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The Plan-Do Style Compilation Technique for Eager Data Transfer

in Thread-based Execution and Its Evaluation

MASAHIRO YASUGI,t SATOSHI MATSUOKA't
and AKINORI YONEZAWATtt

Plan-Do compilation technique is a new, advanced compilation framework for eager data
transfer on distributed-memory parallel architectures. The technique is especially effective
for a recent breed of fine-grain architectures by realizing a high-throughput low-latency com-
munication scheme, pipelined sends. The compilation of high-level, plan-do style code into
low-level, eager data transfer code is achieved via straightforward application of the transla-
tion function. Benchmark results on a real parallel architecture, EM-4, with the developed
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ABCL/ST compiler exhibit good performance.
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Fig.1 Packet exchange for a pipelined request message
send.
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NVATH) 2—FEREICLELZOTE R, -
FEBR (BELva—Fiabn, LKL a—F
DER) CLEELL, FOERICE (HAHE 2
25E), (Do BEDOIBELRINLEIH», (2) &
DALY (J=F) 2o 25282k 5%, (3)
EDAE VMBI v IRENICEEZAEINE D, &
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AU RERERTAIDICHATRTH 5.
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Plan-Do B — K103 FIE0EM 2 7
FTEEBIZ, TUSANVDBREEFDDDIHTT BFA
LET L. TOFTIREHIC Plan-Do Bla— R 2D
WA DS, FOEELRGE (0Fh, BENT—
Yot —RFo&£RK) X, Plan-DoBla—-F 256, X
DELAVOa—F#ERTSEEICENRSE. 2hid
%o 3.2 HiTRT.

Plan-Do A ¥ A VOEKRK LT 47 71%, (1) Plan
(7T UEER) V- 7 u—ERERMEL, (2)
Do & (777 Y FEATE) »5Hif 7 u —fERE_HE5 2
L THA. Plan-Do A A VERHWE Z L OFEIE
(W) BEEDT T THETEHEL AN —2D0Bz LT
&, QT I VEEL T T VEFEA VI -TTE
TENTELIE, ThHAH. TILC, Plan-Do A ¥
AWMLY, Plan-DoBlao—F2HHE 357 2—X
¢, FOPlan-DoBla—F 2 AN ETE 72— X%,
FUENZCT B (7248, 3475 4 5L+ 5)
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Plan-Do Bla—FIZ@E L7223 VXA VR E LT
X, BRLZ 74 70—-%K L TW53 (expression)
5. Plan-DoFla—FxHwb I LT, KHOD
%7 O—FEThTIC, 2OFRERBTAZL
AEREIC% S, Plan-DoBa—Nid, v—A7/0s 7
LOFEREHHAL v P (DBERELT) ORPLET
LB, LNV I-RFOTY MR EE) I
%, Ty 7u—1EHRE bRAET 5.

2 Xy - VREOB LAV |
fobjl <= [(+ i 1) (+ j 211
ABCL S@C2—¥P B LzZorus I Alk
i3, objl ~DER Xy L—VRELRLTEY, £
DAY =T ERI+]L L j+2 D8 TN THB. &
DY —ATATFTIIBLUARVETKREBLT, XD
Plan-Do Bo— N ZE#EN D |
(newplan (pl d1 d2) (request-send))

(throw objl d1)

(newplan (p2 d3 d4) (make-tuple d2))
(newplan (p3 d5 d6) (arith3-+ d3))
(throw i 45)

(throw 1 d6)

(do p3)

(newplan (p4 d7 d8) (arith3-+ d4))
(throw j 47)

(throw 2 d8)

(do p4 p2 pl)

(newplan (pl di d2) (request-send)) (ZX 1),
TIUPL ETAAT AR —Tardl, 2k EBILE
B95. CITTFART 45 —varkid, 7500
FIBTHY, P70 —EFNIBITE (T V)
S RANDF =5 70— BIHE TS, ZITOY
TR, BERAvE—-TESY =Sy b ET T2 b
EETHILTHD. ¥ v AT T2y b DAH
i, ZO%HET% d1 12 ‘throw’ §5 28 THRZLNA.
‘throw’ L 1%, 5EE 77 O5| 8L LTETIL
&% 4. (throw objl d1) IZX V) objl D% d1 IZ
‘throw’ §5. (do pI) XX VT IV p1l #FEFTT 5.
RS, BERA Y-V OEFHIL, 0T T DE
FIRXVBOoNE (0FD), i+l & j+2 bk 5
7)) % d21 ‘throw’ §4ZLICXNERON5.

(newplan (p2 d3 d4) (make-tuple d2)) 2L D,
[(1) 3 & d4 1< ‘throw’ SNfENL ¥ S VAR L,
(2) &2 ICZDF T IV % ‘throw’ §5] L) T T
p2 #*EET 5. (newplan (p3 d5 d6) (arith3-+
d3)) 12X Y, 1(1) a5 & d6 |12 ‘throw’ S 7ELEL,
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(t1, ta, t3 fresh)

(t1, to, tg fresh)
(D1) Tr[(do p1) :: ] (penv, denv) =
(get-read-pointer to t3) ::

(D3) Tr(do p1) :: 7] (penv, denv) =

Tr [r] (penv, denv)

if denv(dy) =
(T1)  Trasfrlv, f, d1] (penv, denv) =
if denv(dy) =
(T2) Trasfrv, fi,d1] (penv, denv) =
if denv(dy) =

if denv(dy) =

(P1) Tr[(newplan (p1 di dg) (request-send)) :
Trr] (penv{p1 > request-send(iy, t3,t3)}, denv{d; — (p1,1),d2 = (p1,2)})

(P2) Tr[(newplan (p; dy d3) (make-tuple d3)) ::
Tr{r] (penv{p1 — make-tuple(ds)}, denv{dy = (p1,1),d2 = (p1,2)})
(P3) Tr[(newplan (p; di d2) (arith3-+ d3)) ::
Tr [IT]] (penv{pl — arith3‘+(d3v (tl 112, t3))}a den’”{dl g (pl’ 1)) d? — (plv 2)})

(request-send t3 t1)
if penv(p1) = request-send(t1,t2, t3)
(D2) Tr[(do p1) :: ] (penv, denv) = Tr[r] (penv, denv)

(arith3-+ t; to t3) :: (Trasfr(ts, nil, d1] (penv, denv)@ Tr [r] (penv, denv))
if penv(p1) = arith3-+(dq, (1, t2,1t3))

(TH) Tr[(throw vy dyp) :: 7] (penv, denv) =
(Trnsfr{vi1, fi1,d1] (penv, denv)@ - -

where Decomp(vp) = {(vi1, 1), - -

(T1) Trasfr{v, nil,d1] (penv, denv) = [(assign v; t1), (get-rgst-mbox-on t1 t2)]

(p1,1) and penv(p1) = request-send(t1, t3, t3)

[(setarg-remote v; tg f1)]

(p1,2) and penv(py) = request-send(ty, to, t3)

Trasfr v, (1 — 1) : 1, da] (penwv, denv)

(p1,1) and penv(p;) = make-tuple(dsy)

(T3) Trasfrv, nil,d1] (penv, denv) = [(assign v; t;)]

(p1,%) and penv(p1) = arith8-4(dg, (¢1,t9,t3)) (for 1 <3 < 2)

r] (penv, denv) =

r] (penv, denv) =

7] (penv, denv) =

i Trr] (penv, denv)

if penv(p1) = make-tuple(d;)

- @Trosfr[vin, fl,,d1] (penv, denv))@

s (vins i)}

2 plan-do#I—FHhbH, LHELANLDT—F~OLEHWBEHK
Fig.2 Translation function from plan-do style code into lower-level code for pipelined sends.
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FGUDESIRBIZES L LTHRSR, MOEFTH L
BV, FARAF AR~V a Iid—BEKRE LTRSS

5. (2) ‘throw’ IS T 5 —REE~DORALE
MEns, 3) 77 V0EFTRTS 7y OEBOETL
LCHRENS. 3.2 8T, JOMRE L THREY
F— YERED O DBRERT

MR 25, Plan-Do B 7 — F ~OZEHULIER 12
BChb: (BRE) BBBHS, 5 (BILRD)
J—=FIERELLE, ZOWOPAROER LT BHETIZ,
FD/—FILBTAHTIV2EEL, #0OBIARDE
RIS I v RETTRIZ IV, 2oLk 3C, BXK
750 Plan-Do Bla— F D& L, %@ Plan-Do %!
a—-FH o0 (203, BERYTREZY) F—
FEFEI—FOERD, 22007 21— X 5T AZ L
T, Plan-DoBla— N2 &R T A3 /84 V72— X
7 —%7 75 v ICHEEKE (BEBNT - k0 gE
KL R) LT HIENTES.

3.2 Plan-Do #1— K ORIEFIRIC L 5 MiEAYF —
SEEI—K OER

ZOHTIE, BL NV Plan-Do Bl —F 2 L
T, BT — Y EE T ERT L5003 3400
BREEZRRD. 2.1 BITHRRZNAT 54 EEEDR
DOEE, FEOMELR Ay - VR EDEIEHWT
BIRT 5.

B2, L\ ra—F»sXhELNVvoa—
FADOLMREIE Tr 78T, Trlhcode] (penv, denv)
I3, hcode x® L~V Plan-Do Bipfia—F &4 5 &,
INELRVDOa—-F%, 75 VBRIE penv EF 14 R
TAR—2a REE denv DAVFFAPDH ETER
T, penv &, TITVEIT (p TKRT) »5, I
YNDEBEB/BTHY (plt, F—F70—-FEF VIR
27 —% 70—/ —FIZHY), denv iE, T4 A5 1
%—957%%%(d13¢)#% p & i(e N) O
TNDEZBTHS (d i3, F—F 70 —FF VBT
bp~0iEROT— &7D RICHES). B
Trosfr v, fl, d] (penv, denv) &, ELXVDa—F
DR ZES., ZOMFIME v 271 AT 1k~ 3
YdDATA=NNIZERT B, TrasfrOFERE,

EHTCTRBRBNT - ymEG S RBINT 240
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Plan-Do Style Code
(newplan (pl di d2) (request-send))

TEH L R RS

Lower-Level Code
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Applied Translation
P1

(throw objl d1) (assign obj1-0 t1) TH - T1
(get-rgst-mbox-on t1 t2) [*1]

(newplan (p2 d3 d4) (make-tuple d2)) P2

(newplan (p3 d5 d6) (arith3-+ d3)) P3

(throw i db) (assign i-0 t4) TH - T3

(throw 1 d6) (assign 1 t5) TH - T3

(do p3) (arith3-+ t4 t5 t6) D3
(setarg-remote t6 t2 (0)) [*2] -T2 - T1’

(newplan (;4 d7 d8) (arith3-+ d4)) P3

(throw j d7) (assign j-0 t7) TH - T3

(throw 2 d8) (assign 2 t8) TH - T3

(do p4) (arith3-+ t7 t8 t9) D3
(setarg-remote t9 t2 (1)) [*3] -T2 - TV

(do p2) D2

(do p1) (get-read-pointer t2 t3) [*4] D1

(request-send t3 t1) [x5]
[*1] allocate a message box t2 on the node of t1, [*2] pipelined remote write of i+1,
[*3] pipelined remote write of j+2, [*4] complete the initialization of the message box,

[*5] send the message box address.

B3 [objl <= [(+ i 1) (+ j DI DEFEASEKLNLI—F
Fig.3 Generated lower level code for [objl <= [(+ i 1) (+ j 2)]].

F—=4 70— 7FAL (penv, denv) [ZHBIN
. ¥7-F, B FISHLT, “flzo oy XD,
Dom(f') = Dom(f)U {z} 2 f'(z) =y »2>F X
TD &' € Dom(f) — {z} 122V T f'(z') = f(z') &
BHEORBEBMf AET. W, “har L
EEANYRNREYAL r DIV A%ET. “a,b,c]”
iX, a,bc L% BYAMERT. ‘@ 1, “h @l
EL7ZEE 20DV AN Iy, 1 DERKERT.

OB, ERMICEEL AV -F ERD
oL TERTS .

P1, P2, P3 7IVESIIO2VWTR, 9574
AT 42— a v ERE penv, denv DHIZEETE
T5. LBEIELT, HLV (fresh &) KL~
WVEBENT 2 EAT 5.

D1, D2, D3 77 YEFIIOVWTR, IV 2E
FTETTA-OOa—-FE2ERL, FEEROME
DRBENE SN TR WAL, B Trasfr &
OB LT, F—YEmEadEERT 5.

TH EDOT A AT 4 %= 3 0O ‘throw |2
T, Decomp X FUH L THELNIVOEE LD
BURVOEEE T A=V A ORT D%
BIGHL72t,, Trosfr e UM LCF — 853k
GEEERT 5.

Tr 3 X CHBIBE Trnsfric X 0, BT — 5z
EI-FAOLE, DFNNNAT 54 VREEFEHRS
NE. 20D TridElLNVI—F2RDLHICE
i
P1, T1, T, D1 BERAvE—-IUHEFIIOVT

X, AT GAVREEEERT LI AV VR Y
PADIODRA Y FHRUERL, KA V5 HELC
Bt A8 75 2 ERT 5.

P2, T2, D2 ¥ 7 VHERIZOWT}, § VDR

ENRTRCHEENLEI TNy 77 )T FHT
ERL, ITNVOBADEZ > BENICERT 5.

P3, T3, D3 #EMEZIIOWTI, BiZ3on—
BEBTHEELT, HEERY Trnsfr s VT
kT 5.

Trosfr 37 A AT 42—V a v d DT — Yok %

KDY S LUTERTS

Tl dPERAvE—VREEOY - v b 2fET
L7200 0% 5, BITEY FO0o0—BE
BICRAT A, 2L, 2OBERIZ, 1751
VREEDIDD A=V Ry P ARTFHT 5.

T dPFERAVE—-TIVEBEOAY -V 2RET
B7200bD% 5L, NATITAVEEDDD
[EREXAL] PEERT 5.

T2 dBFITIVERDODL D% BIE, Trosfr & FH
JRENIERZ LT, d DY TIVHOFEDT 4 —
VR, BEMICEZERT 5.

T3 d VEMEED-DHDb DR HIE, HIZ, Wit
T5-BFEHICERRATS.

3 1%, [objl <= [(+ i 1) (+ 3 21T IZBEL
T, BRIV a—Fhrs, THELXLVDI—-FAD
BHERLYRYT. EAOI—FHFELVa—FTh
D, MLRART, BXA»L, BLva—Fy,
INEL ANV aI—-F bEREINS. FBERINT — 5
%1%, (do p3) & (do p4) DEZAIIHENTEY, ¥
TNOBEIRBIIER —F EoTFH iz xy
=V Ry 7 ACHEEENS. (do p2) HMAD Lw
D, FTVOERXTTIIRBHICESNTWAT:
OThH5H.

4. M EER E

COBETIX, FEWT - SEmEOHRE LT AT
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V=7 MERSELER ABCL/EM-4 12013 |z
B MEEHIEIC X o TR

ABCL/EM-4 OV — ASFEEHNICEFIT &R
ABCL, ABCL/ST T%%. 4% ABCL/ST ® EM-
AR VRATERELTERLYS, av Tk
[EBEREALVYF] OfKHMBILLAVE LTROE
ERBERE LA (1) V-A5E, Q) BLALVE
FB(V-ASHEOERZHEAL v F (DBREST
DEPLET), (3) HLANEE (EEDDOR
AVIDEN), (4) EBLAVEE (F—2F 1Rk
AEYT R LVADBZOELN), (5) ISiE (70—
MICETSRBIERE), 6) TV 7V ERE, Tha.
Plan-Do A ¥ A MIZB L AL a—Fiowd YT HE
I EeRLTF—y 7 u—FREMFNT 201I2HNT
w3,

L aviA T, BRBICHER SN, BEhOMmKE
NAT )y FEFI7 —FF 7 FYEM-43D 07+
TVaA-FREHRTE. EM4 (Fa k¥ 47) 1280
BOBEFE7O Lo THho%) 12.5MHz D7 Ty 733
ECTEMEL, MEOREX =X 22 MtT2. &

L, VIR EROLERLF XATWICFT—5 %
EHEERTE 2T —F 7y VEAIGS L ENH 5.
EM-4 DN—F 7 27 3F 72207 — 5B (X4 v
M ERED) O EEASDELILICL Y, BHED
ALY FORAYRAT Va—1) v 7 XAh = X b b
Th5. N7y FEwiInid, 7o —7—%F
IF T — BT XTI F Y OMAEERT 5.

12HDOWETE, EBEAY -V Xy 7D 2
DOFREFRELET S (1) 547514 V#E (21
i) & (2) FNAT T4 VEE (TRTOAY
- VBIEEFFMLEDLL I THEELHEB LAY,
THh5.

ERAY - UREOREERHET L2012, HE
BArul 837022 bDF A 2ERKL, #
DF 2 A VR >TAY =T %%D AT b
Qi1 PHEDAYE—T M; (lllﬂffﬁ'ﬁtfttt O;
X, EM-A DB/ —F ED Opp1 1T Miyq 2355,

BOEIXT V22 O;, Oy MOFHDFEHRAL
BREZ, Avbe—-VELTHETEIT VDY A X%
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