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A performance analysis of AS/RS with single and dual commands

Jin-Gyu Nam - Hur, Sun - Seok-Yun Jeong - Jeong-Kee Kim

Dept. of Industrial Engineering, Hanyang University

We consider an AS/RS(Automated Storage/ Retrieval System) which performs both of single and dual commands. The

service times of single and dual commands are assumed to be differently distributed.

Steady-state probabilities at the

service completion epochs are calculated. Then, we transform the arrival rates of storage and retrieval commands into
those of single and dual commands. Using this, we propose a non-preemptive queueing model with priority for the per-
formance analysis of an AS/RS, and obtain approximated means of queue lengths and waiting times.

Keywords : AS/RS, priority queueing theory, dual command, performance analysis

1. M B

A5 A AN 2 E(ASRS)S EAE A W(rack)
A g3 wroz gFolE ¥ JEE =
A A-8-% 7] 7|(Storage/Retrieval machine: S/R machine), <]
9 FE9Ho] di7|she 1k HH(buffer) 9} A/
2HoldeR FAdE gtk

AZEE/N A Q&Y 2HoldozEY | o=
2L9 AFsAY HozHE HAEZS 7AYol /&Y
Ao FubsFE gt} &g FAE E7
o] FA|
P\
b TSt @

=
I3le olF

T
[o tle

}

A
= T 9\1]\:17—'5

=
o & M
9
offt
o
24
>
fol
flo

i

HE

ol

+
BY
fd

o 30
o

2
)
p‘L
ki
>
i
34
i
%
g
Lo
o%

2
ol
ihiA
i
N
N
ey
Mo
olo
0 ox

Qe
PR
A5 FIA 2R A4S o
& ole) 714 e Wrhee Atgol bsdd,
FANE Hit U713 BH At Yool

OEL
~
Ir H1 oo
fo H ©
it
oo >
om e

of
o

[e)

B WIS A5AR ALgstadt Bk
AgFTAsRe FBRoOm FAs:
]

Bozer?} White[2]o] 93] Aoz Ao o

ATE AF T EEHHO AAY Au|2E @
AtE 7S dooM AFGEEVIAY E&4E #
B st Leeldls W71 E& A &3 PR
FRIA AR A5E BAIT A E AYEH
3 BEwee] 4zt W7 ede 7= MM/ B3l 9]
28-S EAsgoy, o] dTE 249 HYY A
T 2 EE He Aio] AFREE BETE MY
< &9 d4dAdS A8ttt Lim 512 A" e
gdgda olFHHe] FAlM  EAEHE GRSt
(unit-load) 2HEAmA| A, 2} wEe] FaAazte]
B3I} Sddta Ba ol M/G/I1 ti7|Bgd <3
A48

E AgdAe add3dET olFHH 3 A7t
MZ O dutREE w2 o83 AHsgaAxdE
9 AFE EAIAT o] By RN oJZAIH,
Z A% 3 B2F 9y Eopd AHdA Y dirlsd
g o] ek FEREE A 73 o] 2 o] &3}
o AggHy EEPHo] Aladd E&sE EAES
gdd @zl o)FwH e /M EAER vt AjA



e A OIFBTYE =YoI= XiITH AI2EY

=1}

A& Y
&9

R
U Ao wo

1:12

7123
oo] weo] Al2dle T &
71Nz Y, FYAEAA H7lEd
g AANBIHE o) 7€ Lee[4]9]
ANzt BEE dHHEEE, Lim 5
%%‘%ﬂr lvm‘u HAPYA e EXE FYUS
A kd A$E G Ao, o]F T3 4
glo] o) A& 7}%@% W3k
B =82 28dA BY 4 7|5l gig AEE 3§,
3 oA LAFFELEE TINL 429
Ae 349 g 2AR e*}aai 4o} A1 Aol A 9
o Het grAzt 2 opr)EQd wEH s Tt
Aok vkA e sH e AR BR3A=s

o

ofl

ES
zl

<

2 of &8 o |o

2 ol
orXL_ZL';.‘:r:u

3 25

9 B (Aol st 22
Hauas B A2de yuA 9o A% 2 B
Z 995 A% £480 4,3 4,9 594 o}
% 1AL wEu T2AEE A7 Mula Y F 9
= Ztzb & 7| F33rA d7E A "k o714 2
727 A7) Tasdn A sgd

4,

—L

<38 1> ClUMHel £ JHe| th71BZkE JIRIE AS/RSEE
A2 F8 A5 shte d7|eelw gyl F9 B
°of e’ Mue 1 BEHE AIH(ILEY 2E).

JE ez £8 A Al F mﬂ%—m R

=

W1F WEEl QR A4 £ WA A
gate Zlo] aeHolmE vhe AulzE s 9
& % 7l BEES B AuzaA driel3YY

x

YoEN 27

S(%), S,(x): 247t BdmH B olFHH Mujs A
el REYS
wF olF WA Zad thed e FE U2
AAgt. u; (4,j=0,1,2,-)8 shte]l dduR S
Aeets ¢ ZP‘W‘E:‘OI 7 Edam BEnEe
Wt £5E Bgold dtak ol 4 Q)T 2o T3
At}
—/lt . —*ﬂt .
= e (A “ (At
w= [ ds e )

AR, vy (7,7=0,1,2,)€ e o

S Aske 5 AFEH] 7] =&AL BEHH
2 W7t 2R FEolg W ol di A 2%
Eig=]

w oA i - Ayt i
o= — (4,0 e =’ 45 (- 22)

il 7!

3. OIEAIY DUSUSRE

3.1 Mo|=tE W™

A9y O30 BEWY 13 dE 9EE
M7k 242 4, jA9e dehlies SEuseta s o
2ld ojxkel oAzt FEARY X={X,,#=0,1,2,-}
T AUEtel E={(i,)147=0,1,2,-3} ©}FAl
2omlEE Bgde @ & Atk Yeld FR BB
uy, v;g o83t F HolFgES XIY + v o
£ &Y, Ao|FE Pr(X PES =(3,5) IXn=(3,4))= (47
v AZEZVIAZ olsHEE Fdstn de A 3
Aol AgEE T e BEPHl mAHE BB
vepdch AdElES AR HE 2] 0 Z(lexicographically) 7
4g F o whmz o] 194 HolFE B PE
& 460, 62, 6% Rl T2 £ 3k

-BO BI B‘Z B& B:l 1

Ay Ay Ay Ay A,

0 Ay A, A, A, .

P: 0 0 A() Al A2 ................................ (31)
0 0 0 A A,




28 HXIR O M-

(Uio Uiy Up U
Uip Vi Vjo U
0 vy vy v
0 0 vguwvy = -Ff

Uip Uix Uiz Uy
Uip Uiy Uin Uss
0 wio uin uip

B;= 0 0 wuyp un

H

:=0,1,2,-

A714 P A, B, £ 2F a7)7k IR 9

golrt.
32 0 B

;7 vtEE A X9 IHYH FEolgn sk
ol & LM olgA A AFHPHe N, &
F9Eol AL A4S qr1gzte A& FEolo
E4E (mp, Ty My, ), i=0,1,2,9 thsiA

=1 ;=
o 2 ‘:’,-._:*(H &H(generating function) & A 9] 544}

M= 3, 14, A= %Az
B2)= 3 Bz
A QDY FE PE o] 83t olEAHAMY B
B A AL A9E A (34)¢ 2
il
x= B 20 miAi -, i=0,1,2,-. 0 (34)

=1

A B45 Z7] AdAM, 32 P g Auny
ol & 7|34 ZH(matrix geometric approach)of Al o] &
v} M/G/1 QEfje] Hol8E PHo|thNeuts [6]). ©]23
M/G/1 FEle] el S E7] el e
Ramaswami[7]¢] @1 EL ]88 4 qtl o] Lug
Sol gaiw SEUE 1,3 0ot 2 o o)
72 & dok (o] A g ZAS W82 Hur and
Choi3]-& #=x)

— izl —
m=[ = B;+ ]Zlﬂ; Ao 10— Ap~h &,

CELRETCR]

4. DEH| 2Bt MY SR AL

4.1 B Y

243 3-oA zs d712dd dEtd= F
%l PASTA(Poisson Arrivals See Time Average)
Burkee) 427k 4RsA 27] Mo AEA W
AdeiMe= A FAdA drFd 1AFe) EE

T #7F giok T B AFoAe} o) ‘3—1
WH o HEArzte] E27 theda H-siE A
Lim F2000)olA Hedg FrusHg Agee Eﬂoﬂ
gA7F sk

e

Ml oE
H1olr ofy it 2 lo

__0.,

=
i)
X
fr -
-2,
-
2
L

I
W
i
9
>
-4
o

oA H ol A 4]

| |»
Y

<@ 2> singleZt dual 5 742] class& 7IX|&= AS/RS %

R A7) AZHANE Sl AT
A 5, ol3EFol wAHF v A
B Al 2w ar

il
N
X
2
2
=

Rl D
rok
T o
o, N
o C%
2 g
r
e
QL
X
g
fr
S:
EI:
HN'
ﬂ*{N' m

LU O SR

S DI
na
o
O{N

o
ot
)
rE
ofh
N
)
x,
Ny
=
e

1o o ot
2
i
ol
=]
i)
ok
¥
1]
1
)
>
oL
1% Rl
A

:(INE
R
jale
lo
>
2 F
o
]
M
N
ofN

(OS]
e
2
=
-
b
°
i
>
w

L
tfu
wjn

o

(o3

w2



O X 0ITTTL FYVIE XITT AAHY Y= 29

S5 Tt o] Eabae,

A=A 2 03:02 3’°=i+17[ij+’1 22 ‘}102 c;0:;‘+17Tz'j

(7,7, & i=0,1,2,,j=i+1%9 Wl Aggo|
ERSAY, A2 A7t (4,7), § 7=0,1,2,-,

E3e o3

=j+19 Wel SE%Ho] =&Y o
g Lol Hx Alo|th wabd v =3

= AgmEe A 4, el 20,3 %1 ,0 H
%, I3 EEREY I 4, 24 3,
S s® HIER o FREe] Ak (4 (41).

@9, Azg9

ARt G, @ j=0,1,2,-,
i=7,7+ 1,742, del] AFgRPo] =FepAL, Alxdl
o A7y (4,7, & i=0,1,2,

of N2'g olgshs BHe F A%t 44Bws
2R =AY P Lobok Bk ol 4 @Y
(42)14
/11+/12=As+ 2/1[1 .............................................................. (4.3)

of HRFL TN FAY + ek o)A A 2
& BYPEs 133 5 7 A9 A% =Asw
23 o|Fguo] wawd nd s wEEY ¢4
4E e mgon v,

(1) olsHHe He ti7]AIzH
ALE(SD+AE(SY)

I/Vq(d): Z(I—pd) , e (4.4)
ANA p,=A,E(S,) °lth
(2) 9dHEe] FH dr|Azr
W /ldE(Sz’)-“_/lsE(Ssz) .................................. (45)

a9 = 2(1_pd)(1._p) ,

oq7]}‘1 deAdE(Sd)’ P=/1dE(Sd)+/15E(SS)O]E}~
9 F A 4ok GHERE o|FHHY H drAt

of g HE drAEG Ade AL ¢ F
ATk F AHOEFE g Zo] oo WY #
T d7IAzke 78 5 vk
() deole] BH AT WA
W, = ﬁ W"<5)+Tsﬁrd/l— [ — 46)
@) 715 ol5HH] BEAF
Ld=/1d[ AdE(‘zg(?félf(si) +E(s,,)} ------------- .7
) 715 ddEH] Ay
R e R R
Aeg W A4 BE dEE AsE L gl $Y
A gEdRe] Bideg 44 Ly, Lo 44
o AF) 2ol el & ok
(6) N=" dA BF 1B E AF
L =L+2L,
PESED s
+2,1d{ AdE(g(zdl)f’;j)E(Si) +E(S,,)]
(M 715 AgBEe] BEAF
R — i)



]

30 =

@®) 715 BE4E FAANSG

=2
R
rir
do
X,
”

b

A5t AFPAA LYo W
EEE

th. AFEZ7)A} 9

>,
ol St gt
tlo 8

£ o rfr
tjo

o X,
ol

!
AelE gol Az b AN
A on, o|gA R LAS

SOE
o]

i
iul
=
)
Nooxl

o 8 L ok f{o
o

o
ol
2

A4 EYEY =4EL

2 W] Axge WA

AAoz SAE9NE THE HEE

% slth ol3BHe vaAgel
3

o
o

T

ot ofd mu Hd wt 1% rlm
L

di of mlo miu
ot
o
kit
Dy

>,
)

)
b >

rd

-

e

=

o .
it o rlo

N
-
(RO
£

O oo rlf & oot R O o fr M oHr
U<

e gAR B aAs

| ol.m
1 S ofy
2
=
L)}
[¢7]
fo
g
=5
Le']
<
(=R
o
o
=
=
f=+]
=
(=N
1o i
o,
iy

nAFEE AASEL FF ATFHAZE QYAA
oA ZAE7E obd A& HEAEE Tt
Ramaswami®] ¢nfES L3 LZEYAE o] &3

of b FAAE A= Aol

rir

12k
ret

ik

[1] o]Z%, th7idE o]&, AlavtxdX, pp. 555-597,
1998.

[2] Bozer Y A. and White J A. “Design and performance
models for end-of-aisle order picking systems” Manage-
ment Science, 36 (7): 852-866, 1990.

[3] Hur, S. and Choi, H. “An analysis of AS/RS perform-
ing both single and dual commands”, ¥4t 7d Al
298] FA =g &7, 2002.

[4] Lee H. F. “Performance analysis for automated storage
and retrieval systems” IIE Transactions, 29: 15-28, 1997.

[5] Lim, S., Hur, S., Lee, M. H. and Lee, Y. H. “M/G/]
queueing model for the performance estimation of
AS/RS” Journal of the Korean Institute of Industrial
Engineers. 27(1): 111-117, 2001.

[6] Neuts, M. F., “Structured Stochastic Matrices of M/G/1
Type and Their Applications”, Marcel Dekker, Inc.,
New York and Basel, 1989.

7] Ramaswami V. “A Stable Recursion for the Steady State
Vector in Markov Chains of M/G/l type,” Communi-

76 M- BNE - 5B

cations in Statistics - Stochastic Models, 4(2): 183-188
1988.



