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Abstract

An NBSG/PD vpre-compiler 1is a translator which transforms one kind of
Japanese programs specifically the NBSG/PD programs into C programs. The
NBSG/PD has limited vocabulary, plain syntax and a mechanism for  using
information of the required specification which is defined by the Japanese
Based Specification Language NBSG. We have developed a subset of NBSG/PD pre-
compiler wusing the language processor generator MYLANG. MYLANG transforas
Extended Attributed Regular Translation Forms(EARTFs) into Extended Attributed
Syntax Directed Translators (EASDTs). The EARTF can define entire parts of

language processors.

1. Introduction

An NBSG/PD[2] is a Japanese programming language which is developed in
order to describe procedures of the functional elements. These functional
elements are extracted from the Japanese specification language NBSG[1].

The NBSG/PD has limited vocabulary, plain syntax and a mechanism for using
information of the required specification which is defined by the NBSG.

Ye have developed the subset of NBSG/PD pre-compiler by the language
processor generator MYLANG. The NBSG/PD pre-compiler is a translator which
transforms NBSG/PD programs into C progranms.

MYLANG 1is a translator which transforms the Extended Attributed Regular
Translation Forms(EARTFs) into Extended Attributed Syntax Directed Translator
(EASDTs). EARTF is the Attributed Regular Translation Form(ARTF) with the
notation of RAM(Random Access Memory) manipulating functions. EARTF can be used
not only for defining of language processors but also for defining software
mnodels of conventional progranms. According to Watt's paper[3], “"Attribute
grammars and affix grammars are currently the most promising tools available in
the design of compiler writing systems.” On the other hand, previous compiler

vriting systems vhich use attribute grammars, are adopting Al-notation or the
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languages such as LISP, Pascal or C etc. in order to describe semantic
functions of its attribute grammars. So, wusers of these compiler writing
systems have to acquire plural schema, for example, scheme of lexical analyzer,
scheme of syntax analyzer and scheme of semantic functions of the attribute
grammar etc..

In this paper, wunification of the above-mentioned schema is shown, using
the Extended Attributed Regular Translation Form(EARTF). EARTF is a kind of
scheme of attributed grammars. The EARTF can define semantic functions of
attributed grammars by itself. The Extended Attributed Regular Translation
Form(EARTF) is the Attributed Regular Translation Form(ARTF) with the notation
of RAM manipulating functions.

The Attributed Regular Translation Form(ARTF) is an augmented form of
extended BNF. The vocabulary of ARTF consists of not only terminal and nonter-
minal symbols but also action symbols and furthermore attributes wmay be
attached to these symbols.

Hanna has exploited the regular expressions in order to prove the isomor-
phism problem of vprogram schemal[5]. Jackson has suggested one method of
softwvare design, which 1is known as the Jackson method[6]. 1In this method,
structures of programs are expressed by regular expressions. Shaw has suggested
flow expressions{7]. These are regular expressions with shuffle products in
order to express concurrent process. Katayama has shown that attribute grammars
can be used for calculation models[8].

ARTF is a scheme vhich employs regular expressions and is augmented with
the attribute grammar. These features makes it possible for ARTF to define
software models and the calculation systems by ARTF.

A comparison between the Turing machine[10], which can be described as "A
finite state automaton + Infinite length's tape"” and the idea contained in the
title of VWirth's book "Algorithms +Data Structures = Programs"[9], reveals that
they are quite similar. In EARTF, ARTF corresponds to Algorithms, and RAM
manipulation functions corresponds to Data Structures. Using EARTF, we can
define semantic functions of the attribute grammar and software nmodels of
conventional programs. The language processor generator MYLANG transforms
EARTFs into language processors or object programs. Comparison of MYLANG to

YACC[11] is shown by Fig.1.
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Fig. 1. Comparison between YACC and MYLANG.

2. The Extended Attributed Regular Translation Fora

The Extended Attributed Regular Translation Form(EARTF) is the Attributed
Regular Translation Form(ARTF) with the notation of RAM manipulation functions.
ARTF is an augmented form of Extend BNF. The Extended BNF which 1is the basis
of ARTF, 1is as shown by the following example. This exanple is the syntax

defining simple arithmetic expressions.

Ke> = <t> ( "+' <E> )%
<E> = Kf> (x> )%
KF> = <id> + "(' <e> ")

Fig. 2. An example of Extended BNF

Where the objects <e> and '+' are a nonterminal symbol and a terminal symbol,
respectively. MNamely, for any string S, <S> is regarded as a nonterminal
symbol, and 'S' as a terminal symbol. The two meta-symbols "=" and "+" are
used in the same context as "::=" and "|" in BNF respectively. Similarly, the
meta~symbols "(", ")", "+" and "*" are used in the same context as in regular

expressions.

Before explaining ARTF in detail, an example is shown below.

<e(/x)> = <t (/x)> ( "+ <t (/x1)> [(x:=x+x1)] )% ;
<t (U/x)> = LKF(/x)> ("% £ (/x1)> [(x:=xxx1)] )= 3
KF(/x)> = <id(/n)>[lookup{(n/x)] + '(° <e(/x}> ")' i

Fig. 3 An example of ARTF: definition of arithmetic calculator by ARTF

The example 1in Fig. 3 is an ARTF defining the syntax and semantics of
arithmetic calculator. This illustrates the attributed syntax-directed transla-
tion of simple arithmetic expressions. ARTF is a kind of the attributed syntax-
directed translation schene,

As shown by the example in Fig. 3, ARTF consists of one or more equations
which are terminated by a meta-symbol ";". For a sequence of strings S, [S] is
called an action symbol. [lookup(n/x)] in Fig. 3. is an action symbol and has
"lookup” as its nanme.

The nonterminal symbol <e(/x)> shows that the symbol has an attribute.

This is done by the attribute occurrence variable(name) "x". Attributes can be

attached to nonterminal and action symbols in the following manner:
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where, N is a nonterminal symbol name and A is an action symbol name. Each ix
where 1<x<m, shovs an occurrence of an inherited attribute of the symbol.
Similarly, each Sy where 1<y<n, shows an occurrence of a synthesized attribute
of the symbol. An attributes of the nonterminal symbol or action symbol is
identified by the position of its attribute occurrence.
It is possible to describe an assignment of arithmetic expression in an

action symbol directly , such as [(x:=x+x1)],[(x:=x%x1)]. Fig. 4 is an ASDT

vhich is defined by Fig. 3.

<e(/x)> CEU/R)ID var Lt(/x1)> [(x:=x+x1)

® O ® O xt=x+x1)]

<t (/x)> f(/x)':' T2 [(xr=x2x1)]
*l'———*!Eij-ﬂ"———ﬂ"—-——j

EU/x)>_ o <id(/n)> Alookurn/o)]

Fig. 4 ASDT which is transformed from Fig. 3

ARTF can also be used to describe predicates. Using the predicates, it is
possible to define context-sensitive languages by the ARTF. Fig. 5 is the ARTF
vhich defines a recognizer of the language A"B"C". A"B"C" is a famous example
of context-sensitive language. Here, action symbols [?7(i=j)] and [?(j=k)] are
predicates. A symbol [?(p(xl..xn))] means that if p(xl..xn) is true then the
symbol becomes JA(empty string), and otherwise it is d(empty). In this example,
attribute. occurrences i,j,k means number of A, number of B, and number of C
respectively.

[?7(i=§)1[?(3=k)] is A only if i=j=k and otherwise the expression hecomes

4. Thus the language A'BICK=A"B"C" where n20 is defined in Fig.5.

Ks>=[(i:=0)]( "A'[(i:=i+1)] )x
[(53:=0)]( 'B'[{(j==4+1)] )=
[(k:=0)]1( 'C"[(k:=k+1)] )%
<t(i,Jj,k/)>

<t liui k/)>=02(i=§)1[2(5=k)] ;

Fig. 5 ARTF which defines the context-sensitive language A"B"CP.

The Extended Attributed Regular Translation Form(EARTF) is ARTF with the nota-

tion of RAM (Random Access MHemory) manipulating functions. RAM is nmanipulated
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by semantic functions which are denoted by action symbols. A RAM manipulating
function is a load or a store instruction.

A load instruction is denoted by [(x:=[arithmetic-expression])]. A store
instruction is denoted by [([arithmetic-expressionl:=x)].

Ve have defined list manipulation functions and string manipulation
functions by EARTF as shown in Fig. 8,7. These functions play an important role
in developing language processors.

[#list]+1):=y,z:={#list],

<cons(x,y/z)>=[([#list W L
st]+2)] H

]
[#list]:=

Cecar (x/y)>=[7(x>#1ist)]
Cedr (x/y)>={7(x>#1ist)]
<atom(x/)>=[?(x<ﬁllst)]
<null(x/)>=[7(x="nil")]

Fig. 6 Basic list manipulation functions defined by EARTF.

(strepy (i,3/)>=
J0Cis=i+1,5:=j+1,031:=011)] )% s

[
(
<egqstr (i, j/)>=[7
[ [Cis=i+1,3:=3+)3L2C[13=03)] )=
Fig. 7 String manipulation functions defined by EARTF.
In Fig.7, <strcpy(i,j/)> is a function which copy a string from i to J.

<eqstr(i,j/)> is a predicate which is L if string i and j are the same or else

¢.(i and § are initial addresses of strings in RAM.)

3. Standard Action Routines and A Tracer in MYLANG(MS-DOS version)

MYLANG 1is equipped with standard action routines which look ahead more
than one character, backtrack input strings and manipulate sequential files
etc.. These routines can be called by reserved action symbols vhich we call
standard action symbols. Standard action symbols are denoted by the symbol

[.al. MYLANG is also equipped with a tracer as debugging environment.

3.1 Looking ahead more tharn 1 character
The standard action symbol [.tch(x/y)] means get the character y which is
ahead of x characters. The standard action symbol [.gch(x/)] means abandon x

characters without reading.

3.2 Backtrackinsg
The standard action symbol [.gbp(/vw)] means memorize the input string in
w, and the standard action symbol [.back(w/)] means let the input string as w.

v is a pointer to the input buffer. Combining these two action symbols, wusers
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can backtrack input strings explicitly( not automatically). Some other versions

of MYLAKG are able to backtrack automaticaly.

3.3 File input/output

The standard action symbol [.open(fid,rw/fn)] means open the read or the

write(rw) file with file number fn and with file name fid. The standard action

symbol [.close(fn/)] means close the file fn. The standard action symbol

[.cinf(fn/)] means let the current input file as fn. The standard action symbol

[.coutf(fn/)] means let the current output file as fn. The standard action
symbol [.tapeout(x/)] means output the string x to the current output file.
fid, rv and x are initial addresses of strings in RAM.

3.4 Tracer

Fig. 8 is an example of tracing LISP interpreter which is defined by

EARTF. Two kinds of brake points(nonterminal symbols and an address of RAM) can

be given by users.

lisp
n)ormal or t)race ? n w
b)reakl ? b >(car “(a b ¢))
<cons>
non_terminal symbol name ? cons n)ormal or t)race ? t
cons vles 1 y
s begin cons “(a b e))
.iniatmtab < pop ( 1 :0)
Linilist < pop ( 0 :6)
Clisp 2001=[2000]
.reads > push ( 0 :6 )
..atomeval [2001] : =6
.defun 2001=[2000]
.eval > push (1 :0)
.prints [2002] :=0
.atom 2001=[2000]
.ear < pop ( 2 :2001)
..cadr 2001=[2000]
.eddr [2000] :=2003
..ok brk_no.=13 > push ( 2 :2001 )
b)reak2 ? <econs> end
b)reak (ram) ? n)ormal or t)race 7 n
c)onsole or f)ile 7 ¢ <cons>
: n)ormal or t)race ? n

<econs> end

Fig.8 Tracing Lisp interpreter

4. An NBSG/PD Pre-Compiler

An NBSG/PD is a Japanese programming language which is developed in order

These functional elements

to describe procedures of the functional elements.
are extracted from the Japanese specification language NBSG.

An NBSG/PD pre-compiler is a translator which transforms NBSG/PD programs
The NBSG/PD pre-compiler consists of two processors (a lexical

into C progranms.

analyzer and a syntax-semantics analyzer).
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4.1 Exampies of NBSG/PD prograas

Fig. 9 is an NBSG/PD program which performs sorting. NBSG/PD progranms
consist of <c¢hree kinds of control expressions: sequences, selections and
iterations. We will explain these control expressions using regular expres-
sions.

If a and b are statements of NBSG/PD program, "a b" is also a statement
of an NBSG/PD program which expresses "ab" in the regular expression.

if a;(1<i<n-1) is a conditional expression and bj(ISJSn) is a statement
then the statement

“zoe, sl D2

&

znfol 5, bn

is also a statement of the NBSG/PD program which expresses
lbl+a2b2+ ...+telse bn
in the regular expression, i.e.,

"if ay then bl’ else if a, then bZ' ... else bn
If a is a conditional expression and b is a statement,
e oM. ko LERIYET, b BHIBELED, " and 3
“atuBIT.RODTLEERIET, b BUYELKD. T
are statements of the NBSG/PD program which express
"(ab)*" and " (~ab)*"
in regular expressions respectively, i.e.,

“while a do b" and "while not a do b".

type sort.nth
€5 a-4 msin()
[ 4

INT & ° » ¥ z
INT EH#4 Hﬁll »4a o
STATIC INT &3 [ 0]={100. 43 60.37.80.93,20000. 22,

20, 12453, 9870, 2, 77, 221, 546. 37.
9999. 42, 38. 711} ¢
BRAXLL s =0,
éﬁﬂ#(/ﬁ t=200l, Koz bte®H)AT,

KBRS vy - BRLL v E
}&&$4y& Hznﬂm KocreBbET,

L v e R v x L

J(E?ﬂd’# val > BRI E S v x]oL B,
- (BR A4 v 2],

P4 a) - B ERE L V],
4 v x] - MEIE I

g

*E

T A BARAL LI D RBEF 5,
- 4 2 o+ 1,

Fig.9 A Sorting program in NBSG/PD
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4.3 A Syntax-Semantics Analyzer

A syntax-semantics analyzer of the NBSG/PD pre-compiler transforms the
intermediate vprograms into C programs. Fig.l12 is a part of syntax-semantics
analyzer defined by EARTF. The nonterminal symbol <branch(/x)> defines transla-
tion of branch statements in NBSG/PD into "if" statements in C language. The
nonterminal symbol <iter(x/y)> defines translation of 1iterate-statements in
NBSG/PD into "while" statements in C language. Fig.13 1is the C program which

is transformed from Fig.11 by the syntax-semantics analyzer.

<branch (/x)> =<Z Z T ><ten><notokilis (/x)>
‘2O L & “<sonota(x/)>

'El_t ’<nnru>
<z zwT> >z vz wE”
<notokilis (/x)>=<notoki {/x)> (<notok|2(/x1)><nconc (x. x1/)>)% :

<notoki (/x)>= <eexpg{(/a)>"® & % <ten><stmt(/b)><pea(a b/x)>
<notoki2 (/x)>= <notoki (/y)><list("else’.” ‘/x)><nconc (x.y/)> :
<sonota (x/)>= <ten>

(<stmt (/y)><list("else’.” “/z)><nconc{z.y/)><nconc (x.2/)>)/ ¢

<pea(x.y/z)>=<sand (" ( . x. ) Ux)><list(CifT. T T /z)>
<ncone (z. x/)><ncone (2. y/)>

<iter (x/y)>= <iter2(x/y)>

<iter2(x/y)>-<noaida(/k)>‘2ka) Z e % "8 Y BT <maru><stats (/y)>
ﬁ’):&b ‘&b <aiter2(k.x. y/y)>
<nosida (/k)>="oO ] ° <tcn>[(k -1)] + <2 R B F TC><ten>[(k:=2)].
<R B FT>TLLBETCT +EABET O

<aiter2 (k. x. y/x)>=
([?(k<>1)]<sand{" (°. /x)><cons( 1ox/x)>)/
<iorhead(z/x)><sand( ( “/y)><nconc (x. y/) >

<forhesd (x/x)>=<sand (" (".x. ") " /x)><cons(“while . x/x)> :

<sand (a. x. b/x)>=
<cons (a. x/x)><cons (b. “nil’/b)><ncone (x. b/)>

Fig.12 A part of the syntax-semantics analyzer which is defined by EARTF

main() {int nd3.
int nd5.n4d7:
statie int nd9[20]~{100.43.60.37,60.93, 20000, 22, 20.12453.9870.2.77,221.546.37.99

99 42.38.711}

n45 0:

while((n45!~20)) {{n47-n45:
while((n471=20)) {{nd7=nd7+1:

if (nd49[n4d5)>n49[n4d7])) {n43~n49([n45]:
n49[nd5)=nd49[nd7]:

n49{n47]=n43:

}

}

}

printf ("%d¥n".nd98[n45]):
n45=nd5+1: ’

}

}
}

Fig.13 The C program which is transformed fronm Fig.11
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4.2 A Lexical Analyzer

An lexical analyzer of the NBSG/PD pre-compiler trgnsforms NBSG/PD
programs into intermediate programs. The lexical analyzer just distinguishes
reserved symbols and other names. Reserved symbols are passed through the
analyzer without change. Other names are sandwiched between "n(" and ")".
Fig.10 is a part of the lexical analyzer which is defined by EARTF. Fig.1l is
the intermediate program which is transformed from Fig.9 by the lexical

analyzer.

<lex>=<inilex><tokens><wln><wln>

<tokens>=[(b:=#eof)] ( <neof(b/)><read(/a.b)><wtokena(a/)})><tapeouth(b/)> )%
<read (/#w. #b) >=<inistr ($w/)><inistr (#b/)> (<strconst>+else<nx>%) <re>
<nx>=[. tch (0/x)] <nrese><chreat (#w. x/)>[. gch(1/)]

<nrese>=[. ghp (/x)] (<rese>[.back(x/)] [?(1=2)])/

<re>=<cin><resc><con>[. nametape ($b/)]

<rese>=<symx>+else (<kstr>+<astr>)

<symx>=<symxl>+else<symx2> ~

<synx1>-<symx12>+<synx13>+<synx14>+<symx15>
<symx12>=" " + 7,7 4+ .7 ¢ :

B

<symx13>=":" + T

Fig.10 A part of the lexical analyzer vhich is defined by EARTF

E>type sort.trsm
£5"a=4 n{main) ()7 INT n(%k 9 2 2) ¢
INT n(®FK A > x), n{(HBAL ¥2) ¢
STATIC INT n(&3) [20]~{100.43.60.37.60.93.20000,22,
20, 12453. 9870, 2, 77,221, 546, 37, 9999, 42, 38, 711}
(A A4 vH) -0,
(n(ﬁmjﬂ’& va) i1=200H, mwca&&bﬁto
(B AL v y) = n(BIARL Vv H),
(Hﬂ:!ﬁi’#z&f) 1= 200 H, U(ﬂ)c}:%ﬁbﬁ?’o
n(H & & o ./5') -~ (A4 2 H) +
CC?. nmw)h@ﬂ?4/5ﬂ>nﬁﬂ)h
EER4v2)]0E B, r (=
n@ﬂ)h@ﬂ#4zﬁﬂ

n (B 30) [n aH 4 )] - n(ﬁﬁﬂ)[n(%!ﬁf 4 v a)].
a(EmW) (HBEL4 v2)]) = 0™ 9 & 2)
)
ook E, 3
1
BOBEBULEKDY,
n(EKHﬁ?J)(' d¥n” . n (A (@R 4 ©2)])2ERTT 5,
n(@A LA vE) = n(@ERRLL ) + 1,
BOERELEKDY

Fig.11 A intermediate program which is transformed from Fig.9
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5. Conclusion

We have developed a subset of the NBSG/PD pre-compiler by the language
processor generator MYLANG. Entire parts of the pre-compiler are defined by
EARTF. Both the NBSG/PD pre-compiler and MYLANG are implemented on the personal
computer IF-800 model 50/60.Ye are presently developing the full set of the
NBSG/PD pre-compiler. The full set of the NBSG/PD includes enumeral types,
subrange types, block transference mechanisms, object oriented style and a
concurrent mechanism etc.. And we are planning to develop software development
assistance environment of NBSG and NBSG/PD.

In order to develop language processors and other softwares much easier,
we are planning to develop much better programming environmeﬁts of MYLANG and
to extending EARTF to abstract data types and concurrent descriptions etc..

These softwares can be defined by EARTF and generated by MYLANG.
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