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Scheduling policy and performance analysis of multi-product two-stage
serial lines with batch machines
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Abstract: Aiming at multi-product two-stage serial lines with batch machines, the impact of different scheduling policies
on system performance is studied, performance indicators such as productivity and work-in-process level are analyzed
analytically. First, the system state space is described for four different scheduling policies, namely highest upstream
machine efficiency policy, highest downstream machine efficiency policy, longest queue policy, and cyclic policy. The
analytical model is established based on Markov process to quantify the performance indicators such as productivity.
Then, considering the relationship between buffer capacity and batch capacity, the impact of four scheduling policies
on system performance is compared through numerical experiments. The results show that when buffer capacity and
batch capacity are independent, the cyclic policy has better performance than the other three policies. However, when
there is a positive correlation between buffer capacity and batch capacity, the longest queue priority policy has the best
performance.

Keywords: performance analysis; scheduling policy; multi-product; batch machines; serial lines
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AT ) 22 7= i AT HEAR BRAUK 2R, SR B B 2
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ST RS AT AR AT ASE AR, TR 2 U SRS (105 FH 4 A A
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Z I8 T B SR S R e I T . RS
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RN TSR 5 4 P B2 SR BT GT s P O T SR, 4y
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St REFR BRI F2 .
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AT R G RE VT AN B AE R F 0 AR A 2 i A
TR, 3 M 2 G A 1t 5 RS AT B DL AT M R AR
Fo RREERodt. W 7 R R T A B
R MEBCT 0 7, it OB AR A/ AE T e ST
T8 FH R AR BT A Y, Y 24 s B2 SIZ G T A Bl (R I T, AS 2
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Sl (c-batch) F 2 JUAR Y, R & 1 b Ad 2 B AR Ak 3
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2) L% SR AL FRL &S Moy, WBEIN 7™ f g,
ko= 1,2,..., K, HEAF TAERE MR N p.
L B B My, KPR, B = 1RRAT TIRRE,
Br = 0FRIRAE T HRRIRES. SLALFRHL Mo 0 L7 i J),
I, 4b T AR B  poye. Mo R AR HEAL B

HEms, B R B b X AR, i T —HEA R A =
Cy, R AT REZ 1) A, AR S B 2 i P A5 G0y I
) AH O e, H R AR BSH] 43 A1

3) P IX. %A K AN%MIX B,k = 1,

KPR B My, 33NN LR NP X By,
By M5 1 X 25 5 A Ny By, BIAES 5 AN E0H by,
7R,0 < by < Ny

4) VA FE SRS . 24 2 AN BAFIAE i) i 2 i, i Ad 2R
B Mo 2 J8 CATR JU Ak 1A FE 52w i B RE A DA 71 7= it gk
AL

VAL 2% 20 B = A S8 N L (upstream machine
highest efficiency, UMHE) 3 % [23): 4f2 5t 1% X by AL
PRI 2% e e D P2 v N L, SR e v R B AR A BA
FIAE 25T, MR B 5 /0N (R 7= it o I

WAL AR A& B s A SE i 1 (downstream
machine highest efficiency, DMHE) % B 231 )¢ 415 3% HX
TR AR N AR e R it In L R v AR )
e BB 2 A, U 5 /N P it in L.

B K A FIAE 56 0 I (longest queue, LQ) 5 %241
e 5 3 BB B e K PR 7 il 2 72, i SR B K A B A T
A, U B 5 /N R it in L

P8 P50 T (cyclic) 5 BE: ¥% W& 7= §h P 5 1, 2,

o KA = BTG 7= b, G SR8 B Mo 2277 7 i
E77 i T BB WU Mo I i T 1.
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3.1.1 UMHE 55#%

¥ UMHE 5205, 16 2 Gk B8R A s = (o,
- hi) KRS 2 IR

Q= {(hi,hoy... hi)|0 < hi < Niy1 <i < K}
Z RS NSRS, Hrp

K

NS = [[(™Ve +1).
k=1

4 Num(s) £RARE sE’JJ?ﬁ%' uy

Num thUk+1 + 1.

k=1
H
K
[[Vi+1), k=12, K -1
Up = i=k
1, k=K.

HRAE b B2 0 2802 e v BT 7= S gk A7 4k e, 45 2
et
Ulndex = (UIl,UIQ, R ,UIi, e 7UIK)
For UL 2o 7 S 4 I8 B L2 in TR M 2
CHER J5, HELE SR ¢ 7 T i IRt LR
SRR 2T AR
PiuL; 2 P1ULy, -
%plUIi = plUIHl,m\U Ul < Uli4.
BB AT K w = UL, iR b,y < 1,V < 5.
é\ PNum(s’)Num(s) %%M%%& S IHZ:%Z %IJ s’ E‘N@}E$
W RGURAS 3 AR 328, 205l o BT i R .
1) NHHLEA A P a #YLER B s = (b, ...,
Bies o hi)he =0k = 1,2, K.
S/: (hl +B15"'7hk+ﬁk7"'ahl(+ﬁK)7
PNum(s )Num(s) —

PNUm(s’)Num( ) + H{pmm(l [3k)(1 p1k)min(l’1_6k)}.
k

2) LiFHLES AN ZE, T LG AUV, Bl s =

(hl,...,hk,...,hK),l <hp,<Np,k=12,... K.
AR IALE AL S A
S/:(hl+51,...,hk+ﬁk,...,hK+,3K)7
PNum(s’)Num(s) =

PNum(s )Num(s)+

H{ min(1,53) 1 .

é?/ﬁaﬁm%%ﬂniﬁ.%uaﬁ,ﬁ
8/ = (h1 + 51, ey hu — min(hu, Cu)+
/Buw'-th_FﬁK)v

PNum(s’)Num(s) =

PNum N S)+H{ min(1, ,Bk)(l_ plk)min(l,l—ﬁk)}p2(u)

)N (1 ).
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3) RUEHLE 2 R AR BHLZE, RIS ALK, Bl s = 5 UMHE SR/ ALK R GUIRES 53 1l 3 2R AR 6 F2 1k
(hi,... hiyeo o i), 0 < by < Nk =1,2,...,u — %,
lL,bu+1,...,K,0< h, < Ng. 3.1.4 Cyclic%ﬂlﬁ
T HEHLAS AT w7 1E Cyclic 5 W T, 24 B I 2045 I L7 2 1 —
s' = (hy +min(By, Ny — hy), ..., ISF 20 2200 17 R, R K R GUIRS R R s =
hy + min(By, Ny — hy), ... (P iy e T, ) RPRAS Ry
hK—i—mm(ﬁK,NK —h[()), 2= {(hlﬂ"whkv-"ahKvu)‘O g hk g Nka
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PNum(s’)Num(s): l\k\K,O\U\K}
Prium(s")Num(s) + (1 = Do) H{pfl"ll“(Nk*hk’mm(lﬁk)) X 5131 7E Cyclic K& T R4 B A BORA S 3L
k A
(1 _ plk)min(Nkfhk,min(l,lfﬁk))}. NS _
MR ENLES I LR S i, A K K
/ . KJ[™Ve+1)-E> " J] Vj+D)+1
s' = (h1 + min(B1, N1 — h1),..., k=1 k=11<< K, j#k
hy — min(hy,, Cy) + Bu, - - -, UEBH i ik AR 25 25 R 5 B TE ROIR 7, 15 21
hk +min(Bk, Nk — hx)), ARORESH HO < uw < K,0 < e < Ny, 13
Puoum(s)Num(s) = A A e MPREANEOY (K + 1) [T (Ve + 1). 8

Paum(sryum(s) Pl 7 (1= pro )1 x

min(Ny —hj,min(1, 8y
Do) H{plk( ) —hi,min(1,6r)) o
k#u

(1 o plk)min(Nk—hk,min(l,l—Bk))}_

3.1.2 DMHE KR

RGURAE RN T8 K45 77125 UMHE SR 2K
Bk AR R VAL S ) 28 v B 7 b AT R,
(EEIE Sy

DIndex = (DI, Dl,, ..., DI, ..., Dig).

For: DI R i 4% &R W HL A% I AR s 2
RHEF 5, HETE S8 S0 R 7= it I R B B 5
EESRICRW 2 A
Cor,p2p1; = Cbr,,, P21, -
#i Cpi,pap1, = CDlinleiH,)nJJ DI; < DI;4;.
AR AT Al w = DI, iR hpr,y < 1,VI < j.
4> Prum(s/)Num(s) o8 WIRES s e #8 31 o OME A,
5 UMHE 0% R ALK 3 GRS 70 B 3 2R A i+ 10
3.1.3 LQ%HS
LQ Mg 5 UMHE Sl 2 GutR 35 R o 715364,
1 LQ SR AR 45 75 1 it 7K~ P 7 e B
hi<h,1=1,2,...,u—1;
h <hg,l=u+1lu+2 ... K
4 P (e T AR 5 5 5675 51 o/ 125

k=1
RFEEIHEw = khy = 0,1 < k < KRS

B IR S TG FHAEm X Rk SHA 44
TI (N, + 1)y i, AT 45 506 200 454K

ISISK,j#k

K
AES T (N, + 1), 54k, % 50 4 iy 22

k=11<<K,j#k

XA 0 = 074 & . Bk, A JCRES B4
K K

NE[[Ve+1) K> [ +1+1.0
k=1 k=1 1<5<K,j#k

4 Num(s) RIRES s 1905, IR & 95 Bk
KR,

£ 1 Cyclic RETRERSEE

BWIN:K, Ny k=1:K;
it RS S5 56 FE Num.
D) WliEt:n = 0;
2)ifk =1: K then

3) if hy, = 0 : Ni then

4) ifu=0: K then

5) ithkzoandu:Othen
K

6) n=n+1;

7) Num(s) = n;

8) else if h,, > 0 and u > 0 then

9) n=n-+1;

10) Num(s) = n;

11) end if

12) end if

13)  endif

14) end if
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/Q'\PNum(e’)Num( )%%M%%‘S%%Ziu s E‘J*%%,

BRBEIRAS " HAF IR L7 it oA v, JU

NU(1), I = min(i|s'(NU(3)) >
HP:NU=[u+1,...,K,1,...
5 kAP X AE] K

W RGUIRA /3 AT 3 KRR R 2.
1) FUEHLEE AT = U Bl s = (ha, .. .,
hiyooshi,u),hyg =0,u=0,k=1,2...., K.

S/:(hl+/31>"'ahk+/3k7"'>hK+BK7v)7

0), otherwise.

s' (k) #

su—1,ul,

PNum(s’)Num(s) =

PNum(S’)Num(s) + H{pT]Ln(LBk)(l _ plk)min(l,lfﬂk)}.
k

2) LN ABLZE, TUEHLas AL, Bl s = (hy,
..,hk,...,hK,u),l <hy,<Npk=1,2... K.
R IEHLE AN L o A

= (hl+ﬁ1,...,hk+ﬁk,...,h1(+ﬁK,U),
PNum(s’)Num(s) =
PNum(s’)Num(s)+
[T = pu)™ =931 = o).
k
2R IEALES I T B A
= (hl +ﬁ17>hU+ﬁU_
min(h,,Cy),...,hk + Bk, v),

PNum(s’)Num(s) =

PNum(s Num(e) +H{pmm(1 Br) (1 _plk)min(l,l—ﬁk) }p2(u)
k

3) LeLas & A EBLZE, N HL A AL, Bl s =

Lu+1,...,K,0<h, <N
BN AN L A
s = (hy +min(B1, By — h1), ...,
hy +min(By,, By, — hy), ...,
hx + min(Bk, Bx — hx),v),
Prum(s'yNum(s) =

PNum(s’)Num(s) + (1 - p2(u))x

H{ min(Ny —hy,min(1, ﬁk))(1_plk)min(Bk—hk,min(l,l—ﬁk))}.

MR LA 0 T B A
= (hy + min(By, By — h1), ...,
hy —min(h,, C) + Buy - - -
hyx +min(Bx, Bk — hk),v),
Paum(s/)yNum(s) =

min(1,8,
PNum(s )Num(s) +p1u( s )(1

o) H{ min( Ny, —hy,min(1, /3k))
k#u

_ plu)min(l,lfﬁu) >

(1 _ plk)min(Nkfhk,min(l,lfﬁk))}.

3.2 RGEMEEERRRIER

A FoR G5 i RES s, IFR SR, R
GRS R AT L/LT?@I?J“%I#’
™= ZPWJ-, (1)
j=1
NS
d om=1 )
=1

Xt BT R HEAT RIS B R GRS RS HER
AT, = 1,2, NS, BEMPRE AL 3 R fh KT

(hi,. . hiy o hg),0 < hy < Nk = 1,...,u—  DUREMBAZERM I E AL RWT:

PR, = Y pumi, k=1,2,..., K. 3)
s;€Vy
U{sl|hk 1, hy, <1,k =Ul,,Vj < w}, UMHE%Hg;
U{Sl|hk 1, hDI <l,k= DIw,VJ < U}} DMHE /ﬁim%

‘/’1 =
U{Szlhk hj,Vj # k}, LQ HW;
U{Sl = (hl, ho, ... ,hK,k‘)VLK > 0}, CyCllC%lﬂ%
l

WIP, = > hymi, k=1,2,... K. 4)

s; €0
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LZJ{SZ = (hl, .
e -
e -

o -

(ha, ...
(hi, ...

(ha, ... i, u)|0 <

STy, = Z o (Cx — hy, + 1) /C.

si€Va

U{5l|CK > hk
U{SZ|CK > hy >
Vo

- (hl,hg,...

U{si
l

BL, = Z P1emi (1 — pag) +
$;€V3

LIJ{SlVLk =
U{Sl|hk =
U{Sl|hk

LIJ{SZ

$;€Va

‘/3:

- (hl,h,g,...

LIJ{SlVLk =
LIJ{Sthk =

Vi

U{si = (h1, ha, ...
l

Horhw 8PS B IR ML 0 T2k % N 3 B
I 05, 7% b BT ok (R0 UL, 3673577 i i L 3 L
510 T M BT 5, HE7E 55 w AL IR 9 72
P et 8 [ 53 DL, 72 il 2 BT S L 2800 T 2%
S NS G HE I 55, HETE 585w L UK P72 5k B o 2 R 5
2
4 FESLR

97 B UIE B L AT R 1 v B, B L A
10 000 2% = i FHE AL BRI K 38047 $00 52360, 3t 45
Sk HE PR L, S PR 4 B (6] (0 VR B 5K 388 3o A T 3
RUTELH7 359 B SR ARk B b, 3 LA 47 2045 3R A S
PEELARAT 4 SRR 2 AR 7R 2 3 M DL AR 9
e ME S LB E

D1k € [0.5, 1), P2k € [0.5, 1), CiL € [2,4],

hi)]0 < by < N, 1

)]0 < hy < N,y 1

1 < k < K}, UMHE %0%;
< k < K}, DMHE %%,
<k < K}, LQ 5Kng;

< hy,

< Ny, 1 < k,u< K}, Cyclic .

)

1 hUIJ <1, k= Ulw,Vj < U)} UMHE ﬁ%lﬂ%
1, hDI <1,k =DI,, V) < w} DMHE ﬁ’ilﬂ%
LlJ{Sl|CK > hy = hj, hy, < Cy,Vj # k}, LQ 5M&;

,hK,k)|CK > hg > 0}, CyCliC %H}%

Z P1kT;-

(6)

Nk7h’UIj <1,k :UIw,Vj < w}, UMHE %EH%,
Ni, hpr, < 1,k = DI, Vj < w}, DMHE %;
hj, he = Ny, ¥j # k}, LQ 5K,

hi, k)|hi, = Ni.}, Cyclic 5B,

Ny, k=Ul,, E”LU[j >1,7< ’LU}, UMHE %EH%,
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