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This paper describes a basic considerations for designing an accerelator
for the message sending mechanism of CommonLoopss and a resulting design

of an associative memory based hardware. Whole research is carried with

a CommoniLoops interpreter named D-Eval of the author. This paper focused

on the two points; class precedence judgement and method cache. They are
considered to be most important keys to speed up the message send. They are
assisted by a CAM board with 4Kbit cMOS associative memory. To minimize

a triggering, address bus is used to contain retriaval information.

The design of the circuit was finieched. And the experimental board is

under construction for a 68020-VME based Common Lisp implementation.
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(in-package 'pcl)

y33y ~==- D-eval ----

(defmeth d-eval
(defmeth d-eval
(defmeth d-eval
(defmeth d-eval
(defmeth d-eval
;3 caution
(let (( val

(defmeth d-eval

((x number)) (values
((x string)) (values
((x character)) (values
({(x null)) (values

((x symbol))

this version does not take an ac
(cond ((keywordp x) x)

X
X
X
X

(type-

Ida 1986.10.06 1st version

of x)))

'string))
'character))
'null))

count of lexical scoping or binding

(Ceq x t) X) ; singular point in symbol

((boundp x) (symbol-value x))

(T (error "Attempt to eval an unbound symbol ~s" x))
)

(values val (type-of val))))

((x cons))

(declare (special x))
(d-eval-cons (car x)(cdr x))))

(let (( val
(values

val (type-of val))))

3335 —=--- D-eval-cons ---- for d-eval with cons type
(defmeth d-eval-cons ((fn symbol) args)

(declare (special x))

s3 if (car form) is symbol,

HH it should be a macro name, special-form name, or a function name
(macroexpand x)))

(cond ((macro-function fn)
((special-form-p fn)
((fboundp £fn)

(t (eval x)))
)

(defmeth d-eval-cons ((fn cons) args)

(cond

((eq (car fn) 'lambda)

(d-eval
(d-eval-special-form x))
(d-apply fn args))

(apply fn args))

(T (error "illegal form for D-eval~-cons “s" fn))))

5353 ——=- D-eval-special-form --=-
(defun d-eval-special-form (x)

(cond

»s caution : only QUOTE is processed
((eq (car x) 'quote) (values (cadr x) (type-of (cadr x))))

)

33535 —=—-= D-apply ----
(defun d-apply (fn args)

(format t "d-apply entered. fn = “s args =

(let ({(fn-body (symbol-function fn)))
(if (and (consp fn-body)(consp (car fn-body))

(eq (caar fn-body)

;3 then,

(multiple-value-bind (x Y) (d-evlis args)

(apply (most-specific-method fn-body (length y) y) x) )
73 will find the most-specific method in fn-body
;s Keys are (length y)

type-specifiers of the arguments

'‘method) )

~

s" fn args)

i y

;3 else

2

escape to the usual apply

(apply fn (d-evlis args)))

))

(defmacro ndefmeth (selector args &rest forms)

(if (not (fboundp selector))

(push
(let ((types
(list 'method

((list 'lambda (mapcar #'(lambda (X) (if (cons

(listx* 'block

number of the elements types in y

(setf (symbol-function selector) nil))

(mapcar #'(lambda (x) (if (consp x) (cadr x) t)) args)))

(length types) types

selector forms))))

(symbol-function selector)

)
(list 'quote
)

selector)

Fig. 4

P xX)(car xX) x)) args )

D-Eval, D-apply definitions(Coag7)



7333 find the most specific method

(defun most-specific-method (fn number-of-specifiers type-specifiers)
(dox* ((methods fn (cdr methods))

(method (car methods){(car methods))

(candidate nil)

(types (caddr method) (caddr method)))

((null methods)
(if (null candidate)
(error "Method not found™)
(progn (print 'the-most-specific-method-is)(print (cadddr candidate)))))
;33 main body -~-=~~—-- make candidate list -=------
(when (eql number-of-specifiers (cadr method)) s check the length
(if (equal types type-specifiers) (return (cadddr method)))
;33 condition of the comparison method-specifiers and type-specifiers
M 1. should have the same length
yss 2. left-to-right search
(do ((ftype type-specifiers (cdr ftype))
(mtype types (cdr mtype)))
((null ftype)
33 find the most specific
(if (null candidate) (setg candidate method)
(let ({(ctypes (caddr candidate)))
(do ((ctype ctypes (cdr ctype))
{mtype types (cdr mtype)))
({null ctype) (setq candidate method))
; type comparison(the current candidate aay the current method)
; was not interrupted.

; so, it should be a candidate
(unless

(or (eq (car mtype) (car ctype))
(subtypep (car mtype) (car ctype)))
(return nil))))
;3 break the loop
))

(unless

{or (eq (car ftype)(car mtype))
(subtypep (car ftype)(car mtype)))

|, (return nil)) 32 mos“t-sfeci-f\‘c—meﬂﬁod i3k 8

)
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(Get-class-precedence~-list 'NULL)
==> (NULL LIST SEQUENCE SYMBOL T)
SIMPLE-VECTOR has
(Get-class-precedence-list 'SIMPLE-VECTOR)
==)> (SIMPLE-VECTOR VECTOR SEQUENCE SIMPLE-ARRAY ARRAY T)
and, SIMPLE-STRING has

(Get-class-precedence~list 'SIMPLE-~STRING)
==> (SIMPLE-STRING STRING VECTOR SEQUENCE SIMPLE-ARRAY ARRAY T)
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D-Eval>(ndefmeth bar (x y) (print ‘the-most~generic-case) (cons x y))

bar
; symbol
D-Eval>(ndefmeth bar ((x list) y) (print 'classical-method) (cons X Y)»)

bar
; symbol
D-Eval>(ndefmeth bar ((x number) (y cons)) (print 'multi-method-1) (cons X ¥))

bar
; symbol
D-Eval>(ndefmeth bar ((x fixnum) (y list)) (print 'multi-method-2) (cons x ¥))

bar
;s symbol
D~Eval>(bar ‘'a 'b)
d-apply entered. fn = bar args = ('a 'b)
{the-most-specific-method—is
(lambda (x y) (block bar (print 'the-most-generic-case) (cons X ¥)))
the-most-generic-case
{(a . b)
; cons
D-Eval>(bar 1 '(a b))
d-apply entered. fn = bar args = (1 '(a b))
the-most-specific-method-is
-ﬁ{(lambda (x y) (block bar (print 'multi-method-2) (cons X y)))
mul ti-method-2
(1 a b)
; cons
D-Eval>(bar 1.2 'a)
d-apply entered. fn = bar args = (1.2 'a)
the-most-specific-method-is
(lambda (x y) (block bar (print 'the-most-generic-case) (cons X ¥)))
the-most-generic-case
(1.2 . a)
; cons
D-Eval>(bar 2/3 '(1 / 3))
d-apply entered. fn = bar args = (2/3 '(1 / 3))
{the-most—specific—method-is
(lambda (x y) (block bar (print 'multi-method-1) (cons x ¥)))
multi-method-1
(2/3 1/ 3)
; cons

D-Eval>(ndefmeth foo ((x number) y)(print 'foo-number-t) (cons x y))
‘k{ selector = foo args = ((x number) y) forms = ((print 'foo-number-t)
(cons X y))

foo
s symbol
D-Eval>(ndefmeth foo ((x fixnum) (sy symbol)) (print 'foo-fixnum-symbol)(cons x sy))
selector = foo args = ((x fixnum) (sy symbol)) forms = ((print
'foo-fixnum-symbol)
(cons x sy))

foo
; symbol
D-Eval >(symbol~function 'foo)
(d-apply entered. fn = symbol-function args = ('foo)
((method 2 (fixnum symbol)
(lambda (x sy)
(block foo (print 'foo-fixnum~-symbol) (cons x syJ))))
(method 2 (number t)
(lambda (x y) (block foo (print 'foo-number-t) (cons x y)))))
; cons
D-Eval>(exit-d-eval)
nil ’
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7 & g s ¢+ 1 (o Vs b
’1177”|classi I tlass 7_‘ class 3' Dl??“,' il‘tV??lch'QSs 1lC10332_J

1> b )< Super! < Super2 F T3 F23M
NEARFR. 0148, 1< 298]
®~-&  CAM WORD a #I3N t20 classID 8bit(Max 25%)
2L o9ID 10bil(Max o)

0: (T 0 O)
1: (PATHNAME T 0)
2: (STREAM T 0)
3: (HASH-TABLE T 0)
81 (RANDOM_STATE T 0) (dafmeth, (7 symbol) 'symiel)
6: (SEQUENCE T 0) (defmeth £ (L number) " mmber)
Z; Ei;g?gLTTO?) (defmeth f ((x fixnum) (ﬂj‘ s‘\riu&))
9: (CHARACTER T 0) ){\Xmum—a.w{»s‘(,rim3>
10: (NUMBER T 0)
11: (LIST SEQUENCE T) (M
12: (CONS LIST SEQUENCE)
13: (NULL LIST SEQUENCE) (METHOD 1 <§W80Lj) ,
14: (NULL SYMBOL T) (LAMBPA (X)(BLOCK F Syw\bo[)))
15: (VECTOR SEQUENCE T)
16; (VECTOR ARRAY T) (METHOD L (NUMBER)
18; (SIRING VRCTOR SEQUENCE) (LAMBDA (X)CBLOCK F* namberl)
19: (BIT-VECTOR VECTOR SEQUENCE) (METHOD 2 (FIXNUM STRING)
20%: (SIMPLE-STRING STRING VECTOR SEQUENCE)
21: (SIMPLE-STRING SIMPLE-ARRAY ARRAY) (LAMBIA (X )
22%: (SIMPLE-BIT-VECTOR BIT-VECTOR VECTOR SEQUENCE) (Blotk T '{}x’mum—aod-s"fr{%))))

23: (SIMPLF-BIT-VECTOR SIMPLE-ARRAY ARRAY)
24: (SIMPLE-VECTOR VECTOR SEQUENCE)

25: (SIMPLE-VECTOR SIMPLE-ARRAY ARRAY) _
26: (STRING-CHAR CHARACTER T) alo o f symbol

27: (STANDARD-CHAR STRING-CHAR CHARACTER) atl 0| |o| 4 number] —
28: (RATIONAL NUMBER T) -
29: (INTEGER RATIONAL NUMBER) a+2{0 { ‘f £ x umn s‘wnuy
30%: (RATIO INTEGER RATIONAL NUMBER) . .

31%: (FIXNUM INTEGER RATIONAL NUMBER) ’ .

32%: (BIGNUM INTEGER RATIONAL NUMBER) : .

33: (FLOAT NUMBER T)
34: (SHORT-FLOAT FLOAT NUMBER)

35: (SINGLE-FLOAT FLOAT NUMBER) S - b
36: (DOUBLE-FLOAT FLOAT NUMBER) . R |
37: (LONG-FLOAT FLOAT NUMBER) XV M Xx sy 72 A el

38: (COMPLEX NUMBER i)

Fig. 4 The Complete list of the start-up image of CPT
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¥ 3 A 3+ ®F 7
’operétion data address cs fe bs rc
#bits (5) (32) (7-) (1) 1) (1) (@]
Initialization 1.ESA - - - - 1 -
2 . WMDA 4] 0 1 0 1 0
3.WID 0 - 1 0 1 -
4 .WASC ] - 1 0 1 -
5.ES8A - - - - 1 -
NOP wIiD 0/1 - 1 - 0 -
Retrieve multi 1.WMD data - 1 - - -
2.WID data - 1 - - -
3.SRD - - - - 4] -
4 .NOP - - - - 0 0
5.RBBN data address 1 1 0 1
(if RBBY, rc be 0)
6. loop to 4. while Pextout is ON.
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