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A State Abstraction-based Parallel Object-oriented Language

YASUKI KuNot and Atsuo OHKIT

“Abstract state” is a programming language facility that makes the internal state infor-
mation of abstract data types available from outside, in a controlled fashion. In this pa-
per, we propose an abstract state-based synchronization mechanism aimed at parallel object-
oriented programming languages. We also describe a design and implementation of a parallel
object-oriented programming language “p6” that includes abstract state-based synchroniza-
tion. Compared with traditional synchronization mechanism (such as guard expressions or
wait /signal), abstract state-based synchronization is superior in that (1) it is more natural
and comprehensive, (2) multi-object synchronization can be expressed, and (3) straightfor-
ward and efficient implementation is possible.
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aint = array[int] w1
bbuf = class { full, empty, mid } %2

slot a:aint, size:int, c:int,
i:int, o:int %3

new = method(n:int) replies(bbuf{empty}) %4
return(bbuf$[a:aint'new(n), size:n,
c:0, i:0, o0:0]!{empty}) %5

end new
put = method({empty,mid}b:bbuf{mid,full}, %6
i:int)
b.i := (b.i + 1) // b.size YA
b.c :=b.c + 1

b.a[b.i] := i
if b.c = b.size then b!{full}
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else b!{mid} end

end put
get = method({full,mid}b:bbuf{mid,empty}) %8
replies(int)

b.o := (b.o + 1) // b.size 9
b.c :=b.c - 1
v:int := b.a[b.o]
if b.c = 0 then b!{empty} else b!{mid} end
return(v)

end get

end bbuf
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A worker X 7R .

worker = class
produce = method(n:int, b:bbuf)
itint := 1
while i < n do b!put(i); i := i + 1 end
blput(0)
end produce
consume = method(b:bbuf)

¥ = O BEOREO I EEOLARTIEIBHELTES
P, TUTSADHEATORODOEHRE L TDOREILD.

while b!get() "= 0 do end
end consume
end worker

FEFTI13 7 T A main DSE startup LB IND !

main = class
startup = method()
b:bbuf := bbuf!new(100)
worker !produce (10000, b)
worker ! consume (b)
end startup
end main
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lock = class { free, reading, rtow, writing }
slot r:int, w:bool
new = method() replies(lock{free})
reply(lock$[r:0, w:false]!{free})

end new
readlock = method({free,reading}r:{reading})
r.r := r.r + 1; r!{reading}

end readlock
readrelease = method({reading,rtow}r:
lock{reading,rtow,freel})
r.r :=r.r - 1
if r.r = 0 then ri{free}
elif r.w then r!{rtow}
else r!{reading} end
end readrelease
writelock = method({free,reading,rtow}r:

lock{writing})
if r.r = 0 then
r!{writing}
else
r.w := true; r!{rtow}; r!waittowrite()
end

end writelock

waittowrite = method({free}r:lock{writing})
r!{writing}

end waittowrite

writerelease = method({writing}r:lock{free})

r.w := false; r!{free}
end writerelease
end lock

1y 7% free, reading, writing, rtow O 4 IKAEE
b, free THHFE 5. free O & Xl readlock,
writelock A& IR, FhFhuvy s %
reading & writing OIKFEIIBITEH S, reading
Dk %L & 5|2 readlock # M5 %%, writing D&
X3 writelock IZfF7- 3N 5. writerelease Tid
(BEFIZLALZHDS) 2By 7l free 2k b
7%, readrelease TIIFiATFAEEMH L /- & X1
L®T free il b, & 512, reading T writelock
DIFIETN B L IREE rtow WKBATL, ZOHBAEIIC
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fork = class { up, down }

new = method(n:int) replies(fork{down})
reply(fork$[]!{down})

end new

pick = method({down}f1:fork{up},

{down}£2:fork{up})

£1!{up}; £2!{up}

end pick

release = method({up}f:fork{down})
f!{down}

end release
end fork

CZTpick ld 22D 7 4 — 7 2% down DB D AFEST
SN, MAZFEMFICuw ST 5, BEEIROELBD,
phil = class
life = method(n:int, fl:fork, f2:fork)
while true do
hEZXD
fork!pick(fl, £2)
% B35
fllrelease(); f2lrelease()
end
end life
end phil
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Fig.4 The structure of p6/SPARC system.
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DPEITIE, BETERIEDORLEbE WG
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DTHA=NANY FIIKREL B0, HEORBEIIHY
EN5.

DEOEz %5, p6/SPARC Tid4 7V x2 b 0%
IR AY v ay ZEE E iRIREEEE AR X (R 5),
ROFIECTHEPRBELITI L L L.

o IFUH LIRICBWTEFIEENEICT vy 7 L
LIREEEAFARTWL, ki, FyFuavrk
BB, Oy 2355 | MBEZHB7FLAD
FIFICEFIL, 7FLADBENL DD SIEICT Y
755,

o TRUDF|HAT Ty ZTE, KELHESLIBHE
13, BELFRIFUH LGS CHEHENRCHT.

o ENH1OTHRENEES L vy 7 HES
TEL P o788, MiF-ay 7%+ THEk
L, Iy7FF A LIPOH LIEHRE 2T 12588
L CTET 2 FRIT 5.

CHICED, MDA TV 2 r N EOEBED L GBED

L b WIRERENIL, A Oy 2 L@EOTE

ST LICE VEF— 1A FTIFR S, #LTC,

BECHELALEVRELBAEICEF2—I12AoT

AFTa—FIZENIERREIN TV 20, 0K

Lay 7 %EHET5F— "~y FOKKTE 5.
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p6/SPARC Tk, RISC 0¥ ziEM /20, #
EETRICIIBIBRR BRIV IRy LICBIR TS
(R1WCVVRAIHBERLL). LY A5 0EH/E
HIXSPARCOLVAFZ Y 4 v F y#EIcERTWS
D5, TOZEIIFICRERTIE RV,

WMBIRBIZEDLEHIA TV 2 7 D IBAERE pb 569

&1 p6/SPARCOLVVASHR
Table 1 The register usage of p6/SPARC.

regs. usage
g0~g6 | scratch regs.
g7 resv. for system
o0~o05 call params.
o0 ret. value
ol ret. status
06 stack pointer
o7 link register
10 frame register
11~17 local vars./state masks
i0~i5 args. + local vars.
i6 frame pointer
i7 ret. addr.
scheduler executor
thread threads
A RS ;
syncQ " execQ %

head

dep.

frames
N—/ N— dep.
suspended ready frames
frames frames

X6 p6/SPARC DFEITHETZ L —LT~2
Fig.6 The runtime frame structure of p6/SPARC.
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BFRREXMFUCBLGSFICLYEBEERT T, B
PRERBEFILIAT 2 —T LD XEY 7O Y ¥
(T7V—=2] LIRATWS) IERL, Fo— 2K
T35 (H6). Fa—|ZidFAF 22— (syncQ) &#EST
Fa— (execQ) D 2200H 5. FHF 2 — ITRER
o oFbREBIZHE 7L —LEER, EffFa—
IEFTRREDO 7 L — 0 28,

EFRICF LI D2DA X Y a—9 ALy 12 E
DILTEXFa2—F ALY FPEEEINE. A5V a—F
ALy PSS 2 -2 8B %y (I 7 THEELY,
FE G- SN2 7 L— LW ETF 2 — BT,
I EXFa—F ALy FIEEFTF 2 -0 O ETUTRE
TL—LEB)HMLCTRER2 VA 20— F LEST

¥ BAEOEETRAMICHALTVEF T Vs b DRI
THETERNEFa—%AF Yy LTVA,
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SHEBZELERYET. TSEF2-F ALy PO
BHoPLOBREISNTVALERLEBZ % WHIET,
FETTRER 7 L — A IS U TR T 5.

B7V— NI, F0O7V—LDEFEEREOT
V=4 (BEFEH 7V —24) R, 207 L —L4Z4 6
FTLEFORMEEFO7 L — 4 (BEFLTL—L)
PRHELTWDZ DD (FRFEL 7L — LR
REFRPOEFTRICEFDDOFE LV E)., Thb
RET V- L LS, BERELET7L—L01E, TO7
V=AW F 2 — 2 b EfTF 2 — 1285 L IR
EFFa—CANLIN, BHEFELTL—LETOT
V—AAMERE L BICEFF 2 I AL NS,

5.4 RfF/FH/RENKE

HGUIRRERIEA O EARK 2 BRETIL A F T Tz &
B D, FEITIZEAR AR T — F OBEITDOW
THETE. Ay b— VR ELTRAGEIFRET
U L CEBT 5 213 StackThreads " £ FHTH 5
A, WMSREFEHE LA AEYILF SO v
DODOEAFHPEEINTVEEIKELENTD
5. Y, FEMIkOEBY.

(1) BV Y RF (00~05) WZ5IEEHMT .
(2) HHREREZ & D% 55I%0RMI~ R 7 F it
B BLIRY 11~16 18T B2,

(3) FRAMFUH Loy CHRIELERIFOHT.
(4) BUOHLPOLR-TCE&ZLLEDREL VRS

(ol) MBI LY, RO 3y DMBEIZHET 5.

(3a) ol =0:@FEORY. EEIHNILo0 IZA>
TWh, S22 EETEHEITT 5.

(8b) ol = —1: [AEAGMHIG/- SN DT L
72, o0 I L7 L —2 DT R LAGA>
T, BEZSETL LI N TCES
DIV—A%FDOTL— LAOBEBEL 7L —4
FRERELE 7L AL LTEEL, BHASOD
JL—u%0v 7 LTHLHILAET7L—0%
FfiF 2 — AN, BobHHd2 (71—
AV IVRAYRBRELELHERML, o0 127
L—=ALT7FLVA, ol=1%ANTES).

(3c) ol =1: MPAZRARIIFEST % BIMG L 7o RIS PRT

WAL T L — A L ICBIARE L T L — ASHRL TV B D
ELdhBb., INLLTNT—HIETFa—ICARLND,
w2 =7, MGIRERY Y &b L) B O L TIRIFUH T
VIRAZYT 4 Y2 AT save i 2 EITL TS, ZhidL
VAEZ T AR YT —=FF 7 F ¥y ThunHFRa—-r 1y
AZEBHELTHAOAY~X 2 20— F 452 L4753,

Y ESDTL—hETy ZT AN, FWLAETL— Ak Fa—
WANRS EDBIIWDOTOAY Va—F LT 7 LAWHEET S
TREEDSH % 72 8.
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#2 p6/SPARC |2 BT 5 HAIRIED T B
Table 2 Run-time overhead of parallel execution

primitives.

BfE ks )

A% L b bVt 0.2 psec
% &b %) %E 0.6 usec
(HEIRBEDRE) 2.2 usec
h AL 28.2 usec
ArTa—-yry 14.7 usec
AL 21.3 psec

L7z, 00 I2IEHFWL727 L =067 K LVAN
A2TWTC, ZBP2FD7 -2 2F0y >
BhhoTnd, BETEBL2VEEE, #
DT7V—bETrOy s LTEFERITTS.
BEEBRT LG, BODTL—L%FD
TL—LDBEEFLTL—LE LTEEL, B
DT VL—h%x0v 7, FITRoZT7L—0%
Trays L, BAbHET .

SZREABEOEFHICBITHUMIIRDELY.

(1) REREZLEEL LV BIBICKERED %
V) BREIERICM D T A LEN LW,

(2) ZHTHRVEEE, REREZEFOT I HEN
ot 5 (HOHIEL:) R~ AZ2R7IC
LT, R7TE2Ro7FF7F L AFIEICEF$
BH¥d,

(38) HRTIZOWTHIBUERDT v 7 200 2055
RENT Y F LTVBDLTF v 7T 5.

IRUBIIRD 2 oDB AT INS.

(4a) TRTOIREDI < v F L TCWBEICE, T
THOa Y 7 &R L CREOEFT 25T T 5.

(4b) <=y FLEVIREXH - 725HEICE, ThET
W7oy 7 28R L, o0 ICHEGD 7 L—24
TRFLVA, olil -1 A ANTRES.

R, ZEMTORED reply & return 233 5.
return {3 o0 1238, ol 20 2 ANLTREMT IV, re-
ply REARICHSD 7 L — A% FETF 2 —I1ZH,AL
T2 5 return & FARICEIET 5 (L72h%o TEREM
DB ORIZERSNS).

5.5 1 8 5F 1

B Ay b= UREE L V) BEOERETMD 7
¥, pb6/SPARC (28T 2 EXREMEOHTERM % HIE
L7z B35 185 1 B TABPEDORIEL V—TH
THROVELIPFUCHRTI LTI/, BRER2 IR
F. AL, EE L L bR VRERTRE

R & OB OBV 2~3 BOTEZOMRE N &
Le M=) ol e 1) AT R AR LTS,
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O Lans & % 5728 0.2 usec & IR ITHEBICELT
TELZ NG5, FIBICEARESEISHHEICD
FAHEBO R WEED SEREDF — /5y FHhdh
B9, MR TERE L LTI TSR THD. &
7L, G AR E, BRERTTLT
FIMORBELRETHIEIIR DD, FDLODF—
NNy RAT 22 usec LB D KEWV, THIFIAT V2
7 NOREPBILLEBEICATFVa—F ALy R %
BITOT, IOWMFOERIFEORTH 5.
FIRR SR THIED T AE & 23541213,
Wi/ Ay V2= k b A%y v /HEMREL S 10~
30usec MEZEL TS, ZOHFOF—N~yF
BRIZOWTHAHDOFETH 5.
5.6 ZNMNKEEENER
AEi Tt p6/SPARC I BV TR EE OHREIC
DVCHEE RS, 3.2 HITHIFIBIRMRER, &
DHETEHETES.
o EEBTIL select DEHDEEFERLIEICEITL,
BENTEZFAPFEL I L - LHERED L,
o 1O THLEFHVHBTCENE, TNTTIEDL
T L= A RETTHRIE L7 REDFEAT 2 #IRT 5.
o TRTHOBMENVEEFEL THNIE, £D127 L —
ADYAMRAT D a—F | ZELTHITT 5.
0 ATV a—FF AN ol 7 L—LAilDoWnT
i, TR 1 oPEFTEIC Lo BEATRERIO
TU—La%ET, ZEM7 V-0 BRIT
N7-rOBREFEL CHRASES.
F/z, AvE-—VEELTEREIFUVHRLGSICL-T
RELEE, SEHOEFTEREICHI 254,
ARIIFEI R TOBEUREMOREIFEF-Shb L
WO A D B*, SRS BT, ROFEH
Z2zbh5b.
o BEFLTHVHEBELFHREIFOE L TRET 2
LEERDDETIA—%REHT 5.
o ¥ AT —LAALDFEE IHEITIE, TP OMERME
BRI BT 5.
o FAT—EIAAIZL BT L —Ll3 b IlE
TFa—ICAND.
LD, ¥ A< —ELEAKRLRIIIREOE L SN
PEITFICEFTTELI LIRS,
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6.1 HMBIREEELV T by 7ERET
V7 by 7 EREHT IR & OG0 TIdR

* StackThreads Tb [ LHIEN S 5.

IR IED CEFIA T Y = 7 M IEHEEE pb 571

cak
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TWIEEIZE TN Tz EEZL S,

6.2 —MROUFIEE L DOLE#
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