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Abstract: This paper studies the multiprocessor job scheduling problem, and describes the m processors system,
and analyze the algorithm for the problem of the offline version, both Pp|fix|C. Of the scheduling problem with
arbitrary process time jobs, and Pylfix, p=1|C.a Of the scheduling problem with unit processing time jobs.
Severalvery simple and practical polynomial time approximation algorithm are censtructed, a
(\/ﬁ +1)-approximation algorithm for the problem Pfix, p=1|Cpna and a 2Jm -approximation algarithm for the
problem Py|fix|Cmax. DY usingthe Split Scheduling (SS), the First Fit (FF) and the Large Wide First (LWF) technique.
The results are better than any seen in the literature at present. \ <
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Opt(J)=max{L;(J)[i=0,1,2,...,m} 1)
2
(split schedule, SS) (first fit, FF) (large
wide first, LWF) 3
2.1 SS
P nlfiX|Crnax J={1,2,3,...,n} Split
Jlé{j € J | fix; [> k}, Jzé{j e J | fix; =k} \ \ 2)
k(l=k=m) . L =
SS J  Split , , s €} '
. ss CroD)=Crex(ID*+Cran(32), max{Op\(J JOPI(I}=OPI(}=OpI(3:)+Opi(d).
1. J  split Ji, Cmax(J1)=(m/k)Opt(J).
Ja, <@)=> p. . jedi [fixi|>k, )
1 \ G‘n il JEZJ:I j 1 j
Con @)= 3B, =% 3 By fix, = ( > b, | fix, |Js(m/k)0pt(a).
i€d; 1531 m jedy
j -
+
2.2 Y FF
FF 1
Pidle Pbusya P m T[m] ,
t , vie{1,23,....m}, iePige ,T[i]=0;
iePps, L T[i]>0.
FF 3
B
b Pidte Pbusy| I:>idle:|:’;Pbus,y:®- T[m] . t,
T[m]=0;t=0; 1 4 ’
. j fin, Pidle:Pidle_fixj;Pbusy:PbusyUﬁXj;\‘ \ L t; iEﬁXj
Tlil=p;; \ ‘
b \‘ timins
W e S iEPbusynT[i]:T[i]_tmin; T[i]=0,
Pigte=Pigie {1} Pousy=Pousy—1{i}-
2. J PulfiX|Cnax J, j k, [fixj|<Kk,
Kk 1=k=m, * k- , Cmax(3)=kOpt(J).
g ! J FF ( ), sqed,  [fix(sq)|=k.
Sq fix(sq),
1 : {s1,82,...,8¢}=J, ,S1 S 1S2
S3 , Sq . , {51,52,....5¢} , (t,t+p)  fix(sq)
; FF , Sq t ,
, FF fix(sq) $1,521++,5q
Cmax L(; :
J
Crax(3) = Zps, |flx(s)|2ps,
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[fix(sq)|=<Kk, Q) s Croax (9) =< kLg < kmax{L; | i e fix(s,)}=kOpt(J) .
(|
m
%) S3
S
g st S fix(sq)
a S2 Sy
3 b
2
1
. ’
0 1 2 C Time
Fig.1 Makespén of the FF schedule
1 FF
23 MwE B
" LWF(largest wide first) ,
+
L ( ) Ja
(1) JQ, J fix s JQ ,
Jo=Sort(d)={fix;=fix,=...=fix,},
(2) Fetch(JQ): 1 Pidle j, JQ
I i fix; P;; , 0.
3 %
1 ) Pm|ﬁxxpj:1|cma><x PalfiX|Crmax
LWF FF PunlfiX, p;=1|Cmax LWF-FF,
) FF \,
, 1 , ,
\
1
LWF-FF
Input: P={1,2,3,..5m}, PlfiX,p;=1|Crnax J={1.2,3,....,n};
Output: S={t,, ...t}
1. Initialization() {
Jo=Sort(J)={fix;=fix,=...=fix,}; 1
I:)idle:P; Pbusy:®; I
t=0;} 1
2. While (Jo=@) do {
j=Fetch(Jo); 1 1
If (j=0) {t=t+1; Pigic=Pigie"/Pbusy; Pbusy=3:} 1 :
Else {t;=t; Pigie=Piale—TiXj; Pousy=Pousy\fiXj; } >0, i
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3. S={ty,t,,....,t,}; End.
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LWF-FF O(nlog(n)+n’*m)=0(n’m),  ,n ,m
1 , )
1. 6 P={1,2,3,4,5,6}, m=6,Ps|fix,p;=1|Crax J={(12345),(2356),
(1246),(156),(135),(246),(235),(145),(23),(34),(46),(25),(46),(13),(3)}, :
1 : LWF-FF
1 2
Table 1 LWF-FF schedule and optimal schedule on the instance of Example 1
1 1 LWF-FF 1 »
Schedule time LWEF-FF schedule Optimal schedule
0 (12345) #/(12345)
1 (2356) (2356)
2 (1246), (3) (1246), (3)
3 (186), (23) (156), (34)
4 \ (135), (246) (135), (246)
5 (235), (46) (235), (46)
6 (145) (145), (23)
1 § (34), (25) (25), (46), (13)
8 ’ (46), (13)
3 + Processors
1 .2 . 3 , 4 , 5 6
\ ' 12345 '
2356 2356 |
1216 N3 1246
[ 156 23 | 156 |
| 135 Ji[ 246 | 135 | 246 | 135 | 246 |
235 | 46 | 235 f 46 \
145 \ 145
25 34 i 25 | ) -
(13 ] 13 ] 46 |
: — -
Fig.2 Anexample of the LWF-FF schedule for.the Pp|[fix,p;=1|Cnax
2 LWF-FF
15 LWF-FF $={0,1,2,3,4,4,5,6,3,7,5,7,8,8,2},
Cornax=9, ( opt()=8. ,  LWF-FF Ratio=9/8.
3- Palfix,Bj=1|Crmax J, i K,
[fixj|=Kk, B l=k=m, LWF-FF (m/(2k)+1) ,
Ratio=C,x(J)/Opt(J)=m/(2k)+1.
LWF-FF , ,
. [fixj|=Kk, Lm/k] . [t,t+1]
@ [t,t+1] 1(2) [t,t+1]
LWEF-FF ) )
(1) ,
J1:(2) ) Ja;

+Crmax(J)=Crnax(J1)+Crnax(J2).
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. 1 , , . .
2 . ’ 1 Cmax(Jl)SOpt(Jl)Sopt(J)-
2 , , i [fixg>k,
, (1), LWF-FF J
1 . m 1 . m m
C_J)=—)> 1|fix |=— — fix; |==—-Opt(J,)=—-Opt(J) .
max (J2) J_EZJZ | fix; | x ;eszl il o pt(J,) 2 pt(J)
’ Cmax(‘]):Cmax(‘]l)"'cmax(‘lz)S(m/(2k)+l)’Opt(‘J)- . (.
1. LWF-FF PulfiX,pi=1|Crmax  +/2M +1
LWF-FF O(n’m), : 1 | Ratio=
J2m +1. J PoulfiX,p;=1|Conax . Split 6) k=/m/2 =
JJ, , LWF-FF J JB g =
Cmax(‘])sCmax(‘]l)"'cmax(\\]Z)- \ . v
, LWF-FF da Jo={31,32}, Ji,
Ja. ) . \ L P Ji ; Ji
) Jp ’ J; . , Jq
LWE-FF J]_ i Cmax(-]l) ; Jz
LWF-FF oty T %
*
*
¥ LWF-FF o J } J 2, k=+/m/2
, Cmax(\]l)s(z—nll+lj~0pt(.]1):(x/m/2 +.0pt(d). . I 3,  k=Jmiz

Crax(J,)=k-Opt(J,) =+/m/2-0pt(J,).
Cru(1)=C,., (3)) +C,.. (J,) = (Jm/2 +1)-Opt(J,) +~/m/2 - Opt(J,) < (/2m +1)Opt(J) .

1 \ [
4 ' 2
sS FF Pm|ﬁx|cmgx \ "SR,
Input: P lfiX|Crnax J={1,2,3,...,n}; \ »
Output: J S={t,t,....t, 1. \
1 J AT Y Jm, R
2 J1;
3 FF W
{30=3% Piaie=P; Pouy=T; T[M]=0; t=Crax(J1); Il
While (3922) do {
j=Fetch(Jg); I , 1
I (j=0) { I ,
tiin;
t=t+tmin;
i €Ppousy, TLII=T[i]-tmin; if T[1=0 {Pigie=PiaieA{i}; Pousy=Pousy—{i}:}
}else { 1 j
t=t; 1l j

Pigie=Piale=T1Xj; Pousy=PbusyfiX;;
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ifix;, T[i]=p;;} 1
}
4 S:{tl,tz,...,tn}; End.
2. SS-FF PulfiX|Cmax ~ 24/m
: SS-FF 0o(n’m), SS-FF J
) Cinax(3)=Crnax(J1)+Crax(J2), 1 2( k= \/E )
Corax (9) = Crp (31) + Cor (3,) = (m/+/m)Opt(3) +/mOpt(J) = 24/mOpt(3).
2 —
%
5 \
3 -
:CPU T7250/2.0GHz, RAM1G, Windows Vista. VC++6.0 Matlab 7.0
. TaskNum 500,600,700,800,900 1 000, |, N ~ ProcNum 50,60,70,
80,90 100 , p=1 : ) , ProcNum/2
, y \ ) (Makespan)  OptLB  max{Li(3)[i=0,1,2,...,
m}
, Amoura | 201 chenl? Bampis®! LWF-FF
i ¥ ’ . ’
i 1 Time( :s) Ratio Ratio=Makespan/
OptLB
Q) Amoura
Amoura (1+¢) , &=0.2, Ratio=1.2. LWE-FF
) 3
1400 2.4
—e— LWF-FF time N —e— LWF-FF ratio
1200 —&— Aomura time A 2.2 —=— Amoura ratio \
1000 2.0
2 800 o 18
g g
E 600 246
|_
400 1.4
200 1.2’ W/B/E\E/B’B——E/B—(j
0 . = . 1.0 = . .
0 2 45 6 8 10 0 2 4 6 8 10
§ ¥ TaskNum, ProcNum TaskNum, ProcNum
*(a)'(:ompared on the algorithm execution time (b) Compared on the algorithm approximation ratio
(@ (b)
Fig.3 Comparative analysis between LWF-FF algorithm and Amoura algorithm
3 LWF-FF Amoura
,Amoura ,
, LWF-FF ,
(2) Chen Bampis LWF-FF
Chen ,Bampis LWF-FF 3
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4
\
0.35 - 4.0
—— Chen time .
0.30/ —=— Bampis time f — Chenratio
—— LWF-FF 3.5; —=—Bampis ratio
0.25 —e— LWF-FF ratio
_ 3.0
g 0.20 o
Y g 25 h
E€ 015 a2
'_
0.10 20 Y\
0.05 1.5 .
0.00 1.0 - ‘
0 2 4 6 8 10 0 2y & % 8 10
- -
TaskNum, ProcNum ) TaskNum, ProcNum
(a) Compared on the algorithm execution time\ ‘(b)'Compared on the algorithm approximation ratio
@ \ (b)
Fig.4 LWF-FF algorithm's analysis compare to Chen and Bampis algorithm
§ 4 LWE-FF Chen Bampis
¥
'K ,Chen LWEF-FF Bampis ,  LWF-FF
Bampis . JLWF-FF Bampis Chen ,
,LWF-FF Bampis
6
PunlfiX|Ciax Pulfix,p=1|Crax- SS,FF LWF : \ \ Pulfix,
P=1lCrnax  (~/2m +1) PM[fixX|Crax ~ 24/m : .
, 1 2 ,SS-FF 2\ j -
Ji(fixp>k)  Jo(fixi=Kk) . \ -
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