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Stock-Keeping Unit (Sku) ~ John Warman ,(1971)

211
212

213
2.14

215

2.16 ,



2.2

=R A T~y JCREY C SN

221

222

223

224

225

2.26

221

228

(Assembly or Distribution Warehouse)

(Storage Warehouse)

(Combination Warehouse)



23

24

Jenkins
2.29  Commodity Warehouse

2.2.10 Bulk Storage Warehouse
2211 Cold. Storage Warehouse

2.2.12  Household Goods Warehouse
2213 General Merchandise Warghouse

231

232
233 2

234
235

236 J

77 (Warehousing Functions)
241 (Receiving)

(Vendor



Supplier) * I
1
2411 (Carrier

Scheduling)

2412 ' (Verty
Quantity and Quality) ‘
(Inspection)

9413 (Unitizing)

24.14
(Idkentification)

1 1
2415

24.16 ]

2411

1 (Supplier)
| 3
1 (Supplier — Vendor)



(overstock)
3
4,
A
24.2 (Putaway/Storage)
3
)

(Physical Counting)

2421



10

2 (Reserve Position)
(Picking Position  Forward Picking Position )
24211 (Picking Position Forward Picking
Position )
]
24212 (Reserve Position)
- Ready Reserve Position (Alsle)

- On-site Reserve Position Ready Reserve Position

(Slow-moving  SKUs)
- Off-siteReserve Position
On-site Reserve Position ~ Ready Reserve Position

(Slow-moving SKUs)

2422 (Location Systems)

24221 (Dedicated Fixed

Location Systems)



2A222
Location Systems)

Pareto’s Law)

(B Zong)

(Floating Random

(Popularity Philosophy

(Zone) (ABC Theory)
(A Zone)

(C Zong)

(Similarity)



2423
Andrew J. Briggs 1 ( 966)
(Design of the Stock Location System)

24231

324-112-123

(Building)
324

(Size)

(Family Group)

(Hoor)

32

(Alsle)

(Stock Location System)
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3
(Stack)
(Level)

E-045

E-045R

B-95-045-L

123
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(Attractive)

(Break)

(Explode)

(Fire)

(Chemical)

(Heat)

(Light)

(Magnetism)

(Wrap)

(Special Hazards)

14



2.2 324-112-123

24232 (Stock Locator Card)
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(Stock Nurmber Stock Cock)
(Uni)
24233 (Stock Locator Hile)
2425 ' (Replenishment)

24.25.1 Random Replenishment

()

24.25.2 Slug Replenishment
(Aisle)



24253 Sweep Replenishment

()
Y
(Replenishment Orcer point)
(Safety Stock)
2426
)
24261

Counting)

(Physical Inventory)
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1 200250 )
100,000 ' 400

(ABC Analysis) Vitfredo
Pareto JMJuran
3

24.26.2 (Cycle Counting Periodic C
2A2.6.3 (Annual
Fiscal Counting)
2 1 4 1

(Discrepancy)



Tolerance)

(Discrepancy)

Aid:Cycle Counting for Record Accuracy)

2.2

AidiCycle Counting for Record Accuracy)

Inventory Class

A
B
C

2421

Allowable Tolerance Quantity
to02%
t10%

50 %

19

(Allowable

APICS  (APICS  Training

APICS  (APICS  Training

Allowable Tolerance Value
100
100

100
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24211 "™ ' ft (Gross Space Area
Gross Space for Storage Operation) [}
)
X
] X X
(
)
24212 (Space Consigned to

Storage Support Functions  Gross Space in Support for Storage Functions)

24.21.3 (Space Allocated to Aisle)

24274 (Structural Loss Space)
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24215 (Net Space Al

Storage Net Storage Space)
(Net Occupied Space)

(Net Vacant Space)

(Honey combing)
2428
2428
G
N
A
SS
G = N+ A 4SS +5
85 % (Nxl
(A+SS+5) 40 %
G 40 % (A+SS+S
40 %
40 %
24282
P =

(Potential Storage Height)
A = (Actual Storage Height)
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E = S (Vertical Space Effectiveness)
E = N?
R = ( )
= ' P
( )
R =Sx E
( ' )
150,000 Y
140000 V 1000 V A
% (Storage Space  Utilization
SSU)
% SU= , X100
2A2.83
2
1



6 )
32
(3246) * (40+6)

20
80

32 X40
400

243 )

(Selection)
(Sorting)

2 (Travelling)

X40

= 1213

R X

(Withdrawel)
(Customer Orcer)

R X4
0 1 12
) 2 )
b * 400
60 ) 240
(Orcer Processing)

(Orcer  Picking)
(Marshalling)

(Pick s

23
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3. I |
I
4
) (Sorting)
(Dispatching)
David E Mulcahy . (1994) (Orcer
Processing) 4
2431
(Location System)
2432 (Customer Order Handling Method)

2.4.3.2.1 Single Customer Orcer
1 1

2.4.3.2.2 Batch Customer Order

2A3.2.3 Zone Picking
1 () 1
1
(Orcer Assembly)

“Sequencing Zone System”



2433
methods)
3
24331
24332
24.3.3.
3
2

(Location identification)
2434
2

24341
Pattern)

24.3A2 2

(Alsle)

(The Basic

(Distribution - industry)

(Nonrouting N

25

Order-Pick

(Orcler-Picker routing patterns

onsequential

(Sequential Order-Pick Patterns)

(99

100)



0/ 003 Gx7 Gf.. Q7030709 @/ @304 &7

ooa 004 00C. oof 0/0 0/2 0/4 0/< O/l 020 022 ox4 Q3L ox$
0x7 OIL 02.4 0X2 02D O/l oft 0/t 0/2. ofo 00? ogot. cx>4 002

037 03-S 0X3 axf O/? 0/7 O/f ord 0/l o009 007 &c>s 003 00/
go' Ooo OCXS' 007 009 O// 0/3 ofS’ 0/7 al9 03/ 033 033" 00.7

003. 004 o0i> oo/ 0/0 OfX o/+ Oft. O0f/ 020 oxx gij-f 021 02/
ex? OXL 03-4- oxx 020 o /f of* Ofl 0/0 oo/ 00C o00A- 002.

f 009 007 oCx$ 0 3 0f

0X7 oxr 0X3 02/ o0/ 0/7 0IS 0A O

2.3
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(Single-Side Order-Picker Routing Patterns)

00X. 03D 034 oas oof 007 009 (09 0/0 O/ ofA 0l Q/4

aisle a

0x7 Ox4 oxs O0X4 O0X3 OXX ox/ ox* <yt 0/9 0'7 0Jc 0/I-
ger C102.003 004 0 004 007 339 009 0/0 o1/ o/x O 0/4

AISLE B

ox-9 OXr oxi oxs 0X4 0X3 oxx 0% 0*0 o7 0/9 0/ o/f of"

2 24
(Single-side Order-Picker pattern with one order picker)

0 1 103 oos-(<w7loos o 03 o Tortlens oxs 03 oxe ox7

0«D€ CKC 1 - -W -
aisle a
OADEA rtc<f a
03/ OXo 0JA 3+ *3' 0+0 04X o++ o+c 049 030 03L osr
05+ 05X o O 0+9 O+L 04+ 04X 0+0 039 OJc 0 4 0*1- 030 039
ASLE B
—<

oxr 013 03-7lor> 074 lor lonton 1oof Ipos x| 003

2 25
(Single-side Order-Picker pattern with two order picker)
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2
Single, carton pallet
2 (Loop Order-Picker Routing Pattern)
2 26
2 Single carton

Rack

pallet

0o/ 003 005 007 1009 0JF O/ OIS 0/7 0/9 ox/ 0X3 oxr 0X0

2 26 2
(Loop Order-Picker Routing Pattern)
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3 (
Routing Pattern)

Horseshoe Order-Picker

Single carton
Rack

pallet ' 2.1

1007 o008’ cOJi00" 0% 0/9 on jO/J-jO3 o35 <03 ONr o4f 04

AISLE A
Ofll o0 olx. o/<f 0JX Oxi aXX oxf 0JC- £>jr 09 0 gix. 0 04/
44 044 030 <933 94 5y 0/ 0X0 9XX QOX 00-4 006, 0-0/

_______ * . .

V047 0+ lofJ 04/ 072 032 039 0XT 0uri<)33 o/f 103 I 007

2.1
( Horseshoe Order-Picker Routing Pattern)

(Z Order-Picker Routing Pattern)
4

Single carton pallet

high-rise order-pick system 2.8



Single

00> 0 3 oos 007 02 eus OX7 0X9 03/ 033 0JS 037 Qxt’

K AISLE A A

Oat 0/0 12. 01-4- 010 d\]> X0 0X2 <03/ 0+0 <ydx o<4

04t 0*2. 040 OXP X2. oZo of/ 0/6> 0/4- 0/2 0/0
AISLE B

X
0sJ Cg 37 0xs 033 (H 029 027 O)GW(WOO

28
(Z Order-Picker Routing Pattern)
( Block Order Picker Routing Pattern)
2 2
' Single  carton pallet
Slow-moving
tl
fast-moving
fast-moving slow-moving
29

(Stitch Order Picker Routing Pattern)

, unit load carton 2.10

30



miorc7 ol BonQ o @Tcn(B/(BS(Wo?/

AI LE

%0“ M%MW%W

= AbiE B
Ot 07 S of B @ @307 or 030" (7 CSO°

2 292
(Block Ordler-Picker Roting Pattern)

0/ 003 o&s 007 009 off ofT 599 00 445, 02" 023 oir 0X7

ool oo4 OoCm 00S 0/0 0/2 0/4 ofe. o[/ 0X0 022 0X4 0xS

2% 01It 024 x2 oxo0 ofl ol(* 0/4 0/2. ofo oot 00L CO4 Ool

017 0J5- 013 oxj 0/9 011 o~ 0N or o027 007 60s ooj 00/

2 2102
(Stitch Ordler-Picker Routing Pattern)
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1. 2 ' " (Multilevel
Order-Rcker Routing Pattern)

£ ( Multilevel machine-
rice) single item order-picker system $

high-rise order selector) 2

(One-way high-rise truck traffic)

0010 0011
2 20 2

(Two-way high-rise truck traffic)

2 Rack 212
Rack (shelf)
single, carton pallet
2
I 4 (Four-Rck-Level Order-Picker Routing Pattern)
3 4
12 213
I 6 (Six-Rek-Level Order-Picker Routing Pattern)
415 6

123 214
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6
8,10 12
Front-torear  Order-Picker
Pattern 2.15 (crawer)
single item
211

(One-way high-rise truck traffic)



2 212
(Two-way high-rise truck traffic)



3 o0~) of3 0/7
no9 ALL.

' 0 .
j0§AL 00 ry O oHE U gy

. AISLE ¢
o f3 oy ooy wr gl
Doy o e 07l

2.13 High-rise truck traffic
(Four-Pick-Level Orcer-Picker Routing Pattern)

007 or7 17 #37 A7 QX_om 077 0/~7

0] 013
0»
120 17
[« 1)
131 1Al

130 1/30
fpx 1.4
[ Al4
00 g0
094 0/4
xd (/4

0X3
oxX/
1
N
"

Il

I
114
030

024
34

083
08’
0/7
0/l

1oy

030 <74)
3/ 04/
47 ¢V
133 trfj
fol 09/

lo
» 4
olc.
050
CJ-+
oSL

100 0*0
JO*- g+
loc  09C
Oio 040
034 o4+
03n 04E

43 073 073
o7l I
47 or?
04) os3
071 44] o3y

AISLE A

070 010 o05s0
074 ot* 0S4
o74 044 osc
4 070 010
OLA- 0-7+ o/+
otd oc 0/4

4

2.14 High-rise truck traffic
(Six-Pick-Level Order-Picker Routing Pattern)

000

2

002

970 1 T 117 137

093 /01
091 I+

1 0J7
043 033

041 03/

0-»« 1030
0+4 0/4
044 74
oVo /oo
074- o4

10U

14

1371

=

X1
RE
I 71
013 o003 If
ol /D

— w
—_

0/0
0/4
0/L
[2-0
12.+
IXL

00
00+ |
004
130
/3-*

6

004

2.15 Front-to-rear Order-Picker Pattern



2435

24351

24352

24353

2436
(Picking s

2
Picking list
(Sequential)

(First in-First out)

(Last in-First out)

(Just in time)

(Order-Picker instruction)

2
Rack (shelf)
2

min 1 Xj - Xi |



2.16

Rack

shelf

37



Distance® = | Rackj - Reck 1*L+ 1 ROW - FON I +1Baj + Bayi

Distance” = 2
Rtk = Rak j
Rack, = Rack I
L = Rack
R =

R =

Bayj =

Bay, =

(Pick position)

pj 211
244 (Dispatching)

2441
2442



2A43
Vv
2444
245 (Warehouse Performance)
1 AT
2451
24511 orcer
24512
accuracy report)
24513
2452 (Inventory movement)

QBTAVER CRER NVER

(MK@]% WTYPE CF PICK TICKET

4 3 5 PACKING BIN NMER
19 - CROER SCRT INDICATOR
0073 - - CROER QUANTITY
1405 - PICK PERIOD
' - PICK DATE
44040
- QUANTITY PER ITEM
C%- - AREA/AISLE
10 BfiN f*1SJOMSHOE _ m ’RB'TICN
SHELF
£ ITEM CESCRIPTICN *PICK SECTION'

) 217 (Labe)

39

(Picking



2.5 ? «
3
251 Single Item
Single
Container, , ,
single 2
2.5.2 Carton
carton
(helf)
2.5.3 Pallet
Pallet

(Shelf)

(Stock keeping unit 7 sku)

Lfork lift |

Rack

40

Unit load

(fork lft)



2.3

0
0
0
0
2.3
sku
Single Carton  pallet
Carton Carton  pallet
Pallet pallet
single
2 single
Pallet

Caton  pallet
Caton  pallet
pallet

carton

4

Sku

Single
Carton
pallet

pallet
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2.6 (Warehouse Management Systems: WMS)
David E Mulcahy , (1988) ’
(Material Hanaling) ) (Information System)
, { | |
L .
2.
3. })
4,
B,
6.
1.
1 (Computer platform)
mini-computer , work-station PC host platform
1 ) )
host platform
2 ) (Data Collection Equipment)
automatic - identification )
3 (Software)

) (DBMS:Database  Management
System) Microsoft Windows ~ Operating system



line

)

43

26.1  Real time labor management functionality
1 1
1 optimize
262 hor planning , Tracking and Management functionality

263 Integrated host system communication on-
) host computer real time
264 Real time transaction-based operating systems update
real time
265 Modular software development

Receiving module

26.6  Material handling device control
, AGVs (Automatic quided vehicle)

26.7  Automated storage equibment control
ASIRS Lcarousel

268 In/Outhound traffic  Management

1 (Receiving)
) | [ "



(Putaway/storage)

(Order processing)



21

W arehousing
operations

21

Computer
routines

Computer
files

45



2.1

Frank Daly , Kevin Hume The Basics of Warehouse Management Systems

Host platform
Host ] Automatic loentification ]

Roger Warrender Warehouse Management

46
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Bob Carver Warehouse Management Systems

N EDI (Electronic Data Interchange)

)
0%

J. Ashayeri , M. Goetschalckx Analysis and Design of Order Picking System
Order Picking
Order Picking
1 ,

Ballou (1987)
order

H. Donald Ratliff Order Picking , An Opportunity for Optimization

1 , 1
Single aisle Goetschalckx — Ratliff
‘D% multiple aisle
Ratliff ~ Rosenthal !
40 %
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R. Barker : Successful Warehouse Management and Control Systems -design
, implementation and Support

central  data
processing  System
main data processing system  data network
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