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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 = arraylint] %1

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 inew(n), size:n,
c:0, i:0, 0:0]!{empty}) %5

end new
put = method({empty,mid}b:bbuf{mid,full}, %6
i:zint)
b.i := (b.i + 1) // b.size A4
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 Z /T .
worker = class
produce = method(n:int, b:bbuf)
i:int := 1
while i < n do b!put(i); i := i + 1 end
b!put(0)
end produce
consume = method(b:bbuf)
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IR ICETIBFIA TV = 7 + $5HSEE pb6 567

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

EATIX 7 7 A main DHRME startup OB I NS

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

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

end writelock

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

end waittowrite

writerelease = method({writing}r:lock{free})
r.w := false; rt{free}

end writerelease

end lock

O v 713 free, reading, writing, rtow ® 4 K&
L, free TUHiE 5. free D L % id readlock,
writelock A%k B IZMEUTH Y, #NFhuoy s %
reading & writing DIKREIZBIT S 5. reading
D& EITEHIZ readlock 2% A%, writing D&
X3 writelock X7/ & 5. writerelease TiX
(BXFIZLANLEDD) 22261209 Z7id free 225
75, readrelease TIIZAFIESHMH L 12 & &1t
L& T free il 5. S 51, reading T writelock
AIEIEN 2 L IREE rtow (2T L, ZOHNEAYIC
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Fig.3 An abstract state-transition diagram.
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fork = class { up, down }

new = method(n:int) replies(fork{down})
reply(fork$[1!{down})

end new

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

{down}f2:fork{upl})

f1t{up}; £2!{up}

end pick

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

end release
end fork

ZZTpick 132 DD 7 +— 2% down DEEDHEST
Eh, MAZEECup TS, BEFIXROEBD.
phil = class

life = method(n:int, fl:fork, £2:fork)
while true do
% EZZ5b
fork!pick(f1, £2)
% B3
fll!release(); f2!release()
end
end life
end phil
ZHEHE, BEAT V7 VIEDIRABERA VR
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5.
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Fig.4 The structure of p6/SPARC system.
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Object .
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state value
slot-
variables

5  p6/SPARCOF7 V=2 b DHEE
Fig.5 The object structure of p6/SPARC.
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BERSICAY 0y ZER L HRIREEvRE (F5),
ROFECFEAMRELITI L L L.

o NUHLHEICBWTEFIREZMEICITY 7 L
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BiTE:0, Oy 7T 55 |1 8BEHETFLAD
HIEICEFHIL, TRLADBENLO»LNFEIZT Y
7% 5.

o TRTDFHAH Oy TX, KRELHEESLIEE
i, #EZFREFUH LGS TEERUHT.

o YA 1 OTHRENFFEE L2V AT Yy 7 HESE
TELPolEmEE, PiFl-uy 72T XTEKR
L, 27X A b LIRUH LEHREY AE Y ISEHR
LCETEFHT 5.

ChIZED, MOFT V7 b EOBEENR EBED

L3 b WiREREL, A0y 2 EBEOER

XIFUHLICE WEF— ANy FTIF2L 5. 2L T,

BAEPHLEDLENBELLBHEICIEF2—ICAST

ATy T a—FIZENIERLEBEINTW2D, #DIR

‘Lmjﬁ%ﬁﬁT%i—hﬂ/F#ﬁﬁféé

53 JbL—LEXHFTa—-F

p6/SPARC T, RISC DA ENI 7280, #
VEEITEEICIIF I BREHIIL VA Y FIZBPR TV A
(RLICVIVRAYHEHEERLA). LIRS DRE/H
BHIISPARCOL IR 7 4 Y FUBBICERTNS
A5, TOZEIXFICERENTIIR V.,

HRREBICEILLEFIA TV 2 7 FHBHSEE p6 569

F1 p6/SPARCOLIRYHR
Table 1 The register usage of p6/SPARC.

regs. usage
g0~g6 | scratch regs.
g7 resv. for system
o0~05 | call params.
o0 ret. value
ol ret. status
o6 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
\Y ;
syncQ _* execQ
head E;Z:] head [3;:]
/ /
/ /
dep.
frames
NV \N—— dep_
suspended ready frames

6 p6/SPARC DETHEILV—AT—7
Fig.6 The runtime frame structure of p6/SPARC.
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75 (F6). Fa—IZidFE* 22— (syncQ) &FEFT
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I EFx2—F ALy FR>EFTF 22— OETTRER
TU—La%WYH L THRER LI RAFICO—F LEFT

T HAEOEETIEMIICHEBAL TV 37 Y2 7 F oREIE(L
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EREILV-ALER. BABFEL T LA, T
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5.4 X5/l /RIENDRE

SR IREFEA ORI 2 BREHIRE T TR L
BY2ZH, KB TREEWZERT—F OBEIZOWV
THPTS., Xy - TURELTREBEIIFREFE
UH L TEBRT % 513 StackThreads ) L FHTH 3
A5, MBRBRAHB LTHREAET)TVF T O Ly
DIzDDBWEAFHIE TN TS EAPKELZEBENTD
5. 7, ZEMIZROLBDY.

(1) 5lIEELIR% (00~05) IZ5IEKEEMT 5.
(2) WRRERAPEELLLIFIBOEH~A &5t
035U I AT 11~16 1AM 572,

(3) FHEMFUH LGS THRIELZEETOERT.
4) MUHL2AOE-TELLEDRELIY XY

(01) DEIZL Y, KD 38 Y DMBIZFLT 5.

(3a) o1 =0:BEDRED. RENFDHIIT o0 IZA-
TWVh, AD)IZEFTEHITTS.

(3b) ol = —1: FHGHAIHI- SR VD FRTL
72, o0 IIIHHILAZZ7 L —2 DT K LANA-
TV, REZBBTL2EINDICCETHS
DILV—L%FDT7L—LOBERFELT7 L —L4
FGLEEFLTIL-LAE LTREL, HHOOD
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LICVIVASREHAFRELZHEML, o027
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¥2 I, MBRERBE L L% ) BERUH L TRIFURT
VIRAZ T 4y F kAT save i 2 ETLTWS, ZThidl
CAZY AR YT F T F X TEVBAICRO-S LY
A RBREL TS~ RA 2720 —-F 432 L ICHYT 5.

T HSDOTL—bETy 2T EOE, PELAETIL—Lb%Fa—
RANRB EDBIIVOTOARY Va—F T 7 ADPHEET S
RS B 728,
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%2 p6/SPARC X B} 2 EAREDOTEREM
Table 2 Run-time overhead of parallel execution

primitives.

B I

A% L b kbl 0.2 usec
M % & b9 %EE 0.6 usec
(FFRIREEDZEH) 2.2 usec
o WAL 3 28.2 usec
A Ta—yry 14.7 usec
RN 21.3 usec

L7z, o0 I L7227 L —LDTF L AM
ASTWT, ZB»DFO7 LV —A2ikny »
o TW5, BIEZSE L 2WEEE, #
DIV—u%&Tray 2 LTETFTERITTA.
BIEESET A58, BSDT7L—0%%D
TL—20DEREFLT7L—LELTREL, B
FTOT7V—L%EOUv 7, FIIRo7:7V—L0%
7TrayrzL, BObhET5.

ZEARIEOEEICBIT 2MBITRDELD.

(1) REBESBHEZLEL L2V (BIBICREBRRED
V) BIEREFICAD T 2LEH R,

(2) EFIHITHRVEHEIR, REEE2HEOS KL
od A (BRUMEIASE L) R~ A2 22712
LT, R7ERo/7FE7F L ARIEICES)T
%4,

(3) BRTIOWTHIEIINERT v 7 % HF % A5
REWT Yy FLTWERF v 2T 5,

INDBIIRD 2 DODEEHIHTHINS,

(4a) FTRTOREN <Y F L TWIEAIZIE, T
Tnay 7 2R L TRIEODETEZ/RATT 5.

(4b) v F LAaVIREND o 72354121, 2hET
W zay 2 &2BEBRL, o0 ICHFD 7 L —2A
TFLZ, 0oliZ -1 2 ANTRES.

BRI, ZEBTORE L reply & return 7% 5.
return {3 00 IZ38fH, 01 20 2 ANTENILT L V. re-
ply BEARIICHSTD 7 L — A B EFF 2 —IT/AL
TH D return & FARICEMET 5 (L7205 THEEAR
DUBEORIZETENS).

5.5 1% BE FF @

S Ay - VEEF LV BEDERBEFMD /-
®, p6/SPARC IZBIT 2 ERBIEOFERB Z HE -
L7z, PS5 502% 1 8 THRBDZROBEEL LV —TH
THRIVBELIFCHT I LTI, #R4T2 T
. IR, FEE LD AbRVERERTRREX

4 ORIEHE R HOB MOKIZ GV 2~3 ZDTEOMKE N &
LT XD mo s 2 47> 25 R AR LTV 3.
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FFOH L& L % 5729 0.2 usec & IEFH ICELRICET
TEBIEDVTH5. FIBICEHEG S HBEI2D
FHARB DO 2 VIEBED IBERED T — /3y F23hh
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L, A& DH2HEEE, BRENKTLT
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5.6 ZODIBEENRE
A Ei T p6/SPARC 2BV THAEREEORERIC
DWTHELBRRS. 3.2 B THIT-EIRMEEIL, K
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o EEBTiL select DEFEDOREBAEMHICES L,
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