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The air base manages specific equipment/materials to be used in wartime/emergency at the
central warehouse in peacetime and, if necessary, release them as soon as possible according to
pre—planned visits with the priorities of each squad.

The task is essential and is verified by exercise with actual personnel and materials, but the
analytical approach is insufficient. To solve this problem, this study uses the continuous time
Markov chain to calculates the expected completion time according to the probability distribution
of reservation arrival time and service time by squad, and derives the optimal plan adjusting
reserved arrival time and sequence.

The model presented in this study suggests a way with Markov chain to solve Stochastic Open
Shop Scheduling problem in which the probability distribution of arrival/service time by
Customer — Server is detailed.

Keywards: Markov Chain, Stochastic Open Shop Scheduling



1. A &

R

1.1 d5873 2 23

>,
>,
ke
rlr
o
>~
>
>
>~
>
oo
ot
J1m

g /Al o
Alell= %C’J?ﬂ%‘%‘l"ﬂﬁ deata, el AR

é
.Iﬁ
rulo
N
l>T
1_.
_n
=
Hr ol of
U o S

B-:
oft

é
rlo
of

¥
1o
Y
4

> ML
_,S:
=2
>
m&al
4
ey
[JO
E)

2 2
> ofN

o]-q-i Z]'Zﬂ TH2 %% J8 FoleA F3
A e Y BT B8
ey, ofel dis) 244 AT 2 A
el AREdow ﬂ H7E Qi A
7+ B AAY ook Eaka|7ko] 2 A kAo
AEL B2 QAL E 183lsts Ao 7
2 AZA wpb A9k wak, Bu) AE 5o
M AR it MRS A4 lo] B
i AR ik o) WS 4F 29
Zo] glo] £99 &S 9 dof| $hA whyst Hl
%01 oA 7} qo roketa AAw B
Feks AL Ags] Bl asFo|)
o], B ATl Y VINE A, Ak
MhEEAS FHgF PA A

_0|L
L)
=
b
o,
of\
tlo
>
o2
(ot

T

e
) =
[o o

2 o rr &

_l

N
—_

@Hﬁzzjﬁgmﬁg

ot o

ey
1o
e
iy
o

1.2 71 &

of| k=2 t) 71884 (Scheduled arrival to queues)<-
\;H7]6HE§J+ q.c?;ﬂ iﬂ_\):_i_{h)] 3‘2]-‘?—%4 oz @z%gl—_ A
o] o].l/] EX A];ﬂ o7 pARo] AA3) TASIALE A

1
a "’7“4 EH71 /‘17&% Fol= Eyo|rt.
s

o8]
8,
o
<
E
rlr

N R
13
=
~
>
L
)
K
toty
il
o,

o
o
Ry
ot
B
ujrt

| AR P
A ok ohd

A, ol

Hfribe Haskele ATs0
egden and Rosenheim[16]& &
Hkshe ofoF =2k 7)Y Al A

H-§-& 17 tf7|u] &3 An 28]

- H]J‘lﬂ 5L£5ﬂ*i 8}% I’Jﬂ

oo 4
o
il
Hm
%
(U

ki

LY

>,

N

[o

o 2
o

ol

rlr

3
rlr
d
n)
o R
H
é

o M
A
oo

E
>
=
>
¢ 3
mlo
ol
_\'1_14
S

]

5

l

e

>~

o, 5§ 0] 741*}-4 Q—O]"*ﬂr 4872
7}7—31% s A&t A58 34
.[21]1%} Vanden Bosch and Dietz[20] ¢l 23]
517—‘1%3 fektAE ApE et
ule’ o th3t A7} JAE 21, Hassin and Mend
el[9]2 Pegden and Rosenheim[15]2] B3 7]yto.
2 No—show &S 183 ByS AL, Sun
et al.[19] 7]& 03?%011 gt oheket A S

AAEItE A et al. [1]+& 7]5 "1]"“:% o713y

O

d

ol
S5
32
.ﬂ
S
f (

‘Variable Interval R

S Holt

o2 a4 & Q= HofR = 7 UEYA (Queuei
ng Network, &4 2J#¢ FA4| (Stochastic Traveli
ng Salesman Problem), 2-Z4F A A& %A (Open
Shop Scheduling) 7} 1t} ®dF o] &2 E5F NP-HA
RD/COMPLETE &A%, #HAe|E Fohzvlol ddd
AlZro] Q@Y I F, AA vE —Erxﬂ% ii" o
AAE LAl 7P ARl whel, B daEEE
ggsto] WA E 24, ofF 7l $EA ] of tjst
B7ve Ttk

A A A E -L‘jrx‘ﬂ (Job Shop Schedulmg)b 7]

© TAE AYste wAlolv6]. ol
21 "M (Shifting Bottleneck Heuristic) ¥ 522} ¢+
VYFE et 2AF E AES oy, A
g dllE g R Fohe dugEe HhuA &
UTH13]. w3k o] Al 71AI9F #4de] 3 X 39l
&4 = NP-COMPLETEZAIZ <4 3l

BJE o]i 7ﬂ64

lj

Sl
2
=2
=



ot of7]eA o Yoprt, 8T8 wA T FUkE
A7sloF sf= Aol @ AF dAAIE Aotk (5]
Adams and Zawack[10]> A AGAE A

AAS s W& o]F W (Shifting Bottleneck Heu
ristic) = Xﬂ/\]‘} 37, Ramudhin and Marier[5]+ 3
%1— %l—_]—j_ﬂ ED]— ﬁ—xlo].o% Oh:ﬂ—ﬂ_ﬂ I:ﬂE O]E_ l:l
W (Generalized Shifting Bottleneck Heuristic) S Al
Alate] s darg]Eo]l QEAF 0“474]33 A s &
A 7SS Btk BE a4 dueF(18]e
Ag57A, £7] 389 (Branch and Bound) [15] &
Agato] Z2AF ElE ek AR A E A

Gk oq:rL*—‘ A AE ek ot TEARE &
VP FE AAsHA E§ AR o] QUSIEE ofel o] -
[4] & Hx duels d=k AXE Z3l 24 Sl E
TEAIZE el 78k %‘51 == AT

2 Aol AEARE mtIZARIE %}ﬁ, ek

2. M5 - AZEA 44 2248 =2 =3

2.1 ¥1% - 1324 BAAY AL D IS
T AN FEAAS A%t LYot 5
AL I ek mebd, @ e BA A
S, fAAlelE A Adow A8 9 9L
A3ebl s, oln AHgHE BAES WE - A
BAeha Golant, o) AAe] WY Se] Mekshe &
A=, BA) wpsor S A ke BAE WY

Eeo nlggie}.

A EAEE S ) WA ikl 2
7]_ o]oui ;Hx% QE ] _9_1:2 %x]skg EE

78% EgEo] Ak 2y olegh #ele o

O F ], Al AR o]yt ExE AR

[AGE SHAEEHE, ol & AR st FAE

A WEA SEs dFokele ool Stk

olol, Al Y BAL el FAY % % A

& AAE Tetstal, B SAE/ SR RS

ygste] EEAIES s Ak o, 7 e

2 2 RASE BE DT PRl g,
o, WA & PAsk BAE £ B3 $HE
97h ME B R ERFIE J1E £ HA9 5
P& FAMAE Bk ol BEAYY A5YL §

A7) 18 Zolet.

oAHE TEde] B, 39wy
A, Bl 2k

z Ei—. lﬂﬂ Aiﬂl* /\]7P° l HEsE etk Y

§, ZF F-A9] AMu)A AJFS = 5o vl An]
2 AR A, ol AHﬂOﬂ g ek oAA, 7t
WAL el @ $A waeti, FA

= =

T =
AUz 5 glom, B3 AR Auag Wi,

=

o

ol, WA TH3 FA7l BAS BEUE B A
F7F W B FA7E Rastm A9ls FeehH
%+=tt(Non—preemptive). oIAA|, 2t FAje] w-ig
A= Abde] AREe] Qlomn Zzke] WMAHA o
o duA, 24 FME Z ZFaelM 8 F 54 v
Fu olFah, Fuz7k o)A EAE £ gls
HER Atk
2.2 B% 43N A= 2 AY =% FA
2y 9 W] die ohga 2k
A A F KA
el A & LA
CRE ZARE AR Azl Az B
= Aux BEEME AR A
—[Al,=123 L #AkE1, 2 3¢ WE
S {1 if[Aly = [Aly = -1
ki 0 o.w.
(o]ml, AR = AR jETE eH AR

A k7F A AL, AEIA AR exp ()
& mEn, BE §A= A Bl FaskA| ols



sh=dl deEl= Azl EAsH,
k=
HA B2 Rozh A R om (FIFO), 1 Fd)
b A o B AL BReele Aeg
ZthslA] 92 (Non—Preemptive)

O].E‘ exp (Mk, 0 )EE—

nhaz AQle] A g vt A

Gl ey

i A ke AN 4,

i, 00, 1,2 - K 99

(0 &2¢A4, 99 :
1, 2, -, K

}\1]:]]./_\_ 15’_:/\1% C.

M) 4 F8)

-G :
(K @ ¢kell K=17] #47F |4 =2 & 7] &)
wpz Aele] dol A& thgat 2.
@ i i) i)
() .(cy) .(c'}) (')
- (Jl aJ2 7...7,7k I ...7][( )
) 78_0]% : uikJ@ . 5]{‘ i
Ll N
P c, ifi, # i,
=12 -, k-1, k+1, -, K)
Cp — 1,1flk: 0or99
(G BarelA 7]Ee] ArlAs 7ved Foa+1)
= ATrellA T:‘r = B399 4% olellE flal, 270 #
RELE ERT R R
o 29 1ol T8E <a9 21554 2ol wfebish
27§ £M, 270 g1
g2eH *"é""
Ail,2
B:2,1

(99',99%)

S24H

<8 2-1> 2x2 B2 Agl o] tjo]o] 1
A 91219 AdEde] gt weh A ol ¥

4 (Infinitesimal Generator) < 13 <2-2>9 =
xde 4 ik

status | (0,0) | (L0 0,2) | @00 L) @L1) TS5, 0112, 2) (22, 21} 0, ) (%, 11 07, 990 99,212, 1) (1,09 199, TRZ., 99097, 99]
10, 04) B0

(15,07) -(WAT+pBO) Al uBO.

w.2) ~(pA0+B2) wo e

0.2 A2 B0) Wiz pBo

a2 “(uAT+HB2) WAL uB2

o1 A0+ w0 yer

(997, 0%} -uB0 lueo

2 w2 a2

@2 82 3

e Al L

(12,14 B2 81

994 440 o

91,2 ) ez

(2,1 -(A2+yB1) A2 uEL

(99 i A1

99, 11) W81

994 w2 ke
[to9%. 99" o]

:La 2-9> /\1-1:4] x%o] zsgg

ojuf, dol& yE QoA HF FFdHel adst=
/A5 ALst ¥HL Transient AEIES 7+ Hol&
FEE @ola, FT4HE 4 (Column) F&
Transient AE|ZHE SRS Hold dH=Z,
Q.°01M, <2 3-1>¢] JH= glg 5 ik

¢
(3

o%
e
o

r]

Transient Absorbing

Q = Transient [Qt Qa]

Absorbing | () 0

olwf, @9 AL (Q,) '& T BE, ] F
TEH S AAs 2713 gGEe de 5T d5ARE
3 X A Q1 (Continuous Time Markov Chain) 914 &
TE 7R (= EEo] ¢RHE HAEH7HA) dee Al
ke 7IAE T Qv sl AR iRl =

S wq 71t 8 A7 (Makespan) ©] 1, 0|5 A

sto] 7t T’H of WPE
Mg EE8| kst

O
_|_,—|—’

[
], A1 =2 9 EESFAE AFEEE 7P| Ak
Aakelar, TAol &8st 7Pt BR4E FIs Ay
¥ <3-1>3 2t



w o H T T T du T " N T XA
3 N oo o W )~ Bow N Mo N
l ‘)Al Eﬂk ‘m OT.AEV -~ ‘)Al_ﬁo . JAW_I
i) ISR i (SN T mw ! T mﬁ R T op o
© e Fim L, B o REHIHPT
~ .mmﬁ% %P == ) .?%7Wu
EEZEa® WaEgr B T T o
I S S BTy MH T ol &
°ofF =BT oW o) A RCor o B R
" e = ﬂy‘%zﬂmﬂ =
— 1o = = b7 = 03 ol ol —_— (e o b
N (- Bl g T T W = o o
= ooy S = e = n e o |y o 1
it ﬁo‘_ﬂ_.ﬂtﬂ e ool LC,WI EAT‘LIL o
—_— B .o 2 B il oT 9 ot = z
° P o’ NPT gERT
- — ﬁOZ‘UI . — 0 dl,.wE ATA]
=TT Ty o Twp o _ wmRT T
otOM A .‘mﬂﬂﬁﬂldﬂ B iﬁilm n_xﬂATuT___&am_ou_o
B A wmwrﬂ = Ty o o pl B9 o RO
s O FT = Blon g T g
To fo i <F BB B Y K T Koo oT g o MR
ho.ﬂ Oﬁ ,Ieﬁ,mL A O_ R JIATL Ld,ﬂl UT‘_ﬂac .alx_‘ﬁlﬂ%q
N g B BN W P D ®ER
o 0
W X Tama T Tum e RETLR
T PR <~ TR T T N R T
- o
l1m2m3m4m5m.\m_mm1311121%11
@ @ = =3 5| ot
S8V |FS|dEe Na|
s|Te|Te|YTe| T o Mg
— — — — — || ||| ||
Jeg |8 -3 -8 "
ST TERERESE|RE|
1
i S = ) ~ Iy =7 — N | —~| ™
Klo8|lotlwd|ls s & &~~~
W—s| s| s| e e|%
o 4ty
A— — [ o = 0 _ﬂ .AT_ — 3 o < 0
—_— =2 =2 = =2 =2 .. (e |||
o l|oH
X — | 70
E3
<F < o <
£ N 10 <H

o

il

T A o) oV mo
= E i
i T o w o,
=N S oy
=X B W o T
mrETEE "
T e N oF of 5
ﬁ%ﬂ%ﬂ%ﬂ
oV ojl pop T oo
wr 0 F um T
K o o~
W Jo - ir N o
WO R ap 7 N
ok o S o
Lf HT._] o o ﬂ
i < - g =i
O_ qma ‘HI._M‘._ N 3:M \_ﬂwE °
ELREE T
T e Ne AL
o o oy mw W
- — ol
TEEEE S
A Q)
PR Ew e
" )T T R W ol
W E T
w2 Mo o
of o] . ® -
i B RT
<7 - < U o
e &M 2 L
) — B o= N
=% IS Uﬂ
~ 11 P~ )
M LT
Mo L ntl R X
© o ok
[ P A=
~ X Mo
X o 7o o mrL
TH R
%% ~ AR
10 —
N i o n) o
P G E g
ol H w I = o
Wol . oy
NPl o N 2B wr
By % T
Bo =) B o Wy
SR
Pra Homy

"o N o ¥R
- RO
Mo 5w
o, M S
TSN
~

% T g s
‘,.Aroz_ﬂom %Hr_ﬁ
70 S Aar
E:lu.%ﬂb‘_m_lﬂ_uu
mﬂ:un_AlAcnoEo
ﬂ]HT O#E
e M
R
MR T
— 1ruE
SO v R s g
S
S m o e
| T o o
A & W e of
N%Ur.ﬁwa
o T ~
,DL_/NM

R =37

o
Gy

EAARES SAE

ok
ol

9} k9

No o *&°
T o
DTG
_
~ 4N
Aﬂﬂwﬂl
_zru%o]
™o T
—
o & %
~ — X
Mow
,A_/Lﬂ
R
SE®E
1 7EoﬂlM
o o ©
S
= & A
LO OO0 T LE
N < o
S o o) kR
fuzel
ﬁotﬁuﬁa
CRCC IR
o T 0 NH
A AR

BA] 7]

s F7kE &
2wt

Fal,

9]

et

T
©©°

37b7F 7+

3

L
fu

oJup} )4

45

off w2h Muj2A

=N
o

7 A

E
-

A 2

w3l



ok

15Ed

(11 A%, Az, &5 “dofwzh grjgds
ga3t shgdgn] HA oofAzE Al #IE A
sk o] 1183 7] 38(3): 13-22, 2013

S8Th AR GEAYY SRl $& Al
#”, skaely)< 1(1): 13-26, 2008.
1 &%, “olloF =& AIAEe] HA ook 7t Ak
8 gsl)sE, 5(3): 37-45, 2012,
O EF AAAE AL gt G
=88] =5A] 12(4): 105-115,

1%

2014
[5] Amar Ramundhin, Philippe Marier, "The
generalized  Shifting  Bottleneck  Procedure,"

European Journal of Operation Research, 93(1):
34—48, 1996

(6] A. M. S. Zalzala, P. J. Fleming.; Genetic
Algorithms in Engineering Systems, Chapter 7:
Job—shop  Scheduling, The
Engineering and Technology, London, 134—160,
1997.

[7] Bailey, N., ; “A Study of Queues and
Systems

Institution  of

Appointment in Hospitals Outpatient
Refernace to Waiting Times,”

Statistical ~ Society, 14:

with  Special
Journal of Royal
185-199, 1952.

[8] Cayirli T. and E. Veral,
Scheduling in Health Care
Literature,” Production and Operations
Management Society, 12: 519-549,. 2003.

[9] Hassin, R. and S. Mendel, “Scheduling
Arrivals to Queues : A Single—Server Model with
No—Shows,” 54(3):
565-572, 2008.

[10] Joseph Adams, Daniel Zawack, "The Shifting
Bottleneck Procedure for Job Shop Scheduling,"

“Outpatient
A Review of

Management  Science,

Management Science Research Report No.
MSRR—525, Carnegie Mellon University, 1986

[11] Latouche, G. and V. Ramaswami,
Introduction to Matrix Analytic Methods in
Stochastic Modeling, SIAM, Philadelphia, 1999.

[12] M. H. K. Gavareshki, M. H. F. Zarandi, "A

Heuristic Approach for Large Scale Job Shop
Scheduling Problems," Journal of Applied
Sciences, 8(6): 992—-999, 2008.

[13] M. R. Garey, "The
Flow—shop and

Mathematics  of
117-129, 1976.

[14] Neuts, M.F., Matrix—Geometric Solutions in
Stochastic Models, Dover Publications INC., 1981.
[15] P. Brucker, J, Hurink, B. Jurisch and B.
WiOstmann, "A Branch & Bound Algorithm for
the Open—shop Problem," Discrete Applied
Mathematics, 76(1—3): 43—-59, 1997.

Complexity  of
Job—shop Scheduling,"
Operations Research, 1(2):

[16] Pegden, C.D. and M. Rosenheim,
“Scheduling Arrivals to Queues,” Computers
and Operations Research, 17(4): 343—-348,
1990.

[17] Stein W.E. and M.J. Cote, “Scheduling

Arrivals to a Queue,” Computers and Operations
Research, 21(6): 607—614, 1994

[18] S. Khuri, S. R.
Algorithms for Solving Open Shop Scheduling

Miryala, "Genetic
Problems", Progress in Artificial Intelligence
Lencture Notes in Computer Science, 1695:
357—-368, 2003.

[19] Sun, W., Z. Tian, and
“Performance

N. Tian,
Analysis of the Appointment
Systems with No—Shows,” International Journal
of Information and Management Sciences, 21(1):

o7=71, 2010

[20] Vanden Bosch, P.M.
“Minimizing

and C.D. Dietz,
Waiting in  Medical
[IE Transactions, 32(9):

Expected
Appointment system,”
841-848, 2000

[21] Yang, KK, ML. Lu, and S.A. Quek, “A
New Appointment Rule for a Single—Server,
Multiple—Customer  Service  System,” Naval

Research Logistics, 45(2): 313—326, 1998



