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An N-Sequential Execution Method for Parallel Programs and Its Application
to MGTP

Ryuzo HASEGAWA, Hiroshi FUJITA, Takehiro NAKATA and Noriaki CHIKARA

(Received June 23, 1997)

Abstract: An efficient parallel execution method is presented for parallel programs which create many
tasks at runtime on parallel machines with N number of processing elements (PEs) available at any time.
In this method, the number of tasks activated at the same time is limited to at most N, and the exceeding
number of created tasks are suspended until they are allowed to be activated, thus being processed se-
quentially. A PE can request a task to another PE only when the set of executable tasks of the requesting
PE is empty. A PE can transfer a task to another PE only when the latter requests it and the set of
executable tasks of the requested PE is not empty. This effectively suppresses the communication over-
head induced by the task transfers between PEs. Also, it allows tasks which should be better executed
sequentially to stay on a single PE, while keeping the execution rate of tasks at every PE very high.
We implemented the method for the parallel theorem proving system MGTP written in the concurrent
programming language KL1 running on the parallel inference machine PIM/m (128PE) as well as the
shared-memory parallel machine Cray SuperServer6400 (20PE). The results show remarkable reduction

of communication overhead achieving significant speedup.
Keywords: Parallel processing, Load distribution, Concurrent logic programming, Theorem proving
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Fig.2  Task stack
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Fig.3 Cyclic allocation method (N=3)
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Fig.4 PE allocation with N-sequential method (N=3)
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mgtp(D0, M, Cls, Ans, ReqT'S) : —
empty(DO, E),
(E = yes — Ans = sat, ReqT'S = [pop-top]
; otherwise; true — pickup(Delta, D0, D1),
subsTest(M, Delta,T),
(T = yes — mgtp(D1, M, Cls, Ans, ReqT'S)
;T = no, Delta = [|] —
caseSplit(Delta, D1, M, Cls, Ans, ReqT'S)
; otherwise; true —
cjm(Cls, Delta, M, F),
(F = [false|].] = Ans = unsat, ReqT'S = [pop-top|
; otherwise; true —
c¢jm(Cls, Delta, M, New),
addM (M, Delta, M1),
addNew(New, D1, D2),
mgtp(D2, M1,Cls, Ans, ReqT'S)))).

Fig.5 MGTP main program mgtp/5
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caseSplit(Delta, D, M, Cls, Ans, ReqT'S) : —
(Delta = [H] — casel(H, D, M, Cls, Ans, ReqTS)
; Delta = [H, H2|T] — joinAns(Ansl, Ans2, Ans),
ReqTS = [push(caseSplit([H2|T],
D, M,Cls, Ans2,_))|ReqT S1],
casel(H, D, M, Cls, Ansl, ReqT S1)).
casel(H, D, M, Cls, Ans, ReqT'S) : —
addNew([H], D, D1),mgtp(D1, M, Cls, Ans, ReqT'S).

Fig.6  Task creation part caseSplit/6
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CurPE, ReqT S, ReqT ask, GiveTask, CurG,TS) : —
ReqPE # —1 |
pop_bottom(Task, TS, NTS),
(TS =[] — Ack = [no_task], Flag = ok,
ReqTask = ReqTask2, GiveTask = GiveT ask2
; otherwise; true — Ack = [have_task],
(NTS =[]~
GiveTask = [update(CurG,Cur PE, NInfo)
|GiveTaskQ], Flag = no
; otherwise; true —
GiveTask = GiveTask0, Flag = ok),
give_task(Task, ReqG, ReqPE,Cur PE, MyReqT'S,
ReqTask, ReqT ask2, GiveTask0, GiveT ask?2)
@node(ReqPE)),
tsManager(Flag, NInfo, CurPE,
ReqTS, ReqTask?2, GiveTask2, CurG, NTS).

Fig.7 Task management process tsManager/8
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Fig.8 Task management with a task stack
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Fig.9 Master-slave architecture
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master([get_task(ReqTry, ReqG, ReqPE, N ReqT'S) ts.Manaqer(i) master tsk]anager(j)
|ReqTask], ’
[give_task(GiveG, Give PE, Info)|GiveT ask), get_task(j

Vec, NewVec) : —

vector_element(Vec, GivePE, CurGG) |

(CurGG > GiveG — Info =info(., ., —1,.),
master([get_task(ReqTry, ReqG, ReqPE, N ReqT'S)

|RegTask], GiveTask, Vec, NewV ec, Stop)

; ReqPE = GiwePE — Info = info(.,.,—1,_),
set_vector_element(Vec, 1,

info(Cnt),info(~(Cnt + 1)), Vecl),
master([get_task(ReqTry, ReqG, ReqPE, N ReqTS)
|ReqTask], GiveTask, Vecl, NewV ec)

; ReqTry = first - NRG := ReqG + 1,
set_vector_element(Vec, RegPE, _,ng(NRG), Vecl),
Info =1info(Ack, NRG, ReqPE, N ReqTS),
master1(Ack, NRG, ReqPE, N ReqTS, ReqTask,

GiveTask,Vecl, NewVec)

; otherwise; true —

Info = info(Ack, ReqG, ReqPE, NReqT' S),
masterl(Ack, ReqG, ReqPE, N ReqTS, ReqT ask,
GiveTask, Vec, NewVec)).

Fig.10 Master process master/4
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Fig.11 The protocol for task transfer
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Table 1

N-sequential methods

Performance comparison between cyclic and

Cyclic N-sequential
Problem Cnts | Time | Cnts | Time
SYNO002-1.020 | 43782 | 28709 987 7949
SYNO009-1 19683 8413 317 3033
SYNO036-4 1037 | 23204 713 | 19489
TEST2-445 26559 | 38329 | 1049 | 27188

No. of PEs: 128, Time: msec
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(b) N-sequential method

Fig.12 Snapshot of “xamonitor” on PIM/m
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Fig.13 Snapshot of “xrmonitor” on PIM/m
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