P*®» * ®nm ®n ® 50U

t « *IOWMOBf

(Physical Movement) (Data

Movement) -

2.1.1

5
2111 (Raw-material Warehouse)
2.1.1.2 (Work-in-process Warehouse)
2.1.1.3 (Finished G"od Warehouse)
2114 (Tool Warehouse)

2.115 (Maintenance Warehouse)



2.1.2 (Main Function of RM Warehouse)

2121 (Receiving raw material)

(Apple and Ballard, 1988: 561)

2122 (Put-Away/ Storing raw material)
JiT
T
(Warehouse Layout), (Storage Location),
(Storage Equipment), (Material Handling
Equipment) - (Control

System)



2123 " (Order-Picking raw material)

(Selection), (Withdrawal),
(Marshalling), (Sorting)
(Issue)
2.1.3 (Order Processing)
(Order Processing)
( , 2540: 24)
2131 / (Order Handling Method)

*+* Single Order

* Batch Order

* /0N Picking



(Order Assembly)

“Sequencing Zone System"

2.1.3.2 (The Basic Order-Pick methods)

$

$

X (Ailse)

(Location Identification)

2.1.33

K* ' (Non routing /Non Sequential Pattern)

e (Sequential Order-Pick Pattern)



214 -
2
2141 - (Firstin - First Out: FIFO)
!
2142 - (Last In-First Out: LIFO)
2.2 (Storage Location)
(Office
Area), (Receiving Area), (Issuing Area)
(Storage Area) 80%
2.2.1 (Types of Storage Location)
2
(Picking Position) (Reserve Position)

2211 (Picking Position)



2212 (Reserve Position)

2.2.1.2.1 Ready Reserve Position

[ Ready Reserve Position

2.2.1.2.2 On-Site Reserve Position
Ready Reserve Position

(Slow-moving SKUSs)

2.2.1.2.3 Off-Site Reserve Position

On-Site Reserve Position Ready Reserve Position

2.2.2 (Location Assignment Systems)

10
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2221 (Fixed Location Systems)

2222 (Floating / Random Location Systems)
1
2.2.23 (Hybrid Location Systems)
2.2.3
2.23.1 (Popularity Philosophy)
(Zone) (ABC

Theory') 3



2.23.2

2.2.33

A (Zone A)

B (Zone B)

C (Zone Q)

(Similarity Philosophy)

(Size Philosophy)
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2234 (Product Characteristic Philosophy)
N
2333 (Space Utilization Philosophy)
4

(Conservation of Space),
(Limitation on use of Space), (Accessibility of material)

(Orderliness)

2.2.4 ! (Storage Equipment)
2 (Large-Parts
Storage System) (Small-Parts Storage System)
2241 (Large-Parts Storage System)

Rack (Racking System)

Rack

2.24.1.1 Pallet Racks
Rack
pallet Rack

(Accessibility)
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Pallet Rack
(Size), (Weight) (Capacity) rack
.(Material Handling)
(Fork Lift) -
2.2.4.1.2 Cantilever Rack
Rack
Pallet Rack
(Unit Load)
2.2.4.1.3 Stacking Frames
(Frame)
Pallet Rack
(Multiple Stacking)
(Unstakable)
2.2.4.1.4 Flow Racks
Rack (Conveyor)

Flow racks

(Depth of lane) Rack (Level of rack)



J | rack
y . . 1 \] ,1 . 0,
Flow Rack:
FIFO
1
(Aisles)
1
(Honeycombing) ,
Flow Racks:
57 Pallet Rack
Pallet
1
/
2242 (Small-Parts Storage System)
2

(Static Small-Parts Storage)
(Dynamic Small-Parts Storage) (Weiss and Cramer, 1988 263)
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22421 (Static Small-Parts Storage)
2
224211 (Shelving)
2
(Honeycombing)
. ”
ol

(Open Shelving)

(Dividers),

(Box)

21



OPEN TYPE RACK

close0 TYPE counter with drawer CASE
UNIT.UN fronts ANO WASTE BIN FRONT

—_
p——
1
I
——
k‘f —
: CLOSED TYP~ RACK ¥ATH XVIDERS
CLOSED TYPE RACK WITH DIVIOERS AND BIN FRONTS :
b I
i J1 M
1 —
d g el ||
= : LfiSe o

=
-

-

TOOL STORAGE RACK WITH TOOLROOM
INSERTS AND SHELF BOXES

—

™
et

0
\ T =

L ] T
%mm

== =
=~ ==

CLOSED type rack with DIVIDERS,
BIN frontand boxes

21

e
TOOL STORAGE RACK Wl e

TOOLROOM INSERTS , ACCESSORIES
ANO SHELF Boxes

all but one
SECTION
MAY BE
ASSEMBLED

BACK TO BACK

rotary

SHELVES

TYPICAL SHELVING

: Weiss and Cramer (1988: 263)

17



2.3

224212 " (Modular Drawer Storage)

(Drawer)

22422 (Dynamic Small-Parts Storage)

(Automated Storage / Retrieval System: AS/RS System)

(dentification System)

(Product Identification)

2

(Location Identificati

)



23.1 (Product Identification)

(No Tag/Label)

19

(Have Tag/Label)
23.1.1 (No Tag/Label)
2
*e (Vendor Identification)
e /
2312 (Have Tag/Label)
2
(Manual Label)
*e (Machine Print Label)

(Human Readable),
(Machine Readable)

Machine Readable)

(Both Human and



20

" (Operation)
n 0(Reserve Location)
A (Picking Location)
n (Quantity)
AN
n (Characteristic of Product)
(Palle Tag) (Single Item Tag)
2.3.2 (Location Identification)

(Briggs, 1966: 200)

2321

3 342- 112-123
2 (Building)
(Floor) 324 34 2



J ™  ntnvuinmiJM

n r?
(Row)
112
(Stack) (Level)
© 3 1
2]
] E-045
|
E-045R E 4 5
| B-95-045-L
B 9%5 4 5
|

4th Floor
SS:“ : == \/gl/-_\—/
2% A

2 22 324-112-123

: Briggs(1996: 205)
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24 | (Automatic Identification Systems)

(Manual Identification System)

] B
(Bushnell, 1988: 459-460)

\% ‘ (Repetitive use of Data)

(Data
Processing Cost)

(Manual)

(Accuracy of Data)

}.
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*e (Control of Data)
*e (Integration of Standard Data)
(
)
e (Speed of Data)
4
4 J (Function),
(Scanning), (Printing) (Symbology)
24.1 (Function)

(Information) (Action)



2.4.2

24

A (Scanning)
2421
Scanner '
(Bar) (Space) ASCII Code
ASCII ASCII
3
633,800 900 800 900 !
2
2
¢ First Read Rate =
¢ Substitution Error =
2422
. (Scan Rate )
* (Resolution)
* (Symbols)
| (Depth of Field)
. (Memory Size)
* (Communications)
* (Machine Control Output Available)
* (Wavelength)
2.4.23 (Scanning Equipment)
2.4.23.1 (Hand-Held Scanner)



24232

24233

25

(Contact Scanning Device)

(Non-contact Scanning Device)
(Fixed Beam)

(Moving Beam)

(Fixed Mounted Scanner)

(Conveyor)

(Portable Scanner)
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24234 (Radio Frequency Scanner)
(Real Time
Transmit)

(Access Paint)

2.43 (Printing)

24311

(On-Site Printing)

(Film Master)

* (Off-Site Printing)
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24312 !

(Printing Equipment)
' On-Site Printing

¢ Wet Ink

¢ Direct Thermal

¢ Thermal Transfer

¢ Character impact

¢ Bar impact

¢ Dot matrix

¢ Hot Stamp
¢ Taser page
- | 21
2.1 On-Site '
X
Dimension Other
(A- = Print Noise consumable
0.001) Speed stock level material Interface Flexibility
Wet ink 7.5 300 Paper Low riate No None
labcls/min Vinyl Ink
Polyester
Direct 10 2-3 in/sec Coated Very low None Yes High
thermal stock
Thermal 7.5 | in/sec Smooth Very low RihlIxin Y (m High
transfer stock
Character 7.5 40-100 Paper 1ligi. RiblH»n Yes Limited
impact labcls/min Vinyl
Polyester
Bar 10 2 in/scc Paper iR h Rihlxin Yes Umitcd
impact Vinyl
Polyester
Dot 10 60-100 Paper ITiKI. Riblnin Yes High
matrix labcls/min Vinyl
Polyester
Hot 10 115 Leather Medium film No None
stamp labcls/min Plastic master
Laser 7.5 12* Paj>er Low Die Yes High
page pages/mm loner
-Tiic durabiiity Of thelabd and treinage after printing muet keaorsickred Thete arcVwnarysaiadcsliut bkt ims Fedsasssd nanirdvidl el
basis.
*
*
4 2

, (Resolution)



2.4.4

(Symbology)
2441
(Bar)

2442 1

|

|

|

- tl

|

|
2443

B

|

|

| |
2444

2 3

Interleaved 2 of 5, Code39, Codabar, Code93, Code 128

(Space)

6
UPC/EAN

28



m |[nterleaved 2 of 5

(Check Digit)
m  Code 39
Vi (v ho Digit)
Interleaved 2 of 5 Code 39
m  Codabar
6 (Start Character)
(Stop Character) 4
m  Code93
128 (ASCIl Code)
(Check Digit)
m  Code 128
128 (ASCII
Code) (Start
Character) (Stop Character) 3
K UPC/EAN

UPC-A, UPC-B, UPC-C. UPC-D, UPC- EAN-8.
EAN-13, ITF 14, EAN/UCC 128

29
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2.5 (Warehouse Computer Systems)

a (Warehouse Operations)
(Warehouse Functions)
(Physical Data)

O (Data Processing)

(Information)

(Nelson, 1988: 513)

o (Combined with
Data entry Devices) ,
(Paper work)
(Data Processing)

O (Combined with Control
Physical Equipment) ,
(Automated storage / retrieval systems; AS/RS)

(Wareh ’ise Operations)

2.5.1

23



Warehousing Computer Computer

operations routines files
Receiving I
2 ' Recewing Replenishment-
CRT routine order file
; L S
Inspectic-
' Location
CRT Inspect.cn file
3
Storage | z
2 i Stock location P‘,'n°d”°‘
aster
CRT o and
I rewarehousing inventory file
Order entry .
. L( Order Open-order
CRT entry file
Order scheduling
Work
CRY scheduling
Picking
CRT >~
Confirmation
: by of
Packing 17 shipment
o
//
_ LA |
Shipping S ‘
- Quality Transactwon |
@ assurance file {
Quality assurance /
Productivity Standards
Productivity reporting feporting file

2.3 $

: Nelson (1938: 515)



2511

2514

’

25141

(Order Entry & Order Scheduling)
/

u - chase Order File)
(Location Master File)
(Inventory Status File)
(Product Master File)
(Open Order File)
(Transaction File)

(Standard File)

2

32



2514. 2

2.5.2

2521

1522

(Transaction Reports)

(Performance Peports)

(On-Time Performance)

33



| (Accuracy Reports)
]
2.5.3
(Hardware)
]
|
(Memory)
| (Number of Transactions)
(Computer Processing Unit; CPU)
]
2.6 EAN/UCC 128

Code 128
(Supply Chain Management)

(Electronic Data Interchange: EDI)
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2.6.1 EAN/UCC 128
' (FNCI)
A 128 ASCII Code
I Module 103
! N
) Al
2.6.2
EAN/UCC 128
6 (Quiet Zone), (Start Code),
(Al + Data+ 4 FNC1), (Check
Digit), (Stop Character) (Human Readable)
24
Humax Readable
1Al end Dara Fietd)
(420) 524032140
¢ 2 '_g.‘: 3 ‘e det
= Y —=
Rhaedy BELS
1, |
c
{Al and Datn Field)
Check Charocter
dodulo 16}
2.4 EAN/UCC 128

XZOfc '



2621

26.22

(Quiet Zone)

10X
X =
1
EAN/UCC 128 ,
+ (FNC1)
(Start A Start E Start C) + FNC1
EAN/UCC 128
Code 128
, EAN/UCC 128
GS( ASCII 29)
EAN/UCC 128 3
2.2)
A (Code A)
1 (
n ) 1
B (Code B)
1 (
n ) 1
C (Code C)
1 (

36

11X

11X
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22 EAN/UCC 128
VAL | CODE A| CODE B| CODE BAR PATTERN || VAL | CODE A CODE B| CODE C| BAR PATT
BSBSBS 35S 8¢
0 sp so 00 2:1 22 22 52 T T 52 2.3 3
: ! ! 01 2.2 23122 53 U U s3 2153 %
5 " " 02 22222213 54 v v 54 39 % 1
2 a4 8 03 1, 231223 | ss W W 55 3113
a s $ 04 1:2- 32 3 2 21 56 X X 56 3. 33 3
S % % 05 1.3 % 2:2:2 57 Y Y 57 3L 2 1
3 & & 06| 1222 1 3J s8 z z S8 322 3
7 2 . 07 122312*59 [ ( 59 332 1
5 ( ( 08 1. 322 3% 2 60 \ \ 60 33 4 3
= ) ) 09 223233 1 | ] 61 22 1
10 + . 10 2: 29 392 62 S > 62 a4 31 1
11 + + 11 2" 3 % 2 2 63 -- % 63 kA oy B
12 , = 12 1.1 2023 :2 64 NUL ¢ 64 3G Y TR
13 . - 13 Lo 2 4) 3 2 65 SOH a 65 121 2
14 . ' 14 3\ 8 2/2 8 1 66 STX b 56 i21 4
15 b/ / 1S Y/ X2 67 ETX c 67 1411
18 0 ! 16 1 2. 3 27asp 68 EOT d 68 14 1 2
17 1 1 s w7 1 53 =t 69 ENQ e 69 1 X2 2
18 2 2 18 2, 2| 38T 70 ACK £ 70 112
12 3 3 19 2//21 TR CRN2Z 71 BEL g 7 122 1
20 4 4 20 2/ 211020 R ¥ 72 BS h 72 222 4
21 S 5 21 Z B3 2.1 R 73 HT i 73 14 2 3
22 6 6 22 =gl a2 74 LF j 74 14 2 2
23 7 T 23 3fAVR A 31X 75 T k 75 2412
z4 8 S 24 SOP 2 2.2 7 FE 1 76 2211
25 9 9 25 Sz wi 1 2\ 2 77 cn m 77 43 3 1
26 : : 25 Sk /el 2\ 1 78 e} .n 78 I U |
27 : ; 27 IWINELD 12 7S ST o 73 T TR
28 < < 26 Iz o) 2 50 DLE p 56 1,12
29 = = z9 BeeGeeOun®d ) ] 81 DC1 q 81 -2 4%
30 > > 30 2N AR NP =3 82 DC2 r 82 1. 12 5% 42
31 ? 2 31 s o i e O | 83 DC3 s 83 1.3 a2
32 @ @ 3 5——D—X—D—F- 84 DCAa t 84 1 2% 3
k B A A 33 s L T I o 8s NAK u 85 1 24 ¢
24 B B 34 T 2 3 86 SYN v 86 S 1 (=
35 c C 35 e R I VI I | 87 ETB w 87 4 2 1 1
3s D D 36 TUBRI2A 3 AV 88 CAN X £8 & 23 2
37 E E 37 1 32133 89 EM y 89 2 Q2 X
3z c F 38 S 20 SUB z °0 201 4 %
3o G G 39 7 s ik oot Akt 91 ESC ( o1 412 1
<c H H 40 2 3,3 3143 92 FS ! a2 I O
{1 I I 41 2 32 3 A% 93 GS ) s3 3 A 2 3
42 J J 42 T L2 233 94 RS - 94 s Gl s L
43 K K a3 1 1.2 331 95 us DEL Ss 1 2 4 %
44 L % 44 1 32233 96 FNC 3| FNC 3 96 114 3
45 M ‘M 45 I 1313223 97 FNC 2| FNC 2 97 4111
46 N N 46 S T VO G 98 SHIFT| SHIFT] 96 4 YT 3
47 o] o} 47 T 330 2 99 | CODE C| CODE (| 99 3 Kt LA O
48 P P 48 313121} 100 CODE Bl FNC 4| CODE Bl 1 1 4 1
49 Q Q 49 211331} 101 FNC 4| CODE N CODE Al 3 1 1 1
S0 R R 50 2 3113 1| 102 FNC 1f FNC 1] FNC 2l 4 1 1 2
L =1 ) S S 51- 12 23X 3L 2
VAL BSBSBS BSBSBSB |
103 START (CODE A) 2 1.1 41 2 STOP 29 3 1332 |
104 START (CODE B) 2312324 |
10s START (CODE C) 2 1.2.2:3 2

k
:here : B = Bar and S = Space
°f definitions of FNC2 - FNC3 - FNCY : see USS-12@ Srecifications.

(2540: 34)



2.6.2.3

2.6.23.1

>

B RBRRRERRRBRR E

23

38

4 C

Startc + FNC1

A Start A + FNC1 (
A 1 22 64-95)
B Start B 4 FNC1
2
(Application Identifiers: Al) (Data)

(Applica'ion Identifiers: Al)

(Fixed Length)
(\Variable Length) Al

22 23

AM

© o B B B B B

*

P8 B RBBRBB R 2
B B BBbBbBbB P ®

o o oo
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24 EAN/UCC 128
Al Note Title Format
00 Serial Shipping Container Code n2+nl8
01 EAN Article Number/ Shipping Contamer Code n2+nl4
02 EAN Article Number of goods contained within another unit n2+nl4
10 Batch or Lot number n2+an...20
un (@) Production date (YYMMDD) n2+n6
13 (@) Packaging date (YYMMDD) 2+
15 (@  Minimum durability date (YYMMDD) 2+
17 (a8)  Maximum durability date (YYMMDD) 2+
20 Product Variant 2+ 2
21 Serial number 2+an...20
22 HIBCC - quanity, date, batch and link n2+an...29
23 () Lot number (transitional use) 3+ ... 9
240 Additional product identification n3+an...30
250 Secondary serial number n3+an...30
30 Variable quantity n2+n...8
31-36 (C) Trade and logistic measurements 4+ 6
37 Quantity n2+n...8
400 Customer's purchase order number n3+an...30
401 Consighment number n3+an...30
410 Ship to (deliver to) location number using EAN-13 3+ 13
411 Bill to (invoice to) location number using EAN-13 n3+n13
412 Purchase from (location number of the party from whom the goods are
purchased) using EAN-13 3+ 13
414 EAN location number n3+nl3
420 Ship to (deliver to) postal code within a single postal authority. n3+an...9
421 Ship to (deliver to) postal code with 3-digit ISO country code prefix n3+n3+an...9
8001 Roll products - width, length, core diameter, direction and splices n4+nl4
8002 Electronic Serial Number for Cellular Mobile Telephones n4+an...20
8003 EAN/UPC number and serial number of returnable asset n4+nl4+an...16
8005 Price per unit of measure '
8100 Coupon extended code - NSC + offer code 4+ 1+ 5
8101 Coupon extended code - NSC + offer code + end of offer code 4+ 1+ 5+ 4
8102 Coupon extended code - NSC 4+ 1+ 1
90 Internal use or mutually agreed applications n2+an...30
91-99 Internal applications n2+an...30

(a): To indicate only year and month, DD must be filled with "00”
( ): Plus one digit for length indication
(C): The Ais in the series 31 to 36 comprise four digits. The first additional digit completes the identification

of type of measurement and unit of measure. The second additional digit indicates the decimal point.

(2540: 11)



2.4

24 Al

Al 00,01, 02,10, 15, 30,3100 3101

(Al'sfor Item Identification)

Al 01,02, 20, 240 8008
' (Al's for Traceability number)
Al 00, 10, 230-239, 21, 250 8005
(Al'sfor dates)
Al 11,13,15 17
(Al's for Quantity)
Al 30 37
(M ’s for Measurements)

M 3 100-3699

/ (AI’sfor Location Number)
Al410,411,412,420, 421 414

(Al'sfor Interna! Application)

M 90 91-99

40



26:23.2 (Data)

EAN/UCC 128

(Switch Character)

(90) 1234ABC EAN/UCC 128

Start C, FNC1, 12, 34, Code A, A, B, C, Check Digit, Stop

?
] Al
Al (Variable Length)
(FNC1)
]
165 . 6.5
] Al FNC1
1
48 Al
1
2.6.24 (Check Digit Character)
EAN/UCC 128

103 (Modulo 103)

41



(Value)

] 1

H FNC 1 1

| 2

. (

3,4,5
(Value) 2.4
2 1
3 2 1083
4
(10)2503x45 '

Start ¢, FNC1110, 25, 03, Code B, x, +,15, Check digit, stop

Start C = 105*1 = 105
FNC1 = 102*1 = 102
10 S 10*2 = 2
25 = 25*3 = 75
03 = 3*4 12
CodeB = 100*5 = 500
X - 56 * 6 - 336
4 = 20*7 140
5 21 %8 = 168

2 1458

3: 103 14 16

4 16



2.6.25

2.6.2.6

(FNC1)

2.6.3

2631

FNC 1

(Al)

EAN/UCC 128

(Human Readable)

(Switch Character)

EAN/UCC 128

EAN/UCC 128

025 -

125

43
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10 1 N+ 66

318 20
2032
1 1.0 1 1
( )
= (11 N + 66)M
N = Code A. Code B Code c,
' FNC1
C
M =
EAN/UCC 128 EAN-13 ITF-14
:: EAN/UCC 128
5%
Al =00 0.50
0.90
EAN/UCC 128

=025 20

=040 20

=0.60 20

=0.80 254
=1.00 3L
1 =120 38.2



2.7

Spencer B. Smith (1989)

(2535)

, Plant design. Warehousing, Material Handling

' (2539)

(2539)

MRpO

45
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(2540)
UCC/EAN-128 Supply Chain
13 :
Barcode
Barcode EAN-UCC 128

(2540)

Sequential

C.J. Malmborg and K.M. Altassan (1998)

'V
Random Location Unit Load Location 2
Cube per order index (COI) Closet open location (COL)
3 Total item space requirement. Order picking cycle time System
Responsiveness
(2542)

Relational ,
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(2542)

Barcode Barcode
Internal Code Application Identifier BAN-UCC128
Data Flow Diagram (DFM)
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