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Self-Reduction Graphs for Evaluation of
Combinator Expressions

Kencuar Kanexkot

Turner has proposed an evaluation scheme of functional programs based on combinators.
In this scheme, combinator expressions are translated into graphs, and an irterpreter eval-
uates the original functional programs by reducing the graphs. Fully lazy evaluation is
achieved by updating the nodes of the graphs with their evaluation results. This scheme
is called the graph rewriting reduction scheme. Takeichi has, on the other hand, proposed
the graph copying reduction scheme which copies the graphs to simplify the pointer opera-
tions by the interpreter in reduction steps. The scheme makes use of the thunk mechanism
to implement full laziness. This paper proposes a new approach based on graph reduction
in which type checks of the top elements of the stack are eliminated. In this approach,
graphs are self-reducible and no interpreter is required. Hence, the graphs are reduced
quickly. In addition, the approach has ability of handling the higher order functions be-
cause it is based on the graph reduction scheme. The approach is easily implemented on
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conventional hardware. The experimental results are also presented.
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1 fac K455
Fig. 1 Graph representation for fac.

Sac=2n. (IF(= 02)1(* 7 (fac(— nl))))
fib=An (IF(<n 2)1
(+{fib(— n 1)) fib(— n 2))))
PRAFRCER U2 DR TicRT.
Sfac=8(C(B IF(= 0)1)(S *(B fac(C — 1)))
fib=S(C(B IF(C < 2))1)
(8(B +(B fib(C — 1)))(B fib(C — 2)))
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Fig. 2 Reduction for combinator B.
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K1 KREXRODORZ v 7 DEE~OHBEERK
Table 1 Occurrence counts of each element on top of stack.
s | K I B | C | IF]| = + ] = | = < | ®4vz
Fac 10 211 o| 2| 21| 21| 11| 10 o| 10| 11 0 313
fib 10 265 0| 351| 441 | 530 177 o| 8| 176 0] 177 5472
Ay A& fac:
E‘n = CALL nodi
PTR nod7
3 R/ — FOHAERK nodi: nod7:
Fig. 3 Generation of indirection node. CALL S CALL nods
PTR nod2 PTR nod9
B YT o/ — FRBIRTRINTVS. By
L7-RE, 24 v 7 OEHICEOEA, V2 BRNIE nod?2: nods: nod9:
A, B EIEROBELBRDET. —F, Bl CALL nod3 CALL S CALL nod10
TR, 2% v o OfBEICESEThTCONE, Z0 INT 1 PTR MUL PTR modii
ExET. LERPENEEODOHAT ORI
HLTH, BRAGEROCECH SRS, £i Rod3: nod10: nodit:

’ N N e CALL ¢ CALL B CALL nodi2
BROKENEERE LS BV X I UEESTF (KIF, PTR  nod4 PTR  fac INT 1
+,ete) WH LT, HET I 2E-THE, —F%

BT 3. ZoBRTFER S ICRT. nod4: nodi2:

F# 11 (Fac 10) & (fib 10) OB EEETF & CALL nod5 CALL C
RA Y ZMBR Ly 7 ORBUCHENIERERT. Th PTR nodé PTR SUB
R4 v 2OBBREESEETERVEESNCE

d5: d6:
Wob b, UkdiaT, SHATICHT 3 MilEREC ’C‘ZLL . EZLL =
AT, 2%y 7 OEFEEZOBBRELEITY, 20K PTR  IF INT o

BTs UTHIM A 20 4 2 B & Sl s o nic
RERTEIRO EMNbS. RETRERBHNS 7
7 LN, X2y 2 OEFEERICNT 2RBREL L
BELRVWHFRERET 5.

3. HEHRI ST

3.1 U5 7BBAmHE

FF/ 5 7 ERI BREODOHEHENS S 7ic
DWTEIBAT . HOMNS 5 7 &k, BRROHRE
ARITTEHDIC, FIBERLES 57D/ — Fic
BOSEEDAALSDTHS. 75 7RI ERE
DL, BEON N—FY 2 THELITHBE YT v—F
vORUH La4E, / — FOBEESicEDAL. 4
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B, ThEn L FicffE LT3, 22T CALL
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v, PTR & INT BF¥F—20@HE2ERT/ DL

4 fac CHTHIHOMEKS T T
Fig. 4 Self-reduction graph for fac.
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DT FLABRDBHE LTy V2303, x4y
IBETNICDTFVRE, / —F OBV 2 E
LCERIcRIFAT 200 TH B, chdid/ —F
OFEFEZELTNE. Thhd/ - FOEFHEDT FL
2AEQBIDITIT, AL Dsp 2> THET 5. #
AF B kT3 REMKLTIL, BSokHicins.
Fun, Arg i3, #h N/ — FOEEDI S, FOEK
B, BIBEBEET IR Vv ERTF -2 2BRT Bk
DOERTH 5. F/k RO, R3 FLyzzrsk
3. B6REATF B g 2EEMHNOBTFERL
TW3. ZOERE, /—F nedl N~ FIEMS
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M/ — FEERT /AT 05 BLATHEEET D VW, EThhEIREBICERL, #4142 Thhideh
O (+,=,etc.) ICHIET S 2~ FFIORKITRLZ v PETRANBET XS RGP OB, MREE %
7EBECTHERT 2H5057%5. IOBEFOS EET5013, COBAEDATHS. #ATF K icxt
AR EECS 550 (K LIF) 3RBRELT THRBAESFIIETOX 5L 5.

B: ALLOC RO IRO <~ pointer to an allocated node
POP R3:
pPOP R2
L () (R2-Dsp+Arg), (RO+Fun) | (RO+Fun) <- (R2-Dsp+Arg)
POP R1

MoV (R3-Dsp+Arg), (Ri-Dsp+Fun)|(R1-Dsp+Fun) <- (R3-Dsp+Arg)
MoV (R1-Dsp+Arg), (RO+Arg) | (RO+Arg) <- (R1-Dsp+Arg)
Mov RO, (R1-Dsp+Arg) | (R1-Dsp+Arg) <- RO
JHP (R1-Dsp)

5 HATFBiTHd REM4A5

Fig. 5 Sequence of virtual instructions for combinator B.

A8 7 AE v
nodi: nodi:
CALL nod2 I——I CALL f
z R1I—4PTR nod0 nod0:
nod2: nodz: RO—J" CALL ¢ 1'
~—] CALL nod3 CALL nod3 L_ % 3
e :} R2—{PTR ¢
~ nod3: nod3:
\CALL B CALL B
PTR f R3—IpPTR f
6 HATBiTHT 2 HOMW
Fig. 6 Self reduction for combinator B.
K: POP R2
POP Ri
MOV #I, (R1i-Dsp+Fun) | (R1-Dsp+Fun) <- address of I
MOV (R2-Dsp+Arg), (R1-Dsp+Arg)
IFI (R2-Dsp+Arg), Ki lif (R2-Dsp+Arg) is an integer, goto K1

MOV (R2-Dsp+Arg), RO

JMP (rRO)

Ki: MOV (R2-Dsp+Arg), RO
UNLK
RET

7T HEFKICHT 2 REG4T]

Fig. 7 Sequence of virtual instructions for combinator K.
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PUSH 1
JMP nodi
nodi:
PUSH nod2
JMP  ADD
nod2:
PUSH 2
JMP  nod3
nod3:
PUSH 3
JHP K

8 AT (dd(K32)1) wwxd 375 7 Efinn:
e a Y= It it S
Fig. 8 Self-reduction graph for combinator
expression (add (K3 2)1) in graph copying
reduction scheme.
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R BREORDOERTR, /7 70%/ —Fid
8,4 M5 IED. 180286 itk A v FIROHE
B L LY TN—F VIFOH LSBTV DT, T
FLIRZICHEABEr —FL, VIREIKKBHE
CHUe4E2EFTTICEEL. ZORDEHOD1
N4 Re-FESTHD, Zhickd 294 I
Ul UM BHAFRR LTS, RO 2,54 ME
VIRRWKBYTN—F VIFUHR LGS THE. £
DIRD 2734 M3, BEEDZORZRA V2 E2BHNT
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DHEBNERB LT ->TOSE: feEZ 4R LT

fac I ZEEMBNS S 71

fac: mov  ax, offset nodl
call ax
dw nod7
db 0

nodl : mov  ax, offset S
call ax
dw nod2
db 0

nodll :mov ax, offset nod12
call ax
dw INT+1
db 0

nod12:mov  ax,offset C
call ax
dw SUB
db 0

&35,

BATFIIHT 208513, RICBRFBHELT) 4
27uRBL, ¥5IN—FY = TICIRE LI-BHL
ZHUTHER L. BATF BT 36454517

B: or CcX, CX

jnz B1
call gc
jexz spacerr
Bl : mov bx, c¢x
mov c¢x, word ptr [bx+Fun]
pop si
pop di
mov ax, word ptr [dil
mov word ptr [bx+Fun], ax
pop di
nov ax, word ptr [si]

mov word ptr [di—Dsp+Fun], ax

mov ax, word ptr [di]

mov word ptr [bx+Arg], ax

mov word ptr [di], bx

sub di, Dsp

jmp di
BHOKE, EEETHARVYRZ ax 2T
3. FoEEEEOIYD, LYREZ ex BEHBY R
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RAE¥v 2
LE’?%ML
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Ry&Fi
bp —{[H bp=
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Fig. 9 Stack frames for recursive self-reduction.

*® 2 (fib 20) DETHRM (Bihr: B)
Table 2 Execution time of (fib 20) (unit is second).

&R R 6.58
A

H C% 5.50

B R R 6.46
# oW

EISAGES] 5.15

K3 (nfib 19) 1Kk 1 PRIOBEKTFOH L EK

‘Table 3 Numbers of function calls per second by

(nfib 19).

B R % 3.07x10°
HZ

B 3.68x 10!

&R % 3.11x10°
@ om h

B2 3.92x10°

DEBEFFRL TS, 2 — FOHD S TRICEHE Y
R PPBBERIE>TOBEBERT IEDEEET 3.

FRINCEBENAETT 5001, R90X5%
REy I T V—bBBALl., CCTHREY 3T
P> TRETHLIICEINTNS. 71L—0%

BT 20 DREMS
LINK addr

LT
mov ax, offset addr
push ax
push bp
mov bp, sp

NEXT: PUSH RO
MOV (RO+Fun), RO
IFP RO, NEXT

JMP (RO)
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3 twice LTNHEfE T BE% st 2EZ B.

twice=Af. (Az. (f (f z)))

tst=twice twice twice(+ 1)

B twice ZRAFRICT B &
|push the pointer onto the stack
|RO <- (RO+Fun)

Jif RO is a pointer, goto NEXT

Jjump into the predefined codes

10 77 7 HBZHREOBRROKES

Fig. 10 Kernel part of interpreter for graph rewriting reduction.
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x 4 HORWEbick 288% tst otkE
Table 4 Improvement of a program by self

optimisation.
] 1 B + RA V%
—FEH 7 19 | 19 16 129
~EH 0| 151 15 | 16 92

twice=SBI
&8y, st KBIHKAEESZLTY 7 7BRICK b FHET
BE, tst OEBIABBHESNTATOLS K135,
tst=B(B(B(B(+ 1)(I(+ 1))
(IB(+ 1A+ 1))
(I(B(B(+ 1)(I(+ 1))
(I(B(+ DA 100)
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