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ABSTRACT

This study focuses on the production scheduling problem for the parallel
machines at the dyeing process in a textile firm. In order to come up with a
feasible production schedule, one should assign each manufacturing order to
one of the parallel machines and indicate the starting time of the corresponding
production lot. The characteristics of the concerned problem are stated as
follows. First, each manufacturing order contains the required product
specifications, e.g., the grade of gray cloth, its color and the dying length.
Second, the setup time for a particular lot is sequence-dependent since the
cleaning and preparation time depends on the color of the previous lot on the
same dying machine. Third, since the dying machines are non-identical, the
processing time of a manufacturing order may vary with the assigned dying
machine. On top of the above characteristics, this study allows lot splitting for a
manufacturing order, i.e., a production lot for a manufacturing order can be
arbitrarily divided into two sub-production lots. The objective of the proposed
heuristic is to minimize the total cost incurred for finishing all the
manufacturing orders in a production schedule.

Using randomly generated instances, this study verifies the performance of
the proposed scheduling heuristic by comparing its solutions with those
obtained by the Earliest Due Date (EDD) rule, which is the most popular
scheduling heuristic in textile firms. The results of the numerical experiments
show that the proposed heuristic gains improvement by at least 20% from the
EDD’s solutions. Also, the larger the number of manufacturing orders or the
larger the value of standard deviation of the dying length of manufacturing
orders, the more significant the proposed heuristic may gain the improvement.

Keywords: Dyeing process, Production scheduling, Sequence-dependent
Setup time, Lot Splitting, Heuristic
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AL AARFLI W2 mAfprim a EREMA N KE o Fp
MAH L EREFAHFNLT > B AFIFEZ R S A2 82 A2
Bl 1 fRAT TS SR fR B AT 0 2004 £ (R iF7A[6] 2 E - AR[8] e ek @
R1H g AT o EF Z AR E o AW 2 (GA) ~ il
X2EA) Zefex2(TS) N H RUEBEFF S ] 5 P BFHF -
i 2 F[10] 7 2008 & 2 41— B - FEEECHE SRS 2 0 A A B v G P
o v R A B RGE A A R AR R AT o
g L kT AMFERPREIA LI LRERE LY s KK
PiR~ BT R~ 8T R A 2R E o oq S BRI PR L Benpt AR i
R IEE S R At Rene FAEREP - FS P B ERES
w R a2 3 So[3][6][7][8][0] R R L B AR R A 2 A
M B N A TR d o ¥ —fEREAE 2 F[10]97dF et A
Ao M H AW o REREITE > X G T F Fag U
g\‘ o

_'1

24 2P RAEIFL R LR

FEL AL Y BT A 0 B RAE)  dS S R
1 pF R (makespan) ~ %% iﬁ«éﬁﬁl?a‘-ﬁ&*(total tardiness) ~ -T3=% #F 1 ¥ #Hic(average
number ijObS inqueue) = 5 Pcdp 0 b 2 th‘J VI RN O A N U s B - A7 -
FHRRT o o EPiE ),?f P A gmEFE R L R IR AL
%*ﬁﬁﬁk%@* £ +Wifw'£w%7pﬁ @/vﬂ%ﬁ4
AP AIMMEFTFY o a2 BIFAD 4?“ Bt fe [P AR o ’F' (2=
PR LA A A R 2 [10] 2 A AR TTE AU AT
%@ﬂ%%ﬂ%ﬂwEwﬁﬁ%ﬁ’ﬂﬁ*iﬁﬂi’ﬁ’ﬂﬁ$iﬁ+
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P . > e
AP IR LR LT TR P AT 0 LB

TF RS
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$z3 mL

A TN EALANS I F- > AL pRD LT FL
#-¢ -k g1 % 5 CG (Colorx Grade) 4 #f o % = 3R>I FE 4 » #+ 8 4 3
(Lot Splitting)z_ 384 » #-4 AT H] £ fgis » M Hp a8 X el BeE 2 R
B E P B 0 RAF AET B AR g R BB AR
PAFET AR ESR W59 AR Ay s D anlicfi 2 ae 2 o

31 R HFHRP
j-\)gzrv‘n{w zv‘z%{qf»ipl %L?/fl‘ﬁ}l’:‘ gﬁl}éﬁq-ﬁ xﬁrsﬁ" ﬂ,gj;;:%j.
__E’# N ;.Z,'Lﬁf—‘ _F,\m;}'%ﬁi/?ﬁﬁ/z » IR é‘li—?f\—‘ﬁf"t‘%&

o AFH
¥

W<

B ;

2
ié;?'rﬁ %T&Fﬁa—&%f’rﬁxgﬁ #KFE\' :{4‘ﬁ§:ﬁl£ ( )
g A p4ﬁ«ﬁ’m RF A 10502 AFHL - 5 %G
TR SR ERMEBL o dok 3L AT o

% 3.1 EpFMmp 2 4%37H

FERE MO | ¥ |CG| dk ¥ \BE
. MO1 |2009/1/30{RB| Red | B |1700
MO2 |2009/1/30{BA | Blue | A |1300
MO3 |2009/1/23| RA| Red | A [1900
37H 2 | MO4 |2009/1/23| YC |Yellow| C [1000
MO5 |2009/1/23| GC | Green| C |2000
MOG6 [2009/1/27|BA | Blue | A | 750
37H 3 | MO7 |2009/1/27| YB |Yellow| B [1400
MOS8 [2009/1/27| GA | Green| A |2000
Sy MQO9 2009/1/25| YC |Yellow| C | 700
MO10|2009/1/25|RA | Red | A |1300

¥oohi ¥ g #d kB Eaitie s > W CG (Colorx Grade) & £ 7+ o #]

P ARl ARAREAE Y £33 - FROEEPEF S L
1 B o FRATGRFEIRIF > Wk AH P L B
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RERT AF - R FhERY  PBor FRTIFE

= m%@%vgﬁoﬁi,w%ﬁ#%#wé*%g%
REFHERERFTHEIULRFIFDR AR
TR % o aLrsz;E/E»’#Vu‘IFE/ 7 m’,—’r@?ét%gﬁ%?&é’

ok oo Bt R d ITRGVER gRFRS L AP

A

311 FE TR
FAF T BRK 0E e T
1 Fw pEl G 3 0 pr B8 B AR iR R 1 B AL {8 3 = F] CG 17
o de PR 4o d 3.2 99 % o
2. F R gm0
3 AFEFHTHEN LA TR G A EF A, gEFLE AT
AATLTET R &2 €5 = :
I R B R AT Y
S WA A A FELIAFRITE WO PR apkRgd o
F oW AR RAETES PR E R TES 4
A - BTG A
e G LR
1P F T * A A - il o
2. FrE PN T H P c FLAI R ER P BE
3. A d K EB(CO) AT L L4 S chp B > 4ok 3.3 997 o B
hoi - B2 5 E L 10000 CG A #E k=534 5 287 4 A 5 H 4
1 PR 4o 1 2.5x1000/200=12.5(/] F%) -
AT - RPIEAREN FRE LRI 2B A A ] S
PR Agda W)™ > e idad AR AT AR T40R 3.1

o o

ST o
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3 3.2 RAFET L

Setup Time Table

12

"

10

CG(K)

10

11

12

STip.)

+
1~

 TEPER

P
g

%33 &

Processing Time Table

>:-] P/ 200 75

2
|

¥

Lo
I |~ o | IO o Lo
wn
<
I |~ o | IO o™ Lo
(9p]
7w 0 | w0 10 1o
n | ™ < | —i o
N | w 0 | w0 10 1o
n | ™ < | —i o
T w 1 | w0 10 1o
n | ™ < |~ —i o
Lo
(9p)]
N
= A |l || ||l |~ | oS |2 |H
‘o RV RV R RV AT AT
% kkkkkkkkkkkk
~—~~
X
p—
0}
O
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Pt
oA B
Input @
Output
1. 374 #cp o ) ‘ —
| 2 Hp ; “r, 2 PARHE F44 L e
3. 1 5l % % B
Bk &
A& i

Bl 3.1 A7 2 FHTE
312 ] £ B § A 3 i}

AR Y BKATE B 0T 5 - R L 475 3 < | (Uunequal size):h &
WL - RFARPAREE Y > V- BREYLS I EINE B0 TR
ﬁ°ﬁdwﬁﬁﬁwm%%&ﬁ’ﬁﬁw?é$ ¥ enff B g2 p)
A A P TR g o Ft S A g Fle o VERERN A2
PiE T TREAR o

Frd b ATH AT 0 g W A T e TR
1 FL% /2 Ay Fl 5 A G PEREAAD ZORERL > E 03558 a1

i GEERIVA gfg =R A e o BRKATHE ) = & (Penalty Cost ; PC)

B ;37 H W B % = A (Setupcost s SC)&K 5 SCw o FA7H L
EE AR 2HATE G EE AL BN APCe o $47H (5enip 3 A4
ATH e A ApE S LFIRT 2 EREFITE $ (T o

PC #+ SC # <PC :+SC s — % 1= %47 ¥ (3.1)

FHiEE R 2PEF S AT KR PTPCs=0sPCx=0,% TPC+=0>
19



4.

[

e

PC >0 e
FHREDFHEHIA 2 HITEEC LT AL IS APCy o FA7H
RN A X INTE S A ApE S PRT Y AR AFITHE BT
PC #+ SC # <PC s +SC 1 — % = 3% 17 ¥ (3.2)
bR g A AT ARk T TPC=05PCy=0, % MPC+=
0sPC#>0°
FATERH LA SR 2 HhITE L LT AL BH S APCy o 478
B R A [N TE R S AR MFIRTEREFIFE ST
PC #+ SC # >PC 4 +SC 1 —i* k45 H (3.3)
FipiER A G AT sk TPCe=02PC =0, 2 PCa=
05 PC#>0,0
RoAEARFA D S b AT E ST A2 A PC AT
HamB A R30I D A ApF > LR TY 22 REF4FHEH
% o
PC s+ SC # >PC #+SC ¢ —i* %45 ¥ (3.4)
FHEE R PEF S AT KR PTPCs=02PCx=0,% TPC+=0>
PC >0

BBz R TR BEZPI(B3)% (34) ) T ITLFFHEE L A
@& ATfE2 JLL1'+I»0%§¢L,; H7 R RGP L IRIEITE B 0F

TR PR PR D el sk o

MR- B b F KRB IR B lefIﬁA»/i—LﬁiF‘P‘ o 2L

AT R R LIPEN L F 4E T E PV ER S 10582 B

£ ek 31 %77 o
T At engiAe L (T T 20 B3R
I R e I I LI NEE S RN

2.

¢ o

AL DTERE REBAPFT > RN FROEF LG B

20



Sren o
3. BRE- - BRIMALCER FRR T S AHLI$70 2
4. BRPoEy S o oo
Reg fSrE R e AT B E DRI AT 0 BRI AT
o, P EAE S mP MO 5 7(sequence)

c (o) 3-& e > s mergd 2 &
M

&7 =2EEaM 52 MO &I'=Jo,
m=1

pIr,=0,Uo,Uc,U---Ug,
TC(T) : + & pFfep » w1 4 2 B4 A

H P g do

o= <3 , 10>
o,= <4 , 9 , 7>
o,= <5, 2, 6>
o,= <8>

o= <1>

c(c,) =70+320050 = $160,070
c,(o,) =70+310050 = $155070
c,(c,) =70+95+4050-50 = $202,665

¢.(o,) =70+200050 = $100,070
¢.(c,) =70+170050  =$85,070
TC(T) = Ye (o) ~$702,945

RH-H £ MO(9)=700 7 & B2k 45 = % > 7 MO(9,)=350 75 £ ~ MO(9,)
=30 mE T EL > - BT AREAEAEE V- BRI FERIE G
o bR s T 5 1L BRI N H PR e T oo
1)

0,= <9 , 3 , 10>

a

o,= <4 ., 9 7>

b !
21



(2)

o.= <8>

o, = <1>

c,(c)) = 70+95-2+(3200+350)-50 = $177,760

c,(c,) = 70+(3100-350)-50 = $137,570

£ TC(T,) # 7 - HPFARR - ATRARNTH 4 2 B &
#7352 TC(T) =c, (o)) +¢,(0,)

=70-2+ 95-2+(3200+350+3100-350) -50=$315,330

B3 A2 TC(T,)=C,(0,) +C,(0,) = 70-2 +(3200+3100) 50=$315,140

4 Cost saving function:
ATC =TC(I',)-TC(I,) >0
Fo A kG E
ATC, =TC(T',)-TC(T)
=(c,(0,) +¢,(0,)) - (c,(a,) +¢,(0,)) = -$190
ATC, <0 A A Mo H U >3 Y

o= <3, 9 , 10>
o,= <4 , 9 , 7>
o,= <5, 2, 6>
o,= <8>
o= <1>

c(o)) =70+95-4+(3200+350)-50 =$177,950
c,(c,) =70+(3100-350)-50 =$137,570
TC(T,)=¢,(c) +¢,(c))
=70-2+95-4+(3200+350+3100-350) -50=$315,520
TC(I',)=c,(c;) +¢,(o,) = 70-2 +(3200-3100) -50=$315,140
ATC, =TC(I',) - TC(I',) =—$380 <0
— AR E N

22
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—HE L =Y FHE
ot i TR T ) H ANk ATC, <0— i A i

ATC, =-$190
ATC, =-$190
ATC, =—$380
ATC, =—$475
ATC, =-$285
ATC, =-$190
ATC, =-$190
ATC,, =-$190
ATC,, =-$190

SR REGGE B I B M A A S $315,140 ~

porhd T ORTE AT 5 0 MR B TR R IR -

ATC(x)cost saving function *# x:
¢ Zr ATC(x)=TC(T,) -TC(T,)
=¢,(0,) +¢,(0,) ~ (c.(]) +¢,(c))
=70-2 +(3200-3100) -50-
[95 -2+70+(3200+ x, ) -50+70+(3100-(700- ,)) -50]
=700-50-180-100x, <0
= X >348.2
—348.2< x, <700
12 7 18 348.2< x, <700

Fpdpde s VIELTTHE VY ITH I E m&fﬁ%]ﬁ]fg,;‘ﬁ@ PN

Z=min ATC

(3.6)

FUAA B SRR A FI TR R 2 b

313 4 &34
j‘ﬁﬁ mﬁ m_,,'f";l;f,._j’l_‘ ‘E;\m"t,\ﬁ‘\"“ 1:'1 l'ﬂ_ ’ \‘_LE[:\AEE

% BE PR PR

HAERFEF LB MR GFERDTEREAL A

23



1. % # = A& (Setup Cost)

BH o Ae ZHMNR Aod A E TR npp d ‘Jl'ﬁfég ;B

= BofopE R > TR R R X P E - BRER DY E o
2. # & = & (Production Cost)

ALY T RHNAEUL EAFE OV L AN AT R
EF S AFEL & <] d s o Tt > gRBINITHE EH o
3. ¥ = 4 (Penalty Cost)

BPEAT A LB L FUROI PR AP E T
ERUEER T NIEIRLESE A S Ak il b RN
A EARERT AFERA L F A28 A 0 B RERSA B
4&@ RS 3 R RN T ENPEY ‘s T NI . P S

AREHEFTHAIARNIARADTERT > L HIFHAE ST G @l

W%**ﬂ!%%ﬁ144~¢%ﬁE%JJLM&ﬁ%i#ﬁwﬁﬁkfﬁoﬁé
unit labor costk 5 & | FH A 1 HF o a S S hRHAPFT
M (S).Setup Time R £ = A 2. ¥ % 57 4 °

)

/

‘m

-{:‘.\

Setup Cost =unit labor costxM (S).Setup Time o 4 & = * & 4 Z ih g 3
FAL YRR h - MM BN A R B
B e gmABTRT o BRART HB R A FZFR

EE A A AR - Sl R T AR R st I S A

Bk AFT g ¥ H =8¢ 2 & 2 unit production cost £ o7 0 B Bl 2 A&
¥ %7 5 ¢ MO(i).Quantity xunit production cost - 24 i ¥ ‘;,0[6]~P’“ ,
FTH Rt e R pE o #[‘;\r‘g g;*«:—‘%?‘}'d,q e 7 EEELE
B Bt FHF AR A X AARLIEH A A o d NIFEAAREF
e EREFF LR ALY BRAFOSEFFD SBFTEA
o B EE (e E R ) I A Kk FOLEE L RN RRRBE o B
BREASZZAPH e LEIP R EgFHNS A2 E22 c FHFAL 7

FA AL EFEX AL L a @ ES AR BT E 5B 7 Y
penalty cost=air dellvery cost —delivery cost % % 7 o g & = & FRf D

Kis o BHAR P FEZELERZ ko A RN FIELEMRZ = A5 >

24



BT AR Ad4r > BT S K o

P LTRSS AZ A B TE P AT
o, EEWE S m? MO R 7i(sequence)

o [i]: o B3¢ MO &g i

B(i) : t MO; chs — 4t B g i+ ¢5 MO A 22(index)
o, - MO |l £ g &

CG(i) : MO; ] 4 e CG

Xi MO 4 ehE &

TCM) @ @A T P #1342 B3 A

T4 7 2 &AM 52 MO #47 %I = Ua

ALY 2—MOE S L A G = BI04 B[P 4T
(1) E & = ~=y;(o,[i])

yi (o,[iD) = v - S,(Ali],0,[i]) (3.7)
He y S5 AL EFTSA; AP gy & 5 $95/ hour

S.(Blil.o,[il) % 7 o, & 5] ¢ ¢ MO, 2 # % — i MO[™ MO(B(i))] * =
Bk Ea A HY S ERRAS2HAPFR L o

$ob o [0]4 57 - AR T 8 5 B AR A TR e el (7 AT R R
HETA G870 ~ -
(22 &+ +=y'(o,)

V(@) =P+ (Hxw (€G).m) (3.8)

Pif | prend g4 275 ¢ P % % $50/ hour

b4 745 i f & Ak % 5 AATF % 2" =200 7/ pF (forall iem)

o (CG(i),m) = MO B &AL T om2 A B4 23 R hicfgig €
B HP 0 %4 33 LW LITEFTL o

@) F) = #=y'(x)

y?(li):a(Zi)_V(Zi) (3.9)
25



-0.
0.5

V(z) % 7 kiE S & v(y) = {uo , O<y <1 (3.11)

110:[ gy - 1- 2!, z>1
Lpfe T v o 4 2 A ATC(D) T £ 7 40

d%)%ﬁjﬁﬁﬁﬁ-’d%)—{lﬁ) , 0<z <05 (3.10)

16@[ 1-2:,L>05

TCD) = 34X Vo, i) + ¥2(o,) + V' (2)} (3.12)

m=1l iecy,

32 @y 3 i
AT EARA NS MM L ¥ - > LA L BED LT ELS
¢ -kgr % % CG(Colorx Grade ) i£A #F o % = IRi» A H_F 4e » $#+ £ A z](Lot
Splitting) 2 3|+ » & 3= AL P E | 1L o ARG g - Bl bF kP A
N Rt i~ ke A E
3.21CG Mg+ § 4 3
&ﬁ&?ﬂmﬁpidﬁw’ﬂ*i R NE L R R A R
BARR ey 1 B AL o S WA SRS FL W44 R AR X% > B84+ 4
FER o T e AT IRAR FALER B F R Fﬁ)j‘vr‘éfv\ﬂfi
PR E Sk o FR A RN AL P § kit s 2
ERVE &
BNUTARRE Y o B2 T RA0T
To @ B 5SS CGC*#F 5 % kg preniv £ prf
MO : ¥iskA WL (¢ g2~ FRE FFé - FBIFFT)
N : MOz #&&
DD : L AafEig2 2 X #ic
Q 4%z &g
CG:ppd ermt %2 et -Cik4pgré¢ (Color)> G %32 % % (Grade)
CG(k) : % k3t CG + #f - (k=1, RA; k=2, RB; k=3, RC; k=4, BA, k=5, BB;

26



k=6, BC; k=7, YA; k=8, YB; k=9, YC; k=10, GA; k=11, GB; k=12, GC)
Quy % CC *#5 # ke g £ 8

MO(i).Quantitiy : % i 5% MO i g £ &
E: &% 28 CG(k)ehkiE
DD, : £ % 2 2 ¥
m s o ki
S s
D:Aajrdl vz iy
MT, : 5 S P g1 (epr i
to PRI ITA S SHrfLt 2 1 (FEER

M (S).Setup Time : # 5 S it B & p& P
1. MO i® CG ~ #g4z% (MO Categorizing Procedure ; MOCP)

dM AT IREMERECGC A MO B Edek- 424 & > 7 iho]
ez ol @A REEE R ATEK S ST ML CC A LRT R
£ o7 P2 CG «éﬁmiﬂﬂf& T LB FITH 2 L H s ot Bk v
FA oo bR > PR RE L CC AT REZE AW - F A
:t-.z_v'ﬂrja MO Mﬁﬁﬂﬂ HR2 CC <8 » Mzt : CGC ~#¥ #r5 MO ¢
cEMNECC A Ht: 2z MO &2

%A HHEPCE <K D T

|
ﬁtfﬁi:’wﬂ%* R T - PR A
St CG A MR i AR A A R P R S R e Bt
YR o B Suenigr S 2 LB % 2 Jp (Earliest Due Date ; EDD) 42

27



ER G A o ﬁ*fua‘r AFER RPN 2 72 BB H (7
i CG 2 Adf BRI ES L (FRi4el » A B—fdpdig e 4§
AR o A AR B 2 2 vki o dRAPET 8 EDD #4202 RIATIF 2 %
AR BT AL 2 bR o

RS A Jmﬂg’r'/d e E[9] e BAEEY > L REF *?,'{gd #-
W T E A A T HIT R A H N H U FR S P RFIFE
EFEERGNGITHE > T RDH B ITERF > R N BT
A1 e ;’gr} Ly XU VAl SR o s sl S NS A 0 S £ R i)
B e T9rig 2 ih Af 4 > AT 3 RIS OnRAL o
322 ¥z 3

wanol &0 Il BEFFATRUL T CC AT HEE T T
MER e FARARTE 2 I
- ~CG 7 ~ ¥ 2 47 H = ;% (Non-groupin and No-Splitting)
= ~CG # »3# * 8 = ;2 (Non-grouping and Lot-Splitting)
+ CG & # ¥ 473 > j# (CG-grouping and No-Splitting)

W

2 ~ CG & #2475 * ;% (CG-grouping and Lot-Splitting)

fH e b REP BofiiR B2 enilEAR e 1T 105k H o B RTEH
A Z3 I BEE ONBEERATERF WS T o 285% "L > 2w 5 MO
1,MO2,: - - ,MO28: 4r% 34477 - £ MO® 7§ 28 ~d k%
B BEEZEREDOTA o
- ~CG 7 ~ ¥ % #v ¥ 2 ;% (Non-grouping and No-Splitting) :

- B2 TCGC LM 2310 %RH xS D p EDD » 2T 3
PR 0 B AR R Ao

# 3.4 FEHEFAEPN 2L 8KTH

THERBE MO (¥ CG|¢k |B% |BE
MO(1) [2009/1/30|RB [Red |B 1700 |20.4

Ik
i

s H 1
MO(2) [2009/1/30[BA [Blue |A  [1300 [20.8
. MO(3) [2009/1/23[RA [Red |A  [1900 [30.4
T 2
MO(4) [2009/1/23[YC [Yellow|c  |1000 |8

28



TE RS MO (% CG|dk |2% |BELE £
MO(5) |2009/1/23|GC [Green |C  |2000 |16
MO(6) |2009/1/27|BA [Blue |A 750 |12
¥ 3 |MO(7) |2009/1/27|YB [Yellow|B  [1400 |16.8
MO(8) |2009/1/27|GA [Green |A  |2000 [32
MO(9) |2009/1/25YC [Yellow|c ~ |700 [5.6
iTH 4 |MO(10)2009/1/25|RA [Red  |A  [1300 [20.8
MO(11)|2009/1/25GA [Green [A  |2800 [44.8
ws MO(12)[2009/1/29[YA [Yellow|A  [1500 [24
MO(13)[2009/1/29BB [Blue |B  [2100 [25.2
MO(14)|2009/1/31|RB [Red |B  [1500 [18
8 6 |MO(15)2009/1/31|GA [Green [A 1500 [24
MO(16)|2009/1/31{BA [Blue [A  [1500 [24
w7 MO(17)|2009/1/20[RC [Red [c  |2100 [16.8
MO(18)|2009/1/20|BA [Blue |A  |2000 [32
MO(19)[2009/1/24|YA [Yellow]A  [1400 [22.4
¥ 8  [MO(20)|2009/1/24|BB [Blue [B  [1200 |14.4
MO(21)|2009/1/24BC [Blue [c  [|1700 [13.6

CG7* A%y 237H 2 225

E=0 /& 52 % sk H
Order(s).Q /&% 2 ¥pei~H 8% 7 £
Order(E).DD /& % 7 CG =~ #g < Hp

fors=1t010//% % — % H B a5t — 3R H 5 b
if Order(s)<Order(E) /#* % sz HI P 1 G g HIPE
Order(s)=Order(E)/ { #7 5 237 H < Hp

29

1
2
3
4 Begin
5
6
7



8 Order(s).Q =Order(E).Q/{ #& % 2 #2378 3 £ &
9  E=s/{ 5 APivHsE
10  elseif Order(s).DD=Order(E).DD /% = k37 H 2z 2 #y 4p & P&
11 if Order(s).Q <Order(E).Q/p+ ¥ 3 KE v A5 22 K E 4
12 Order(s).Q =Order(E).Q/{ #75 % 2 #p2.37H Z &
13 E=s /& &% 2 #p37H s &
14 end
15  else
16 Order(s).Q =Order(E).Q /7% Z { #7h kz 2 &
17 E=E /7 2 {3 E®&
18 end
19 End
= ~CG 7 ~»# ¥ 47 H 2 ;2 (Non-grouping and Lot-Splitting)

~ B AH T CG AT Mg N0 ITH I FATE B T 1 50
#— k8 L 472 % F =+ /] (unequal size)sd R4 > - RFT AP E
b ¥ - BREASGFREIA G L PR o Fhd or g 4T H {2 anfiin
Ao BN AR FENRARE o BER LT o SRR 3.2 AT
17 H #2 /& ;42 Pseudo code:

|l

1 t/35evE orads 5w

2 NMQ=1/35 1 ch8 3 8 X33 i 5y

3 Best Total Cost =oo/p = e =8 & &

4 S=1/7;7H u

5 d=1/ A HERFvIHEE 3 9

6 Begin

7 fort=ltom/Es- S SId- S5 50

8 t=1 S=S/E% - 5 B4odt s - %7 H (v457H & 17
9 Oreder Quantity=s+1 /45 1 en¥ F 37 5 > 3037 H fede -
10 NMQ~=t /747 enE 3 2 25 H w45 1

11 NMQ=t+1,d=1/=* B & B =% ‘%’Kﬁzﬁf

30



12 NMQ >Machine Quantity /7 45 8 7% & % € ~ > 23048 5 #ic
13 Best_Total Cos=Temp_Total Cos/:*+ & =+ =x th=0 A 2_d ] (&
14 end

31



e HE BB

Best_Total_Cost=Total_COosT;
t=1; k=1;
NMQ=1; d=1;

EERWRE L
FKIRMO - HE(THRE
JrHMO

» MO Q¢uantity+1

EfET RSB E T
fEHFE]

No—

Yes
v

TEH MO AZENMQ
L I=E S A

——

NMQ=NMQ+1
d=1

NMQ>Machine
_Quantity

A

TR R EENMOR
ERK(ESE

I

R NIV E SR

remp_Total_Cost/ &K
AT}%%WBest Total_Co

Best_Total_Cost=Temp_Total _Cost

B 3.2 475 423 72 A2 H(CG 7 A 3
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No,

‘Yes— >

k=k+1

ri7H)



= ~CG » ¥ 7 37 H = ;3 (CG-grouping and No-Splitting)

_ F’B-QF,/TJLIE' CG a#p > #-23M10%k37H » &d KfrEmhodgo 2 {8
iR BB ATAR s FIEAS F2Z PR A RFEE 12 A AN
237 g

CG &~ # * % 474 ;= 42 Pseudo code:

1 DD:[DDCG(l) DDCG(Z) DDCG(lz)] [ERBIE 4P 3 2820 % #c
2 DD, =, for k=12...,12 [#% CG * g2 ¥ 2 Azds 3K 5 &2

co(k)
3 Q:[QCG(l) ch(z) QCG(lZ)] I #£& (BE)

4 Quu=0,for k=12,..,12 /#¢ CGC ~ s F KB Az b B R 3 F
5 CG(k)=¢ /£ CCA&EL? d%5F MO

6 Begin

7 for i=1 to length(MO) /€% — 3% MO B 42 % & 15— 3% MO 3 it
8 k=MQ ). C/MO(i)2 CG ~ # % % k&

9 CAR= CGw{ ME/MO(i)*» CCrzgs &"

10 end

11 end

2 ~ CG 4# #® 478 = ;2 (CG-grouping and Lot-Splitting)

- B3 T CC AR Bg B2V 105k THEFIFH ST o H 3 0 3
B— R £ 47X 7 & o] (unequal size)ehd SR 4 5 - EF A RPARTY
b ¥ - RS LFAPIIH WA o P ERAR o Jhd AT AT H DR
At oI T AR E I RKE o HARER 4o > 4R 4cB] 3.2 1T
17 H 42 /& ;42 Pseudo code:
1 tHFaEorads s
2 NMQ=1l/47d1enHE F R X HEF| i o W
3 Best _Total Cost =oo/p #0 e%% =8 & &
4 k=1/CG = #g k |
5 d=1/ A HFvFH 3 1
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Begin
fort=1tom/j€% - S -1k S5 51
t=1 S=S/iE% - ¥ o R4ePt s - k7 H iv37H & 0T
Oreder Quantity=s+1 /45 d} enH F w37 5 23037 H Hcde -
NMQ~=t /& 747 enH F & T 5] H 4% 5+
NMQ=t +1,d=1/= @6 > = i =8 sR45 ¥

NMQ >Machine Quantity /7 #& 8 i 5 2 § + 3t 23048 5 ¥k

Best_Total Cos=Temp_Total Cos /3*+ & =# = t=0 A 2_d )

end
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‘
v

Plp SR N

Best_Total_Cost=Total Cost; v
t=1; k=1; NMQ=NMQ+1
NMQ=1; d=1; d=1

Q>Machine
Quantity

EEREL L e
FEKIRMO > HEITHFE - T A
7 H4#MO No

» MO %uantity+l v

TA%‘“LEI’J
O &

S EEA T
fERS RS No

Yes
|

t=t+1 >Machine
k=1 uantity

Yes No
JEHTMORE AZENMQ g No
BN BRI

v

Bt HENMOR
ERK(EE

I

Qe IR
A

emp_Total_Cost & &K
Afﬁ%mBest Total_Cos

Yes

Best_Total_Cost=Temp_Total_Cost Yes

End )«

B 3.3 #THARAARRB(CC »#F ¥ 47H)
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Fr ¥ FojaEgadt
ARAR P A RS R RNGEEY 2 F- BREOER
TS B R A E " PR Y Biianpiiriz R] EDD fiit o & 41 &
¢ooor- e b KR R R R o B 42 & o Hd AL
WL gl FAHEL B 2 R FERT%R o RAE T R
N2 B P AR aNF B2 o & B KR ge i ) EDD 5 BTl R BT
AP TR TR R 2 BA o
4.1 ,ﬁv’:}nj:};& 13
Aol Ee o RS E fH e b R B B AR e 1T G 10 5%
T H ,A&E—fﬁp\x FFIREAE ORBEASARZEWL T 4 285
w4 AuiE MOLMO2, - - ,MO28 404 41 %77 o 53 MO # 3
'ﬁ\aﬂp‘c?}\ B FBEZEEDFT WM o ALY 0 R T (FRARZ
iﬁﬂﬁ—giAB’%—@&Wi?ﬁﬁ%éﬁéﬁﬁﬁo
- ~ % A 7247 H 2 ;= (Non-grouping and No-Splitting) :
- B4 (TCG A S -2 10%TH o AR THp AR KiEV
B —Adped AR o ¥ b RAREART B A2 2 HF S EDD 2 P2 B> ¥
PHB AR RERERTEL SR AR BEF S AL 2 1 R
1 H%75 5 P2 inAe > 55 H 1B 4d0& - 2R3 p 17 18 p 32 2 ¥
£ 1221 0FX > R R EFLTH2Z I 4T
i7H 1=12 > 37 ¥ 2=5 37¥ 3=9 37¥ 4=7 37 ¥ 5=11 >
+vH 6=13> 378 7=2> 374 8=6>:7H 9=9 :7H 10=12 -
2. 5 1 IFdp iR AR
BRAB ki B SELCC ANt 24 & 320
el BRI EFNEITE T X Z 410048 o E AW S LAl EFER
=2100/200+2000/200 - 4.5=55.5 -] pF o & X % B 11&F (7 12 /| pF3- 5 »
BT H 7T R 4625 BT R o BT H TR MBS 1 i#ﬁt“v‘bﬁ? ’
Bisv BHRE 4B 41557 o

Wy
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241 vTHEFRA

FHE%BE MO | ¥ |CG| ¢k |25 |BE |8
o MO(1) |2009/1/30| RB | Red | B |1700{20.4
MO(2) |2009/1/30| BA| Blue | A |1300{20.8
MO(3) |2009/1/23| RA| Red | A |1900(30.4
# 2 |MO(4) |2009/1/23| YC [Yellow| C |1000| 8
MO(5) |2009/1/23| GC [ Green| C |2000| 16
MO(6) |2009/1/27| BA| Blue | A | 750 | 12
378 3 |MO(7) |2009/1/27| YB [Yellow| B |1400( 16.8
MO(8) [2009/1/27| GA [ Green | A [2000] 32
MO(9) [2009/1/25| YC [Yellow| C | 700 | 5.6
¥ 4 [MO(10)[2009/1/25|RA| Red | A |1300(20.8
MO(11)|2009/1/25( GA [ Green| A |2800( 44.8
s MO(12)|2009/1/29| YA [Yellow| A |1500 24
MO(13)|2009/1/29| BB | Blue | B |2100| 25.2
MO(14)|2009/1/31| RB| Red | B |1500| 18
¥ 6 |MO(15)[2009/1/31{ GA [ Green| A |1500( 24
MO(16)|2009/1/31{ BA| Blue | A |1500| 24
w7 MO(17)[2009/1/20| RC | Red | C [2100]16.8
MO(18)[2009/1/20| BA | Blue | A [2000] 32
MO(19)|2009/1/24{ YA [Yellow| A |1400(22.4
378 8 |MO(20)|2009/1/24{ BB | Blue | B |1200( 14.4
MO(21)[2009/1/24| BC| Blue | C [1700{13.6
g MO(22)|2009/1/27| GB | Green| B |1000| 12
MO(23)[2009/1/27| GC | Green| C [1900]15.2
= 10 [MO(24)[2009/1/30| RC| Red | C [1500( 12
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TH %% MO 2¥ |CG| ¢k R |BmE |8
MO(25)[2009/1/30] YB [Yellow| B |1700| 20.4
MO(26)[2009/1/30|BC| Blue | C |1000| 8
MO(27)[2009/1/30|GB | Green| B | 900 | 10.8
MO(28)|2009/1/30| GA| Green| A | 900 | 14.4

M) |
M(2) ETE2 i _l ETEL6
1/23 1/31

M(3) £7Hs I aTms

1/24 1/27
M(4) 5TE4 l BTE1

1/25 1/30
M(5) ZTE9 I STEE5

1/27 1/29

| | | L | | | | |

1/18 1/19 1/20 121 1/22 1/23 1/24 1/25 1/26 127 1/28 129 1/30 1/31 R

C]e¥zs ] wB2@s | E=rrrt
Bl 4.1 ¢ * EDD 422 plz %%

N A

S AR RS LR - RN SR NVEY SRR N
TR R RS R EPFE A FET BT B MRS
Ao BdrH - S0 REGE O HRAPFRE L A4E R () B
KEPFEEALIHETS B~ RIFEHR A 54x95=380~ o3 ¥
dihE B HE o RE (BE) F FHEEB A PTEL AL MO
L A Ak BRAP LS - S LT - B H T H T KW o H T
22 R 5 41004 > ARk EFE 2 A A5 50~ P MO 37 H h2
A 2 A % 4100x50=20500 7o ¥ ¢hd 33T H G enflid 2 A PET e AZiE L H
§AABI S A NI AL RBEEL AE 7 ES A2 LG o

K HiE % & A 5 [66—1]- 110+250=7400 = (4.1)
Z3E & & 5 2[(66—0.5)/0.5)] - 160+220=21180 = (4.2)
¥y % 4 % 21180-7400=13780 =~ (4.3)
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ot s EaRTH g A AR A Ayt
T A 2 A A PIT

P

—

kS

N

Eakis &

o=

g
Faprod gamddogd RG> 7E B
oo A S 760665 & s o hd AL 384140 oo oz ehd A G

605475 ~ > % S s A L 14500071’,4;%9*m%\ﬂ\,—¢ 325190 - © B 1

M T S BAS A g F

10 56378 > 1%
A #2010 R H B (F4TH fo 17 HiH =

(unequal size)id 2| £ > - SEF L PR F o V- BRE L P

k!
4.2 %

M(1)

M(2)

M(3)

M(4)

M(5)

% i
1.

AR = A=$2,200,470 ~ - 47 H {8 {8
N AT

2.

m?%m’iﬁéﬁﬁzﬁﬁﬁwag’iﬁmf
A H B EITH S A A R A AR

il

-
9

~CG # >y

j\,{ji‘ﬂs e ST

FH
AR L VAN et

IO P AR Afsv (8

% (Non-grouping and Lot-Splitting)

I

= #*=$2,200,470 ~ -

F] & - F;'q-‘l‘!r.] k3 CG /n\;,;\FJ ’ j@‘&ﬁﬂ
EBl 4.1 59EDD £4% - % = # P
- ‘35@4‘31%%“7» e+ ]

is ’b%;: F 'F#Eir_ %ﬁd ”Lr}i alﬁ’-%i fo m'rﬂ /":/\’}"’F = ¥ TR A2 4o 8]
TR oo A i A AR A & (5= $1,857,197 & o
sTEL7 I $TEA10
1/20 1/30
B2 _ l F1H6
1/23 1/31
3TEES I STH3
1/24 1/27
sTH. I T
1/25 1/30
BTELS §TEI5 I RIE6
127 ’l‘ 1/29 1/31
| | | | | | | | | |
1/18 1/19 1/20 1/21 1/22 1/23 1/24 1/25 1/26 1/27 1/28 1/29 1/30 1/31 i
Cles2ms ] w@egs | EeR=arbd
Bl4.2 % CCGH A¥EIrHE IR 2%
Y FTH2 257 F T2 L4
RIFE R PR A B R Y A A L £ §T 4 e 4oz L % 51 EDD

e

1

L

b B AT

_@#L;lj ’d

iZ 15.6% -
= ?J?‘V’ h’—r;}‘"a

~ ‘\_'_
D

A e,
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Ty Ao B AT E O S AT A2 fR 5P R

I R F] N (3.3) s (3.4)¢ 0 w2 Pl % PC e+ SC# >PC &

+SC » E k47 H il fg 2 f) o
= ~CG » ¥ 7 37 H = ;2 (CG-grouping and No-Splitting)

KFE Y 0 9hy) CG A - g d ok (Color) & 8
(Grade) & # > 12 CG(ColorxGrade) 277 » £ 7 %~ 5 - = 8 CG * #f °
drd 42 Pt oo A Y 0 W R FRARZAZLLD S - 0 AP o B
Pz iTH R B o pARY > 4eB] 4.3 T e

% 42 MO A % £

CG % CG #t/H2. MO

CG(1) [MO 3, MO 10

CG(2) [MO 1, MO 14

CG(3) [MO17, MO 24

CG(4) [MO 2, MO 6, MO 16, MO 18
CG(5) [MO 13, MO 20

CG(6) [MO 21, MO 26

CG(7) |[MO 12, MO 19

CG(8) [MO 7, MO 25

CG(9) [MO 4, MO9

CG(10)|MO 8, MO 11, MO 15, MO 28

CG(11)|MO 22, MO 27
CG(12)|MO 5, MO 23
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Mo@7) | (24) MO@) | moes) MO(21) MO(26) Mo22) | mo(r) MO(7) MO(25)
M (]_) cG@B) | co( CG(12) | ce@2) CG(6) CG(6) CG(11) CcG(11) CG(®) CG(8)
1/20 3) 1/23 27 1/24 1/30 1/27 1/30 1/27 1/30
MO(18) MO(6) MO(2) MO(16)
M (2) CG(4) CG(4) CG(4) CG(4)
1/20 1/27 1/30 1/31
MO@ | ™o
) © MO(3) MO(10) MO(11) MO(8) MO(28) MO(15)
M (3) cee | & CG(1) CG(1) CG(10) CG(10) CG(10) CG(10)
) 12 1/23 1/25 1/25 1/27 1/30 1/31
1/23
MO(19) MO(12)
M (4) co(7) ce()
1/24 1/29
MO(20) MO(13) MO(1) MO(14)
M (5) CG(5) CG(5) CcG() CG(2)
1/24 1/29 1/30 1/31
1/18 1/19 1/20 1/21 1/22 1/23 1/24 1/25 1/26 1/27 1/28 1/29 1/30 1/31 S
Cle+zgs ] w@z#s | ER=cEba

Bl4.3% % CGA# ~ 2 IrHEEZN2Z 5%

EAALSNDE T @A A Es $2,134456 & o ¥ EDD R Arih S A=
$2,200,470 #p b i > & ALt F v i 3.07 % o Hrd R Fl AN E 9 CG
AHEHTIEEESAEMR Ly 3 3F 2k CCLIFE » %d 2%k

THA A B L T ER AT oA BT A e o

2 ~ CG & ¥~ £ * 47 H (CG-grouping and Splitting)

ARy L #-CG & #H - T{# ¢ -k (Color) ¥ % % (Grade) #a s & o
,ﬁ@%ﬁ%ﬂO%fE@ﬁﬁﬁﬁwOﬁﬁﬁﬂgﬁ&é%ﬁ@o%é
T ATH R A o BN E AR T AR 44 AT 0 T maE
A E D w A AE= $1,900,106 ~ - ¥ EDD £t 424 & ~= $2,200,470 4p +*
B oA her gt 55 13.65% B R Fl ot Hg B H (AT E 0 & T
Wor o ergtF il CGC # A ~ iFH 2 24 o ¥4y

>‘_—7‘

.

B FIB R At CG A % i enpife b X 3P4 > i A
G b AR E e % 0 L EDD #2422 Pl 5 A
%%%43%ﬁoﬁﬁﬂﬂﬁm<k41%<éw

L2k o P H R IFATE 03 Ao 2 g e
EHFL IS FREI PRI A 47 o

J’TE mia%c o
f& ”@ﬂ*
T I

ok s
» F]P Gt m oD
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M ( 1) MO72 r\glo MO Mo7 Mo12 MO105 MO63 MO61 MO32 Mg§1
BA oA 101RC | 1RC BA™ GA BA RB YB W
1/20 s 1/30 1/20 1/30 1/30 131 131 127
M(2 MO21 MO42 Mo81 MO51
( ) RA RA YA YA
123 1125 124 1/29
MO | mo
M(3 e | MO52 MOo83 o Moot MO104 MO33 MO102
( ) Be | BB BC GB GB GA YB
o | % 1/29 1124 127 1/30 127 1/30
M(4 Mo11 MO102 MO043
( ) RB YB GA
1/30 1/30 1725
MO23 MO92 MO62 MO103
M(S) GC GC GA BC
123 127 1/31 1/30
1/18 1/19 1/20 1/21 1/22 1/23 1/24 1/25 1/26 127 1/28 1/29 1/30 1/31 HH
Cle¥zus ] w@zg2 | =ty

B4 4% CCA¥EITHPBZAZ %

243 v fAFEiEZ By VR
PR E SR AT

CG 7 A% 358 (5 2 1) 15.6 %

CG A3 7 458 (= £ IV) 13.65 %

CGr#r 2478 (2 210) 3.07 %

CCH ¥ 247H(Z 2 1) —

4.2 "T18F %

POREERAFET AR E N AL R F B A s o ¢
M L e Fehe BEE TP (D) £5(CE)HBE(Y)E £ E(W)
FhEO P AL R SR AT o Ll hipr Sl B
e TAPEE o BEARE P > £ 2R RN P g R
E T BEE SR EREINTNERE R ART I FRF-EEL
Bk o AT SBcR AL RABE 0 %5 E (V)B4 8 N(1000,S%) -
Y~ N(1000,8%) > # ¥ £ L ST A H I & A7 o A LY ok LI L
% Mo #c#-2 ¥ D=(Y/100tRandom)-> & # Random % %_5 1~5 e 4 5t dice

\\\?{r

I
F_k
\

7!4\4
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bldek — 8 £ 7 & 1200(45) > BT 2 #p ¢ D=(1200/10015)=[7,17] > #71
FE 1200(78) ¢ 3 7 2 17 % 2@ ew o ¥ b E R (W) Sdlck T o
7] & §*5Lia@®#€ﬂwwp%omﬁp X4 449k 3HE B
‘ FHFEASRT P RERDI oo Ao
P RIREBT AN F Fs A
W=Y/83.33; & & C pF> £ £ W=Y/125-
bldcy —H 4 ¢ k% m i 8 METOMB/ EEER W=760/83.33=9.12(2 7)o
AT AR A 2 WA Tt B L R 2

9 % P AL > 4 w5 50, 100, 150, 200, 250,300,350,400 3& - ¥+t f& 4 4 #
T EEWA L 25 B GIAL > B TR A AT o Fl 5 B MR o B st
#2725 EDD #4252 B o 5 78 AT ST ) Miy 0 RR AR ¥
g EDD A2 PIArF 2 % 5 AT Arr Lz o Hat g 3 N
do o N (4.4)57m o

AN

3w@%ag%% £ v il B
o & W=Y/625 55 BF g

N AT R TN

P2 50 R Y
ZEH LNPE

(U BEDD — SOI)

EDD

x100%

* AL K== (4.4)

WAL &P B - PRI ASE EDD A2 Bl RN A iR JedrH E
FERE A A AN AT FE2EARE P EHEFERERE G
Ao R AARERERU LI EET 2T ﬁé@cfﬁ'(l) EDD %2 fY 2 38 ¥ &
B2V FEEEF Q) 322 FEREEF Q)3 2V At il 2
Tiag > 2(5) 32 I & Aicd2 T o 49 Bx AT T8 B F s
PimH g ™ > > EDD £ ARZ R 2 2 A Gl > By APy
P2 22 EDD #2422 R o ¥ 0> AT A2 2 € F WL P

2
/zj‘d:.

z’ﬂi‘% foor W F e GAPHFERE A MFLELFERIL ¢ F S o
244 2 PHEIRTHFY SR
No. Order EDD R P EIViE | 2 T1E IPE =2 11
FE pER IR EER FAecd | A Ahd
() (1) ) | = i
50 0.0170 0.3863 0.3400 5.30% 5.42%
100 0.0180 0.5020 0.4260 6.91% 7.76%
150 0.0170 0.7115 0.6310 8.77% 11.829%
200 0.0180 1.4902 0.9807 12.659% 15.08%
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No.Order | EDD ;# B| | *;2IVi& | =/ [1i8 =N =
FERFT | B B | A hd | X hed

(1) () (1) -5 - 5
250 0.0180 1.9280 1.4500 16.029% 17.72%
300 0.0170 2.5821 1.5802 17.50% 20.9494
350 0.0180 2.8590 1.7464 21.849% 24.68%
400 0.0180 3.0165 1.9231 24.33% 26.9194

VAR AR AR (200 R) 3T E T AR L T 0dc Jid A K

STERBEZREAL
fofn &2 8

% 45 2003E:7H T 43

/_2%@ ) :E.‘i“%% ﬁfﬁr'ﬁ‘—"% 4.5°
ERRARAPF S B A g FARKE

25% = +

L2 OANERS A A 25 BHR o CUBLBASE R L 4
A Bl et S
L S

TH A7 AL ’fﬂ}im‘L-‘%

L EDD;2R] | 3#IViE | 22 11& | =21V aERI|

BRL | EEER 5o B R * kel | XA
(#) (#) (#) W A

50 0.0170 0.9542 0.9408 22.23% 22.349%
100 0.0180 0.9950 0.9713 22.319% 22.47%
150 0.0180 1.1258 1.0226 23.769% 24.859%
200 0.0170 1.1400 1.0785 24.05% 25.949%
250 0.0180 1.1761 1.104 25.189% 26.22%
300 0.0180 1.2410 1.2077 27.339% 28.719%

FEI S BREKANT EE ML LFE R AT LR P

f éﬁﬁ’&ié#ﬁfﬁ
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FIE BwmEAREYS

LA B 54 4§@mm%wﬁ %ﬁ%ﬁiﬁo%@ﬁ%ﬁﬁ@%ﬁﬁﬁﬂ
foidend ARfe B Tpbw RARETH i a EMA A2 B A
YUs RARE FORE @ A ga] aon 5
AT REREF0H S ¢ 2 AR FR ) v £ 4 B2 B 44
PEREYAFIEREAERES Z2HEH  RAKERY T RTFL AR
ﬁ;%ﬁv%ﬁﬁﬁﬂi*wﬁwwﬁm%ﬁf’u“**&4“39%’
- £ % $¢iéﬁﬁiﬁﬁ%oa
% R JE B - BATRE DL Ry o
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2 G ripz 2 B EDD (50 i A AT 3 AT 20 B2 0 T LG pE K
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N
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L HEERLLFY o
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