

We note that the in terpreta t ion of rules  with s = 0 does not involve the symbol v and thus in such rules  
we can omit  w0(v), which we do in the example we give. 

2. Definition of the Successor  Rule 

If M ;~ ~ ,  all its elements are  sent to stack D. If also n= ~ ,  the successo r  rule is defined by in- 
c reas ing  the contents of ~ by 1; otherwise it is defined by s tor ing n in that r eg i s t e r .  

If M=~), then when n ~ )  the succes so r  rule is defined by s tor ing n in %; when n= ~), if the stacks 
C, B, D are  empty, the analysis has been completed successfully;  if at least one of the stacks is not empty, 
this indicates that there  is a syntax e r r o r .  

In the case  s = 1, in addition to  the actions taken when s = 0, the symbol ~ is s tored in the top of stack C. 

In the case  s=2~ in addition to the actions taken when s =0, the symbol at the top of C is unstacked 
(as already remarked,  if it does not coincide with the symbol ~ in the rule, the latter,  by definition, is in- 
applicable). 

Implementation of a rule of the form (2) with fi = D consists  in taking the symbol f rom the top of stack 
D and storing it in r (this defines the number  of the successo r  rule for the symbol being analyzed). If this 
symbol is r  the algori thm te rmina tes  with a message  that there  has been a syntax er ror~  

In the case  of the rule  STACK B, the symbol at the top of stack B is unstacked (the hypothetical r e -  

definition does not take place). 

Implementation of a rule of the form (3) consists  in the output of a message  that there is a syntax 
e r r o r  the type of which is defined by the subprogram c~. 

It should be noted that in addition to the definition of semantic  equivalents, the interpretat ion of the 
rules  of the g r a m m a r  ensures  complete syntactic control  by detecting all the symbols of the input word 
which, according to the syntax of the language, are  not compatible with the subchain preceding them (with 
the context on the left). 

As art example,  let us discuss  a f ragment  of the descript ion of a g r a m m a r  of a machine language for 
a simple ar i thmet ic  expression in ALGOL 60 [2] in which: 

<arithmetic expression`} : :=  <simple ar i thmetic  expressions> X 

<simple ar i thmet ic  expressior~> :: : (term} ] <adding operator} <term,} I (simple ar i thmetic  expres-  
sion> <adding operator> (term> 

(adding operator} :: : + I -- 

<tern%> ::= <factor} I <term> <multiplying operator>l<faetor> 
<factor> :: = <primary expression> 
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( mul t ip ly ing operator> :: = x I/ 

< p r i m a r y  expressior~) :: = <number> I ( ( a r i t hme t i c  expressiol~)) [ <variable,) 

<variable,) ": = <identifier,)[ <identifier,) [ (subscr ipt  list>] 

<subscript list> :: = <simple a r i t hme t i c  expression,) [ ( subscr ip t  list~), <simple a r i t hme t i c  express ion;  

<identifier> :: = <let• I <identifier) <letter> I (identifier> (digit) 

(number> :: = (digit`) L (number,) (digit> 

Let  us  denote t r a ins  of all l e t t e r s  and digits r e spec t ive ly  by L and K; a t r a in  of +, - by ~), and a t ra in  
of x , /  by ~ .  

In our  example  the machine  g r a m m a r  of the language is desc r ibed  by the following 48 ru les ,  where  
E =  {L, K, @, @ , ,  [, ], (, ), X). 

1. | - -  P13 ' r  ,2* r 

2. L - - - 9 . P 7 , 6 . 1 2  

3. K "--* Pg* ~) * 10,12. 

4. (Wi(vl)  P 3 " 9 , 1 6 . 2 5  

5. SE 

6. L -- P 8 " 9 " 6 " 9  

7. K ~P8"9"6"9 

Wl(h)  
8. [ Ps*PIl*32*45 

~. STACK B , D  

10~ --* Pio,9*10* 9 

11. STACK D 

12. | --~ P2'9"2"9 

13. ~ PI'9"2"9 

14. X ~ Pi4*~* ~,9 

15. SE 

16. G --~ P13"9"17"~ 

17. L ~ 9*PT*21*2q 

18. K ~P~*r 

19. (Wi(v2) P3,9,16,25 

20. SE 

21. L -P8"9"21"9 

22. K -- P8"9"21"9 

23. [ WI(v2) P5*Pil* 32*45 

24. STACK B*D 

25. ) W2(vl----~ ) P4"9"12"9 

26. ) W2(v2)P4*9*2q* 9 

W2 (v3) 
27. ) - -  P4"9"41"~ 
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28. STACK D 

29. ~ - -  P i * r  ' 1 7 " r  

30. @ - - P 2 " r 1 6 2  

31. STACK D 

32. �9 ~ P 1 3 " r 1 6 2  

33. L -~ ~).1)7.37"41 

34. K - ~ p 9 , r  

35. (WI(~) P3"r  

36. SE 

37. L ~ P 8 " r  

38. K ~ P 8 . r 1 6 2  

39. [Wi(vz! P5*Pll*32*45 

40. STACK B*D 

41. ~ ~ Pt*r162 

42. r  P2 * r 1 6 2  

43. , ~ P 1 2 " r 1 6 2  

44. STACK D 

45, P6 .r162  

46. ] W2(y2) P 6 . r 1 6 2  

W2(v3) 
47. ] ' P6"r 

48. STACK D 

T h e r e  a re  14 s u b p r o g r a m s  for the semant ic  definitions in this g r a m m a r ,  each of which executes  some 
function of the t rans la t ion  of the cu r r en t  symbol  in the input sequence: Pi and P2 t r ans la t e  the adding and 
mult iplying a r i thmet ic  opera t ions;  P3 and 194, P5 and P6 p r o c e s s  left and r ight  pa r en these s  and brackets ;  
P7 and P8 p r o c e s s  the f i r s t  l e t t e r  and the subsequent  symbols  of an identif ier;  P9 and P10 p r o c e s s  the f i r s t  
and subsequent  digits of  a number;  Pit p r o c e s s e s  the f i r s t  l e t t e r  in a subsc r ip ted  var iab le ;  Pl2 p r o c e s s e s  a 
comma;  Pl3 and P14 p r o c e s s  unary  opera t ions  and the end of an express ion .  

Let  us define for  our example  g r a m m a t i c a l  c o r r e c t n e s s  ( incor rec tness )  and the semant ic  definition 
of the words A, A1 (examples 1, 2) in the  language under  cons idera t ion  in accordance  with the above g r a m m a r .  

Example~ 1. As a r e s u l t  of the analys is  of the input word 

A : x y z  X (F2 [5] - -  x) q- 1 X 

we obtain the following chain of names  of semant ic  subp rog rams ,  ove r  the symbols  of which we wri te  the 
cor responding  symbols  of the input chain (under the names  of the seman t i c  subp rog rams  we wri te  the num-  
b e r s  of the ru les  of the g r a m m a r  which apply): 

x y z X ( F 2 [ 5 

P..2 P8 P8 ;% P8 P, P8 P5 P5 
PH I 

2 6 6 9 4 17 22 23 34 

12 
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1 - -  x ) + 1 X 

Pa P1 P_~ P4 PI P9 Pt4 

11 29 17 21 13 3 I l 

44 31 14 

46 31 

25 



The names  of the semant ic  subp rog rams  which could be subjected to redefini t ion by the context on the 
r ight  a re  underlined; in this example  the second of the th ree  underl ined names  was redefined,  as indicated 
by the a r row  on which is indicated the redef ined name Ptl. 

Vc2aen we execute this chain of subprog rams ,  we obtMn the follovdng sequence of commands  for  some 
hypothet ical  s ingle  address  machine:  

--~ F 2 [51 

- -  X 

• xgz 

§  

where  F215] co r re sponds  to the address  of the fifth e lement  of the a r r ay  F2, the address  of which and the 
address  of the va r i ab l e s  x and xyz a re  defined in a spec ia l  table p rev ious ly  obtained by t rans la t ing  the 
dec lara t ions  of  the p r o g r a m .  

Example  2. For the word 

in a s i m i l a r  manner  we obtain 

A1 : ( ( a+  1)X 

( ( a 

P~ Pa P7 

4 t9 17 

+ I ) X 

P1 P9 P4 P14 

24 18 ll  28 

29 29 31 

25 

The las t  rule  executed in the analysis  of this example  is rule 31, which r e su l t s  in an a t tempt  to r ead  f r o m  
an empty s tack D, thus indicating an e r r o r  in the input word. 

P r a c t i c a l  Implementa t ion .  The above method of analysis  was implemented  in t r a n s l a t o r s  f rom the 
language D-ALGAMS [3] and the data p roces s ing  language VM-COMPILER on the Dnepr-2 computer  and 
also in the const ruct ion of an in te rac t ive  debugging s y s t e m  for the s a m e  machine  [4], 

The machine g r a m m a r  of the language D-ALGAMS is specif ied by 1200 ru les  and occupies  4800 bytes;  
the semant i c s  of the language is defined by 221 s u b p r o g r a m s .  The machine g r a m m a r  of the input Ianguage 
VM-COMPILER occupies  3008 lines; the semant i c s  of the language is defined by 108 subprograms~  

A tmiver sa l  a lgor i thm for  the analysis  of languages which can be specif ied by machine g r a m m a r s  for 
a computer  c o m p r i s e s  500 machine words and runs on the Dnepr-2 computer  at about 400 symbols  pe r  
second, which co r re sponds  to about 70 commands  for  every  input s y m b o l ,  

As exper ience  in the cons t ruc t ion  of p r o g r a m m i n g  s y s t e m s  shows, the application of the above method 
of analysis  of languages makes  poss ib le  a significant reduct ion in the t ime  to build such sys tems~ Thus,  
for example ,  by using the method of a machine g r a m m a r ,  the VM-COMPILER was developed and put into 
opera t ion  in th ree  months by three  spec ia l i s t s .  

lo 

2. 

3. 

4. 

LITERATURE CITED 

I. V. Vel'bitskii and E. L. Yushchenko, "A metalanguage for syntactical analysis and control," 
Kibernetika, No. 2, Kiev (1970). 

A. P. Ershov (editor), The Algorithmic Language ALGOL 60, a Review [Russian translation], l~oscow 
(1965). 

E. M. Lavrisheheva, Go A. Mos'pan, L. G. Usenko, Eo L~ Yushchenko, and V. A. Yaffe, "A trans!ator 
for D-ALGAMS on the Dnepr-2," Trudy I Nauch.-TekJ~. Konferen. SKB MMS, Kiev (1970). 
E. M. Lavrishcheva, "Syntax-driven interactive program debugging," Trudy II Naueh.-Tekh.Konferen~ 
SKB MMS IK AN UkrSSR, Kiev (1971). 

223 


