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Compiling Technique Based on Dataflow Analysis
for Functional Programming Language Valid

EncHi TAKAHASHI,T RIN-ICHIRO TANIGUCHI and MAKOTO AMAMIYA'

This paper presents a compiling method to translate a functional programming language Valid
into an object code, which is executable on a commercially available shared memory multiproces-
sor, Sequent Symmetry $2000. Since process management overhead in such a machine is very high,
our compiling strategy is to exploit coarse-grain parallelism at function application level, and the
function application level parallelism is implemented by fork-join mechanism. The compiler trans-
lates Valid source programs into controlflow graphs based on dataflow analysis, and then serializes
instructions within graphs according to flow arcs such that function applications, which have no data
dependency, are executed in parallel. We report a result of performance evaluation of the compiled
Valid programs on Sequent S2000 and discuss usefulness of our method by comparing it with C,
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Fig. 2 Recursive expression graph.

3 % loop; / — F, HIOZREMT 2 loop, / — N —
X2 AW THES %, loop;, loopoMi/ — Fix, ik
T2 —-RArPa—Y I CHEET 2200/ — 8
T, =7y A= FNGEBRLE W, KK Exp D
77T, FRECHUHEYT 3 recur i jump
/=R %, jump /— FIZHIED loop; / — R ~K
L RERT B, KEEMOR L DT — 5 HAEBIR
&, loop; / —F~D7 —2, loopo/ — KMmSD7 —
7 THRT,

(3) #FIR

ValidTid, WA THIIPLHBEOZERIIT LT
Fl—DEE R T £ 5 REWICKERRL 72 WL %
ERCERTE 37, flzid, DTFORFIHH»S i,
1~5DHEFEYERE T L5255,

make_array(foreach i in [1..5] body i*i)
foreach LUT 035 Td 5, WHIRES () % in T
AYEHAE O (1 .. 5) TERINZE 1~ 508
B w4 P L, #REFRCHIET 2 body TR
WA (%) 2 WFNCTHI T 2 & & 2% T 3.
WHIR ORI, FROFITE LR &5 whFe Y
AMEEDOT - WED LT enss, V¥ 7y ay
BETICL DAL IR s, 200 74, HFHIR
2o Np72UDOMHMMEEMET 2, 3hbb,
HIFAXTERZI N B EOK
Np

53 DAFEANR 2 BRANC S+ 2 BSE B L, &
HHEOKTHRIHHICH L, OB E Npft, B4
BRWE S WINGEE T 575 7 2 ERT 2. BE,
NpDflix, WHE 7y ELTwa,

T—5 70— D {BEBEEE Valid OXFHLT v o84 5 563

scan 1
<« | | fork 1
':Q:. H
] fork 2
:f H ) ca: n
cﬂ1] § joinn
scan 3]0 L e [T § -
H F R -~ |°i|:|1
hm1jMn2L.ﬁ%n o
T T < | [join 2
I Al |
GraphB | = :
X

B3 a—rRryYa-—yrr
Fig. 3 Code scheduling.

22 O—PFRyPa—)>0 (72—=X1I)

7 x2=X 1 T, BWicF — ¥ EkEEGE2ER 2
VBB W ETE NS &S a— R OETIERE
BATY 2= VT 5, 757 RBEBCER L 7 — 5k
BIR 2RO L H7e 2 LIRS, b b BEER
/= ROFHRE, TRUHNOEIZHEIL, KL
7 7B NOETEF 2 RET 2, BB, 7—2
BT — S RFERIC > T B 2 e s, UTFIEd
FHEICELY, DEERATY V2 —VERECITS 2 &
BTES, M3Ia—RNA7rYa2—) v IOlaER
BT, A4 T, 27, BEEGEA — P (cally)
£, TOF/ — RO join / —F (join;) ZHA
5. RiZ, 77 7 REBBRCH-> TEEL, &6
TOETEF2EELIEF L+ 2, SEEZEHL
52 LT, MHOEMEREZEL ICROGHVBRBT
BT —AWPEEZ BT, TavVDUY R Y BER
KHHTE 3, /7 788TR, i/ — N BeTEs
BATHDIF/— FEEBICEINT 2. 72771, join
= FANGEELE WY (scan 1), 1HEIDS T 7HEE
WL TERENS 2 — RTINOBISEEREIE, Buviz
EEBERER 2V O T, £ TUFIET (fork EFT)
WKT&EB, 12720, 2— NFIRTOETIEFRESHED
BESGEFIL, B av v 28 ET L € & WFIM I LD
NEBOT, BRETE TS, BEOBEGEMZ T
KET2HHDAT Y 2 — I > 7 D% (scan 2) , H
U, ®CO/—FBAT Y2 —NT 25T, FEDHL
HERT 3 (scan 3) . £ TOMSOETIEFEIE S5
BICHRET 2 012id, &R, AR o 45T 3



564 TR RS

a— I, ZREICHIG LTS 7 7 ORE . — R
(sw, loop;/ — FDTEHT, D, MET S merge,
loop, / — FOFEMH) 720 TEBRT 2 LEND S, 2.1
BT~ 7 OEL YD, sw, loop; / — RSER
"REE g, BE — NPT, RKE —-FeTo
J—FOETFIEFERETE 520, sw, loop; / —
R 50k, WET 2 merge, loopo./ —FETDS 5
72, FRFEREEFERINCEBET S UT, 777
EEOFHEE BRT.

FHE A - F5T70FRI— 1L

stepl 77 70%/—FERERIC, FEAEE
- FEEE

S={nni3H/ — FEF T/ —F}
AT B,

step 2 S=0 WKHR2EZTCLUTOFFHEES 2K,

step 2.1 EIYHE — FESE J = 0 <HHL
LT, FHE B E2HEAT S,

step 2.2 step 2.1 TAZ Y a—N i EEEE
VRS 256, Tho % fork IF~EET 5, 12
L, REOESBERE, W oydBEITLTY
WHIERRDLI R DT, BRETEEKRT 5 call fy
WT B, RIGEEARE, — VES%

S «— {n|n BRBOBHBEH—FOF/—F }
ET 5, BEGEAN L OHEEIE ST LT3,

FHR&B-IST7NEE

EEARE — FEESMHS=0 KRB ET, SOK
BERnZHL, UTOFHE 2EET,

stepl S«—S-n&d53,

step2 ndD/—=FF A4 ARG CTUTOFERE %
E73 5.

[sw /—F] n%EERC LU, then/else /$—
IS T ENTNICG LTS A PERCER Y
%, ZD%, merge /—F %S5,

loop; /— F] n %&FEEFC L%, ERALED
T 7N LUFRE A RPBRINCERT 5. Z01%,
loopo / — R % SIZfZ 3.

[join /—F] n ZEEkSE — FEE I KNZ 5.

[EEBUAHD /—F] /—Fn 2 EEKKT S, n
DF/—=FT, B/ —FBLTEEETHS /—FH
b, ZhE STz 5.

Bl LT 41z, IFD Valid 7077 Akt s 3
I NERRERT,

function fibo (n:int) return (int)

= if n < 2 then 1

Apr. 1994
[nireceive 1] [r0:receive 2 | n:receive 1
b T rM:<n2
brfrt L1
m r2:move 1
jump L2
swri | L1r3-n1
t ] T 11 t5:fork fibo r3
r4-n2
[rzmove 1] [rB=n1] [ra:-n2] 12 r6:call fibo r4
2/ join 12
[r5:call fibo r3 | [ré:call fibo rd | r2:+15r4
L2 merge
ro:receive 2
retr0r2
[ioin 1] [ioin I2] rot ¢
[r2:e r54 |
merge |
[rins]

K4 a—FR7Ya-Yr70f
Fig. 4 Example of code scheduling.

else fibo(n-1) + fibo(n-2);
72— X 1l OFETE, EFddoniz/ —FoD
WE, 7Y MY rONET 23— RALHY
3%,

3. HBFIERTAHZX AL

F—7y NEETHB Validiz, KA LTHHBE
BrHF3nwied, 5IMERIMCERELEOAT
BIBRITOHRETH B, - C, UNIX D fork iIZ B 5
NEBETORXADAY v 7 DI —FIHETRL,
Fexix, ¥—7 v b <Y ¥ Symmetry DIEF] OS TH
% DYNIX ki, £ R 7% fork-join JUEE % £33
ZAA=ARLBEEL, 20OLT, £Ra— F2ET
L7z, ZTZTi, BAWEHRLLIEFIETA =L A
WCDOWTHRS,

BESCEITIX, Frame & FEREEHO EITERE 2 REFT
ZHEAEY LOWET -5 2BWTITY. M5 I
Frame &R RTH*, EfTa—-F7 FLVRiE, £
7oy eHFINLGEI— FEEFOT FL X
T, ETBBT FLv 2 eFR T, WHE Frame 7 N L
R, FfAA Y &7 Rv2iE, BBRT2EE (join)
BECHVS, BIERX oy M, SR

* AR, CEERERL, -y b=y rOCcardg
FERWT, A7Y22 ba—FE2ETWS, Vaid DB
FRICHYT 2 COFHEEHRLERL, fork, join JLHEE
EITOETRESA 77V LV v 7 LTEBELTW S,

wte HTIXERE U725, Frame 3 HEHIEO 720 D lock &
B, HHITHEHERT 57 0DMO Frame ~NDHEA %, v
YA Y OEBER AT,



Vol. 35 No. 4
%] Frame a
Code
func i4
Frame p
Fffa-F7 FLA Frame

4 Frame7 F L &+
AfA Y87 FVA A
BEEHATY M1
BFERATy b 2

BREEAay b i

Frame }5’,@?2&‘,&7\.‘: v hbn

5 7V—U4
Fig. 5 Frame.

Frame 573

| | Processor 1

. | Processor n

e AMFIKTAH =L
Fig. 6 Overview of multi-task monitor.

EELTT7T —F ORFECHY, —88, FEfr v 5L
LT HRW3, Frame [dB%0E AR BIRICHEGRR, 3%
E3h, BERETRTRE CEET 5.

B 6 12, WHETAH =X LOMBERTT, B
B (fork/call BIT) BRO LI LTITH. £7,
Frame D7 O D 2R L, Kz, EfTa—F7 K
VA, B Frame 7 RV A (v b Frame 7 NV
), EHAA Y77 RV A (v b Frame ORAT
EATy 7 FLR), EE[#EEy b L, Frame %
EATATREIC T %, KW Z 1% fork % & Global Frame
Queue (GFQ) ~ (4 6 H10 Processor n), call 25
Local Frame Queue (LFQ) ~"x.> MU F 3 (K6
@ Processor i), GFQ, LFQ X &5 & b EITRRER
Frame #{#FF7 % LIFO ¥ = —TH %%, GFQ i
TEFTDIODF 2—T, HEEE LCFEEL, 27
Oy Y»nsT 7w AT TH S DI L, LFQIZE

F—g 7u—mcED (B EE Valid OAFHLa X1 5 565

RETDIDDF 2a—7T, 7y EDTS T4~
MEBRIEFEEL, HET27 0y 0L07 2%
ATCTESL, 70y Vix, £¢, LFQ 2FAN, B
L Frame BEETHIE, ThE2ETT 2 (”6 0
Processor 1), LFQ W2 ThHhi, GFQ »FAN3,
Zuxy ¥, GFQ l~m ZJEICEEL, EThW»
GFQ 287, b L, HThWv GFQBRREOH» D, »
D, lock BEDIEEH U 7-354, 4c8H Frame 2HD HY
L, EfTa—F7 Rva~flifziL, BEfa—r%
E173 % (1 6 FD Processor 2).

22 TR T — R AT Y a—Y 7LD, B
ik, BEECHEA ORSHEE2SIHY 2T ORI
3 join BIERAT D, join ik, FHEAAH Y > & HRTHEHR
LTws, F#iAY 7%, FIHHEIR 1T, fork KRiC
1R L, join I 1S 7. join BEDOHER, HM
AT B0 oIEER, UEORE2HETT 2
W, 3 ThuEES, Yutyyi, B Frame DFET
A—F7 FVAANRGSET NV R %e2vy b LR, K
FET B, ZOH, ¥ REITIEE Frame O, %
TE1TS. join BEIE, BASETRTHRNICIRHMEIANGE
REZRTEX2CHITI. D757 R adig
TEEAA Y > F L, join BIEETTH., % DOEE,
[EHAA 7 > ¥ 0127 5 le s, FWEHE Frame 7 F
L ADHET Frame 139 A KIREE (REshTw
BIREE) THBDT, Fut v, B Frame EH
%, FEHA Frame OET2HEET 2, A Y5
B ORTERL->TBE, ¥/ EITAIRE Frame
DR, ETEITD.

HEXAEY =T, BHHEIC X 203D FRK
B34 — N~y Ficke 5, AAFRNTUAEL 72 2 HkbH
i, GFQ D7 27X R, fork/join BrDRIEAS 7 >~
FNDT 7 ATH%, GFQADT 7 AL T
ik, GFQ 2#EHEAZE T2 2 LT, Ptz £ 2
Foul Lk, 70k v¥id, GFQ d lock #/F
WRELU 254G, B Mo GFQ @ lock #IEEER
#%. lock BIEDEAHS & BTN/ KB D HE O FRIE,
80486 CPU DBE, 3HHTH 5. X512, Hefhsl
BB ETH 5 LFQ MM, LFQ NDT7 7 ¥R %
GFQ\D7 7 v ABRERDL LT, GFQ7 7+
AW & BHHHIEOBEEER S LT3, LFQ Off
i, BABEAOBRREIT2ERT 508, W 2E
bk, IV N4 NVEBCHREL TW3 (221
DOFFEE A), FEAL > & OIIREE, 80486 CPU
OHBE, FTUSLHEBYTR—-—FSRTWBEEY, 1



566 AL 23R Apr. 1994
R1 AR FOMEESEE
Table 1 Time comparisons of Valid, SISAL and C, and speedups and overheads of Valid.
Program Time (s) Speedup  Overhead
Validi6cpus C icpu SISAL 16cpus
' sum(1, 108) 0.0241 0.241 (10.0) 0.0200 (0.830) 15.0 7.69%
matrix(128) 0.987 449 (4.55)  0.323 (0.327) 12.8 37.5%
matrix(256) 9.07 384 (4.23) 3.11  (0.343) 13.3 23.4%
nqueen(10) 421 253 (6.01) 65.2  (15.5) 7.48 15.5%
gsort(104) 321 121 (3.77) 8.09  (2.52) 5.07 65.8%
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Fig. 7 Speedup graphs for four benchmark
Valid programs.
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Fig. 8 Speedup graphs for sum’(1,106, ).
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Fig. 9 Speedup graphs for fibo(30) and fib8(30).
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