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F£¥. Rz, 777 2BSGER - FOFRE, ThMAoFFTcIEL, &7 7 7B HTOET
JEFE A7 Ya—N3T 53, REBCEGSEI—TFy by roa— F~E#d 5, BEEBEAOILTIETIZ,.
fork-join ¥ 4 O ARTITI. B X EY -2 T, FHHHEHI EHEEICE U 2 & AHEBERRIL S
L:EBBFIRE/2 Z LoREc s, Hxid, BSIEOEE, 2R T7201, EfTFI R Fa—
DL, BB, Fagk~eyra—FoFERZEDTRETo, FHETIX, Symmetry ET 16 HD
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Compiling Technique Based on Dataflow Analysis
for Functional Programming Language Valid

EncHr TAKAHASHI,! 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 S2000. 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,
SISAL compiler.
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Fig. 1 Conditional expression graph.
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B SERT EZN—FETS S 7 2577,

for (vi,..,vn) init (E1,..,En) body
if Ec then Et else recur(Ri,..,Rn)
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Fig. 2 Recursive expression graph.
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make_array(foreach i in [1..5] body i*i)

foreach LA TWEFHIHK TH 5, WFIREE (i) ® in T
NI EFABOR ([1..5]) TEREINSE 1 ~50D%
BE) AP L, ThZhCHIET 3 body TR
FAFIAAE (i*i) ZWFNCTET 2 Z & 2R T 5.
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NpDfEiix, WEavy 3 EELTWS,

F—¥ 7a—@EimcE o BERAE

58 Valid OXFHba >84S 563

scan 1 A p
R <« | [fork 1
¥ "... .g- H
Graph A" .. e © for!( 2
G i
£od i , H call n
I I N N HE
[call 1][call 2|.; [calln S| Heinn
scan 3 ... ~J.* LAt 5L TF :
ey TR St
lioin 1][join 2| \... [joinn| @ imﬂz
IR
‘; llii ' g i
. /| &][ieinn-1
Graph B i :
\ Graph C

Hlas a—FRyrYa—-yrrs
Fig. 3 Code scheduling.
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function fibo (n:int) return (int)

= if n < 2 then 1

FRWmIEE
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[n:receive 1] [ro:receive 2 | n;recel;e 1
— ri:<n
brfr1 L1
m r2:move 1
jump L2
swri S L113:-n1
Ft ! [ 1] | 11 r5:fork fibo r3
rd:-n2
[rzmove1] [r3:-ni1] = [r4zn2 12 ré:call fibo r4
n__ o~ 12 /7 joiniz
. : r2:+r5r
[r5:call fibo r3] [r6:call fibo r4 | L2 o
rO:rece;ve 2
retror
[loin 1] [loin 12] rot r
[r2:+ 75714 |
] merge 1
[retror2 |
[ rins]

Ba a—FR7Ya—)7DH
Fig. 4 Example of code scheduling.

else fibo(n-1) + fibo(n-2);
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Fig. 5 Frame.
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Fig. 6 Overview of multi-task monitor.
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{Ed3A —/s Ny Rz 3, RAERXTHUNHEE % % HEfdl]
X, GFQ ~D7 27 & A, fork/join B¥DEHAY &
FADT I RATHS. GFQ D7 27 AL T
¥, GFQ »EEKFERET 5 Z &, HHdfEc L 3
FeERL L, 7ax vy v, GFQ O lock #1E
B U 72858, EH Il GFQ @ lock #E% &R
H 5. lock BEIEDERA & BT /KB DHIE D FfEid,
80486 CPU D&, 3@ TH 3. & 51z, Hithdl
HBAETH S5 LFQ Mz, LFQ D7 7R %
GFQ D7 7 XA IEHREEEHIET, GFQ7 7%
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Table 1 Time comparisons of Valid, SISAL and C, and speedups and overheads of Valid.
Program Time (s) Speedup  Overhead
Valid16cpus C 1cpu SISAL 16cpus
sum(1, 108) 0.0241 0.241 (10.0) 0.0200 (0.830) 15.0 7.69%
matrix(128) 0.987 4.49 (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) 4.21 253 (6.01) 65.2  (15.5) 7.48 15.5%
gsort(10%) 3.21 121  (3.77) 8.09  (2.52) 5.07 65.8%
D, 5ERE L 72 EFE FBALERIC X 3 5 AALEE R DO MERE
* T Asum(1,1076; EFHiid 27-0THB. A —F7 v AiE, HefsgisE
14 ,."";»matrlx(256) RN Z DR S ICEE T 54 — /N~y R &2
= A I 572 TH B, C, SISAL 70T A L DHEK
gl A BEUERT — FOMEMMTRRER 1 1RT. X
2., i A N i E— K7y 7OFESRER 7 1ORT, £ 11200
& | A T |aueentio <, Time & Valid, C, SISAL 71175 ADE(TH
’,/’ a/—’;’“""\\*‘qsortﬁ 0r4) MM e EFNRT, #HiF Valid, C 75
o ;';,%’7? | AZDBTIE, YAT LT —NVEFHES TEFHAIL 72 user
b 1 time, SISAL 702 5 AZDWwTid, SISAL DHEE
- a— Paroc;ess;?:rs{z % e FEH Y — ) speedups ZHWTRDHDTH 5. &

K7 AE—F7v7
Fig. 7 Speedup graphs for four benchmark
Valid programs.

BETITIZELENTESL, FD2d), ALV ULTOD
HFH L Lk,

4. HERO— F O

&£k a— FOFHMIZ, Sequent Symmetry S2000
T16 D7 uxy b EHAWTITo /2, FHfiiE, C 7o
75 Ak SISAL 77a 25 A L OETRE O, X
E— 77 (Fayd# 1~ 16) ZDODWTITo
7z. SISAL BEESTEOMFIMEE ¥ —r v b &L
BB SE T, SISAL 2> %4 S — 7L
WFMEEITH ), g L 3% C, SISAL 1
S i, Valid 7a 7S ht@—o7NTY X%
W3bDET B, CTar I AEEBRTCRBELLEZL,
SISAL Yu 75 i3 >,%4 5 (OSC version 12.9)
DT 7 v FEETOAFT LB X URBIETa > /31
NMLTz, CORRFIa 2 Z LEDHBIT, MYILLEE
DEBRHDO—DTh % BEdEE DOERE = ERANZ R
b S5FMT 270 THS, SISAL Furs/Z LD
H#gix, SISAL TikMFIHbigN—F IS5 b D

MADEFIL Valid e DA E— REETERARTRD 7-{E
ThH5.

C & 721 SISAL TOEATHREH

AE—F = Valid D BT

Speedup ¥ 1 72y P THDAE—FRizxtd 5 16 7
gt vHTHOAEY— KDEL, Overhead X, 16 o
vV THOTa ST LARTREHRIC, AT LED
IR OEIG ERT. VAT LAREIZIE, fork/call 4L
¥, join ¥, Frame MEENE Eh 5. {HIZ DYNIX
D3Rt 3 2 profiler ZEHWTKRD 2, 7 1220,
75 7 OEENE oy Y, MEIAE—F7 v 7
2L, fRIOOEBRIEBERNZAE—- N7 v 7P E2RT,
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Table 2 Effect of the cost of the function
sum’(1,106, i) on performance.

Parameter < Time(s) Speedup Overhead
i1 =1 6.75 6.23 63.9%
7= 10 0.935 6.85 61.9%
i = 102 0.155 9.79 44.6%
i = 103 0.0648 14.0 11.5%
16 T T —T
1a b //.’h-_d 000
=L // i
o
g°r 7d .-—-li=100
k=1 g -
b4 % -
R /‘ //' 7]
C‘/:)- // ,/’ A,__-oi=10
6 I PR ’_o—‘... 2i=1
_/' ,//:— ,",‘3" -
a b //f"’-f .’ ﬂ
et
//f'
2r % ¥ -
0 L , . .
2 4 6 8 10 12 14 16
Processors

H8 sum’(1,108, i) dAEC—F7 v 7
Fig. 8 Speedup graphs for sum’(1,106, i).

%, BB a2 R -8 L UBEECERSE I 5
FIGEHEID A —/x~y FEFiT L7z, Awvwiz7a s 5 A
sum’(x,y,1) i&, x ~y ETOEDEMERD S 7
TLTHS.
function sum’(x,y,i:int) return(int)
= if y-x < i then
for (s,j:int) init(0,x) body
if j > y then s else recur(s+j, j+1)
else {let m = (y - x) / 2,
in sum’(x, m) + sum’(m+1, y)};
i THEBREC X 2800 5V —FETICT L 5EXK
BISBRIANT7 VT Y XL 20082 28HE2EET 3
(=10t ERETHIRBEICLLBMER ).
o T, i DENPKENIZEBEEEAED IR MIKE
X 7Z2b, BEBGEROHEEIXEL 3. x=1, y=105,
i=1, 10, 100, 1000 DWW T OFFMHERE (16
Ty FEH) 2R 2, 8 IZ/RY. F 2 D Time,
Speedup, Overhead DffElX, £ 1 LRI CFETRD
7z, ETREOZIZBEBER DA —/ X~y F 2R,
AE—F7 v 7OEZHEMEIENIC X 20 DZERRL,
INRBAFNC X B A —/3~Ny FERBRL TWw 3, i<100
T, YATLDA =3~y FB50% %282 T3,
F—s3~y FOWEIX, Frame EHFELa> 727 A X
A v F AR OK 40% %2 5D Tz Z Lo
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L7z b DTH3B, &3 D Time, Speedup, Over-
head DfElX, F+* 1 E[FUHGETKD 7z, fib8 i, fork
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X 3 fork MLHEH O annotation A k 2 %R
Table 3 Effect of introducing annotation to
control fork operation.

Program Time(s) Speedup Overhead

fibo(30) 7.61 6.24 73.5%
fib8(30) 2.84 15.4 70.6%
16
/2fib8(30)
14 - ‘_ .
12 - .. -
d_o o .
-
e | """ fib0o(30)
/”’
a | ,/’ N
/’/,
2 r ’/, -1
o
° ; ; 8 é 1IO 1‘2 1‘4 16
Processors

9 fibo(30), fib&(30) DAE—F7 v 7/
Fig. 9 Speedup graphs for fibo(30) and fib8(30).

HHH 2 K5 |8 n #FAWTITS., n>8 Thhif fork L,
%3 vikldiiT fork Ligvy, ib8 D Valid7’v 7" A
ZLATCRT.
function fib8(n:int)return(int)
= if n<2 then 1
else £ib8(n-1)$[n>=8]+fib8(n-2)$[Falsel;

BE#EADITERICE D, AE—-FT7T WDV,
WERIEL OB\ED 6.24 {55 15.4 fF\ L KR HE
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