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ABSTRACT

The purpose of this paper is to develope the parallel computation algorithm that enables it to minimize
the completion time of computation execution of the entire subtasks, under the constraints of the series-
parailel precednn;:e relation in each subtask. The developed slgorithm was applied to the control of a robot
manipulator functioned by multi-fPU's, and to obtain the minimum time schedele so that real time control may
be achieved.

The completion time of computation execution was minimized by applying "Variable® Branch and Bound

algorithm which was developed in this paper in determining the optimum ordered schedule for each CPU.
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249 CPUZE AMoislE vl Fallolel o] WAL dneF
Subtask | Predecessors | Successorss Amount of CPU (5] CPU[6]
Computation - TTT TTTTTTTeTmmmmmm T
taskname time taskname time
(173) (174) (1/2), (2/2) M, 5A O
@3 | (/4 (3/3) 6, 2A 1 0. 00040 f 0. 00042
(3/3) (2/3), (4748) { (5/3) " M, 4A idle 0.00054 2 0. 00054
(4/3) | ~~--- - (5/3) oM 2 0.00082
(5/3) (3/3), (4/3) | (3/2) 6A 3 0.00106
4 0.00130
(1/4) (1/5) (1/3), (2/3) 44 , 5A
(2/4) (4/8) (4/4) 4N, 2A Entire Execution Time = 0.00358 s
(3/74) -—— (474) N, 1A
(4/4) (2/4), (3/74) (3/3) 6A
(175 b e (1/4) 4M , SA
(2/5) (2/6) (4/5) M, 2A 23 0T & Feasible Schedule
(3/5) | --—--- (4/5) M, 1A
(4/5) (2/8), (3/5) | (2/4) 6A
(1/6) | ----- (2/6) 6N , 3A CPY[1] Py (2]
(2/6) (1/6) “(2/9) 3A _ e
taskname time taskname time
4 0.00024 4 0.00024
idle 0.00132 idle 8.00120
1 0.00172 1 0.00i32
-x- 10“ g“ﬂ QQC*O'E}-E- T"—'7‘|i 3}‘4 °] ‘2:‘1——"’] 2 0. 00158 2 0‘ 00]42
0.00260 idl 0.00228
Zol o) dFEs §AT AAL K 2 of Yebd uhg} tle 0 oose e 0. 00236
5 0.00320 5 0.00260
g )
CPU (3] CPU 4]
X2 A9¥s wpyFelolte] 48 A 000000 e e
Table 2 The result of applying to Stanford Manipulator taskname time taskname time
4 0.00010 3 0.00024
idle 0.00080 idle 0.00040
1 0.00120 1 0.00030
27)o] 22 Feasible Schedule 2 0.00158 idle 0.00116
idle 0.00163 2 0.00144
3 0.00204 4 0.00168
5 6.00228
CPU[1] CPU (2]
———————————————————————————————————————————————— CPU (5] CPU[6]
taskname time taskname LIME e e e
--------------------------------------------- taskname time taskname time
idle 0.00132 idle 0. 00120 e e R
1 0.00172 ! 0.00132 1 0.00040 1 0.00042
2 0.0019¢6 2 0. 00142 3 0.00064 - 2 0.00054
4 0.00220 4 0.001t66 2 0.00092
idle 0.00198 idle 0.00266 4 0.00116
3 0.00334 3 0.00274
5 0.00358 5 0.00293
Entire Execution Time = 0.00320 s
CPU[3) CPU (4} .
———————————————————————————— S E 2044 o 4 gdsel 2710 2 YWy AYG
taskname time taskname time
TTTITmTTmmoosSmeosoooos TEmmoemmooooe oo 5 Alg-ste =QE i(i=1,2,..,6)e} A7}E ¥ Ex 523
idle 0. 00080 idle 0. 00040
I 0.00120 ! 0. 00030 § Aot el VA APALLE 3.58ms o]},
2 0.00158 idle 0.00130
4 0.00168 2 0.00158 Gebd 2v)o] P& AFEel sy H2Hew o
idle 0.00206 3 0.00182
g 0.00242 4 0.00206 & A AsE o) oF 10.6¢((3.58-3.20)/3.58) o] A
0.00266
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Record type

pointer = “noder

noder = recerd

taskn, cpun, sign : integer ;
time : real ;
aext : pointer ;

end ;

infotype = record

taskn,cpun : integer ;
time : resl ;

end ;

ptr = “celltype ;

celltype = record

info : infotype ;
next : pir ;
end ;

i) glanst Aol Fojvbe H4Y delvya
gzel sy
2lamsl 2y

zRagdg A8 v Fray
LU AR gaafe v B Y
Hd AgANe e 29 (Stack) 7 (Quene) 7} vk 2
AL F(top)olet Bl VEZAAN AR AU A4
7t dolvdt = FHlrear)yold 27}
A gront) ofy AASHE & He)am

R L P - A

Type
qtype = record

frent, rear : ptr ;
end ;
bptype - record
tk ¢ real

nk : integer ;
elt : arrsy{l..cn] of infotype ;

end ;
stackiype = record
elements : srray[l..maxi] of infotype ;
top : 0..maxi ;
end ;
bstacktype = record
elements : array(l..maxi] of bptype
top @ D..omaxt
end ;
Var
rlist : arrayll..m 1..n} of qtype ;
alist : array{l..m I..n] of qtype ;
candidste : array{l..n] of qtype
sublist : qtype
bufferlist : qtype ;
timelist : qtype ;

§,5,k @ integer ;

iil) Yarms Ade] xu1y 78

2l = A4 (procedure) 2t 4> (Tunction) & A& 8ic),

{x : element_type }

8) 2|2 E (Quene)

Ready-List [k, §] clear_rlist(k, j),empty_riist(k,j),
en_rlist(k,j,x),de_rlist(k,j, %) { x : infotype }
Alternate-List[k, Jj:clear_alist(k, j),empty slist(k, j),
en_slist(k,j.x), de_alist(k,j,x) [ x : infotype }
Subtask-Listiclear_sublist, empty_sublist,en_sublist(x)
,de_sublist{x) { x:infotype }
Buffer-List:en_bufferlist(x), de_bufferiist(x)
clear_bufferlist,empty_bufferlist { x : infotype }
Time-Pointer-List : clear_timelist, empty_timelist,
en_timelist(x),de_timelist(x) { x : infotype }
Candidate_List : clesr_candidate, empty_candidate,
en_candidate (x), de_candidate(x) { x : infotype

by A (Stack)
Solution-Stack(j]:clear_solstack(j), empty_solstack(j)
push_solstack(j, x), pop_salstack(j, x) {x:stackiype }

Branching-Point-Stack:clear_bpstack, empty_bpstack,
pop_bpstack{x}, push_bpstack(x) { x : bstacktype }
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Table 1 Precedence Teble computing Applied Forces/Terques

' -
Predecessors

Subtask Successorss Amount of
Computation

(/1 (872 B 44, 5A
(2/1) (1/2) (3/1) 4N, 1A
(3/1) (2710, (3/0) (5/1) N, 4A
(€72 I TS (5/1) A, 1A
(5/1) /0, &N e 6A
(172} {1/3) (1/1), (2/1) 3A
(2/2) (1/3) (3/2) M
(3/2) (2/2), (5/3) | (/) 2A
4/2)y | e (5/2) N, A
(5/2) (3/2), (4/2) | (3/1) A
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