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Dynamic CDR Coding Method for PROLOG Systems

KeN'1icur Kakizaki?

This paper describes dynamic CDR coding method for PROLOG systems. This method
improves memory utilization efficiency for list expressions by two times, and reduces the
memory reference ratio. Because possibilities of the dynamic CDR coding are dynamically
examined, large amount of the list elements are CDR-coded. The processing speed of the
system using CDR coding method is generally slower than that of conventional method,
however, this method realizes performance that is comparable to conventional method by
using delay slots on the RISC processors. CDR coding method improves locality of memory
references, and it prevents increase of cache miss rate on large data processing. The low
cache miss rate provides performance advantage compared with the conventional method.
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I - mode append(+, +, -).
append([X|L1],L2,[X|L3]) :- append(L1,L2,L3). */

typedef unsigned int UINT ;
typedef UINT TERM, *TERMP ;
typedef struct {

TERMcar;

TERMcdr ;
} LIST, *LISTP;

#define COR_TAG 0x00000001
* */

register LISTP cons ;
register TERM Arg[MAX_ARG], p, tmp3 ;

rEIBBDOEERBZTS Y
FFUTPLRETD Y

p=Arg[0} ;
Deref(p) ;

cons = LAddr(p) ; - BERTZTERIRS Y
if ((UINT)cons->car & CDR_TAG) {
tmp3 = (TERM)((UINT)cons->car & ~CDR_TAG) ;
Arg[0] = (TERM)&({(LISTP)p)->cdr ;
}else {
tmp3 = cons->car ;
Arg[0} = cons->cdr ;

B4 Uxrosknm
Fig. 4 Read mode code for CDR coding.
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Fig. 5 CDR coding feasibility.

PROLOG i#EZo#HH CDR 2 -7 4 ¥ 7 HR 209

car-1_ |1 car-1 |0
car-2 |0} 4 CDR-P, cdr-1
cdr-2 HP
CDR-P car-2 |0
HP cdr-2

1) CORO—F s >J&ht 2) CONStILIZED
X bOER Y MDER

1) CDR coded list. 2) CONS based list.

Bl 6 V=RFDAERK
Fig. 6 Write mode for list.
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register TERMP hp, cdrp ;
register TERM car_reg ;

FEIBIBOEEREBTS Y
FFEYTPLRETD

p = Arg[2] ;
Deref(p) ;

if (cdrp I=p || (cdrp + 1) l= hp || IsRef(*((TERMP)p - 1))) {
/* CONS D{ER */
cons = (LISTP)hp ;

Trail(p) ; rOBED LA LD
*(TERMP)p = SetTag(cons, LIST_TAG) ;
cdrp=hp+1;

hp +=2;

} else {
/*CDR 3—F 1 27438
cons = (LISTP)p ;
cdrTrail(p) ;  /* CDR Coding D b L 1 LDEE$E */
*((TERMP)p - 1) =
(TERM)((UINT)*((TERMP)p - 1) | CDR_TAG) ;
cdrp++ ;
hp++ ;
}

cons->car =tmp3 ;

Arg[2] = cons->cdr = (TERM)&cons->cdr ;

B7 Y= FOERLE
Fig. 7 Write mode code for CDR coding.
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1) CDR coding is possible.
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partition([X| L1], Y, [X| L2], L3) :-
X=<Y,
]
partition(L1, Y, L2, L3).
partition([X| L1, Y, L2, [X| L3]) :-
partition(L1, Y, L2, L3).
partition([], _, [, 0).
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Fig. 8 CDR coding for multiple lists.
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cons = LAddr(p) ;
tmp3 = cons->car ;
p = (TERM)&((LISTP)p)->cdr ;

if ((VINT)tmp3 & CDR_TAG) {
tmp3 = (TERM)((UINT)tmp3 & ~CDR_TAG) ;
}else { )
p = cons->cdr ;
}
Arg[0] =p;

9 Y2 +DOBRBLEDOEEL
Fig. 9 Optimized read mode code for CDR coding.
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Id r17,r0,r15 ;2
Id ri2,r15,4 ;3
: nop ;ri2 ICEFrO— RENBETOHBRE ;4
: nop ;AL ;5
st r12,10,r18 H
1) #EkAFRIZELS CONS £ILDY R FOER
1) Clock cycles for CONS based list.
and r15,r14,r22 1
Id .ri7,ro,r15 ;2
addu ri2,r14,4 ;3
B nop ;n7 BN O FERBETOHERE 4
bbi.n 0,117,@L8 ;5
and 117,17 Jo16(0xfffffffe) ;6
Id ri2,r15,4
H nop ;ri2 IR E— FENBETORSRE
: nop ;RAE
@L8
st r12,10,r18 37

2) CDRaI—F > J&hrz)X rOER
2) Clock cycles for CDR coded list.
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Fig. 10 Effective execution clock cycles for read
mode,
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if (cdrps+ 1= p || cdrp '= hp || IsRef(car reg)) {

*/

" ] () (3
cons = (LISTP)hp ;

Trail(p) ; P OREMICISC T LTIV RS
*(TERMP)p = SetTag(cons, LIST_TAG) ;
cdrp=hp+1;
hp+=2;

}else{
cons = (LISTP)p ;
cdrTrail(p) BRI T R UL EER Y
*((TERMP)p - 1) = car_reg ;
hp++ ;

}

cons->car = tmp3 ;
car_reg = (TERM)((UINT)tmp3 | CDR_TAG) ;

Arg[2] = cons->cdr = (TERM)&cons->cdr ;

11 ) % b OEBRLEDFHEAL
Fig. 11 Optimized write mode code for CDR coding.
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Fig. 12 Performance evaluation for CDR coding method.
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