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Abstract

A cost minimization model for designing AS/RS (Automated Storage/Retrieval Systtems) has been
developed under the S/R (Storage/Retrieval) machine throughput rate and total storage capacity
requirements. The objective function includes S/R machine cost, storage rack cost, and interface

conveyor cost. Since the model is a nonlinear integer programming problem which is very hard to
 solve with large problem size, the model is simplified using previous research results to be solved
exactly and a simultion procedure is combined to verify that throughput rate requirements are
satisfied.

1L A&

A 4 9z AAAAM e A5Fne =9 R ol FEYUF F71 2HE Holzm glon, AR
L wrzo AL FEA T A dEA Fue AFHE 43 ok 2l AFFaE B
Zulgo] gol E1 vla] #7499 W s QA0 EFE7] B AFHYA A28 $88
AsiMe 27 SA Alag dAS vlS F838A4 @4

AFZFne diryoz dde AAZTZERZ FTAH en, 2 ARF2E shtel SR (AR E)
Z1Ale] d& 28&dth 4 F2e BUL AdSce ARPer ooz flon SR ZIAE AR
ERE AGHAY ARz e BPL wi2de 4L £330 AFAnE £ I oy ¢
23 2Holdo] EA3Y olF FalA ANAE B Fauz dusHa va g E@o a7 €4, 9
HE &3 A o] & P&D(Pick-and-Deposit) 2 o]Hojg}l B2t} P&D A o]AEL 2y oje] A
29 By 29 & A2 (Automated Guided Vehicles)® e A5 &4k Al2% 3 H4EHE o] o
L=

S/R 71A¢] &8 WHE A SUAFF AolE 0|3 Alojge ¥ siAR g ddwy
Ato]Z2 j W9 AlolFo] AFolt WrEF F AXNUNE FHYsin], o]FHY Aloj2e F W Alolz
of Az wEg sYste Yook drFoZE GUwy Alo]F WAool FHYSA AL EHT glo
™ [Goetschalckx and Ratliff (8)], one-way &-&JAlZte] A Alolg Ajtel o 70%EF AA|Fcim
[Graves et al. (9)] €=l4 itk

AgFng =9 2AdME ool #FAHL nelyd FAF 58 2P Fo] AAH BFY B4
o] Malx|oje}l 3tr] H§ AEF 2 AFfME AFFnY HAs AX olRojxor ot AFHT HA 4
AolA ZBj & HANE A HAHZ 2de BAYS TRHE ML aLET AR W4 E o
Z} ot 2mdEo AAED Uk Hausman et al[11]2 AFF 1 Al2do] €45 Y7 FHEL
BAMetn gloH, Graves et al[9]2 4713 A2l ZF7A717] A% ¥4 AAEL A28t Bozer
and White[6] S/R 714 £3¥A17t 2d& A&t 3loh Karasawa et al. [12] 2+ AAZ2F g




10 v&d

g Ag SR 7A aduF e FAL Y[ s Agghe] vl g, SR A HE EX

2 AEu 88 HAHRHE AL AARACE Ashayeri et al. [1]1& 2 ARZF=2F & o9 SR 714
1AL 238 I diel SR AV F Al ol de] AFFEE FIFY 5 YA FHen, £F o]F3
2 8% 717333} Rosenblatt et al. [16]2 <A T2 § o] SR 7|49 718 &3F ddd
2 S A3 Uys AEHold Wys WAt YL MASy Utk Na[i3le AR=E =2
718 23 ¥HE AAsn Ao

adu AFAAY 2dEL AYPAFe] 288 on] A FHY o= APz H SR A
7t 4898 4 sl AAAY AlPo] & AFFE2G AAHE AR $£o EITE AHLL s
I Uk WA B dF7oMNE SR Z1A e AdAe Aztn Agrge Zviste] AEEAE B E
o, B9AT a7sHE YA F 8L UFAIEA SR Z1A vE, Swelo] Hlg AFH A
A ugg HA4sEHe N4Y AFLAY 2d2 £YSD, 2 YL AU 23 AL sg o
3 dolAd HAHE /MAD AL A9 AT & A= SHANTTF AHE 89 £, SR 74
o B FE YA, FF9 HF AAGAANLE AFZAFEANE AFEH0] AT AA FHA 3%
oA AlgHold 2de £ R FYPJA L 1 P& AT o

2. 718 2 ®7]

£ d7dA asde AFR 24 ZE 433 AJLEo] L A7E T @A E ASRS
A2dE ez 3tn glon qi3% e EYEL 7H38

.2t AR FEE @ dl9] SR 71A ) 3 Agdct

. F2A P&D 2H oA AF RES H3T T4 HA}

. SR 71AY %, +3 Y £ AN £33 R FHL2 FAH oFE.

. ZEoA e AR R BE HAE g FHold.

. B AR ARG R BE a7 A ARl

. A& Euloloir ARER R AYAE dZd o

oL AFFae YL TYlAA 2 F U

o © 0

o © ©

o | TTTTTTTIIITT]
= [ [T [[[T[[IT]
= EEEEEENEEEEEE]

[TTT{TTITITT]
= mEEEREEEEREEEVE
' 5-"?’—3@1_'_“‘
L L

[2¥1] @938 E A5Fa A2™

2 @7A AHeHE 84 Bole 983 2o
R : S/R 7|49 A+
L :S/R 7i1A7 Agsie AR 2g9 Lo



H

w

Cs:
Ca
Cr:
Vy !
Vit
Ny *
n -
dV:
d :
dw
L, k

1 S/R VAN AGEE AR REY ¥l
P AZERY Yol

SR 7149 & U ¥&

: Evolele] BT H &

AL F AT 25 g
SR 7149 #3 8 &=
SR 7IAY #% Y &£
3 AR #

% AZRY F

A Eol

Agzre] 2ol

A9 el

D @ae A, Ao 3§ Hel

hy, hz : F329 H4, Hg 3§ Fo
wi, w2 a9 A4 Ao 4 Yol

N:

Tra -

40 AR £

o|ZEH AlolZ HFLAAT

S/R 71A ¢} 87=HE Ha Alelg AT
©EAE AMAY Ao ¥ed 285HE A
D BAYE Aol E HFELAAT

IRREBGEE F18% H348W 1995F 67 11

~ Bozer and White[5]€ @R H Aleld& R o]FHF AlelFd 2ase HF AE oS3 o 4t
A

ty =
th =
T
Q
Tsc
Toc

[i§

LV,

H/Vn

max(ty, tv)

min(t/T, t./T)

= T(Q%1) + 2Trp

= T(4/3+05Q*-Q%/30) + 4Twp

3. #33 =4

AFFae] 4 HLL SR 7IA v, S¥ele] ¥ E, Fm At 4A €EE T3, AFzA
2.2& SR 7IA B HAAA e Az, FL28 AR 4, an e Ao, Yo, Eolg T
. AEFne] 4dAE MM AA daFg Agne] £A AEH o} ] EF Z SR 71A9] F
T A Alztel A= ofolnt gk 4u] el HaHE {HME SR 7AA avsEe A T
EUelA SR 71Ae £AE A4 TF 4E A SHolold Zojg @x¢o2 N HEL AP
¥ 4 3lth SR 71A9 A FEL 71AZ 99%e A 2EY 5ol R Yol F42 mAEG.
HAN wde EXFs L Agzd 4EL g3 g

P:

Minimize Cs*R + Co*(W+2dw)R + Cr(np*n)(2R)

subject to
2(mp*n)R 2 N
T(Q*+1)+2Tpp < Tre
hi < np*dy < he
Lsmed < 12
w1 < Re«(W+2dy) < w2
n, m, R: AA$

@
2
3)
Y
(5)



12 v&d

EAYSEE SR 714 w1, Evlolo] HE, Fn AP H L THF Fu§E ALHSE Zo H
of, AekzA (N4 Faue ARG £5 AFEF A7IE FFA717] A4 Aoy, Af=d ()4
& S/R 7149l B Alo]lg Eo] Foix AFAZ TreEth Fotol ke & vehdnt. o]FHF
Apel g AgolE T(4/3+05Q-Q%30) + 4Tep < Tro 9 A& ATk AGxD4 3),4),0)E &7
AR ¥ol, Aol, Wole] HA 3 Hd JHEAE FAI.

4. 3§

2d P v|AY LAY BAZA EA 2771 2 Ade AFHE e o] g Yy A E
o g gL 47 AAE o435y 2L AL dWtHo s ARsE EEFY TA, TF 4
FZ Fo g3 AR 2EQ Folt AN & W gloy FHEHe Ad goldA Fulgo) HiANd
o Zo] 43l Ut (Rosenblatt et al. [10]). WA HAAEESL EFo|F 34HE Hd Fol2 1%
3d AANSE S/R 7149 945 R 3 AZD = n2 FAEA ok Ad2d4 QA QT t
o}ty Frel g HFEER t 2t 9 A <ty A B F AR o] 4FE5 R ot

G th2ty & AL
Q=tv/tn7t S, 2d P& th3} o] 4.

Pl : Minimize Cs*R + Co*(W+2dw)R + Cr(nn*n)(2R)
subject to
2(ny*m)R 2 N
(md)? + ) (Ve)? + 2Teo-Tad Vo)t < 0
md/Vi 2 nudn/Vy
L < nxd 2 k2
w1 £ R¥(W+2dw) < w2
m R: Ad4

G)th <ty O A%
Q=tw/tv7} =1, =d P& 33 go] At

P2 : Minimize Cs*R + Co*(W+2dw)R + Cr(np*m)(2R)
subject to
2m*n)R = N
(Vo) + (/Vy) (2Tep-Tra) + ) < 0
mdy/ Vi < mudw/Vy
h<mxd <1p
w1 £ Re(W+2dw) < w2
m R : A4

24 Pl P2oA BAYSE HL8E nd AFse 47 234 HA AFxAE DF3E Ao &
Aol o3 2 Re HHHe A HA AFXPE BFIAE HL9 FAF Eo

AR dFe ALY M=He FE9 #, SR A HE TR FYAY, FE HE A
A7) A To2 FE 4 e o2 Fn9 Ay R L&YW g3 %L TA ot o7
A AAE HA mdz RE d& AFHe SHNTF HEHALEEE DFAE soin, wEtA
AA &I FE AR AFHE BAvds FEY AT AoAAN Mulagd T
AFA X8 £x ek ol At duge HAzrda FE A& Fue RIEL AT AE
dold md 2 £ysta MAl FH YoM AFFne U Az FHE AP o] oA
o, o]& 93t ohEa 2L dyo] AAE



IREEBEsE F18% H34E 19959 64 13

(@4 1) Folz 94 dlolejo] sl A2 =dg £H3 HH3 n, m, RE T

szt EAHA od Fue 38 Aol Wel, ¥old £AF 2HIH.

(84 2) m m RY && ZE ATFRY AEHL 2dE Y3 THA FFAAM FE

(@A 3) &A 29 Adrt BFHEVF 2L B34

5.

AN F9 Mu25EE FHIT
£ ¥4 #E $88ct
2R Fow £WARLY 4 ng 1HF Fase @A 22 Bolzie

48

£ dFdMe A5Fne AA 1ol SR 714 ulg, ARz AA] u g, Sulolo] ¥ §E T3}

He wo ol

A

fr

10.

11.

12.

13.

14.

15.

Fulge R4nsr] AT AAY vde 4% $Ho| FAsn LANVY avIE AYNYR
BEATE AGzseA SPANUG. NAY FLARE AP HHoR nigel HA
o7t HEHE Ad FoldN ARATE AU olgstel HANE THHOH, A FHU Fyo
o 2o Aol 4 AAAINALE ABFTY Agdold £l olsto] AFHE VAT AN
e AN

2% XK

. Ashayeri, ], Gelders, L. F, and Van Looy, P. M, “A Simulation Package for Automated

Warehouses,” Material Flow, 1, 189-198(1983).

. Azadivar, F., “Maximization of the Throughput of a Computerized Automated Warehousing

System under System Constraints,” Int. J. Prod. Res., 24, 3, 551-566 (1986).

. Bafna, K. M., and Reed, R, “An Analytical Approach to Design of High-Rise Stacker Crane

Warehouse Systems,” Journal of Industrial Engineering, 4, 10, 8-14 (October 1972).

. Bassan, Y., Roll, Y., and Rosenblatt. M. J.,, “Internal Layout Design of a Warehouse,” AIIE

Transactions, 12, 4, 317-322 (1980).

. Bozer, Y.A.,, and White, J.A,, “Travel-Time Models for Automated Storage/Retrieval Systems,”

IIE Trans., 16, 329-338(1984).

. Bozer, Y.A., and White, J.A.,, “Design and Performance Models for End-of-Aisle Order Picking

Systems,” Management Sci., 36, 852-866(1990).

. Elsayed, E., A, “Algorithms for Optimal Material Handling in Automatic Warehousing Systems,”

Int J. Prod. Res., 21, 4, 579-586 (1983).

. Goetschlackx, M., and Ratliff, H. D., “Shared Storage Policies Based on the Duration Stay of Unit

Loads,” Working Paper, School of I&S.E., Georgia Institute of Technology, Atlanta, Ga(1990).

. Graves, S.C., Hausman, W.H., and Schwarz, L.B, “Storage Retrieval Interleaving in Automatic

Warehousing Systems,” Management Sci., 23, 935-945(1977).

Han, M.H., McGinnis, L.F., Shieh, J.S., and White, J.A., “Sequencing Retrievals from Automated
Storage/Retrieval Systems,” IIE Trans., 19, 56-66(1987).

Hausman, WH., Schwarz, L.B,, and Graves, S.C.,, “Optimal Storage Assignment in Automatic
Warehousing Systems,” Management Sci., 22, 629-638(1976).

Karasawa, Y., Nakayama, H., and Dohi, S., “Trade-off Analysis for Optimal Design of
Automated Warehouses,” Int. J. Systems Science, 11, 5, 567-576(1980).

Na, Y. K, “A Study on the Storage Module Size Decision Model," J. of Inst of Industrial
Technology, The Univ. of Suwon, 8, 55-59(1993).

Perry, R, F., Hoover, S., V., and Freeman, D., R., “An Optimun-seeking Approach to the Design
of Automated Storage/Retrieval Systems,” Proceedings of the 1984 Winter Simulation
Congrence, 349-354. ’

Rosenblatt, M. J., and Eynan, A. “Deriving the Optimal Boundaries for Class-Based Automatic



14 I&F

Storage/Retrieval Systems,” Management Sci., 35, 12, 1519-1524 (1989).

16. Rosenblatt, M. J., Roll, Y., and Zyser, V., “A Combined Optimization and Simulation Approach
for Designing AS/RS,” IIE Trans., 25, 1, 40-50(1993).

17. Tompkins, J.A., and White, J.A., Facilities Planning, John Wiley & Sons, Inc., New York, 1984.



