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ABSTRACT

A rudimentary transla tor writing system is developed
for easy implementation in about 2 pages of assem bly
language code. Although the system is based on backtrack
parsing and lacks a sca nner , it still performs useful
tra nslations in a few minutes of Cpu time, with storage
requirements of about 10K bytes, for a typical translation .

Th e system is based on an ALGOL — like program by flicheis
which translates source language strings into target
language s tr ings, according to a translation grammar  which
is specified using prefix Polish operators. Fortuna tely,
the user does not need to specify translation grammars in
Polish notation, because Michels gave a net4~ramaId r which
translates grammars in BNF—li ke notation (including the
metagralmar itself) into Polish strings.

This report shows how Nichels’ program can be
implemented without the aid of an ALGOL compiler. We
present a translation grammar for converting if ichels
progra m ( s l ight ly  rewri t ten)  into code for  a simple,
special—purpose interpreter. Once this simple interpreter
is implemented , and M ichels’ program (in interpreter code)
and the first input grammar are prepared , a small translator
writing system is complete. In this primitive system , a
transl a tor “program ” consists of the  BN F—like description of
a translation grammar .

Michals’ program was written with the goal of
conceptual simplicity. However , in actual performance it
was found to be too slow to be practical. Accordingly, we
present a new program which is shorter, more efticient, and
which requires only a slightly more complex interpreter.

Key words and phrases:

metalanguage, translator, synta x—directed translation ,
translator writing system , self-describing grammar ,
interpreter, bootstrapping, backtrack parsing

CR categories: 14.12, le.13, 4.20
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1. Introduction

Programming languages should not interfere with the
initial steps in designing programs. Wirth ( 11] has
proposed that programs be written using “stepwise
refinement”, in which several versions of a progra m are
written in notations convenient to the programmer, but
approach some existing target language as the final step.
Whe n writing many prog rams in a single domain (e.g.
gra phics) , the programmer may f ind  a pa rt icular intermediate
language useful for  his needs. If the process of writing
translators and interprete:s could be simplified , then
special— purpose inte rmedia te langua ges could be implemented ,
obviating the need for the f inal  ref inement  steps.
Extensions to exis ti ng extensible languages could accomplish
a similar effect , but would not allow the freedom of
lan guage design available to a t ranslator—wri ter, and would
result in a larger , more cumberso.e language with unneeded
features. Also, extensible languages are generally hard to
implement and require large operating systems [1 ,7,9,10].
In view of the rapid proliferation of smaller computing
systems, it would be useful to have simple mechanisms for
imp lementing new special—purpose languages.

In this report, we present a simple implementation of
Nichels’ translator wr i t ing  system (5], which is based on an
earlier paper by Schorre (8] .  The system allows simple
kinds of translation, directed by a user—produced gram mar
which is augm en ted with ou tput symbols. Miche ls devised
aetagrammars in notatio n s imilar  to BNF (6) which define the
translation of grammars (incl uding the metagra.mars
themselves) into strings of prefix Polish operators,
suitable for execution on an interpreter. Using ALGOL—like
mutually recursive procedures, Michels then presented
descriptions of interpreters which would ezecute a prefix
Polish operator string and carry out translations according
to the grammar represented by the operator string. The
following diagram shows the relationship netween a BN F
metagram mar, a Polish representation of the same grammar ,
and an in terpreter . 

~~~~~~~~~~ ~~~~~~ .
~~~ TJ
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In exact I
~ grammat im BNF $ A grammar , in I I I copy of I
I for translatiagl-———> I I polish code, I $——— ->$ the G1—O I
I RI? grammars tol I I for translating I I “code”
I Polish I I I BIT grammars tol I

— ~~~ I I P01 is b I I
J aee ea aaeaeaeaaaa

I I
I SEEDO I
I Program to scan
I input  and generate
output according

I to the operators
I given in a Polish I
I translation grammar$

If an arbitrary BIT translation grammar G is used as
input, the resulting output will be the Polish form of the
grammar (call it G—O). If SEEDO is then executed with G—O
as its program, any input viii be recognized and translated
according to the rules of G. In this system, G is a si~plétranslator “program ”. The following diagram illustrates the
two—step process involved.
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I I

• (C indica tes typical user—generated input) -:

This report extends M icheis’ work by actually
implementing the SEEDO interpreter. We do this by
translating SEEDO into code foc a low— level interpreter.
The low—level interpreter is simple enough to be implemented
in about 2 pages of PDP—11 assembly language code. Some
utility routines and machine—readable texts must also be
prepared before the system is complete.

ficKeemen [14] calls the system a SEED because even
though it is small (a nd not very powe rf ul and eff ic ient  by
itself) it can be used as a tool to implement languages for
writing scanners, parsers, and other components of more
sophisticated translator writing systems. Unfortunately, it
turns out that lichels’ SEEDO program fails even as a SEED,
b.caua. it is considerably slower tha n hand—tr anslation in
most cases. Accordingly, we present an i.plementation of
SflDO only to show the essential ideas needed for a simple
translator. We then present a more efficient program,
SEEDI, consisting of a smaller set of recursive procedures
written in a slightly more powerful language. The new
languag , requires new operation codes in the low-level

• interpreter. However, lever low—level interpreter
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instructions are needed to implemen t SEED1. In addition,
• com putation time is reduced by a factor of 30 for a typical

• translation.

2. Formal Definition of Translation

The material in this section, as well as in Section 3,
is adapted from Nichels (5 ]

A context—free grammar C is a quadruple (Vt , Vn , S , P)
where:

Vt is a finite set of symbols called TERMINALS .
Vn is a finite set of symbols called NON—TERMINALS.

• (Vt and Yn are disjoint, and their union is the set V)
S is a distinguished member of Vn called the START or GOA L

SYMBOL .
P is a finite set of productions such that each prod uction

is a pair (a,b) (alternate notation: a—>b). The LEFT
PART, a, is a sy.bol in Yn and the RIGHT PART, b,
is a (possibly null) sequence of symbols from V.

The postfix operator * will denote the
set closure or the set of all sequences
of symbols in a set. For example , V~• represents the set of all strings that
can be constructed from the symbols in
the alphabet, including the em pty
string. The operator • denotes the set
closure with the exclusion of the empty
string.

The set of productions define all possible derivations
in T. For all (z,y) in P and u, v in Ye, u is derivable
from v (written v ~~ u ) if u can be created by
substituting y for any occurrence of x either in v , or in
any string derivable from v.

Any string derivable from S is a SENTENTIAL FORM. A
sentential form not containing any elements of Yn is a F I N A L
SEITEITIAL TORN , or SENTENCE.

A TRANSLATION GRAMMAR I is a quin tuple  (Vi , Vo , Vn , S,
P) whir l Vi and Vo are disjoint sets par t i t ion ing  Vt .  We
call Vi the INPUT VOCAB ULARY and Vo the OUTPUT VOCABU LARY .
Yn, S. and P an, defined as before. T is said to TRANSLATE
an el.a.nt. u of Vii into an element v of Vol if and only if
S a)* a, and deleting the symbols of Vi (respectively, Vo)
from a leaves v (respectively, u) • Observe that ? may
translate u into severa l strings.

- • ~~~~~~~~ _ _ _ _ _ _ _ _•

~~~~~~~~~~~

• ~~~~~~~~~~~~ •~ ••
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Let P1 be P with the symbols from Vo deleted, and P0 be
P with the sy mbols from Vi deleted. The INPUT LANGUAGE Li
of T is described by the context—free grammar Gi = (V i , Vu ,
S. Pi). The OUTPUT LANGUAGE Lo of T is described by the
context—free grammar Go = (Vo, Vn , S, Po).

We note in passing that  every translation grammar has a
“dual” translation grammar in which the roles of Vi and Vo
are reversed. A lso, we could generalize translation
grammars to allow more than two partitions of Vt.

• 2.1 A Translation Example

W e present a gramma r tha t will translate inf ix
expressions to prefix ex pression s as an example of this
class of translations. Consider the translation grammar  T =

• (Vi , Vo, Vu , 5, P ’) where:

Vi = (+ ,* ,a ,b) This is the alphabet of the input language.
Vo 

~ (±.t.i1~~) 
This is the object language alphabet; in
this case it corresponds one—for—one with
Vi. The symbols are underlined to differen-
tiate the two sets.

Vu = (S,T,F,I) These are the non—termina l symbols.
(S—>T, T—>±F4T, T—)F, F—>!I*F, F—)I, I—>aa , I—>bb)

This is the set of prod uctions defining the
translation.

I specifies, among other thing s, the mapping of ‘a+b*a’
to •j1*ba o. The full derivatio n is as follows:

~~~~ &Ut ial_Z2~jS Start symbol
I S->T
±? •T T— >tF+T
,1 •p
•F •*I CF F—>*I*F
±1 •~I lx F—>I (used twice)

I—>~a (tvice) ,I—>bb (final
sentent ial  fo rm)

a, bi a Input Sentence (symbols from Vo
deleted)

Output Sentence (symbols f rom Vi
deleted)

3. Translator Imple mentat ion

To implement a translator based on a translation
grammar, we must create a parser for the inpu t  lan~j uage.
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Our assumption here is that the easiest parsing scheme to
implement is the top—down backtracking approach.
Conceivably, Earley’s algorithm (2] or some other method
could also be implemented concisely, but this matter is
beyond the scope of this paper. The restrictions given in
this section apply to our method of backtrack parsing.

To specify the restrictions, we will group together all
productions having the same left part . To this end, we use
Pi, the set of input productions, to construct the set PU..
Each element of PLi is a list (a,bl ,b2,...,bn); ~ is someleft part, and all ~i are corresponding right parts. That
is, all ~i are included in an element of PLi if and only ifa—> bi is an element of Pi. An input gramma r will be
represented by a description of PLi, such that the first
element is the list in which ~ is S, the start symbol. A
translation grammar is represented by PL , whi ch is PLi iith
the output symbols restored.

Au ordering on the a l te rna t ive  r ight  parts in each
ele ment PL1 is defined to guarantee that if tw o right pa rts
can generate input  sentences such tha t one inpu t  sentence is
a prefix of the other, then the right part generating the
longer input sentence is listed first. Formally, for all p
in PLi, if b and b’ are right parts in p and b precedes b’,
the n for all u, u’ elements of Vj+ such that b )~~ u and
b ’ =>* u ’, there exists no u ’ = ur , whe re r is in Vj *~

No productions may be empty. That is, tor all a—>b
in P1, b is in Vi..

Grammars may not allow left recursion. That is, there
may be no v in Vu and u in ~* such that v =>* vu

Deterministic le f t—to—righ t  parsing is simplified if,
whenever a prefix of the remaining input is to be derived
from a nonterminal e, the prefix yielding a correct parse is
the longest prefix der ivable from m. That is, there should
not ex ist any sequence umc v derivable f rom S , and both x and
xc derivable from m, whe re S is the s tart  ~y abol , u ar. d v
are in (Vi U Yn)*, m is in Vn , and x and c are in vi,.

The translators to be described in this paper do not
detect violations of the restrictions given here; they will
merely prod uce incorrec t parse s, or fail  to terminate at
all.

3.1 A Simple Translation Language

A meta langua ge can be defined for the syntax and
tra nsla tion of a translation grammar. The notation is
similar to BNF [6]. For each non—termina l whic h is a left

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _  A .A
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part of a production, all right parts for that non—ter mina l
are listed, seçarated by a slash (/). The left part will, be
separated from the alternative right parts by an equal sign
(“). Juxtaposition will denote the concatenation of
ele ments o f .  a right part. Double quotes (“) will delimit
elements in Vi.. Brackets ([,]) will be used to delimi t
elements of Vol . Single letters denote elements of Vn .
Normal parentheses can be used to alter the implied operator
precedence and to reduce the number of productions req uired
by allowing the factoring of rules.

Fig. I shows Cl , the translation grammar describing
the “grammar language”, expressed in its own language. It
is a modification of the grammar  given in Section 4.1 of
Nichels (5]. (Productions I, S, and 0 were modified so as
to minimize backtracking in most cases, and L was split into
L and T, with many new symbols added). Multiple blanks and
ends of lines have no meaning in the language. They have
been used here to improve readability and should be ignored .

Literal strings may be of arbi t rary  length.  This
creates a problem if a s tr ing must contain a double quote
(“) , whic h is the literal delimiter. To sol ve this the
produc t ion f or “I” (see Fig. 1) is ordered to test for a
double quote as the first character of a literal string ; if
one is found it is assumed to be the entire string and must
be followed by the terminating double quote. A double quote
in any other position of a l iteral string is assumed to be
the te rminat ing  de limiter of tha t  st ring. A similar
convention is used to denote right bracket (]) as an outpu t
symbol.

The self—translation of Cl , giving the “object grammar ”
G1—O , is shown in Fig. 2. P aragraph ing has been added to
improve readability . The actual machine lang uage, as
defined by the translator and accepted by the machine , would
be a continuous string of characters. The only significant
blank is one which follows an odd number  of sharps (I) . The
nex t section explains the meaning of *

3.2 The Object Language

The output of the metatranslator described in Section
3.1 is a description of a translation gra am a~ . This output
can be interpreted by the program to be descr ibed in the
nex t section, and can be thought  of as an “object language
for grammars ”. This language contains f ive p re f ix
operators. The ‘& ‘ is a b ina ry  concatenation operator ; it
has the vajue TRUE if and only if both of the operands wh ich
fol low it are TRUE.  The ‘/‘ is the b ina ry  al ternation
operator, which has the value TRUE if either of the ope ra nd s
f ollowing it are TRUE . If the f i rs t  is TRU E the second is

• .~•_ • • • — • • • - ~~~—~-—-~~- -• — —~~ —a



- - - —.—-—‘—-- 

~~~
— • .-— - —• —

~
- • - 

~~~~~~~~~~ 
-

10
R/& $ LL1.L S A u l S R

A /t>/ &SC& l/S A
SC

C/L> && ,!L$ it

I/Li”

Is
“IC

/L&i)1)
L> ’>3

So
/11(4 t A t )
(>II I

s/ I>,
4 / L I ) ) )

ST
I”

L/U)’ )
IT

Is

“Li”>”
ST

$3

4/U”>”
IT

i0
L/LIA)A/LIB)B/UC>C/s,o,D/UE:>E/UF)F/LSG,G/uH,H/sgI>I/&,J>J
/I IK)K/L IL>L/ & IM>M/L .N) N/&t O>f l / & IP) P/ &SQ ,Q/ & ,R>R/L, S>S/L ,T>T
/ISU>U/LIV>V/LSW W/LIX>X/&IY>V&IL>Z

/ lss>s/Lt  > / L s C > t / L ’~ >~
/LI 1)t /L I 2 )2/ L t 3>3 /& t4 ~ 4 / & t 5 > ’ ç / & $ 6 ) 6 / & S ? ’ 7
/4t~ > N / L I 9 > 9I S0> O

G1•0’ THE t~~JE C T  VrR SION OF GI

FIGURE 2

_
L •~ c~

_ - - ~
. ~~~ A 

- -



• • • • - • • • - • - - • - - - •-~~
-
~~~~~~.- • • • • ,

~~~~~~
- - - • ,~~~~--- - ----

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

11

not tested. If the f i r s t  is FALSE , both input  and out pu t
strings are restored to their pre—test value before testing
the second. The ‘:‘ is a unary  non—termina l  opera tor; it

• has the value TRU E if the rule labeled by its operand is
-

• TRUE. The ‘* .‘ is a unary terminal operator; it has the
val ue TRUE if the current  characte r of input  is the same as
the operand , in wh ich case the input is ~advancad one
cha racter . The ‘)‘ is a una ry  operator and a lways  has the
value TRUE. The character following it is append ed to the
end of the current  o u t p u t  s t r ing .

3.3 The Translator  Interpreter

We now def ine  an in te rpre te r  to ex ecute the ob ject cod e
emitted by the t ransla tor  of Section 3.1. The interpreter
is presented as a set of mutually recursive functions in the
ALGOL—like  language SEEDGOL—0 , to be described here and in
Section 4.

SE EDGOL—O has three types of data:  s t r ings, single
• characters, and boolean values. All string s are substrings

(in fact , “tai ls”) of e i ther  t h e  object gramma r G , or the
source input  I , both of which are inputs  to any  SEEDGOL—O
program. We refer to the  sets of tails of G and I as
STR INGS (G) and S T R I N G S ( I ) , respectively.

The bu i l t - i n  func t ion s of SEEDGOL — O are as fo l lows:

First: STRINGS — > CHARACTERS
First (s) is the first character of the string S.

Rest: STRINGS —> STRING S
Rest(S) is all  but  the f i r s t  character  of S.

Output: CHARACTERS —>
O u t p u t ( C ) has no value , bu t  causes the side e f f e c t
of sending C to an o u t p u t  device or bu f fer .

Equal:  CHARACTERS x C H A R A C T E R S  — > B O O L E A N S
Eq ual (C 1,C2) is TRUE if and only if Cl and C2
are identical characters.

Isnulli: STRINGS (I) —> ~ O O L F A N S
Isnulli (S) is TRU E if and on ly  if S is nu l l .

The b u i l t — i n  operation of pa i r ing  any two expressions
is also al lowed , by using parentheses. The constants TRUE
and FALSE ate included in the language.

We now g ive  the f u n c t i o n a l i t y  and meaning of the
interpreter definition function s, impleme nted in the
SEEDGOL—O program SEEDO (shown in Fig. 3).

- 
.q.

—a
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II’ ?EST (RESTCGP),IP) TW(N

IF ISNULLI (RENA !N !NG (REST (GP)aIP)) THEN
• (TRUE, £NIT(R(STCGP), IP))

ELSE (FALSE, NULL)
EL SE (FALSE, NULL)
I
D E F I N E TEST (RP, IP) .

Zr EOUALCF !RSTCRP), “I”) THEN TEST(FINQ(GP, REST(RP)), IP)
ELSE Ir EOUALCFIRSTCR P ), “I”) THEN

IF TESTCRESTCRP), IP) THEN
TEST(SKIPCREST(RP), IP)~ RENAINING (RESTCRP), IP))
ELSE FALSE

• ELSE IF EOuAL (FIRST (RP), “IN) THEN
IF T!ST(REST(RP), IP) THEN TRUE

• ELSE TESTCSKIP (REST (RP), !P)~ IF)
• ELSE Zr EOUAL (FIRST (RP), “ >“) THEN TRU E

ELSE EQUALCF!RST (REST (RP)), FIRST (IP)31

DEFINE REMAININ G (RP, IP)
IF EOUAL (F!RST (RP), “s ” )  THEN REP4AINING (FIwO (G p, RESTCRP)), IF)
ELSE IF EOUA LCFI RST RP), “4”) TH EN

REt4ATN ING (SKTPCREST (RP), IP), REMA ININGCREST (RP), IF))
ELSE IF EQUALCF IRST (RP), “/“) THEN

Zr TESTCRESTCRP), IF) THEN REMAINZNG (REST (RP), 1P
ELSE RENA !NINGCS K !PCRCSTCRP), IP) IF)

ELSE IF EQUAL (FIRST RP D ~~>0)  THEN IF
ELSE RES TC IP )J

DEFINE EMIT(RP, 1P .
IF EQUALCFIRST (RP), “I”) THEN EMIT(F’INO (GP, RE$I(RP)), IF)
EL SE IF EGUAL (FIRST(Rp), “ 4 ” ) THEN

(EI4ITCRESTCRP), IF),
EMITCSI (IP (REST(RP), IF)’ REMAINING (REST(RP), IP)))

ELSE IF EQUALCFIRST (RP), “I”) THE N
IF TESTCREST (RP), IF) THEN EMIT(R (ST(RP), IF)
ELSE EMITCSKIP(REST (RP), IF)’ IF)

EL SE IF EQUALCFIRST(RP), I’)”) THEN OUTPUT (FIRST (RESTCRP)))
ELSE NULLI

DEFINE SK!P(RP, IF) .
IF CQUALCFIRSTCRP), “ 4” ) THEN SKIPtS KIP(RESTCRP), 1P , IF)
ELSE IF EOUAL (FTRST (RP), “ / “ )  THEN $t(IP($,(IP(RESTCRP), IP), IP)
ELSE REST(R (ST(RP))J

DEFINE FIND (RF, IF) .
IF EOUAL (FTRST (RP), FIRSI (Ip)) THEN REST (RP)
ELSE FIND (SKIPCREST (RF), IP), IP)J

END

SE EDO

FIGURE 3
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SEE DO : STBI NGS (G) x STRINGS(I) —> BOOLEANS
SEEDO (G ,, I) is TRUE if and onl y it the input
I is recognized by the string of prefix operators

• G. As a side effect, SEEDO causes the proper
characters to be output.

Test: STRINGS(G) x STRINGS(I) — > BOOLE ANS
Test(RUL!,INPIJT) is TRUE if any left—most substring

• of INPUT matched by RULE.

Remaining : STRINGS (G) x STRINGS (I) —> STRINGS (I)
Remaining (RULE,INPUT) is the su bstring of IN?UT
remaining af ter the substring recognized by
RULE is removed.

Emit: STR INGS (G) x S T RIN G S (I) — >
Emit (RULE ,IN PUT) has no value , but  causes output
characters to be sent to an output device or

• buffer while INPUT is recognized by RULE.

Skip: STRINGS (C) x STRINGS (I) -> STRI NG S (G)
Sk ip (RUL E ,IN P UT) is the substring of RULE
remaining after the leftmost operator and
its operands have been removed. INPUT has no
bearing on the compu tation , but is requited
by syntax.

Find: STRINGS (G) x SrRINGS(G) —> STEINGS (G )
Find (GRANNAR ,STPING) is the substring of GRAMMAR
labeled by the first character of STRING.

*. Implementing SEEDGOL—O

To implement  the S !EDGOL— O language , we wi l l  produce a
translation grammar for con vert ing SE E D G OL—O programs into •

intermediate code, and we will  produce an in te rpre te r  for
executing the code. We will refer to th is low-level
interpreter, NO ,, as a “machine”, to avoid confusing it wi th
the SEEDO program , an interpreter for object grammars.

The SEEDGOL—O language viii be very specialized,
containing merely the constructs needed to implement the
SEEDO interpreter in Fig. 3. The following restrictions
apply to tbe SEEDGOL—O language:

______________________ • A
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1. All blanks are ig nored . In gen eral , a
reserved word should not be a prefix of an
id.ntif Let or another reserved word.

2. There are no declarations other than
procedur. declarations. The only variables are
th. parameters RP and IP, which are strings. At
the outermost level, IP is predefined to be all of
the input string, and RP is predef ined to be same
as GP. GP is a constant: the object grammar

• string , a sequence of prefix operators.

3. All procedures have exactly 2 parameters.
Pairs and procedure arg uments are evaluated
lef t—to—right .

I$• Procedures and the mainli ne each consist
of one expression.

5. The language has no I/O facility other
than the bui l t—in “Output” function , which is
implementation dependent. Initialization of the
inEut and qra..ar string storage areas is also
implementation dependent , and is assumed to be
completed before the SEE DGOL—O machine begins
execution .

*.1 Translating SE !DGOL—O into Object Code

rig. 4-A shows SGLOG (~ EEDQO~ — 2 ~r aamar ) , a gramma r
for describing SEEDGOL—O and for tra nslating it into a
mn .monic tori of machine ]anquage of NO, the SEEDGOL- O
machine (to be described in the next  section) . The outpu t
strings of SGLOG are either instructions, characters, or
numer ic constants. Fig. is—B shows the same SGLOG grammar ,
with outputs represented in a form which can be mor*~ easily
interpreted by a computer prog ram. The occurren~~’ ot “I”means tha t the following bas e—lO number will represent an
instruction , while a double quote (“) means that the next
cha racter is a charar~ter constant. A “D” precedes a base—iC
numerical constant. Fig. 5-B shows SEEDO—O, which is the
result of translating SEEDC’ (Fig. 3) via the translation
gra mmar SGLOG (rig . 4—B) • S!EDO—O is a foi m of the “objec t
code” for SEEDO on M O. A mnemonic version of SEE DO—O is
giv en in rig. 5—k .

— 

• - 
•

! 
• F’

- - •
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Put “ J ” (R ETURN) 01
Eu”D” E (IF) “THEN” E (THFN) “ELSE” ( (ELSE)
/“ EOuAL (” £ “,“ E “ ) “  (EQUAL)
/“T SNULL I (” C “ ) “  CISNULLI )
/“RESTC” C “ )“ (REST)

• /“OUTPUT(” C “ )“ (OUTPUT)
• /“?!RSTC” C “ )“  (FIRST)
• /“TRUE” CTRUE )/”FALSE” CFALSE),”NULL”

/“GP” (GP)/”RP” (~ P3/”TP” (IF)/CPROCN ] I “C” E “,“ E “) “ (CALL)
,W (0 E ~~~~~ C
,*~~w 5
I

• D.”DEFTNE” I “(RP,IP)s” E “I” (RETURN) 0
/“ENO”
I
1.1. !
/ L r l
I
S.”i” r~i )/ ”$”  (t )/ ”/ ”  (/1/” )” r~~3/”” ~s3I
L’” A” (A )/ ” 8” ( R)/ ”C ”  (C)/ ”D ”  CO )/ ”E”  (E)/ ” F” CF)/ ” G ” CC )

/“t4” (H)
/~~I” CI),”J” CJ)/ ” K”  (K)/ ”L” CL)”TM” (M3/ ” N” CN)/ ”O” (0)
/“P” (F)
/ “Q” tQ )/”R” (R)/”S” (5)/”T” ~T)/”U” ~U3/”~ ” ~v3,”w” (TM)
/øx,, Cx )
1Cy~ C Y)/”Z” (7)
I
END

SGLOG~ THE SEEOGOL O TRANSLATION GRA MMA R
( M N E M O N I C  VE RSION )

FIGURE a A

• - -  ;.:~~~~
_ • 
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P.C “1” (113) 01

C C T e I  “THEN” E (19) “ELSE” C (110)
/ “COUALC” £ “,“ C “)“ (IT)
/“TSNULL IC” C “ )“ (16)
/“R!ST(” £ “ )“ CIA )
‘“outPuT ” E “1” (IS)
#‘F7R$T (” C “ 3’ ( 133
/‘TRUE” C013/ ”P ALSE” CDO)/”NULL”
,“sP” t Z01/”RP’ t I 1 3/ ” TP” (12)
~t Iii ~ I “C” C “i” C N,~~ (112)
“C” C ‘,“ C W )~~
,..~ ~I

Ou ”DE FINE” I “CRP,!P).” C “1” (1131 0

I
1.1. 1
/L C” )
I

• S.” s” f ”$)/ ” L”  (“t)/ ”/ ”  (“1)1”)” ~‘ )i”s” (“*),
Ls ” A” t’*)~”e” (“M3/’C” (“C3/”fl” (“O3/”E” C”E)/”F” (“F3/”G” (“C)
I’M’ (“NIl”!” (“I)/”J” (“J)/”~(” (“ K J/ ” L” (“ L1/ ” M” (“M)/”N” (“N)
“'0” ~“O)/”P” ( “ P)/ ” C ’ (“ Q) /” R”  (“R)/”S” (“S3/”T” (“T)/”U” (“U)
I” V” ~“ V )/” W ” t”wI/”x” t”x )/”Y” ~“Y3/”Z” (“7)
I

END

SGLOG, THE SEEDGDL•O TRANSLATION GRAMMA R
(MACHINE VERSION )

FIGURE A B  

-~~~~~~~~~ - - —~~~~~~~~~~~~~~~ -
. - -  

•
~~~~~~ ‘
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0O* ?O 010I PROCN T C S T - 

~
P R~ $T 1P CA$ j.

O11 T~~ 020$ IF PROC H N C N A I N 1 N
021 TO 030$ 6 OP REST IF CA LL ISNULL IF * PROC N
031 TO 040* C I T OP REST IF CALL. THEN
OsI TO OSOS .0 .  ELSE THEN 0 ELSE RETURN T £ S T
05* To 060$ R~ FIRST $ EQUAL IF PROCId T £ $
oOl TO oTO$ T PROCN F I N 0 $P NP
071 TO 080$ REST CAL L iP CALL THEN NP FIRST & (QU*L IF

• - Oil TO 090* PROCN .T £ y NP RE5T IF CALL.
• • OQI TO 100$ fl PROCN T £ S PROCN $ K

101 TO 110$ I P NP REST IF CALL PROCN N £
111 T0 120$ N A I N I N C NP REST
*21 TO 130$ IF CALL CALL THEN 0 ELS E THE N NP FIRST /
131 To 1~~OI EQUAL IF PROCN T C S T RP REST
111 ?0 15O$ IF CALL IF I THEN PROCN T £ $ T• 151 TO 160$ PNOCN S K I p RP REST I’
161 TO 170$ CALL. iP CAL L ELSE THEN NP FIRST ‘ EQUAL IF
Ill TO 180$ I THEN RP REST FIRST IF FIRST EQUAL ELSE ELSE
Iii TO 190$ ELSE ELSE RtTURN N N A I N I• 191 TO 200$ N 6 NP FIRST I EQUA L IF PROCN N
201 T0 210$ £ N A I N I N 6 PROCN

• 211 TO 220* F * w 0 CF NP RES T CALL
221 TO 230$ CALL THEN NP FIRST $ EQUAL IP PROCN N £

• 231 TO 24 0$ N A I N I N PROCN S
211 TO 250$ K I P NP REST IF CALL. PROCP~ N
251 T0 260$ £ H A I N I Pd 6 NP
261 TO 2 70$ REST IP CALL CALL THEN NP FIRST / EQUAL IF
2?I TO 200’ PROCN y C 5 y N~ REST IP CA LL H
281 TO 290$ IF PROCN N U A I N. I N
291 T.O 300* 6 RP REST IF CALL T HEN PROC N N £
301 TO 310$ N A I N I N C PROCP~ S
311 TO 320$ K p NP REST IF CALL I’ CALL ! - ~

321 TO 330$ ELSE THEN NP FIRST ) EQUAL IF IF THEN IP
331 TO 340$ REST ELSE ELSE ELSE ELSE RETURN N I T
341 TO 350$ NP FIRST I EQUAL IF PR0C’~ £ I
351 TI) 360$ T PROCN F I N 0 OP NP
361 TO j70i REST CALL IF CALL THEN Rø FIRST £ E UAL IF
371 70 380$ PN0C~ N I y - Nø REST IF CALL
3$1 T11 3901 PROCN C N I T PROC N S K I
391 TO 400$ P NP NEST IP CALL PROCN N E U

IOI TO IIOI A I N I N NP REST
411 TO 120$ CALL CALL THEN NP FIRST / ECUAL 3F PNOCN T
421 TO 130$ £ S 7 NP REST ~P CALL. iF PROCN
131 T0 1401 £ U I T NP REST IF CA LL TH(N
III TO 450 $ PROCN £ N 7 PROCN S K I
*51 TO 160$ P NP R(ST IF CALL I’ CALL ELSE T HEN
*61 TI) 470$ NP FIRST , ‘ EQUA L IF NP REST FIRST OUTPUT TH EN
471 TO *80* ELSE ELSE ELSE ELSE RETURN S I P
*81 TO *901 NP FIRST I EQUAL IF FROCN S K I P
III TO 500$ PROCU S K I P ftP N(ST IP
301 TO 5101 CA LL IF CA LL THEN NP FIRST / EQUAL I~ PR OCN
311 TO 520* - S K I P PNOCN S K I P
521 tO 930$ NP REST IP CALL JP CALL THEN NP NEST
331 TO 540$ REST ELSE ELSE RETURN F I N 0
541 TO 550$ FIRST IF rIRST EQUAL IF NS REST TMEP, PUOC% F
351 T0 560$ I N 0 PROCM S I P
361 TO 570$ NP REST IF CALL IF CALL ELSE RET URN

SCC00•0i THE NO OSJtct CODE V ERSION Or SCEDO
(MNEMONIC vERSION)

F I GU RE 5•A

___  1~
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I11”Y”r’S”t” 1011121 1216I11”N”C”M”A”I’N”I”M”G” I01112112161601I1 1”E”N’I”
7” 101112112I900110I906T10I13”t”E”S”t” !113” I 17I6111”T”t”S”l” I11”F”I’N”
0” 1OI1!111212112I9!113’$I711I1 1”T”t’S”T” 11111211216111”T”E”$”y” II1”S”
K”1”P” I1111 2112111”R”C”N”A”I”N”I”N”G” 111112I121121900110I91113”/I7I61I
1”~ ’C”$”T” IIIII2!12 1e01 !9 !iI”i”t” S”T” I2 1” S”K ”I ”P” III0I2 112 12 112I1 0 19I
1!3” IVIODII 9IIIIISI2ISIT1IOI1OIIOIIO !13”R”C”M”A”1”N”I”N”G” 11I3”$ 171011
1”R”t”M”A”1”N”!”N”~” II i”F”I”N”D” 1011I6I1212I 12I9I1I3”&!7I01 11”R”E”M”A”
I”N”I”N”G” I11”S”K”!”P” I1I 112I12!11”R”E”M”A”!”N”I”N”G” 1114I2I1211219I1
I5’/!716111”T”t”S”t” !11112112 !OIII’R”C”M”A”I”N”I”N”G” It !112112I9111”R”
E”M”A”I”N”I”N”G” !1I”$”K”!”P” TII*12112I2112I1019I113”)I?16121912I0I1O11
O!1O!10113”C”N”I”t” I113” l I7IOIII”C”N”I”T” 111”E ”I”N”O” I0111 4112I211219
I113”$!?ielll”E”N”T”y” T1Ia!2112111”E’M”!”T” T11”S”K”I”P” !11112I12111”R

• “t”M”A’I”N”I”N”s” I11 1!2112112 !9I113”/ITICIII”T”E”S”T” I1111211218I11”E”
M”I”y” 111 1I211219!11”E”M”I”T” 111”S”K”I”P” I1141211212I12I1019I1I3”’I71
e11Ia!315!9110110110I10113”S”K”I”P” 1113”AITIOIII”S”K”!”P” !11”S”K”I”P”
I11112I12!2112!911I3”/ !7IeI11”S”K”I”P” I11”S”K”I”P” I1I112I12I21121911I1

• IIIIOIIOII3”F”!”N”O” I113I213I716111619111”F”I ”N”D’ I11”S”K”I”P” 111 4121
1212! 12! 10113

SEEDo~ O. THE MO OBJ ECT CODE V ERSIO N OF SEEDO
-

• 
(MACHINE VERSION)

FIGURE S”B

• ~~~~~~~~~~ - - • • ~~~~~~~~ - ~~— - _ _  •~~~~~~~~



0: I I’ 1 1 I I 
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‘ 
— 
j 1500 bytes (8 bits/byte) ‘~

(output string) (buffer) optional
LEN O I ~~~] I word (16 bits/word) )

(no. of characters in 0)
• = = = = = = = = = = = = = =

_ _ _ _ _ _ _ _ _ _ _ _ _  
900 bytes

• (object grammar string) (fixed )

I f  I i  1500 bytes

• (source input string) (fixed)

LEN t I ~
] Iword

(no. of characters in I)

P: [IPIAPII.DRIIPIRPI I~O 4 I ~~1 1 2500 words
(parameter stack ) (stack )

E: H I] )  4O words
(evaluation stack) (stack )

M: [ 1 1 1 1  I LT I I ] 700 bytes
(machine code) (fixed )

PC 1 ~1 REG I I
(program counter) (word) - (word ) scratch

registers
REG2 I I

(word)
MØ, The SEEDGOL- ø Machine
(with typica l buffer sizes shown)

Fig. 6

_ _  • 
•_i

~~~~~~~ _ 
- - 
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OPCOnC MNEMON IC OESCRIPTION
• ~~•... • • • . • ..S ••• .... — • • _•  • _. • ~~• — — . • • . . • • — •. _ • • • — — • • — • • S • — • —

(ANY DA TA ITEM) ( !TF M)  PUSH THE ITEM .
O OP (STRING) PUSH POINTER TO FIRST CHARACTER IN C.

1 NP (STRING) PUSH RF PARAMETER (STONED AT THE
TOP OF THE P STAC K).

2 IF (STRING) PUSH IF PARAMETER (STORED NEXT TO
THE TOP OF THE P STACK ).

3 FIRST (STRING •) CHAR) REPLACE TOP OF £ WITH THE
• CHARACTER TO WHICH IT POINTS .

$ NEST (STRING .‘ STRI NG) INCREMENT FIR AT TOP OF E.

: OUTPUT (CHAR >) POP TOP OF C TO OUTPUT.

6 ISNULLI (STRING (I) • 800LEAN) REPLACE TOP OF E WITH
TRU( IF IT POINTS TO END OF Is ELSE FALSE.

7 EQUAL (ITE M x ITEM •) 000LEAN) REPLACE THE TOP 2
ITEMS OF C WITH TRUE IF EQUAL, ELSE FALSE.

e ir (ITEM ~~~
> ) POP E• IF FALSE’ SET PC TO LOC OF

NEXT MATCHING “THEN” + 1.

9 THEN C ) SKIP TO NEXT MATCHING “ELSE” • 1.

*0 ELSE C ) NO OPERATIONI SERVES AS MARKER ONLY .

ii PROCN (AD QR) COMPARE THE CHARACTE RS IN H AT PC
W ITH AL L STRINGS FOLLO W ING RETURN INSTR”S
ANY WHERE IN N, (BLANK IS ALWAYS THE FINAL
CHARACTER. )  PUSH THE LOCATION IMMED IATE LY
AFTER THE MAT CHING STRING (THIS
IS TH( CALLED ADDRESS),

12 CALL CAD OR x STRING ~ STRING •> ) PUSH PC (RETURN
AODRESS) ONTO P, THEN PUSH POP(E) ONTO P

- TWICE, THEREBY PASSING THE IF AND NP
PARAMETERS. THEN SET PC • POP(E), THE CALLED
ADDRESS (COMPUTED A ND STACKED BY AN EARLIER
PROC N INSTRUCTION ).

13 RETURN ‘C ) POP P TW ICE. IF EMPTY. SET HALT
CONDITION . ELSE SET PC S PaP(P), RETURNING.

ALL •USHES AND POPS REFER T’~ THE E STACK, EXCEPT AS NOTED,
CONSTANT DATA ITEMS ARE DISTINGUISHABLE FROM INSTRUCTIONS.
THE SET “ITEM” IS THE UNION oF CHAR , STRING . AND 000LCAN.

NO MACHINE INSTRUCTIONS

FIGURE 7

-_ _

- _- _ -
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4.2 The SEEDGOL—O flachine

A diagram of the SEEDGOL—~ machine, ND , is given in
Fig. 6. NO contains two string storage areas—-one for the
object grammar input (G), and one for the input string to be
recognized and translated ( I ) . Output is presented serially
to a device or to a storage buffer. There is an evaluation
stack, B, which holds all operands. The machine code
contains operators which affect the contents of F. Since
SEEDGOL—O allows recursion, there is a parame ter stack, 2,
which contains, for each call of a procedure, two parameters
(called PP and 12), and a re tu rn  address. The lowest level
of P corresponds to the mainline , for which there is no
return address. The machine code is stored in an area
called N , wi th  PC pointing to the next ins t ruc t ion  to be
executed. N contains both instruct ions and constant da ta .
The contents of the areas G, I , and N do not change dur ing
execution ; the con ten ts of the st acks E, F, and 0 , as well
as the temporary registers REG1 and REG2 and the prog ram
counter PC, do ordinari ly change during execution .

The only strings which can be referred to by variables
in a SEE D GOL— O progra m are tails of two f ixed str ings:  the
grammar  (C) and the input  (I) . As a result , ~ t r ing
var iables can be represented by pointers to Locations in C
or I .  The string represented by a pointer consists of all
characters in C or I beginning with the charac ter  pointed
to.

In the machine code storage area N, constants may have
any representation which is easily distinguished from the
instr uctions. As a matter of conven ience, the
imp lementation in this report uses 8—bit  representat ions of
instructions and constants, with the high—order bit set to 0
for constants and 1 fo r  ins t ruc t ions. The seven remaining
bits are suf f ic ient  to represen t the 14 ins t ruct ion codes
and 34 constants which can be produced by SGLOG . Included
amon g the constants are the booleans FALS E (represented here
by 0 ) ,  T R UE (1) , and a lphabet ic  and other characters
(represented by ASCII or some other 7—bit code) • The
representation of constants is specified by the grammar
SGLOG (Fig. 4—B). A description of the machine code
operators is given in Fig. 7. ALL unary and binary
operators expect their operands on E. Nost instructions are
quit . simple. Howe ve t , IF , THEN , ELS E , PROCN , CALL , and
R E TUR I are interest ing enough to warrant examples.

We first describe an example ot an iF-THEN—ELSE
expression, Referring to the  gramma r SGLOG in Fig. 4—B ,
one can see tha t  the  IF expression

I

_ _ _  -
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IF (expi)  THEN (exp2 ) ELSE (exp3)

will be translated into

(expl*) .1? (exp2*) THEN (exp3 * ) ELSE ,

where the starred expressions are the machine code versions
of the source expressions, and capitalized words in the
second line denote machine instructions. Normally, (expis)
causes a single boolean value to be pushed Onto the
evaluation stack, B. (A pathological SEEDGOL— 0 program
could have NULL or an ordered pai r as (expi ) , thereby
causin g zero or two parameters to be pushed on E. This
would cause the machine to fail.) The IF operator pops this
value off B, and transfers program control to the next
matching THEN + 1 if the  value is FALSE. Otherwise ,
execution continues at the next instruction (i.e., exp2* is
executed). The “then” part of the if expression is exp2*,
delimited by the IF and TH E N instr uctions. The “else” part
of the if expression is exp3* , delimited by TH E N and ELSE .
When a THEN is executed , the program counter is
unconditionally adva nced to the next ma tching ELSE + 1, and
an ELSE, when executed , is a no—op. EL SE is merely a mar ker
used by the THEN instruction.

We now consider the mechanics of procedure calls in NO.
Suppose that the SEEDGOL—0 source specifies the invocation
of the procedure JUNK , as f ollows:

J U N K (e xp l , exp2)

This viii be translated into

PROC N J U N K (exp l *) (exp2~ ) CALL

When the PROC N instruct ion is executed , the ent i re  machine
code prog ra m is searched for an occu rrence of a R ETUR N
instruction, followed by the cha racters J U N K . (Since
all proced ures must follow other procedures or the mainline ,
and all procedures have the characters of their name first,
we see that the only place to look for procedure names as
destinations is immediately following any RETURN
instruction.) PROC N thus determines the called address, and
pushes it on B. Next, two expressions, the actual
parame ters, cause two values to be pushed on B. CALL then
pushes three items onto 2: the contents of PC (i.e. the
return address), and the actual values of the two parameters
(th ese values are popped f rom !; their - order on P is
reversed) .. F ina l ly ,  CALL t ransfers  control to the called
procedure by popping B once more and storing this value ( the
called address) in PC. At the end of a procedure, a RETUR N
instruction is executed . It pops the top two parameters and

• __ k —• _ , _ L~~ _ —~~
-
~.~~--~--- - ---- —— -~ •—~~~~- --‘--- --~ - •_ - _,I •

~_~~~~
,— — _

~~ - ~~~~~~~~~~~~~~~~ - • I -
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the return address from P, transferring control to the
return address.

85700 Extended ALGOL and PDP— 11 assembly language
descriptions, of NO are given in Append ices A and B.

i$.3 Initial Bootstrapping

To create a sim ple translator—writ ing system, the user
mus t:

1. Transcribe G1-O (Pig . 2), the “object”
grammar grammar into machine readable
form.

2. Transcribe SEEDO — O (Fig. 5 — B ) ,  the
object code for SEEDO on NO , into
machine readable form.

3. Implement NO itself (Appendices A and B
are examples)

4. Implemen t a means for getting prefix
Polish “object” g r a m m a r s, NO
instructions, and input strings into the
storage area s for  MO , and a mea ns to
retrieve the  ou tpu t  s t r ing  a f te r
translation.

Once these four steps are complete, a gramma r submitted
as input will be transla ted into its object form , and this
object grammar can replace G1—0 to give a new translator.
This process is represented by the second diagram in Section
1. (One can also describe such a series of translations in
a functional notation simila r to GENESIS ( 3], a langua ge
use d to describe sequences of p rogram runs . )

5. An Improved Interpreter

It was originally hoped that the SEEDO program ,
although clearly inefficient, woul d still be ab le to
translate g r a m m a r s  in a reasonable amount  of t ime . I t  was
to be used only for a few simple translations before being
replaced by a more efficien t translator. However , we
estimate tha t SEEDO running on the PDP— 11 assembLy language
version of NO will take 6 1/2 hours to translate Gi to G1—0.
Han d translaticn would be faster. The reason that S!EDO and
NO have been presented at all is tha t the y provide a
conceptually simple description of a basic transla tor

t writing system. We shall see that a practical TWS can be
obtained by ex tend ing  this simple one.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~• ~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - •~~~~ • •~~~~ ~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • •~ • • • .~~~~~~ ~~~~~~~• ... •A
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5.1 An Analysis of SEEDO Execution Time

A casual study of the SEEDO program (Fig. 3) shows
great inefficiencies. The primary observation is that once
Test(RP,IP) is compu ted , not only is a prefix of IP accepted
or rejected, but the length of the pref ix  is known , and the
output symbols encounte red in PP d uring the recognition of
IP are also known. If we could make this in format ion
available to the mainline program on the outermost call of
TEST, we could reduce computat ion time by a factor of 3,
since Remaining and Emit , both ~s time —consuming as Test ,
wou ld not need to be invoked . (Note tha t  Em i t  would then
become totally unnecessary.)

More s i g n i f i c a n t l y ,  we could el imina te  the call of
Remaining from within Test. This occurs in the following
context within Test:

Test(RP,IP) =... IF Equal (F i r s t (RP ) ,”&”) TH E N
Test ( S k i p ( R e s t ( R P ) ,IP) , Remain in g  (Re st (RP ) , iF) )

ELS E FALS E
. ..

Suppose the C and I strings are as follows:

... & (A)  (B) . ., . . . a a a a a a a b b b b b b b b. . .

C I

(A) and (B) are s tr ings which comprise the two ope ra nd s of
S. Suppose HP begins with the &. Th en R e s t ( R P )  begins at
the head of the substr ing (A) , whi le  Skip (Res t (RP) , IP)
begins at the  head of the  subst r ing (B) • ~e f i r s t  use
Rest (RP) to recognize a prefix of IF ( the a ’s above , sa y ) ,
and if successful, we use Sk ip (Res t (RP) , IP) to recognize
part of the remainder of IF (represented by the b’s above).
Reaaining (Rest(RP),IP) calcula tes this remainder; we do not
retain the information about the length of the prefix of IP
(the a’s above) recognized during the call of
Test(Pest (RP ) ,IP) .

Let n be the level of recursive calls of Test wi th
Pirst(RP) = “6” (i.e. n equals the depth of recursion in
Test, minus  those calls which do not have First (HP) = “6”)
Since Remaining can call Test (if Pirst(RP) = “/“) w i th
about the same likelihood that  Test can call Rema ining , let
us assume that all Rema ining and Test calls made at the sam e
n—level require the same amount of time, T(n—1) . Then we
estimate that:

T(n) 3T (n—1), i.e. T(n) = 3m* n , if T ( D )  = 1.

- _
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but if Test’s call to Remaining were rejoved, then:

‘1(n) = 2T (n—1), i.e. ‘1(n) = 25~n, if ‘1(0) = 1.

Even though. the majority of calls of Test and Remaining
wou ld not take advantage of this savings, it is still
significant, because it grows exponen tially with the depth
of recursion, which can get quite large (e.g. about 230 for
G1, with  n approaching 30 or so), suggesting that a
substantial speedup is possible. A new program could carry
out a large part of the computation done by SEBDO in roughly
(2/3)**n the time.

5.2 SEED 1, A New In terpre ter

We now present  a new Polish g r a m m a r  in te rpre ter ,  SE E D 1 ,
which is more efficient tha n SEEDO . First, there are
several new primitive functions needed:

Sav e : B OOLEANS x STRINGS (I) x STRINGS(O) —>
BOOL E ANS x STPINGS(I) x STRINGS (0)

Save is the identity function, but it causes a
t r iple  to be store d in a specia l temporary
location loca l to the procedure being executed .

btemp : 800LEANS
t t e m p  : SrR I~ G S ( I )
Otemp : STRINGS (0)

These three cons t an t s  reco ver the temporary  values
stored by Save.

Boo lea n : BOOLFA N S x S T R P 4 G S ( I )  x STRI NGS(O)  —> BOOL EA N S
This function merely extracts the boolean componen t of
a triple.

The fo l lowing b u i l t — i n  f u n c t i o n  has bee n modi f ied :

Output : STRINGS (0) x CHARACTERS — > STRINGS (0)
Output (S ,C) appe nd s C to S and returns the new S.

The SEED 1 pro gram (Fig . 8) is w r i t t e n  in the S!EDGOL- 1 -

language, wh ich is an extens ion  of SEEDGOL— 3 and conta ins
the new p r imi t ive  f u n c t i o n s  described in this  section , as
well as C A S E  expressions and non—empty tuples of arbitrar y
length. In the new interpreter, SEED1, we no longer f i n d
the procedures R e m a i n i n g  or Emi t .  Skip and Find are just  as
in  SEED0 , except t h a t  a t h i r d  pa rame te r , which  is not used
by either function , is required by the s y n tax  of the
language.

-- • — - - •-~~~~~ ~~. 

- .
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IF Bf)UL (AN(SAvE (rESy(REST (r,P , !P, UP))) THEN

Ir !SNULLI(!TEM P) THEN (TRU F, OT(MP)
ELSE (FALSE, NULL)

ELSE ~FALSE, NULL)
I
DEFINE T (STCRP, IP, UP)

C A SE FIR$y (Rp) OF
• “ e” s T E S T ( r ! N O ( G P ,  REST(RP), OP)a IP’ OP)

“~~ “ $ IF BO O L EA N ( SAvE (T E S T ( ~~EST ( RP) ,  IP, U P) ) )  THEN
IF BO flLEAN(SAVE (TEST (SKIP(REST(RP),IP,OP), ITEMP, OTEMP)))

THEN (
~~TrMP, ITFMP, OT EM P)

ELSE (F ALSE , IP, UP)
ELSE ( F A L S E ,  IP, OP)

“/“ I IF R U O L E A N ( S A v F (T E S T ( R ES T ( R P ) ,  IP, U P) ) )
THEN (~~T EMP, ITEMP, OT EMP)

ELSE TEST (SKIP (REST (RP), IP, UP), jP, UP)

“ “  S (TRUE , IP, OUT PUT (OP , F I R ST ( P F S T ( R P) ) ) )
“ g ” i IF EQUAL (FIRSTCREST(Rp )), FIRST (IP))

TH EN (T RUE, RESIC IP) ,  UP)
ELSE ( FA LSE,  Y P ,  UP)

EWUCASEJ

DEFINE SKI P(RP, IP, UP)
IF EOUALCF !RST (RP), “ &“)  TH rN SKIP (SKIP (REST (RP), IP, UP), IP, UP)
ELSE IF EOUALCF!RST (RP), “I”) THEN SI I P(s K IP ( REST ( R P ) . IP ,0 P ,IP,CP)
ELSE R EST ( R ES T ( R P ) ) J

I)EFINE FINO(RP, IP, UP)
IF EO UA LCF I RST ( RP) ,  F !R ST ( I P) )  T HEN R E S T ( R P)
ELSE FINO (SKIP (PESTCPP), IP, UP), IP, OP )J

END

SEEDI, THE NEW GRAMMA R INTERP RETER , IN SEEDGUL. 1

FIGURE 8

- - _ _ — — - -- —- —~~‘---—
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The func t ional i t y  of SFED 1 and its procedure Test are
as follows:

SEED 1 : STRING S (G) x STBINGS (i) — > BOOLEA N S x
STRINGS (0)
S!ED 1 (G ,I) eq uals (TRUE, 0) if and only if the
input I is recognized by the object grammar G, in
which case 0 is the output string. Otherwise,
SEEDI(G, I) equals (FALSE , NULL) .

Tes t : STRINGS (G) x STRIN GS ( I) x STP .INGS (0) —>
BOO LEANS x STR IN GS ( I) x STR INGS (O)

Test (R , I, 0) returns (B, I’, 0’), w here B is TRUE
if and only if a prefix of I is recognized by a ,
in wh ich case I ’ is the tail of I remaining after
recognition by R, and 0. is the  co ncatenat ion of 3
wi th  the ou tpu t  characters  encountered du r ing
recognition of I by P.

6. Imple ment ing SE EDG O L -1

SEEDGOL- 1 has restr ict ions simila r to those of
SEEDGOL-O :

1. As in SEEDGOL—0 , all blanks are ignored ,
and no reserved word should be a prefix
of an i d e n t i f i er or another  reserved
word .

2. There are no declarations other than
procedur e declarations . The only
variables are the parameters HP, IP, and
OP (strings) , and the  loca l temporary
variables Rtemp (boolean) , Itemp, and
Otemp ( s t r i n g s ) .

3. Procedures have exactly 3 parameters.
Tuple e lements  and procedure arguments
are - evaluated left—to—right.

~$. Procedures and mainline consist of a
single expression .

S. The language has no I/O tacility
whatsoever . The user is expected to
initialize the input and gramma r
strings, and retrieve the output string
from its buffer.

6.1 Tran8lating SEEDGOL—1 to Object Code

The translation of a SEEDGOL—1 program into object code
for the S!EDGOL—1 machine, Ml , can be effected by the

— --- 
~~~~~~~~~~— - ~- - •. • • • - --— - - -  - —- -~-
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translation gramma r SGL1G , shown in Figs. 9—A and 9—B.
Fig. 10—B shows SEED1—O , the result of translating SEED 1
(Fig. 8) via SGL1G. SEED1-O, when converted to binary
form, implements SEED1 on Ni. Fig. 10—A gives a mnemonic
representation of SE!Di-0.

6.2 Mi , the SEEDGOL—1 Machine

The SEEDGOL—1 machine, Ml , requires exactly the same
storage areas and registers as the SEEDGOL-) machine, MO
(Fig. 6), with the exception tha t  the output  b u f f e r  is no
longer optional, but required, because the ability to reset
the output pointer is needed. The main differences between
the two machines are in the instruction set. Three
instructions, OUTPUT, CALL, and RETURN , have been changed
slightly in meaning, while PARN replaces IP and RP and
handles the parameter OP and the local variables Btemp,
Itemp, and Otemp as well. The tour operators CASE, TEST,
END TST, and ENDCAS implement both case and if- then—else
expressions. POP is a new opcode, used twice by the
“BOOLEAN ” funct ion (see Fig. 9-A)  The new opcodes are
summarized in rig. 11. ALGOL and PDP - i 1  assembly language
programs to i .p lement N i  are shown in Appendices  C and D.

The case expression operators are worthy of special
comment. Suppose a SEEDGOL— l program contains

CASE (expO ) OF
(expi) : (expA )
(exp2) : (expB)
(exp3) : (expc )

ENDC&SE .

The n the object program would read:

CASE (ezp0 *) (expi ’) CA STST (expA *) ENDTSZ
- (exp2*) CASTST (expB* ) ENDTST

(exp3*) CASTST (expC* ) EHDTST
ENDC&S .

The CASE ins t ruct ion is a no—op used merely  as a
bracket ing symbol .  A f t e r  exp0 * and exp 1~ are ex ?cuted , two
values have been pushed on E. C~ STST com pares them , popping
both if they are equal, and only the top (the value of
.zpl*) if they are not. Then, if they were equal , execution
continues at CASTST • 1; otherwise e xecution continues at
the next ma tching ENDTST + 1. (Here , matching is determined
by counting TEST’s and ENDTST’s.) When an ENDTST is
executed, the prog ra m counter is set to the next matching
ERDC AS (with match ing determined by counting CASE ’s and
!RDCAS’s).
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PeE “3” (RETURN) 03
Eu”CASE” (CASE) C “OF” F
/“IF” (CASE) E “THEN” (TRUE TEST] £ I “ELSE” (FALSE TEST) C
(ENDYST ENOCAS)

/ “EO U A L ( ”  C “.“ C “ )“ rEQUAL3
/“!SNULLI (” £ “)“ CIS N~ LLI~

E “)“ CREST )
/“OUTPIJT(” C “,“ C “)“ (OUTPUT)
/‘P’!RST(” E “7” (FIRST)
/“SAVE(” C “7” (SAVE)
#“BOOLEAN (” C “)“ (POP POP)
/“ByrM p” (PARM 5)
,“ITEf4P” (PARM 43
/“OT(MP” (PARM 3)
/“TRUE” CTRUE3/”FALS(” CPALSE)/”NULL”
/“GP” (GP3/”RP” (PARM O)/”iP” (PAR M j3/”OP” (PARM 23

~.w..e ~/CPRO CN3 I “C” E “,“ E “,“ C “)“ (CALL )
I
A .”)”
I” ,” E A
I

Fu ”ENOCA SE” (ENOCASI
It “I ” (T EST’ C ( EP4OTS T ) F
I

0.”OEFINE” I “CRP,!P,CP).” C “3” (RETURN) D

‘“END”
I

1.1. 1
IL t 3
I

Sm ”g” ( s ) I ”& ” C 3/”/” (/3/” >” f))/”S” ( l) )
L.”A” (A3/”8” CR3/”C” (c3/ ” U” (0 3 / ” E ”  (E3 / ”r ”  tFi/”G” CG )
/“M” (H)
,‘I” tilI”J” (J 1/”I(” tK)/ ” L”  tU/”M” (M3/”N” (NJ/”O” (03
/“P” (P3
/*Q~ ~o3/” R” ~R3/”S” (S)/”T” ~T)/”U” CU3/” v” (V3/”W” tw 3
/“v ’ ~x 3
/“Y” CY3/”Z” (23
I -

END

SGLIG’ THE SEEDGOL•1 TR ANS LATI ON G RAMMAR
(MNEMONIC VERSION )

FIGUR E 9 A
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P.C “I” £2 143 DI
ES”CASE” (TB , C “or” r
I”!P” (IS) C “tHEN” (0119) C rh O) “ELSE” (00193 C (1101113
/“COUAL(” C “~~“ C “)“ (173
/“!SNULLI (” C “7” (163 ~~ -

C “7” ( 13)
I”OUTPUT(” C “,“ C “7” £143

— ,“P!RSTCN C “7” (223
C “3” (1153

/“BDDLEANC” C “3” (15153
/“BTEMP” (11053
/ “ I T E M P ”  ( 1104)
/“OTEMP” (1103)
/“TRUE” CDII/”FALSC” CDO3/”NULL”
/‘GP” (1O3 /”RP” Ct1003/”IP” (!1013/”OP” (11023
/“C ” E A
/~~ øW 3 NWN

/(1123 1 “C” C “‘“ C “,“ C “7” t~~133
I
A.”)”
/“ .“ C A
I
F.”ENDCASE” (Ill,
It “s”  (19] C (210) F
I

— 

0.”DEP!NE” I “(RP,TP,OP).” C “3” (1143 0
- /“END”
I

1~ I. I/L 
~ “ 3

I
S.”$” (“I3/”$” t”U/”/” (“/1/”)” C”>3/I’s” (“1)1
Le”A” (“Al/I’M” t”R)/”C” (“Cl/I’D” C”03/”E” C”C)/”F” (“F3,’”G” (“6]
/“H” (“143/”!” t”t~ i”J” (“J3/”K” 

(“K3/”L” (“U /NM” (“M3,”N” (“N )
/“0” ~“0~ #”P” t”~ 3/”O” (“Q3/”R” (“R3/”S” (“S~ /”T” (“T)/”U” (“U )
/ “ v” (“V3 / ”W” (“W 3 f ”X ” C” X 3/” Y” ~“Y 3i”Z” (“2)
I

END
56110, THE SEE000L”I TRANSLATION GRAM MAR

(MACMINE VERSION)

FIGURE 9”B
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33 rL~, it !J~JLI~LE copy
ODCOOF MNEMONIC DESCRI PTION
• • • ~ • • s een. e C f l  .5.4.. C ~~S — S ~ •

C Awv C M A R A C T E R  (c ’~*P) PUSH THE OPCGOC , A C H A R A C T E R .

0 OP. (ST RING ) PUSH POINTER TO FIRST CHARACTER IN 0.

1 PARM (ITEM) PUSH THE P-~~ TH PARA METER , HMER ( N
IS IN THE NEXT U~STRtjCT !CN LOC (ADVANCE PC).

2 FIRST (ST RING — , CHA R) REPLACE TOP OF t H u H  THE
CHA P ACT ER TO WHICH IT POINTS.

3 REST (ST RING •‘ STRING) INCREMENT PTR AT TOP OF E.

• OUTPUT (STRING X 4~~AR •> STRING ) POP E’ STORING THIS
CH A R IN THE 0 LOCATION GIVEN BY TOP(E), WHICH
IS THEN INCREMENTED.

S POP CIT E42 .‘ ) POP C.

6 ISNULLI ($TPING (T) •, SOUL) REPLACE TOP Or C WITH - 
-

TRUE IF IT POINTS TO END OF I’ ELSE FALSE.

7 EQUAL (CHAR ~ CHAR •) 800L) REPLACE THE TOP 2 CHAR S - -

DP4 E WI yw IMUE (F THEY ARC EQUA L , ELSE FALSE.

• CASE C ) ND .OPERAT ION . MAR NER ONLY ,

9 TEST (I TEM x ITrv — , ITEM OR NOTHING) IF THE TOP 2
ITEM S O~’ C A RC EQUAL, PQP THEM ROT H .
i~TH~ cwIs~ , P

0P ONLY THE TOP, AND
A DVANCE iO THE NEXT MA TC HING CNr,T$T 4 1.

10 E iOTST C ) S~(!P TO THE NFXT MATC Hi NG EP4DCAS 4 1.

11 ENOCAS C ) NO OPERATION. M AR N ER ONLY.

12 PPOC N (LOOP) COyPARE THE CHARACTE RS IN ‘~ AT PC W ITH
ALL STRINGS FOLLOW ING RETURN INSTRUCTIONS
L~ Y4H(RF IN a , PUSH THE LOCATION IMMEDIATELY
AFTE R THE MATCHING SIRING (THE CALLED
ADDRESS). ADVANCE PC SE VOND THE PROCEDURE

~-ANE.

13 CALL CA DDR ~ ITEM x ITEM x IT EM — ) ) PUSH PC (RETURN
ADDRESS) ONTO P, FOLLOWEC ~Y THREE ZERO~ S
(TEMP STORAGE ) AN D THE THREE ITEMS POPPED
FROM E, POP THE LOOP OFF C. AND BRANCH TO IT

R C T U~~ C ) IF P HAS 6 OR LESS ITEMS . SET THE HALt
FLAG . OTHERWISE, POP THE 6 TOP ITEMS OFF P

~3 fl MP V AR IABLES . AN D 3 PARAM ETERS) a SET
PC TO TH( ADOR POPPED OFT P NEXT .

35 SAVE (ITEM * ITEM x ITEM ~~ ITE M ~ ITEM x ITEM )
COP Y THE TOP 3 ITEMS ON C INTO THE 3 CURRENT
~ (MP STORAGE LOCATIONS IN P.

AU. pU$s.a(S ANO POPS REFER t~ THE C STACK, EXCEPT AS NOTED.
It.l~ TR UCTI0NS MUST PC MAflE D!STINGUISPfABLE FROM  CONSTANTS.
THE SC? 1~!TC M N IS TI4~ UNION OF CHAP, STR1NG~ AND 800(.EAN,

423 MACM INE INSTRUCTIONS

FIGURE 11

-~~~ ~~~~~~~~~~~~~~~~~~~
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If the value of ex p0* does not equal the value of any
ezpression before a CASTST , then control, eventually drops
down to the ER DCAS instruction, which is a no—op. Since
none of the CASTST instructions popped the value ot expO5,
the default va lue of the CASE expression is the value of the
sel ector expression exp0*.

An IP—THEN—ELSE expression is translated into the code
for a case expression in a straightforward manner:

IF (expO) THEN (ezpi) ELSE (exp2)

becomes

CASE (expO*) 1 CASTST (expl*) ENDTST
0 CASTST (exp2 *) FNDT ST

EN DCA S

According to the conventions of the grammar SGL2G and
the boolean—valued primitives of Ni (ISNULL - and EQUAL), 1 is
the value of TRUE, and 0 is equivalent to FALSE. It should
be clear that the case operators above implement the
IF—THEN—EL SE construct.

6.3 Initial Bootstrapping with Ni

To get the SEED1 program running on Hi , the user lust:

1. Transcribe &t—O (Fig. 2), the object
grammar grammar into machine readable
form.

2. Transcribe SEED1—O (Fig. 10—B), the
object code for SEED1 on ~1.

3. Implement Ni , the S~EDGOL— 1 machine
(Appendices C and D are examples).

II. Implement a means for ge t t ing  p re f ix
Polish “object” grammars , Ni
instruct ions, and i n p u t  s tr ings into the
storage areas for Hi , and a means to
retrieve the output  s tr ing a f t e r
translation.

7. Timing Results for Ditferent Translators

The tol]owiag table shows the timing results for the
tramalation of Gi (Fig. 1) to G1—O (Fig. .2) using G1—0 as
the translation grammar.
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SEEDO , written in 85700 extended AL GOL 1$ hours (**)
SEEDO , on NO in B5700 extended ALGOL 1 51$ hours (*5)
SEEDO , on MO in PDP—11 assembly language 6 1/2 hours
(5*)
SEED1, written in B5700 extended ALGOL 9 1/2 sin. (25)
SEED 1, on Ni in 85700 extended ALGOL 2 hours, 15 m m .

(68) (5*)

1 hour,  20 sin. (*)
SEED 1, on Ni in PDP—1 1 assembly languag e 11$ 1,’1$ sin. (27)

8 1/2 sin. (*)

(a) —— estimate, when sped up using the PROCN 2 modification
below .

(5*) —— estimate, based on partial runs and comparisons.

Numbers in parentheses indicate speed up factor over
corresponding SEEDO implementation.

Some t iming tests were run using a mo dified PROC N
instruction, which would perform a linear search of the
machine code storage area N only once to determine a called
address. It would then store the called address in a table,
along wi th  the continua tion address (the addre ss at which
execution continues, after the procedure name following the
PEOCK ins t ruct ion). PROCN would store an index to the new
table entries in the location following the PROC N
instruction (which was formerly the first letter in the
called procedure’s na me) . Fina l ly ,  i t  would change the
PROCK instruction to a PROCN2 instruction, so that
subsequent execution of the instr uction would merely
retrieve the called address and the continuation address
from the table. This improvement yields a ‘40% speedup in
execution, but requires care in implementation: any
modifications to H lust not create entries which nay be
construed as CASE, CASTST, EN D T ST, or ENDCAS instruct ions.
Because of this “trickiness” involved, the P R OC N 2 feature  is
not included in the Ni machines described in Fig. ii, or
Appendices C and D. Implem enta t io n of this fea ture  is lef t
to the reader.

One unexpected ano.aly which appears in Table 1 is the
fact that the advantage of SEED1 over SEEDO is f a r  grea te r
on the 85700 in extended ALGOL then on the P D P — 1 i  in
assembly language. Appa rently SEEDO requi res extensive use
of those sections of code which are particularly inefficient
in ALGOL.

—~~ ~~~~~~~~~~~ - -
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8. Conclusions

We have seen that a simple t ransla tor  w r i t i n g  sys tem
with reasonable storage and Cpu tine requirements can be
easily implemented without the aid of a compiler. The
allowed translations are those which can be expressed via a
context—free . grammar , augiented with output symbols. Such
translations can include renaming , and conversion s between
inf ix, prefix , and postf ix  notations.  Address ca lculations ,
and other effects which cannot be expressed in a
context— free grammar , cannot be performed by this si.ple
syn tax—dr iven  method .

We observed by example that the simple t rans la t ions
described above can still be quite useful, since addr ess
calculations and other problems can be postponed until run
time, and handled by an interpreter. ~e also observed that
an interpreter for a very restricted (but still useful!)
language can be qu i t e  imple , in spite of the need to
calculate addresses. Important sinplifyiitg aspects of a
language include such res t r ic t ions  as a f ixed  number  of
parameters for any  user-defined procedure , no user—declared
variables, and a l imited set of b u i l t — i n  fu n c t i o n s .

The sim ple TWS g iv en in this paper is a step in th e
evolution of a more sophisticated TWS. Hopefully, this
simple TUS will  f a c i l i t a t e  the  development of iangu a ~ e.; :~o~describing scanners , parsers, and code g~~ erat oL-~~, th . ’
constituents of typical TWS ’s.

It  is a s t r a i g h t f o r w a rd process to implement this
simple system on other machine s , inclu di ng mic roprocessors.
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APPENDIX A

BURROUGHS B5700 EXTENDED A LGOL IMPLEMENTATION OF Mo

BEGIN 2 MO IN XA LGOL

ZOECLARA TIONS , PRELI MI NARIE S

DEFI NE TIL STEP I t .JNT ILaJ 2 A TEXT SUBSTITUTION MACRO
ARRA Y MCODE (011022);
ARRAY GItO,1022 )J 2 CHARACTER STORAGE
INTEGER EN’)!.!
INTEGER PC) REAL iNSTRUCTION )
INTEGER IPIR, GPTRJ S FIXED POINTERS TO G AND I IN CHAR STOF~A GE

S A STACK IS A ’~ ARR AY W HOSE 0— TM ELEMENT POINTS TO THE TOP
DEFINE STACK = A RRAYS , TOP(S) = S(S(Ofl-S, STACKSIZE(S ) = 5(0)1,

?JEXT (S, I) = StS O3 — (I))5
REAL PROCEDURE PUSW (X, 

~ ) .  VALUE X .! STACK S(*) REAL X)
PUSH I: S (Sto) * =  Sto ) + tI * x ; % WA RN INGI NESTED AS SIGNM ENT

REA L PROCCOURE P O P ( S ) .4 S T A C K  ~ f * 3
POP “ SUS to lt = StO l—t) + 1); t ~ A R N I N G t  NESTED ASS IGN MENT

STACK P (0~ 10223; S PA RAM ETER STAC K
STACK ( ( 0 : 3 0 3 )  2 E V A L U A T I O N  S T A C K
ARRAY 0 (011022 )) 2 OUTPUT BuFFER

2 XtsrI!NRIT SETS THE I’~jSTRtJC T1ON BIT OF x
S IS?!NST (X) IS TRUE IF M IS AN INSTRUCTION , FALSE OTHERWI SE
2 X.OPFTEL’) IS THE DPCOPE r~r ~, W ITH THE IN STRUC T ION B I T  REM OV ED
DEFINE SET !NPIT a 1 (740:1)#, p~JH !T 

a ~~~~~~~ I N B I T F I E L D  ( 7 10 1 1) 1;
DEFINE : RET?INST = 13&SFTINRIT :,

IF’?INST P~~SET T~~BIT1, TI-IEN ?INST = 965(TINBITS,
ELSE?INST S IC& SET INR IT IJ

2 THE FO LL O W T~~G MU ST CO RR E SP r~~D WITH
S CONSTANTS GEN FRAT Et) RY THE r, RA MM A R .

DEFI NE FALSEVAL OS. IRUEVA L = 11, BLANK = “

DEFINE IS?!NST(M) = ((M ).INBIT 1)s’ OPFIELD = (6 17) 1 ;
BOOLEA N HALT;
INTEGER CYCLES , TR A C E CNT 3

PROCEDURE !NIT!*L12E.
BE GI N
oro ~ a P (~~3 E ( C 3  ~ C Y C L E S  ~ TRAC (C I~T a

EN D INI TIALIZE ;

PROCE’)UPE GETINPUT)
J S USER•PRr !VIDEC ROUT INE ~O LO AD GI (0 & I) AN D MCODE

S THE MA IN RflIJT!NFS EX PECT 1 C HARACTER OP (JPCCDE PER s~OR~

PROCF(flJPE SUMMARIZ E ;  
-

J 2 IF U), CONTAIN S “TRUEvAL” THEN THE OUTPUT

S ON ( CHA RAC ~~(RP~~R~~~O~~O.
0 1) THROUGH O (STACKSIZE(033 ,

— — ~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~ -.~~~ ~ —i- - A



S CO MP LICATED INSTRUCTI O NS A— 2

INT EGER RESt , REG2J

PROCEDURE S KI PPAS T ( IN ST ) .
VALUE INST.! REAL INST.!

BEGIN
RESt ~ 0)
WHILE RESt SEQ 0 DC

BEGIN
IF MCODE (PCI = INST THEN RESt a REGI — I
ELSE IF MC O DE( PC)  a !F?INST THEN REGI I: REGI + 11
PC I-. PC + 1)
END)

(ND SKIP PAST .!

PROCEDURE CA LL )
RFGTN
PUSHCPC, P)J S PUSH RETURN ADDRESS ON PARAMETER STACK .
PtJSH(POP(E), P) % “jP”, OR 2ND PARM

PUSM (POP(E), P)) S “Rp” , OR 1ST PA RM
Pc sa POP (E)J 5 PRQ~~N~~M ( TNSTR FIGURED OUT EXACT MAC HINE ADDRESS
(ND CALL .!

PROCEDURE RETURN )
IF S T A C K S IZ E ( P )  LEC p THEN HALT ga  TRUE

ELSE
BEGIN POP (P)J 

~
DP(P))

PC Is POPcP~~
END)

PROCEDURE PROCNA ME)
BEGIN REG2 I~~ U S I ~ ST A RT OF CODE
DO

BEGI N RESt 1= PC.! S START OF PROCEDURE NAM E
WHIL E: MCODE (REG2I NEQ RET?INST DO

R E G 2 I: RE:G2 + 1;
RE 62 $ REG~ 1-,
W HILE MCOOECREGI) NEQ RLAN K AND MCOOE (RES1 3 a P4CDDE (REG2) DO

BEGIN RE 02 Ia REG2 + j.!
RESt 1= REG1 + 1,)
END

END - -

UNTIL MCODE (REGI3 a MCOOECRFG2 ).* S BOTH ARE “

PUSH (REG2 + 1’ EU
PC Is  REGI + I;
(NO PROCNAME,’
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A-3
S MAIN EXECUTION LOOP OF INTE RPRETER * * *
DEFINE FETCH $ INSTRUCTION $~ MCODE( (PCI~ PC+1) 11II

PROC EDURE EXECUT E)
IF NOT IS?INST INST RUCT ION ) THEN

PUS ê4 C MC O D E( PC—13 , E) s CURRENT INSTRUCTION IS REALLY A
S CHARA CTER ; PUSH IT (CHAR)

ELSE
cASE INSTRUCTION.CIPFIELD OF

BEGIN
- 

- 
-

- 
S Z i R O —A RY FUNCTI ONS

PUSH (GPTR, EU 5 0, “GP” PIR TO 1ST OF G (PIR)
PUSH (TDP(P), E)) $ 

~~
, “RP” R(F(R5 TO P—STA CK

S LOCA TION POINTING TO C (PIR)
- 

— PUSH (NEXT(P,j), ()J * 2’ “IP”, P—STACK PIP TO I (p7R)
S UNARY FUNCTIONS

PUSH (GI(POP (E)1, E)) A 3, “FIRST” (CHAR)
PUS H( PO P( E:) + 1’ EU 2 4~ “REST” (PIP ‘ PIP)
PUS Hf PO P( E: ) ,  (3)) 5 5, “OUTPUT ” (CHA R —, ) .

S LEAVES NO VALUE ON STACK . OUTPUT
S CHAR CA N NOT BE RETRIEVED

PUSH (IF POP (E) N(O END! THEN FALSEVA L ELSE TRUEVAL, E))
5 6’ “ISNULLI” (PIRCI) .) BOOLFAN )

S BINAR Y FUNCTION
IF PCP (E)=POP (E:) THEN pusH (IR (JEVAL, E) ELSE PUsH FALSEvAL , E))

~ 7’ “EQU AL” (CHAR x CHAR — , BOOL )
S CONTROL INSTRUCTIONS -

IF POP(E)SFALSEVAL THEN SI(IPPAST(THEN?INST))
5 8’ “IF”

SKIPPAST (ELSE? !NST)J 2 9, “Ti~EN”
- ~ 10’ “ELSE”

PROCNAwEJ S 11, “PROCNAME”
CA LL .! 2 12, “CA LL”
RETURN 2 13’ “ RETU RN”
E~’D) -

S M A I N L I N E  * * * * * * * * * * * * * *
INITIA LIZ E)
GET INPUT) - -

PUSH( IPT R, P3 ;  2 POINT ER TO 1ST CLEMENT CF I (“IP” PARAMETER )
PUS HCGPT R, P3 )  5 POINT ER TO 1ST ELEMENT OF S (“Re” PARA METE R )
PC I~ 1) -:

HALT Is FALSE)

DO
BEG I N
CYCLES t~ CYCLES + 1t
FETCH)
ExECUTE )
END

UNTIL MALT ) 
.

SUMMARIZE )

- - 1±. ~I1i 
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APPENDIX B

POP—Il ASSEMBLY LANGUAG E IMPL EMENTAT ION OF MO

,TITL( MO
j  N~ , IN POP 1I ASSEMBLY LANGUAGE

FILLI N a o I VAL UE TO BE FILLED IN AT RUN TIME
(PC • so )EMULATOR PROGRAM COUNTER
R (G1 51 )TEMPORARY REG & INSTRUCTION 8UFFER
REG2 $ 22 JIEMPORARY
C • 23 JEVAL ijAT ION STACK POINTER
P s JPARA IiETER STACK POINTER
PYRO • %5 )PTR . 70 157 POSITION AFTER END OF OUTPUT
SP • t6 JPDP I1 STACK POINTER
PC • Si JPOP jI PROGRAM COUNTE R
R A s S Ii
R5 s 55 -

FALSt .O
TRUE . I
ITX s 200+8. J S O M F  EMU LATOR OPCOOES
THENX s 200+9. )BIT 7 IS SET SO OPCODES AND CHARA CTER S
ELSEx $ 200+10. JCANNO T BE CONFUSED.
R(TX • 200+ 13 .
BLANK . “ “ JPROCECURE NAME TERMINA TOR

(STACK! .BLKW 40. 3 EXECUTION STACK

PSTAC KI .BLKw 1500. ) PARAM ETER STACK, INCL RETU RN AODR S
PSTA K.$
STOP! .WgRD FALSE JFOR TERM IN ATI NG EXECUTI ON LOOP

•CSECT COM I J FORTR AN NAMED COMMON AR EA
CYCLES! .WORD (3,0 )DPL PREC COUNT OF EMU LA TOR CYCLES —

II •BLKB 1000. JIN PUT STRING
ED! I
61 •BL KR 1000. GPAMMA R (OBJECT VERSION ) STR ING
CI .81. 1(8 2000. OUTPUT STRING
MI .BLKR 1000, )E:MULATOR CODE
LEN!! •WORD FIL.L!NJ NO . OF CHA R S ACTU A LL Y TN I
LEND ! SWORD FILLIN; NO . or CHARS IN 0
PARSED! sWORD FILLI ,~3 BOO LEAN VALUE. TRUE IF SUCCESSFUL PARSE -‘

•CSECT IF A CE INTERFA CE TO FORT RAN COCE (SAVE P4, R5)
IFACEI NOV P4, SAVER4 ;CALL ING SEQUENCE ! CA LL IFA CE —

NOV PS, SAvE RS
JSR PC, MO )EXECUTE TH( EMULATO R
NOV SAV ER , .  P5
MDV SAVER4, p~
RTS R5 IRETURN TO DOS FORTRAN

SAVCR 4I .WORO r!LL!N
SA V ERSI ,W ORD ~ IL1.IN

- - ~~ —~-.--.--.——.—-———.————--—-.--.- ‘—-—~~~—..-—.-~
- -- - -- —~~ - - --. - - _.
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•CSECT JTH ( EMULATOR FOR SECDGOL—1
3 INITIALIZATION OF EMULATOR
N0~ NOV IN. EPC 38(1 CRaG COUNTER TO START OF CODE

NOV SE STAK ., C JE •ST A C K POINTER
NOV 1PS~ AK ,, P JP— STACK POINTER
NOV SOIPTRO INEXY OUTPUT SPACE IS THE FIRST
NOV #~ . •CP ) JPUSHCPTR(I), P3 (“IC” PARAM ETER)
NOV 15, “(P3 JPUSH (PTRCG), C) C”RP” PARAMETER)

3 fE1CH”EXECUTC LOOP
LOOP , INC CYC LES

CNP CYCLE S,$ l0000 ,
81.? LI
INC CYCLES.2
CLR - CYC L ES

LI1 NOVB (EPC)+, RESt )F(rCH INSTRUCTION , ADVANCE (PC
SIC 1177400, RESt JTNSTRUCT ION IS ONLY ONE BYTE

— BIT 12OO~ R E G I JOPCOOE IF BIT V IS ON
BN C CAS E
NOV REGI’•cE) )OTHERWISE, A LITERAL CALL
BR LOOP ;CP USH 1 WORD WITH O”S IN HIGH BYTE)

CASC i SIC 1200’ PEG! )MASK OFF INSTRUCTION BIT

~$L REGj JFnR WORD ADDRE SSING
JSP PC, •DPS (REGI) JAPAN CH TO AN INSTRUCTION ROUTINE
TST STOP IC HECK HALTING FLAG
BED LOOP
NOV CC), PARSED JTOP OF C IND ICATES SUCCESS IF TRUE
NOV PTRO, LEND
SUB ID. LE ND
RT S PC

3 ADDRESSES OF THE EMULATION PROCEDURES FOR THE OPCODES
CR5, .WORO 5P, PP. IC, FIRST

.WDRO REST. OUTPUT. ISNULL’ EQUAL, IF’ THEN

•WORD ELSE, PROCN, CALL, RETURN

I THE EMULATION PROCEDU RES FO R THE OPCODES
5C, N OV 15. •(() J puSH(PTRCG), C)

P78 PC
RP I NOV CC), “(C) JptjSH(TOPCP), E) (“PC” PARAMETER)

P75 PC
IC! NOV 2CC). CC ) JPUSH(NEXT(P,1). F) (“IC” PARAMETER )

RT5 PC
FIRST! NOVB ICE ), (C) ;PUSHCCONTENTSCPOPCE)), C

SIC 1177400, CC) JIOP BYTE IS ALL O”S. NOW
P75 PC

RESTg INC CE) JTOP E) s TOP CC )  + 1
RT S PC

OUTPUT ! NOV ((3+’ RESt JPUSN (POP(E). 0)
NOVB REGI, (PYRfl)+ JwORD TO BYTE CONVERSION
RY S PC

ISNULL.! SUB LEN!. CE ) JPUSI4CPOPCE ) • ENDOFCI ) ,  C)
SUB I!, (C)
BED 181401.2
CLR CE ) )NEQ •) FALSE
P75 CC —

ISNUL2I NOV ITRUE. CE )

S

— -  ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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RTS PC
EQUAL , CMP CC)., ((3 JPUSH (POPCE).POP(E), E)

SEQ EOUAL2 J2”BYTE COMPARISON 3 SINGLE BYTE ITEMS
CLR CE) INUST BE EXPANDED TO W OR DS CONSISTENTLY
R TS PC

CQUAL2I NOV ITRUE,C.E )
RT S PC

I!! TST CE), JS KIP TO MAT CHI NG “THEN ” IF
8NE IF2 JPO P(() IS FALSE, ELSE DO NOTHING
NOV ITHENX , REG2,
JSR PC, SKIPTO

IF?! RTS PC
?NCN, NOV 1(LSEX, R(G2 JS KIP TO MATCHING “ELSE”

JSR PC. SK IPTO
ELSE’ RYS CC
PROCNi NOV SM. ~(G2 JREG2 WILL POINT TO CHARS AFTER RETX
PROC pjls CNPB (RCG2)., SRETX

BNC PRO C NI
NOV (PC, R(G1 )REGI WILL POINT TO CHAR S AFTER PROCN

PROC pj2$ CMPB (REGI)+ , (REG2) +
BNE PROCN1 JFINO NEXT “RETURN” IT M ISMA TCH
CMPB IRLANK ,.1(R(52)
BNE PRQCN2 ICONTINUE UNLESS BOT H ARE BLANK
NOV RE52, “CE ) )PUSM (CA LLING ADOR , C)
NOV RESt, (PC JEPC ~ = LOC AFTER NAME
RTS PC

CALLs NOV EPC, “(C) PUSHCEPC, P3 (RETURN ADOR )
NOV CE)., “(P 3 IPU$H(POp (E), P3 (R.PARAM(TCR)
NOv C . ,  — (P3 JPUSH(POP (C), P3 CI”PARAMET (R )
NOV ((3+, (PC JEPC a POPCE ) (CALLING ADDR )
R T S PC -

RETURN! CM P (P3+, (P3+ POP 7 wORDS OFF PSTACX
CMP P. IPSYAK , )HALT I F  P”STACK EMPTY -

ONE RCT2
NOV STRUE, STCP
RT S PC

RET?, MDV (C)., (PC )CPC is RETURN ADDRESS (sPOP(P))
P 18 CC - -

S~ IPy O ,  CLR R(Gj )THTS ROUTINE USED ~Y “IF” AND “THEN”
SKIP?, CNPB CEPC), PE G? JA DVANC E (PC, INCRE~ ENT !NG RESt ON “IF” ,

SEQ SKIPI JOECR ENEN TING REG I ON SOUGHT INSTRUCTION
CMPB ((PC).. ITFX UCONTA INED IN RLG2).
BN( SK!P2 IQU!T WHEN REG1 IS LESS THAN 0
INC PEGI
BR SKIP2

SKIPI, INC (PC
DCC R(~~1
BGE SxIp2
RYS PC

_  
_ __  
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- APPEN DIX C

BURROUGHS 55700 EX7(NO(O ALGOL IMPLEMENTAT ION OP Ml

BEGIN S MI IN XALGOL

SDECLARAT IONS , PRELIMINARIES

DEF INE TILeSTEP I UNTiLiJ S A TEXT SUBSTITUTION MACRO
*RR*y MCODECO ,102233 S MACHINE CODE
ARRAY G !10110223) S CHA RACTER ST ORAGE
INTEGER END!) 

-

INTEGER PCI REAL !NSTRUCTION 3
INTEGER IPIR, GPTR) IPIX E D POINTERS TO S AND I IN CHAR STORAGE

* A STACK IS AN ARRAY WWOS ( 0”TH CLEMENT POINTS TO THE TOP
DEFIWE STACK • A RRA YS , TOP (S) • S(StO331. STACKSIZE (S) • S~ 03i,

t4EXTCS . 1) • SCStO ] — ( 1) 3 1 3
REAL PROCEDURE pUSH(X, 5)) VALUE XI STACK 5(*3 REAL X

PUSH S *“  Sto) + 1) I~ XJ S WARNI N G ! NESTED ASSIGN MENT
RE AL, PROCEDURE POP(S)) STACK S (*3J

POP s~ SCC SCO ]1=S (O]~~1) + 1], 2 WARN ING s NESTED ASSIGNM ENT

STACK P (0,102233 5 PARAM ETER STACK
STAC K C (0*30)) 2 EVALU A TIDN STACK
ARRA y 0 (0110223) 5 OUTPUT SUFFER

S X&SET !NBIT SETS THE I~’STPuCTION BIT OF x
S ISflP4ST (X) IS TRUE IF N 15 AN INSTRUCTION , FALSE OTHERWISE
S X ,~ PFIEL fl Is THE OPCOoE OF- H, W ITH THE INSTRUCT ION BIT REMOVED
DEFINE SETINPIT 1(7*O:13l , INBIT a 17113I, INBITFIELD • (7 10 * 13 1)
DEfINE RETflNST IALS (TI1JRITI, CA SE?INST • ~~S (TIN9IT1,

TEST?INST $ 9gSFTINB!Tl, ENDTST?INSI ~~ 1O&SETINBITI,
CNDCAS ?I NST • IIISETINBITIJ

S THE FOLLO WING MUST CORRESPOND WITH
S CONSTA NTS GENERATED BY THE GRA MMAR .

DEFINE FA LSEVAL • 01, TRUEVAL • 11, BLANK “ “1I
DE~ INt IS?INST (M) • ((M),INB!T a 1)’’ OPF!ELD • t6 1731 J
BOOLCAN HALT; - -

INTEGER CYCLES . TRA CECN 1 J

PROCtOuRE INITI ALIZE )
BEGIN
0(0) 5’ PC03 ‘ C C C ) 1= CYCLES $~~ TRAC ECNT 1’ 03
END INITI ALIZE)

PROCEDURE GET!1JPUTJ
I S USER”PROVTDED ROUTINE TO LOA D SI CS a I) AND NCODZ

5 THE MA IN ROUTINES EXPECT 1 CHARACT ER OR OPCODE PER WORD

PROCEDURE SUM MARIZ E: ;
3 S IF CCI I  ‘CONTAINS “TRUEv AL” THEN THE OUTPUT

S STRING IS CONTA INED IN 0 (13 THROUGH O (Ct21),
S ONE CHARAC TER PER WORD. 

—

—— 5 -
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S COMPLICATED INSTRUCTIONS

INTEGER RESt, R(G2)

PROCEDURE SKIPPAST (INSTI, !NST2)J
VALUE INSTI, INST? J REAL , INSTI, INST2)

BEGIN
RES t 1~ 01
WHILE RESt 5(0 0 00

BEGIN
XE MCODE (PC3 • INSTI THEN REGI ls RESt • 1- r 

- 

- 
ELSE If NC O DEC PC 3 • INST2 THEN REGI *s  REGI • II
PC ‘a PC • 33
ENDI -

END)

PROCEDURE CALL)
BEGIN
PUSH (PC, P33 5 PUSH RETURN ADDRE SS ON PARA1 ~ETCR STACK ,
THRU 3 00 PUSH(O, C))
THRU 3 (10 PUSH (POP(t), P) % DC’ IP, AND RP PARAMET ERS

- - Pt a POPC() ~ ~~~~~~~~ INSIR FIGURED OUT EXACT MACHINE ADDRESS
END CALL)

PROCEDURE RET~ Rp~
IF STACKSIZECP) LEC 6 THEN WALT I’ TRUE
ELSE

BEGIN THRU 6 CC POP(P)J
PC I. POP(P))

- (1403 -

PROCEDURE PROCNAMEI
BEGIN PEG? , 11 5 I a START OF CODE
DO

BEGIN REGI I’ PC) S START OF PRCCEDURE NAM E
WHILE MCflo ((RE523 NE~D REr?INST DOP EG? is R CG 2 • 11
REG2 I” R (G2 + I;
WHILE MCDDECRCGII NED BLAN K AND MCDD ((RCGI3 • MCDDE (REG2) DC

BEGIN REG2 a REG2 • 11
RESt I~ REGI • I)
END - -

END
UNTIL HCODECREGI) • ‘4CODE(P(G2)i S BOTH ARE BLANK
PUSH(REG 2 • 1’ E))
PC a R EGI •
(P40 PROCNAME;

S
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C-3

* MA IN EXECUTION LOOP OF INTERPRETER * * *
DEFINE FETCH • INSTRUCT ION 5. MCOOE ((PCI•PC+1) 1]$J

PROCEDURE EXECUTE)
BEGIN INTEGER 13
IF NOT IS’?INSTCINSTRUCTION ) THEN

PUSH (INSTRUCTION, (3 2 CURRENT INSTRUCTION IS REALLY A
S CHARA CTER) PUSH IT (CHAR)

ELSE - 
-

CASE INSTRUCTION .CIPF!CLD OF
BEGIN

S Z(RO.ARY FUNCTIONS
PUSHCGPTR, C)) 2 0, “GP”. PTR TO iST CHAR OF C

2 AND TO * PAST (NO OF I CPTR )
PUSH (PJEXT(P, MCODE(CPC$SPC +I).1)). (33

* I. “PA RM ” GET N— TM PARM, wHERE
S N IS IN NEXT INST LOC

~ UNAPY FUNC TI ONS
PUSN (GI(POP(()3, (33  S 2. “FIRST” (CMAR )
PUSMCPOP (E) • I. (3) 2 3, “REST” C P T R  •‘ PTR)
O CNC XTCE. I  ) $ • N EX T ( C . 1  3+ 1) $ POP(E)3

$ A. “OUT PUT” (PTR x CHAR •) PYR).
POPCE )$ 2 5. “POP” (ITEM — 3
PUSN(Ir Pl)P(E)a(ND3 TI4(N TRUEVAL ELSE: FALSEVA L , I))

2 6. “ISN ULLI”
* B I N A R Y  FU~ CT ION

IF POP (E)aPCPC() THEN PUSH (TRUEVAL,, C) EL,5E PUSH(FALSEVAL . E) 3
S 7’ “EQU AL” (CHAR x CHAR •> ROOL )

S CONTRO L ,  I N S T R U C T I O N S
1 2 B. “CASE”
IF POP(E) NEC TOPCE ) THEN $KIPPAST (TcST?INST, (NDTST?INST)
ELSE P0CC!))

$ Q, “T EST”
SKIPPA STCCA SE?INST, ENDCAS ?INST ).

2 10. “(NCTST”
I * II, “( NOCAS ”
PROCNA NEJ - 5 12’ “PROCNAME”
CALL ) 2 13’ “CALL”
RETURN) 2 1*. “RETU RN”
FOR I $ 0 TIL 2 DO N~ xTCP’ 3+1) ~ NEXT (E, I))S IS. “SAVE”
END)

EN D EXECUTE )

S
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c-4

$ M A I N L I N E  . e • e e a * * * • * * * •
- 

- INITIALIZE)
GCTIPJPUTJ
TS4RU 3 00 PUSH (O, P33 $ TEMPORARY STORAGE LOCA TIONS —

PUSH(O, P3) $ POINTFR TO 1ST ELEMENT OF 0 ~“OP” PARA M ETE R)
PUSH (IPTR . C)) $ POINTER TO 1ST ELEMENT OF I C”IP” PARAM ETER)
PUSH (GPTR, CII I POINTER TO 1ST ELEMENT OF S (“RP” PAR AM ETER )
PC 5. I)
HA LT I. FAL,SEJ

Do
BEGIN
CYCLES S• CY C LES • 13
FETCH)
EXECUTE)
END

4JNTIL HALT)
SUMMAR IZE)
(P40. - -

S
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D-i-
APPE NDIX 0

pOp—~ j ASSEMBLY LANGU AGE IM PLEMENTATION Of Ml

,TITLE Ml
I NI, IN POP—Il ASSEMBLY LANGU AGE

FILLI P4 • 0 JVA LUE TO RE FILLED IN AT RUN TIME
(PC • SO JEPULATO R PROG RAM COUNTER
R(Gi a $1 ITEMPORARY REG & INSTRUCTION BUFFER
PEG? • $2 3TEMPORARY
E • $3 I(VALUAT ION STACK POINTER
P • $4 )PARAMETER STACK POINTER

• PyRe a $5 JPTR .TO 1ST POSITION AFT ER END OF OUTPUT
SC • *6 IPOP—I l STACK POINTER
PC • 2? IPUP—il PROGRAM COUNTER

$ *4
R5 .~~~

FALS !.O
TRU E •
TESYX • 200+9, ISO M( FHULATOR OPCOOES
ENDTSX • 200+10. 3611 7 IS SET SO OPCODES AND CHARACTERS
CASEX a 200+6, )CAN P4 O T BE CONF USE D
EP4DCAX • 200+11.
RETX • 200+14 .
BLAN K a “ “ IPROCEOIiqE NAME: TERMINA TOR

(STACKS ,8LKW 40. 3 EXECUTI ON STACK
(STAK.s
PSTACK I .BLKW 3000. 3 PA RAMETER STACK , INCL RETURN ADOR S
PSTAw .s - ~- 

-STOP , •WORD FALSE IFUR TERMI NATI NG CXECuT !C~ LOO P

.CSECT CO MI ) FORTRAN NAMED COMM-ON AREA
CYCLES I ,WORO 0~0 IO RL PREC COUNT OF EM ULA TOR CYCLES
I, .BLKB 1000. I!NPUT STRING
EOI I -

G s ,BL,KB 1000. )GRAMMA R (OBJECT VERSICN STRING
0$ ,BL,KB 2000, JOUTPUT STRING
M I .BLKB 1000. )EMULATOR CODE
LEN!, .WORD P111.1-NI NO. OF CHARS ACTUA LL Y !\ I
LENO t .WORO FILLIN ) NO. OF C H A R S  IN 0
PARSED , ,WORD FILLIN ) BOOLEAN VAL,UE, TRUE IF SUCCESSFUL PARSE

•CSECT IF ACE JINTER FA CE TO FORTRAN CODE (SAVE RA. RS)
IFACE, NOV R~. SAVER4 ;CALLI NG SEOU (NCE* CALL IFA CE

NOV R5. SAVER S
~JSR PC. MO 3EXFCUTE TH( EMULATO R
MOY SAVERS, R5
NOV SAVE RA, PA
RTS R5 IRETURN TO DOS FORTRAN

SAVEP A , •W’,RD FILLIN
SAVER5 I SWORD FILLIN

S 

- 

• 

-, 
S 

— S - 
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.CSECT lIME EMULATOR FOR SEEOGOL—1
I INITIA LIZAT ION OP EMULATOR
MOS NOV SM, (PC JSET PROS COUNTER TO STA RT OF CODE

NO V IC STA K ,, E JE—STAC K POINTER
MDV #P3~ AK ,.6, p )P.STACK POINTER WITH 3 TEMP LOCATIONS
NOV lO.—’P) JPUSH(PTRCO). C) (“OP” PARAMETER)
NOV 1!. ~-(P) )PUSMCPTR(I ). P) C”IP” PARAMET ER)
MDV IS. “(C) JPUSHCPTRCG ). P) (“RP” PARAMETER )

I PCTCN•EXICUT( LOOP• LOOP, INC CYC L ES
CNP CYCLES , 110000.
BLY LI
INC CYC.LES.2
CL,R CYCL,CS

LI5 MOVS (CPC)+, RESt FCTCH INSTRUCTION, A DVANCE EPC
BIC 1177400, REGI )IP4STRUCT!ON Is ONLY ONE BYTE
BIT 9200, RESt )OPrODE IF PIT 7 IS ON
BN E CAS E S
NOV RCGI,—CE) JOYHERWISE, A LITERAL CALL
BR LOOP CPUSH 1 WORD WITH o”S IN HIGH BYTE)

CA$ESI BIt *200. RESt IMASK OFF INSTRUCTION BIT
ASL, REG~ IFOR WORD ADDRESSING
J$1 PC, •OPS(R!Gt) )BRANCH TO AN INSTRUCTION ROUTINE
1ST STOP ICHECK HALTING FL AG
BEG LOOP
NOV 2(E)’ PARSED )N(XT OF E INDICATES SUCCESS IF TRUE
NOV CE), LENO JTOP OF C POI NTS TO NEXT AVAI L SPACE IN 0
SUB *0. LENO
RT S PC

I A DDR ESSE S OF THE EMULATI ON PROCEDURES FOR THE OPCODES
OPSI .WORD ~P, PAR M, FIRST, REST .  OUTPUT

.WDRD POP. ISNULL. EQUAL’ CASE, TEST
,WQRD ENDTST, ENOCAS , pROCN, CALL. RETURN
,W ORD SAVE

I THE EMULAT ION PROCEDURES FOR THE OPCOOE$
GP S NOV *5. “CE) )PUSH (PTR(G), C)

RTS PC
PAR M, Move CEPC)+,REGI JGET PARM AT N—TM FROM TOP OF P’

ASL, REGI - )OOUBLE OFFSET FOR WORD ADDRESSING )
ADO ~,REGt IN IS IN N E X T  CO DE LOCATION
NOV (R(Gl),— (E) JPUSH RESULT ON E
RT S PC

fiRSt, NOva ICE), (C) JPUSH (CONTCNTS(PQP (E)). C)
BIC *177400, CE) )TOP BYTE IS ALL O”S. P40W
RT$ PC

REST , INC CE) )TOP ( E)  • T OP C E )  + j
RTS PC

O~ TP~ T s NOV (E),,RCGI J O ( PJEX TC E . l ) 3  ~ POPC E)
NOv8 REGI ,S(E)
INC CE ) JT OP ( E)  Is TOP ( E) +1
RTS PC

POP, CNP (E)..CE) IPOPCE,
RIS PC

ISNULL, SUB LENT. CE) JPUSM (POP (E) • ENDOFCI ), E

‘5-__

~

4

~

- _ - -• -
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SUP *1. CE )
BEG ISNUL2
CLR CE) INCO •> FALSE
R T S P C

ISNUL2, NOV ITRUE. C E )  - -

RTS PC
EQUAL S CMP CE).. C E )  J PUS H( PO P( E)a POP( E) ,  C ) - -

SEQ EQUAL2 12—BYTE COM PARISON 3 SINGLE BYTE ITEMS
CLR CE) )NUST BC EXPA NDED TO WORDS CONSISTENTLY
RTS PC -

EOUAL2 S NOV ITRUE,CE)
CA SE s RT$ PC JNO OP - -

TEST, CMP CE)+’(E) h F  POP(E) NED TDP (E) THEN SKIP PAST
BEG TEST2 JNEXT MATC HING ENOTST INSTRUCTION
Nov STESTX ,INSTI - JELSE POP(()
NOV S(NDTSX,INS,2
JSR PC,SKIPTO
RT S PC

T EST ? , CMP (~~~+~ (E)
RTS PC

(P401ST, NOV SCASEX ,INSTI ISKIP PAST MA CH ING ENOCA S INSTR
NOV SEN DCAX , I P S r 2
JSR PC. SK IPTO

ENOCASI RTS PC IA NO—O P
PROC NI NOV SM, R(G2 JREG2 WILL POINT TO CHAR S AFTER REIX
PROCNjI CMPB (RFG2)+, SRETX

BNE PROC NI
NOV (PC. RESt )REG1 WILL POINT TO CHAR S AFTER PROCN

PP OCN2I CMPB (RFG~~ +, ( R EG2 )+
RNE PROC NI IFIND NEXT “RETURN” IF M ISMATC H

- CMPB * RLA NK, — 1( R( G2 )
BNE PROCN2 COP4 T INUE UNLESS BOTH A RE BLANK
NOV R (G2,—(E) IPUSH (CALLED ADDR, ()
N OV ~EGi’C Pc (PC 1: LOC AF TER NAM (
R T S PC -

CALL ,~ NOV (PC,—(P) PUSH(EPC, P) (RETURN A DOR)
SUR 16.P IPUSH 3 TEMP LOCAT IONS —

NOV (E)+. (P) JP USHCPOP(E), P3 (OP— PARAM ETE R )
NOV (()+. .(P) )PuSHCPOP (E:)’ P3 (R .PARAMETER)
NOv (~~~+.— (P) PUS H(POPCE). P) (I— PARAM ETE R )
NOV C E)+ .EPC I E P C  $ z  POP (C) (CALLING ADOR )
RT S PC -

RETURN, *0!) 112.’P JPOP 6 wORDS OFF PSTACK
CMP P. IPSTAI(. 3HALT IF P— STACK EMPTY
BNC R(T2
NOV STRUE, STCP
R T S PC

R E T ? ,  MDV (P1+. !PC EPC sa RETURN ADDRESS (~ POPCP))
Ri’S PC

$AV ($ NOV (E),6(P) ISTORE T~ E TOP 3 THINGS ON C IN THE
MDV 2~~ ),8.(P) ITEMP LOCATIONS IN THE P”STACK
NOV 4~~ ).10,CP) )OO(S ~OT AFF ECT C
Ri’S PC

• 
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Iw SY t ’  .W DR D ) PA R* MET ERS FOR SKIPTO SUBROUTINE

- INST2* ,W O RD
- SKIPTOS CLR RESt ITHIS ROUTINE USED BY “TEST” AN D “EP4 DT ST ”
- - - SKIP2I CMPB C EPC) .  INSr2 )A!)VANCC EPC, INCREMENTING RESt ON INSTI’

BEQ SKIPI • JD EC RE:NE NTT NG RESt ON SOUGHT INSTRUCTION
CMPB CE PC )4 .  INSTI IC CO NT A I N E D IN INST2) .

- BNE SKIP2 QUIT WHEN RESt IS LESS THAN 0
- INC RESt

- BR SKIP2
— SKIPIS INC EPC -

-~ - DEC RESt
BGE SKIP2

- RTS PC
,CND

S
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The system is based on an ALGOL-like program by Michels which
translates source language strings into target language strings,
according to a translation grammar which is specified using
prefix Polish operators . Fortunately , the user does not need to
specify translation grammars in Polish notation, because Michels
gave a metagrammar which translates grammars in BNF-like notation
(including the metagramxnar itself) into Polish strings.

This report shows how Michels ’ program can be implemented without
the aid of an ALGOL compiler. We present a translation grammar
for converting Michels ’ program (slightly rewritten) into code
for a simple , special-purpose interpreter. Once this simple
interpreter is implemented , and Michels ’ orogram (in interpreter

— code) and the first input grammar are prepared, a small translator
writing system is complete. In this primitive system, a trans-
lator “program” consists of the BNF-like description of a trans-
lation grammar. 

- 

- -

Michels ’ program was written with the goal of conceptual simplic-
ity. However, in actual performance it was found to be too slow
to be practical. Accordingly, we presen t a new program which is
shorter, more efficient, and which requires only a slightly more
complex interpreter.
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