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Abstract

The results contained herein relate to the problem of obtaining a product-from solution

to the equilibrium distribution in the queuing network model of the open batch multi-job

processing system.

The model is characterized by the gate through which jobs are passed to excuting

stages under the restriction of the job multiplicity. Excessive jobs are kept waiting in a

queue in front of the gate.

It is easily shown that the original equilibrium equations do not have the product-from

solutions since the local balance condition does not hold. So we attempt to approximate the

equilibrium probabilities of such an untractable case by the product-from solutions. The

system is modeled with two Markovian processes, where the executing stages are independ-

ently analyzed as a sub-module and interconnected to the global module.

The method is also applied to generalized open batch system and the system with job

classes.
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Featy(1—a)Q0, z—1, y+1)
+eyt:Q(0, z+1, y—1)
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z(ﬂz/ﬂv)"PZ(x+Z/: 0)1 (17)
Pyz,y)=H {ap(1—Pi'")} Po(z—1,y). (18)
O1=ptafpty, Py=Alaty), p==2(aus:) &5, (12)
Rz (17), (18) DBAFRERAT B &,
n—1
510: Z PZ(”‘Z/- y)
P = y=0 -
(1—Py™) §0 Pyn—y,y)
“;ull, 1<a<N. (19)
PEozEns, at+b=N OAR, (13), (14),
(195,
Py(v, N)=(p,/P2'¥)*P1(0, N)

N
=(py P2V (1= PiV) 20 PAN-y,y),
=

(20)
Pia, b)=p:Y6:/(1— P1¥)« Px(0, 0). (21)
Pi(0,0)=P2(0,0)=Po & B, (20), (21) X% (7)
RCRATHIT
P(v, a, b)={0y/P2™)* 0:°py* Po. (22)
a+b<N k&, P(0,a,b)=p:"pyPo L131 (22)
RICEDBEEMTE 3.
2.5 EHHEROLE
EEDIRIZ, »¥F A—F A, Uz, ty, 0 CHIEERE
L, ()~(4)RDS®RBBI—RFERNEMLCE
& D BIEENC KD B ¢ EDTHETH 5.
CO¥ER Qlv, z,¥) ()R HEBZRALT
Bon2EUEF VO P(v, x,y) 2 HET 5. Fig.
212, N=3,a=1,2=0.5, #.=1, 1,=0. 8 DEFE LD
BETSay bL:HOTHS. v=0 DL x, DFD
BRTRIHEZOMEICESH S MEMICH 5.
M-12FATa=1 D84, Y a 712 CPU & 1/O
2 1ETF>ERATHERSZ LV BREEBATSHY,
EFETAE CPU #7721 2K LHTH LD
G5 5 EEICIZERA D a=1 DIEAITREN
BRERBRTELOHATIHAL THIL.

Gate 33 M/M/m 31752 v b2 —2 »

EF VORI 617
Qv x4
Plvzy)
0.5 20(,:(;5
25=10
Hy=08
RERDEFV Alv,x,3)
ook LA 7777 SENETW Plyxy)

005

YVIYI!!IIV!Y!"V,I;LIIII(

VX,
(0CO) (00N (01 (030) (012) (130) (112) (230) (212} (330) (312) =)

(010) (020) (002) (021) (CO3) w21 (103) (22) (208) - (321 (303)

Fig. 2 Comparison of the equilibrium probabilities
in M-1 model (a=1).

Table 2 Comparison of the equilibrium
probabilities in M-1 model (a<1).

Nl Qv, x,¥) ) P(v,z,y)
(000) 0.1657 0.1657
(010) 0.0829 0.0829
(co1) 0.1036 0.1036
(020) 0.0414 0.0414
(011) 0.0518 : 0.0518
(002) 0.0637 0.0647
(030) 0.0209 1 0.0207
(021) 0. 0261 0. 0259
(012) 0.0324 | 0.0324
(003) 0.0403 0.0405
(130) * 0.0157 0.0157
(121 ‘ 0.0166 | 0.0196
(112) 0.0245 0.0245
(103) Q. 0307 0. 0306
(230) 0.0118 0.0119
(221) ‘ 0.0148 0.0148
(212) | 0.0185 | 0.0185
(203) ‘ 0.0232 | 0.0231
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v PpD)
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¥z 10841 CPU, 205 KETik I/0 &9 5.
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K+1 K+1
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XPr[X1=m, Xz=n2,--~,Xx=n1<]X1
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dj0= { (32)
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(33)
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P(no, n1, +++, ng+1)=p0" 01"+ Ok +1"K+1Po. (34)
ZTT o=, % A BEY po RUTOBER
HoEBONEETHS.
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Ao=Akn=2A= .2:2 1—=au)is,
=

X
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Fig.§ Model with job classes (M-4 model).
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x=xat+zxst+xc, y=yat+yst+yc,

ng=zp+ys<Ns, (B=A,B ¥7:i3 C),

xg=ngz[n, ys=ngy/n,

B&U
n=na+ns+nc, N=Na+Ns+ Nc.
ZOEFVORRLUTOLSICLTRDBSNS.
P(va, vs, vc, 14, ns, nc, a, b, z)
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Mai=na, Mp=np, Mc=ncl X+ Y=n]

=Pi(va, vs, vc, na, ns, nc, z)

(38)
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X
n
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Ve

1272 z+y=n THY, ng<Ng D& x vg=0.
(39)
FRROBIFTFHEICKD
P(va, vs, vc, na, ns, nc, @, b, z)
= {04/ Py 4N} 24 {05/ PytNB. N2} o8
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z
X {oc|PyNe- M} ”°( ,Hlp."’)pa'ﬂpe"’pc'c
l=

xnt Pof {81274 ! ns! ncl}. (40)
T T pe=Asl(asity)s Or=pizlpy, 0:=(Aa+2s
+Ac)Ustts) T Pre™ RETEEEN 2 TY a7 -
752 B OBEEN ng OBAD I/O OERARLR
7.
Pysam =P, [y>0lz+y=n, xs+ys=ns)
=npbi(1—01")/ {n(1—01"*1)}. (41)
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2, Va7 7532030 k%, YaTOK, MOfl
I, BEHE BAF-—SOEMANENELIcET -
*—-7v, REMTLEELTTI>YaS - /7RG
EHY, 773x2ADY a TORBROBH SO BEET
3. %, P2V YaTicWTEYa T 77XA
2, ZRMOBESFAOI DICEFHRS a7 - 275 R
tEBIh, 2KOZERNS N UToLi}, 75
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& A
@BNREY Si=mmonfu 2<i<K) EBL L,
n
Pymbr = ZPiz1, 2, ++, k)
zi=l Ztzet i+ Zine+Ix=n—2;

Pz(xl, T2, 00 -Z‘K)
Tyt gt tzg=n
T
T1—-p®

Po(z1, 22, +, Zk)
Tt Zet e tax=n—1
Poz1, 22, -, Zk)
T+ 23+t xH=n

(A-1)
LT
le={Pr[no>0]n1+nz+'"+7IK=N], n=N,
0 , n<N.
(36) X 5
Py(x1, 22, ++, Zk)
ﬂo(,,)=-!1+1'g+---+-z‘x=n—~1

Po(x1, z2, -+, zk)
Lyttt 2p=n

X Sip1(1—ai)u:

i§o 1-pP=»

&AL, m=Aim,0i=monlus B & (35) DY
T,

(A-2)

N
Z; Sip(l—on)ui=2, (A-3)
i=
HA&kicLT,
Pi(no, nk +1, n)=popgx1"k+1P1(0,0,7), (A-4)

Pl(o, 0’ n)=X"Po/(,llo(’"#o("'““'/10(”)

=(1-PA™)
. Pyz1, 22, -+, Tk).
I+ L+ +IK=n
(A-5)
—%, Pani, na, -, nk)
=0"203"---8x"x P2(n, 0,0, ---, 0)
= 01"032"103"s:-- Ok "X Po/(1— Py ™), (A-6)

BITK(A-4,5,6) & (33) 205, MOKER%ES.
P(no, n, -, ng+1)=po™ 1™ 0x"xnPy.  (A-T)
(F\F51 412 A 10 A%A)
(BRI524 4 A 8 BERAM)



