»
D/%/Jlf*/
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

PROJECT MAC

Computatcion Structures Group Memo 58

[

{ﬁE_Interppgygr_fPr_a Foyndation_Program Language: ;

First Version

Jack B. Dennis

Paul J. Fox

February 1971




An Interpreter for a Foundation Program Language: Firat Version

The Computation Structures Group of Project MAC at M.I.T, is working
on the desizgn and specification of a foundation program language. This memo
is a first experimental version of an .interpreter for this language. The
purpose of designing an interpreter is to provide a precise definition of
the language, and to provide a guide to the implementation of the language.

We expect that an implementation in the form of a computer system would closély
fallow the logic of the interpreter.

This interpreter is essentially an elaboration of our earlier work [1],
which outlined an execution model for parallel computations and proposed a
machine organization suitable for implementing these computations. In view of
the close similarity between this interpreter and the earlier work, and our in-
terest in having some documentation of this work available, we have nokt in-
cluded an expository discussion. We hope that familiarity with the concepts
in [1] will give the reader sufficient basis for understanding this memo.

| The present language and interpreter differ from the earlier work in that
our concept of control accompanying data, including the use of start and done
signals for controlling the use of pointers, has not been included. This was
done because we wish to illustrate a more complete foundation language and
were not prepared to gpecify a data-contrel formulation of the Interpreter
that could encompass iteration and conditicnal imstructions, The result ie
that the determinacy of a computation is more the responsibility of the trans-
‘lator, rather than being assured by the atructure of procedures as in the
earlier work, Implementa;ion of general data-control concepts in an inter-
preter is a subject of current research, The motivation behind the modi fied

form of attach and execute used in this version of the foundation language

is found in a recent memo by P. J. Fox [2]. Another significant change is
that each leaf node now has an associated pointer so that sharing of single
elementary objects is readily accomplished.

This memo first gives an abstract syntax for the foundaticn language
using definition schemata similar to those used by the IBM Vienna Group [3].
The abstract syntax includes the formats of the various instruction types of
the language. The interpreter itself is defined by means of a formal syntax
for a set of states, a set of primitive instructions which cause transforma-.
tions of these states, and a repregentative collection of interpreter routines

for foundation language instructions, expressed using the state-transforming
‘primitive instructions.
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' Abstract Syntax (Edition 1)

A, Basiec Classes - Elementary Objects and Selectors

R real numbers (repfesentations)
A integers
W strings on some finite alphabet
E elementary objects
E=RUZUYW
g selectora
§=2UW

B. Procedures and Information Structures

procedure = {{(s; 2roced-garﬁ7|s €5}

U
proced-part = instruction U info-struct[ure] U procedure U E

info-struct = {{s; info-gart?ls €8l

info-part = procedure U info-struct U E

argument-struct = Info-struct

[The ebstract syntax deoes not ensure that programs are well-formed. ]



c.

Instruction Types

1. Real arithmetic
binary operatlons:
unary operation:
zeroary operation:
binary predicates:

unary predicate:

2, Integer arithmetic
binary operations:
urary operation:
zeroary operation!
binary predicates:

unary predicates:

3. String manipulation
hinary operations:
unary operations:
zeroary operation:
binary predicate:

unary predicate:

4. Assignment and Eype

real and integer:

radd, reub, rmul, rdiv
Theg

rcon [stant]

rgre, requ

Ypos, rzer

iadd, isub, imul, iquo, irem
ineg

icon[gtant]

igre, iequ

ipos, izer

concat[enation]

first, last, head; tail [head is all characters
but the last, tail is all but the first]
string

same

empty

conversion

rtoi, itor

integer and strings of length l: ctoi, itoe

length of string:

lgtn

agaigmment: rename



5. Structure access and modification
fixed selector: ifsél[ECt],_fapp[end],ifdel[ete] -
variable Belector: -vsél, vapp, vdel | -
elementary objects: fetch, assign
linking: attach, bind

predicates on polnter veriables: isresl, isint, isstr, isval,

- g pe
R

‘isgtructiure] i

predicate an pointer and selector: fdef, vdef [ined]

6. Control
sequencing: suce, join, case

procedure application: create, exec, end

D. The Object Class Instruction

An instruction has from one to five components accessed by selectors
in {1, 2, 3, 4, 5}. The types of the component elementary objects are

specified by the following formats:

1. & .
1: 2! 3!
rieg, ineg, head, tail,
first, last, rtoi, itor, ctoi, itoec, lgth,
0. = - .

fetch,

create, cage
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radd, ‘rsub, rmul, rdiv, rpos, rzer
iadd, isub, imul, iquo, irem, ipos, iter
conecat, empty, rename

fsel, fapp, fdel, vsel, vapp, vdel, assgign

i

isval, isreal, isint, isstr, fsstruct .

T

guce, '

3 1
1: 2 3] 4
rgre, requ, igre, iequ, same,

attach, bind, fdef, vdef, exec,



e

566 6 &

The instruction that is enabled by completion of two predeceasor inastruections_ -

is join.
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States gf the Interpreter

4 state is a finite colleetion of objecta of the class gtate-item specified by

the following syntax:

tate-item = elem-obi-1item

— e

gen-struct-item

U
U local-gkruct-item
U  process-item
elem-obi-item = ({1; 'real'?, {2; BY, (3; B?)
U ¢(1; *incleger]™, (2; EY, {(3; Z))

U €1; "seefingl D, (25 BY, €3; W)

[The set P is a class of pointer codes which are the values taken on by
pointer variambles of & procedure. The codes may be assumed to be

integers, that is,

jrd

= Z.]

[An item is said to be pointed to by the pointer code which 1s its

gsecond component. ]

.gen"struct-ltems ((1 obJ[ect]} {2 P} (3 S), (4 P))

[where the 4 component poxnts to pen-struct-item's or elem-ob1 Ltem]




local-struct-item = ({1; ‘rprr'), {2; P), (3; S> (4; P})[read pointer]

[where the 4 -component pointa to. gen sETuck- item 8 or Elem-ob1 item" s.]

U ({1; "wptr'>, {(2; P}, <3 s>, (4 p>> [erte p01nter]

[where the 4-component lentB to gen=-struct- item 8 or elem- ob1 item's. ]

U ({1; R Pptr') {2; P}, (3; S), (4 P}) [procedure pomter]

[where the 4-component pointas to gen-struct-item 8.]

Y ((1; EDp‘,}, <2; 2)) (3; E), <4; 2) {elemenl:ar)r Objact pointer

[where the 4-component points to a elem-obj-item.]

U ({1; "Istx'y, (2; P), {3; 87,.{4; E>) [local structure]
[where the 4-component points to local=struct=1item's.]

U ({13 '"loe'>, {2; B, {3; B

. - N-JT__r
[where the 3-component points to: local-struct-item's.]

U 15 Tpre's, (25 B), (3; B
[where the 3-component points togen-étruct-item's;]

U ({13 'ret'd, (2; B>, {(3; 8»

process-item = ({1; 'enl'), (2; B}, (3; 8), {4; B))
U ({1; 'enn'}, {2; B), (3; 8), {4; B)
ULy Tnull'y, (25 BY, {33 8), (4 BY)

[whure the Zecomponents polnts to local-gtruct-Lltom'a,

and the 4-component poilnta ko gen-stryuct-itom's,]
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Representation of the Interpreter

The interpreter advances through sz sequence of states as e result of

executing instructions. For any state there will be some number of
enabled process items Indicating instructions ready for execution., A state
transition consists in the execution of any one of these instructioms. It
is convenient to specify the state transitions for each instruction type by
a routine expressed in a simple language. This language makes use of
variables that range over pointer codes or elementary objlects, simple asaign-
ment gstatements involving primitive operations on elementary data types, and
simple conditional statements using primitive predicates. The statemenkt
quit is executed in situations where the result of executing an instruction
is5 undefined. The following primitive statements permit maﬁipulation of the
gtate table of the interpreter,
- mit.-c-l'f (t, p, n, x) else §

The values of variables (or literals) t, p, m and x are compared

witﬁ carresponding components of each item in the state;table. if thére

is no match, statement S is obeyed. If there is exactly one match,

this item of the state table becomes selected. If there is a match

with each of several items, an arbitrary one of these becomes

selected. If one of the vuriaﬁle names t,. p, m, x i8 an asterisk,

it is assumed to be matched regardless of the value of éhe corre=

sponding component of a state-item.
read - (t, p, 1, X)
" The components of the selected item of the state table become the

values of the designated variables. If a dash appears in place of

a variable, the corresponding component of the selected item is not

uged.

Cr—— e - e JE TR . - EAIEERL R ST
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write {c, p, n, x}
The components of the selected item are assigned the values of
variables t, p, n, x. A dash in place of a variable name indicates

that the corresponding component of the selected item retains its

previcus value.

item

Select a mnew item added to the atate table.
urge

Delete the gelected item from the state table.,
code -+ p

Generate a poilnter ccde not previously used,
find tl-*-té-é;gé_é
An attéﬁpt is made to find an item in the atate table of type tl.
1f unsuccessful statement 8§ is obeyed, If successful the item
{or an arbitrary one if there is more Chan one) is selected and
changed to type t2, In other words the indivisible execution of:
match (tl, *, *, ¥) else S
write (£2, -, -, =)
iftest {(t, p, n, %) poto k
The indivisible execution of:
if mateh (t, p, m, x) goto k
.lEEE ,

write (&, p, n, %)
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The Interpreter

4 few macro instructions are handy to shorten the routines 6f_the interpreter,

1. To access a pointer by a pointer and a selector, and verify its type:!
~obtain (p, n, t) =+ pl

mesns ;

mateh (&, p, n, *) else guit

read + (-, ~, -, pl)

end

2. To get a selector (which may be either an integer or a string)

from a local daka structure:

. pget-selector 1+gel "~ T

means:

mateh ('obj', p-ins,'i,' *) else quit

read * (-, -, -, p-sel)

mateh (%, p-sel, *) else quit

read + (type, -, sel)

if type # "int' and type # 'scr' then quit

end

3. A routine to fetch an elementary objeet of type t2 from a structure

of type tl, by means of pointer p and selector a.
get &, s, t1, €2) 4%
means 3
match (tl, p, s, *) else quit
read » (-, -, -, p-el)
match (t2, p-el, *) else guit
read + (-, =, x)

end



4. A routime to update or append an elementary object of type t2 to a
structure of type tl, by means of pointer p and selector a,
put (p, s, t1, £2, y) |
means :
match(*, p, s, *) else goto 1

read -+ (type, -, -, P-¥)

if type # tl then gquit
goto 2
1: code 4+ p-v

item

ﬁ l
[N
in3
o

(l:l, Pas B, P“Y)

2; match (%, p-y, *) else goto 3

gota 4

3: item

4: write (£2, p-y, ¥)

nd

P
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comment: Plck an enabled process item and retyieve the associated procedure item,
[See Diagram] oo e :

interp: ' find 'ena' #+ 'null' else goto interp

read + (-, p-loc, s-ins, p-pr)

purge
obtain (p-pr, s-ins, 'obj') =+ p-ins

‘get (p-ims, '1', Tobj", 'str') - opcode

case (opcode)

comment: The case atatement gives control te the routine labelled by the

value of opcode.

. comment: Routine for enabling successor instructions; conj(opcode) = true

if the successor instruction requires completion of two predecessor

instructiens {i.e. join).

enable:  obtain (p-pr, s-sué,l'obj') -+ p-ina
get (p=ins, "1, 'obj', ;Etr').J opcode'
if con} (opcode) gote 3
match (%, p-loc, s-suc, *) else goto 1
goto 2

1: item

2: write ('ena', p-loc, s=sue, p=pr)
goto interp

3: match (%, p-loe, s-suc, *) else goto &
et + Coyve, - -, 9

! 1 ] -
iE type # 'enl' then purge’

iftest ('enl', p-loc, s-suc, p-pr) goto 2

goco interp
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comment:  Binary operations on elementary cbjects [See Diagr;m]
radd: pgetegelector 2 -+ rl
get-selector 3 +r2
get-selector 4 - s-suc .
get (p-loc, rl, 'g?p'F"real') + xl
get (p-loe, r2, ]aop',?'real') + x2

BADD (x1, x2) =+ v

put (p-loe, s-ins, ‘eop',''real', y)
goto enable
comment: Instructions treated similarly:
rsub, rmul, tdiv, iadd, isub, imul, iquo, irem, concat,

commentk: : Unary operations on.elementary objects
rneg: get-selector 2 » rl
get-gelector 3 - s-suc
get (p-loc, rl, leop’, 'real') » x

RNEG(x) -+ y

put (p-loc, g-ins, 'eqpf,l'real'{ y)

goto enable

comment: Instructions treated similarly:

ineg, head, tail, first, last, rtoi, itor, ctol, itoe, lgth.-
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comment : Conditionals with binary predicates?

rgre: get-selector 2 -+ rl
get-selector 3 + rZ

get (p-loe, ri, ‘eop’, 'real') = xl

get (p-loec, r2,'Weop',;‘reél') -+ %2
if RGRE (%1, %2} then goto 1
get-gelector 5 -+ a-suc
goto enable

1; get-selector 4 =+ a-suc

gote enable

‘comment: Instructions treated similarly: =~

rTequ, igre, iequ, same

comment: Instructions for manipulating atructures:
fsel: get-selector 2 - s=ptr
get-selector 3 -+ sel
get-selector 4 -+ s-suc
match (%, p-loc, s-ptr, *) glse quit
read -+ (type, -, -, pti‘)
if type # 'wptr' and type # rpctr then guit

match ('obj', ptr, sel, *) glse gquit

read + (~, =, =, pl)

match (*, p-loc, s-ins, *) éli goto 1
goto 2

L: item

2: write ('vptr', p-loc, s=-ins, pl)

goto enable



vapp [end] ;

.
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[See Diagram]

1get-selector 2 -+ g-ptr

get-gelector 3 < g-szel

get‘selector 4 -+ g-suc
mateh ( eop! p-loc, a-sel, *) else quit
read + (-, -, ~, p-sel)

match (%, p-sel, *) else quit

read - (cype, -, sel)

if type # 'int' and type £ 'str' then qu

mateh {' wptr s P 1oc, &- ptr *) else quit

read -+ (- =, =, Ptr} )
match (*, pcr, gel, *) else gggg i
read + (typel, -y = L)

if typel # 'obj' then quit

gote 3

match (%, ptr, *) else goto 2

urge

code -+ pl

write ('obj”?, ptr, sel, pl)

match (¥, p-loc, s-ims, *) elge goto 4

write ('wper', p-loc, s-ins, pl)

goto enable
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fdel:l get-selector 2 - g-ptr
get-gelector 3 - sel
get-gelector & -+ s~suc
match ('wptr’, 'p-loc', s-pﬁr_, *)%9&.&5
et . (-’. ;’. -.. pm_.)“ o _ .
match ('obj’, per, sel, #) else guit
UT e
goto enable

comment: Instructions vsel, fapp, and vdel are performed by variations

on the above routines.

attach: get-gselector 2 <+ g-pl

get-selector 3 - sel
get-gelector 4 -+ g-p2
get;selector 5 % g-suc
match (%, p-loc, s-pl, *) glse guit
read + (tl, -, -, pl)
if t1 # 'vper' and tl # 'wptr' then guit
match ('wptr', p-loc, s-p2, *) else quit
read + (-, -, -, p2)
match (%, p2, sel, *) glse goto 1
goto 2

1: item _

2; write (‘obj', P2, sel, rl)

"Eovto enable

comment: A similar routine performs bind instructions.



assign;

rename !

- read 4 (type, =: " Ptx) -
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get-gelector 2 + g~ptr
get-selector 3 -+ s-val
get-selector 4 + s-guc
nstch ('eop!, peloc, s-val, #) else quit

read - ('a =y ", ptr)

o

match (%, ptr, *) else quit

read + (type, -, value)

Lif type # 'str' and type # 'int' and type # 'real' then quit

match ('wptr', p-loe, s~-ptr, *) else quit
Eggg‘; - _; . ptr). S

match i{*,- pﬁr. *).El-ﬁ goto 1

goto 2

item

write (type, ptr, value)
goto enable

gat-selector 2 - gell
get-selector 3 + sell

get-zelector 4 -+ s«guc

match (¥, p-loc, sell, *) elge quit

match (%, p-loc, sel2, *) else goto 1

goto 2

item

write (type, p-loc, sel2, ptr)

match (type, p-loc, sell, ptr) elsa quit

goko enable
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comment! Sequencing control instruetions,

__ join: pet-selector 2 =+ s-suc

goto enable

T Suce: .get-selector 2 - s=suc

get-gelector 3 = s-auel
obtain (p-pr, a-sucl, - 'obj' ) + p-ina
get (p-ins,'l] 'obj', 'str') -+ opcode

1f conj (opcode) goto 3 -

maceh (*, p-loc, s-sucl, *) else goto 1

oto 2

;

1: item

2: write ('ena', p-loe, s~sucl, p=pr)
gé;g enable

3: mateh (%, p-loc, s-sucl, *) else pota &4
read + (type, -, -, -)
if type # 'enl' then purge

4: iftest ('enl', p-loc, s-suci,.p-pr) goto 2

gaoto enable



comment ;
create:;
1:
2:
exec:
1;
2:
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Control instructions for procedure activation and return,

get-selector 2 = sel

get-selector 3 - s-suc

mateh (*, p-loc, sel, %) else goto 1
Zota 2

item

code - pl

write ('wptr', pbloé, sel, pl)

goto enable

get-selector 2 -+ g~prl [See Diagram]
get-selector 3 + g-warg

© get-selector 4 -+ s-rarg

obtain (p-loc, s-prl, 'pptr') + p-prl
gbtain (p-loc, s-warg, 'wptr') - p-warg
obtain (p-loc, s-rarg, 'wptr') + p-rarg
match (%, p-loe, B-ins, %) else Eoto 1
gato 2

item
code - p-locl

write ('lgtr', p-loc, s-ins, p-locl)

write ('loc', p-locl, p~loc)

write ('pre', p-locl, p-pr)

write ('ret', p-locl, s-ins)

write ('wptr', p~locl, Ow, pewarg)

weite ('rptr', p-locl, Or, p-rarg)

write ('ema', p-locl, '1', p-prl)
goto Iinterp




end:
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mateh ('loc', p-loe, *) else guit

read » (-, -, p~loecO)

.

match ('pre', p-loc, %) else gquit

read + (-, -, p-pr)

mateh ('ret', p-loc, *) else guit

read » (-, -, a-ins)

mateh ("letr', p-loeO, s-ins,{p‘lﬂc) else guit
urge

p-1locl = p-loec

get-selector 5 + s-auc
goto _enable
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