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A family-based GA algorithm for scheduling in-line

stepper in small-lot scenarios

Student : Chia-Wen Lu Advisor : Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management
National Chiao Tung University

Abstract

An in-line stepper, a bottleneck machine in 'a semiconductor fab, may have
capacity loss in a small-lot seenario. In such a machine, a setup or mask change is
required in processing jobs with different eircuit layouts. Different job sequences may
require different number of setups and result“in“different_productivity for an in-line
stepper. This paper developed a ‘scheduling-method (called family-based genetic
algorithm, GA-F) in order to increase the machine utilization of in-line steppers, in a
small-lot scenario which includes setup characteristics. Two other sequencing
methods, called GA-FT (traditional family-based genetic algorithm) and GA-I
(individual-based genetic algorithm), are taken as benchmarks and compared with the
GA-F method Numeric experiments indicate that the GA-F method outperforms these

two benchmarks.
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AR R AN AeBIB3HTT 0 A e Mgt A ¢ MRGAE S GA-F (Family-based GA) - &

HEFENRABATIRE R OMA c AAFT Y o AR A S AR P el K bod pho
g Apl ek > WE G Apke b Job Family o 1T g GIRLE 4 6 RO A 0 R

W 10@Lots » 3fER N - W335 B2 4 ¢ WA 0
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J4 |J3 |J7 (J1 (J2 (J10|J8 |J5 |J9 (6 % ¢ 4

M2 M1 |M3 (M1 |M1 |M3 M3 |M2|M3 [M2 Bt

F13.3 # 4 HWami:t

BRSO RAFID LA AR L MR Y - BATFIZIA AR A Job4

IR AREAScIERE > ARB33hLF K 41 ER XA SJobd~Job3~Job 7~ Job
1~Job2-~Job10~Job8 - ~Job5-Job9: A fsilob6; m A ¢ L RPN & 2Hp >
R3304 ¢ 485 108 A F » R4 3 1081 #4r4en o

Fenfhitd SRR AE - B EarR o kg R BT %I
ch— 304 > 531 ez Biie Bt Hp JI* R8I ¢ RE{r B kP > Job 4

“rig % 5 M2 (6§ 2)0 Job 81 B ena|MLC % ¥4 ) @ob 7471 * cha M3( % E3) >

Hos ot gt o

3.4.2 4 ¢ RBfE:
BAFL P TR G GER R RATE T o A R I T L R R

SEERF IR BT el S RS HY Ee- BFF R T E ML

F o tifd ¥ gt > Chern & Liu (2003) ¥ 1% Family-based s & J i > & & % 3%+

Y 3E > Family-basedsrf i 5 @ #-i¢ * 4ple £ ¥ ch1 EREE A- 42 ot ¥R

L kY ehtdc @ FlE (YR SRR BT 2 VT (kY 2 A
AR o FIZRERFFAAS s AR I EFL §4AE éﬁtér_t%)g%v‘ Family-based
G E T E R U T R AT (A end TR AT Y AR S R ees 0 €

#Family-basede P24 0 » 4 & B EH Y > Aot P EF TR CRE R

oA 1EBFFgE.
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Egd MR o A XA REP g A ¢ LAz Job FamilysiE A (Among
Job Family Sequencing) - = fiiu%?\’lcﬁr gVER ;% = o Zi Job Familyp & 1 2 g
% (Within Job Family Sequencing) -

%_ Job Family #4345 £ ¥ ol i k-2 > R B34 KE > flobek ¥ w1y

i

R E RS GE R R 52310 272 Job Family eviER R A 5 2310 A

Jp & 1&5’;4\31 i ’EELZm”Lrp 15 a4l B 4’\’!5-%-3"’1‘” o ffs A ag Al @Rk

¥lea o
J4 |J8 (J7 (J5 |J2 |J3 |J6 |J1 [J1 [J9 44 48
M2 |M3 | M3 |M2 M1 M1 M2 |M3 |M1 | M3 S
vy v y
xxma | 2] |3 i

B 3.4 Job Family-Sequencing %3

FETXRY D1 BEL > & %‘*ﬁ*@#kﬁ M EREEE N L Eade 1 ER o T
Job Family pr Jobs R 2 1335 AL Flv8 B k-2 > 4o B]3.5%757 » &Job Family M2p 938
FIER 54560 A A kE2R % RS ERESE SJob4d -~ Job5 - Job 6 4
3.6%77% > Job Family M3pR chk FPUE A 58710~ 95 & 4 Ak E 3P & f #te 1 5 5
#E 5Job8~ Job7 ~Job10-~ Job9; 4-®3.7#7r5+ - Job Family M1p ek %8 & 5 2
31 RAARYEIPpRRIERS I EREEAE SJob2y Job3 ~Jobl- A= & ELE N
AR TR RRYE R B BERRZE  FR- BATNL M RF SR R

HUER A S 54568710923 1¢
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J8 |J7 |J5 |J2 |J3 |J6 |J1 }J1 |J9 ¢ 1Y
M2 (M3 |[M3 (M2 |M1 (M1 |M2 M3 |M1 | M3 |
1 2 4 5 6
B35 k¥ 2p1i2mpti 3
J4 138 |J7 |J5 |J2 |J3 136 |J1 }J1 1I9 2 d 48
M2 (M3 |[M3 |[M2 |[M1 |M1 (M2 |M3 (M1 | M3 ]
\\\“\\ ,"’ _ - -
~ S\ X -~ - 4~ -
B.3.6 k¥ 3P Eagpth 3
J4 138 A7 1495, 03233 |J6+]1J1 |J1 |J9 24 %8
M2 | M3 | M3 |'M2 |MZ |M1|M2 | M3 [M1 | M3 R )
RRRERY P 4 5 6 8 7 10 9 Fl Fl rl_l
B 3.7 k¥ 1p1Zenptn 2
4 5 |2 [3 [6 [wof2 [o ] _, J4 |5 |6 |8 |7 |10]09 3 |1
2 3 2 1 1 2 3 1 3 2 2 2 3 3 3 3 1 1
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TR 3T R T PG SRS 0 A S TR WA

35 if & B I TE

i%ﬁﬁﬁ&ﬁﬁjﬂi#i?—%%$ﬁ£@%ﬁﬁﬁ4’Jjﬁi%$@iﬁﬁ
B B ikdy o RRAARF R4 AR 5 FET R FZPLGR o d A
T AR B SRR A PR A DA R R AT BT T K

N

BEIPFF > AKX s VARAERRORENEF o PENE I EE rak]

i

IPER O F R TR R ST E T

[ 1822 = Min{Ciaen }

Cmax(ﬂ) = JJDj #Ef{"ﬂﬁ J’-"F([#“ IEHJ:F
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B39 Fif ik SofehPid 4 ¢ Mz > g AABA I Wz iea A &
Foor® CHorRenfiiizst? > BRI MR IR > AR B4R R

SERR EUIY NEETUE

A& R
4 L
vk Sl R
4 L
[EECE A
= =

2> IMakespan

ol L.

Fitness of Chromosome
Makespan4x | - if £ B A%

B 3.9 if oAt Sl RP-g it 4 4 WA
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3.6 A FwEE Kjz
~FE AL b P PRI S ¢ T @ﬂ};f]f{é‘. HhE AR AT AR E 2T 00 ARk 4 e

RS A N 1 2R Y > BFiTE B3105 AFFE 2 KB o

A2 AN

A 4

RS R S

h 4

y BrgéRER DLW

| l

r#® [ B ]

A 4
<k
T
cl-l

®] 3.10 2k Fiw & & e B
3.6.1 A TFIFE i chhh B
Step 1: %EH A& 2 4~ 403 R0 ¢ UNEH S SNiE 4 4 88 (chromosomes) o A5 — 1 Exds
% §4 (population) -
Step 2: 3" * - BRI MPF LRI PARELT B LR LFEE kP L PR
LEPF 2 PEEFS R

Step3: & * L feid y ;= P| (crossover operators) # 4 & B AT4 F £ o
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Step 4 : i * % %:iF 5 ;2 p| (mutation operators) & 4 — BAT4 ¢ 8
Step5: #-Rist A{riE* IFFE I ArA L e RBE o F T BATORFS >
¢ REfRF IS E @ F 4% vk (selection strateqy ) 2 & iE 4 4 4 o

Step6: F A2 cfd it G B AIFERBEIFSEEE > A LRI RE 2 TR EME -

3.6.2 Crossover Operators 2 feif k& +

AAELATRYORFFEE? o R ZEIRERR] TR M A
& CL(H 82 p2) (Reeves, 1995) ~ S /& 2 fie(LOX) (Croce etal., 1995) » 14 2
84 48 i 2 f2(PMX) (Goldberg, 1989) -

Fon e §EHS BRI LA N (parents) o GBIl 0 £ AL A

% ¢ R F 5 R (children)e 1 Pgat & BRFLEE 2> AFT 7 R 02 parent-1

W

parent-2 % & £ » + 12 child-1- 2 .child-2 %k ¢ & o

H 2% e (C1 Operator) ™ el 311 #5m o g {8 EH - B+ Aehd d 48> &5 - B
2 g MY N HE B — B EL -4 S AEA A - 2t 4 (head-section and tail-section )-
=7 &2 F & 4echild-2> # 728 (head-section ) S_i parent-2 4 W - B3 ¢ (3°5);
# E $8(tail-section )£ d parent-1 #+f2 Flsn & A § & %5 chg 384k F £ 47 > - parent-1
ik Flik B2~ child-2 - %% 7 @ #7enchild-2 2 2375 (1>254)-child-1 7=+ i@

AR 2 N E T o

Iparent-hl T |28 3. (4. [5 Iparent—'lfl

Iparent—E«I I3-- ‘5-- 2. ‘4-- ‘1-- I ||:hi|d—2«J |
[

Ichild-2c—'| 30050 ) ‘ ‘ I Iparent-2o|

—
(&}
w
=
th

®) 3.11 Crossover C1 i& &
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v

g B % fe(LOX: linear Order Crossover Operator) : 4-@]3.12%75 » £ = B* X h
Ad R, & - B NLT R NEER - BEL o B4 e S = 3% o # % parent-1
% parent-2 z_® FFiRA 5 (203) % (4,5),%%@ AF 8 parent-1 gk 7] - 4§ B parent-2
¢ORFIRA A FIB R "HYAF] 0 b A A x-child-1 (10253 H > H) e gt pEERH”
AFIHL I Men? BMAE? > a B AFvER 26 > 78 y-child-15 (1>H>H>
2 3) > B {s #y-child-17 RF R4 2 parent-2 » FFERAB-iL > v @3 &% child-l (104>

5:2:3)c ¥ - @5 ichild2 7 * 4pk > S A4 o

parent-1 |} 1 y-child- 1 fH |HRJ§2 |3
parent-2 || 2 y-child- 4 BH [H §S5 |1
X-child- 1 2 |3 H |H child-1 114 |5 |2 3
X-child- H|4 |5 |H]|1 child-2 4 [2 |3 |5 |1

B]3.12 Crossover LOX & 5

$R 4 4p s = fie (PMX: Partially matched crossover Operator) : 4c ] 3.13 #75¢ » i =
BARDL M B - BA AL MY P ER - BR BRI A RIS o F
& x-child-1 e BF R4 45 %4 X parent-2 ¥ B4 > W (4555 3) 0 F & child-1
g FR 2 {5 30AF WA R parent-1 w8 E {530 o A F] A % parent-1 e FR 2 {538
X3 tchild-1 B3> RIAFR T 3 child-1 sofp e 8 o & {8 % child-1 74 e
¥ 2 parent-1 RAg A ek FlE B~ o ppE A 4 child-1 5 (145> 3> 2) - child-2

i *Aple 3z EI e
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[ | i N B

[ |

-w w
= | i O Pz | B o O
|}(—child-1 || 4 |5 |3 I |x_.;hi|d.2 || 2 |3 |4 |
w w w w
|parer|1—‘1 |I'1 |2 |3 |4 |5 | |parent—2 ||2 |4 |5 |3 |1 |
| child-1 ||1 |4 |5 |3 |2 ] | J— ||5 |2 |3 |4 |1 |

B] 3.13 Crossover PMX :i& &

3.6.3 Mutation Operators % i ¥ &

Ao MRFAER L0 AL ERFUT 2 2 OROR G S s It R
7 E o R LTI Y ARF NG A A0 A~ W S Swap (%)% Inverse (5 #) (Wang
& Uzsoy, 2002) -

T AP 31l4attom o R RA T ARERED S B AT RHEN A
2 ATEF A e

Fog o hoR 3.4 #r7 0 R A d MY N SE RS B gL B4 F M A 2 = 3

Ao M AR A A RTens N R g

parent ENEE EBRME
a. swap
child 1 4 3 2 5
parent i I 2 |3 |4 |5
b Inverse
child | 1 4 3 2 5

®] 3.14 Mutation :& & a. SWAP b. Inverse
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3.6.4 EHE R

Era ATFEL L ¢ LAGEL I MR b (FR-H 23 = Family-based > = =
PALA SR R YRR E R G PE N A RRE ST - B F AR 230G
R S Bcm <) > B R ARE RIS KERETILEREETH T - & 4
e d RR| kB 2 0D N ARE B o

RN NGRS - XA M R EMER LG L RBRR(RRAM

=3

ACPARE B ARER T E R R L R W £ R B A LMY RS
BB RARE S RIE IR o BRED SR ffd AL RED G R
L+ e

3.65 Bgixit

v

E R fE

W

2

A e e FH B EE v LR L BB 2 TR G AT

)

TR AFBEREE > 5 - FIEE SR B E - FF N o PR R K2 A

BiEc V- BRI RE- B A I Ry g

37 hETY k2 g

PN R R Y R Y DR M BA BRI MY SR EA
i

FIf B2 2 RO IR I AR EA T BB R S L MRy o T HREAR
=3 é/’%ﬁﬂg@& AR F 202 0 M E AfRBERE N .
3.7.1 % ¢ W eig 2

tiEd vaF 3 i AL FE B2 A Job Family {e Job %= 3 (Wilson et al., 2004;

Franca et al., 2005; Linetal.,, 2009 ) > ¥ ¥ A4 % ¢ %8 + % %3+ Job Family st 7] » H {5

£t A Job 2 #5 AR Mt 2 R LS GA-FT (Traditional Family-based

GA) B i k> BX Mt 10 B Job-3 B Job Family( & B 3.3 2 i 4a ¢ )> GA-FT
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e §_ A Job 2 B w4 b Job Family - 5 > H S E R A Job 2 g B o

4o 3.15 #75 » F2~F3 12 2 F1 % Job Family 2. "8 % > = ﬁ%ﬂu;u » % SE Al R
w F2 725enJob s 4 ¥ £ 42 5 F3 725 Job o & fé 4 ¥ 41 5 F1 #2%eJob e A
A Job Family 1 p Job &4 1 "8 % 5 Job2 ~ Job3 % Jobl s # Job Family 2 p Job #4e
1 g B % Job4 ~ Job5 % Job6 > % Job Family 3 i Job =41 8 A % Job8 ~ Job7 ~ Job10
2% Job9 » Fik e B4 ¥ frchit A 5 ¥ 12 8 ) Job én4e 1 A 5 Job4 ~ Job5 - Job6 -

Job8 ~ Job7 ~ Job10 ~ Job9 -~ Job2 ~ Job3 % Jobl -

F2 |F3 |F1 gJ2 |J3 (J1 gJ4_|J5 |[J6 QI8 |J7 |J10 [J9

Sequence of Sequence of the Job Sequence of the Job Sequence of the Job

the Job Family in Job.Family 1 in Job Family 2 in Job Family 3

B35 WB = jpkerid 1>

BOAFELR Y LA REE 0 T AR R T o W2 d v i v
A EF > EOEREESRE > 4oB 3.8 A7 o eigd LB 3.8 2% §] 3.15 ¥ 14
FRIEAEA BRI MR S SR E AL o LR MR R
BRI RREIS8 20 AP BRI W R T g AT 2 R
Bry 10k » »Ed > ),?Jv”"im%bs" 8 (B 3.15) RI¢ 3 131 A > 227582
¥ pkehf d RMRRGH 50 Job Family st Ao R LR % T AR o £ T - BARECL
Be * ehi]+ > BRI AF 50 B Job o v 4 ik B Job /% A 5 10 1 Job Family - 12
A> prend d MRS SR 65 (10450) 1P A enfadgz > & 2 ehik § e
AR g4 S0RER iR AE s B RR0 7 Job Family #t A& 4 ehfiin 7 o

RN RS MR EEE S T L@ - LR BRI AT N Job
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Family ~M i Jobs > A#7 3 1k ehA ¢ MR €53 Mgk jzz B> migd chd 4 4
AlgF (N+M) Fék Bz /F > 4 fh{;ru % Job Family i i 5 p% > g R (B L

4 d BRI AR Bd AT L d WARIFETRE R K 0 & Job Family

372 % ¢ BAfepr R N
GA-FT 4 ¢ B2 e R ¥ ;N 5 47 52 > d 2% GA-FT #-Job Family et B 4«
% d AP o @& iE Jobx 3R R ik B Job Family 1~ Job Family 2 > 12 % Job Family 3

VS N RN EE TR T S

Cut point Cut point Cut point Cut point
P1 F2 F3 F1 I J2 J3 Ji I Ja J5 J6 I J8 J7 J10 J9
C1 F3 F2 F1 I J3 J2 Ji I J5 J6 Ja J10 J8 J7 J9
c2 F2 F3 F1 I J2 J3 J1 I J4 J5 J6 J8 J7 J10 J9
P2 F3 F2 F1 I J3 J2 J1 I J5 J6 J4 I J10 J8 J9 J7
Sequence of Sequence of the Job Sequence of the Job Sequence of the Job
the Job Family in  Job Family 1 in Job Family 2 in  Job Family 3

) 3.16 GA-FT 1 C1 ¥ gb 2 fie = 3
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72 ClH Bha feeh™ 3% 5 6] » 4o 3.16 #77 » GA-FT #— 5% ¢ WL 5 4 5% ¢
&> 4w % Job Family % ¢ ## ~Job Family 1 % ¢ %% ~Job Family 2 % ¢ %> % Job Family
324 ¢ 48 > Job Family 4 ¢ %8 = & §2 Job Family % ¢ %8 < fiz ; Job Family 1 4 ¢ %8 ¥ ¢
§2 Job Family 1 4 ¢ %2 < f= ; Job Family 2 & ¢ 4% ¥ ¢ §2 Job Family 2 % ¢ %8 < fz ; Job
Family 3 % ¢ &% 7 i 52 Job Family 3 4 ¢ #8 2 fie> % GA-FT ehi & R JF & 2 iz 4 = o

A GAFT % ¢ MR % RIL7 &2 2 e RILAP I > #-% ¢ &Y & & Job Family £ Job
Family 1 ~2~3 A %2 % » ¥ &3 3705 X o

M b it > GA-F 2 GAFT 4 ¢ M2 $ehL B % > GAF i & g4 %
- o G A X ARRRFE R G- o @ GAFT vk ¢ AL S (1+Job Family #

=4
) EALS M HEIARREF P FEEF (14+JobFamily ## ) = > +* GA-F
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s __15_ 2, S
Sr ¥ R %R
STERBEML TR N DATIRE 2 GAF g skt s A AR &Y BAHT B

M GEPI RO R 0 fF H L B oo

4.1 BIREG B K

!

ﬁ%*?féﬁﬁﬁggﬁ@ﬁﬁﬁﬂﬁﬁ SER RS A TE (FAeT chiER
1) fﬁﬁ?}’f&@ﬁi@%}&ﬁ&ﬁ 4 B LG 14 BHER LG 22 BFEE -
(2) F - BF Bt APFR > BERE B 2353 4 fe(uniform distribution) & 1
[ai, bi] (% 4.1) -
Q) BmEFHERDFRAFERLL 02 644 -
(4) & - BF g $0 5 hde 1 SR pEA T LIRS -
(5) 27 s e Hig ¥kl &2 M0k » stk B H K Y ke

%A1 WS s R b Terlea @R (T % R 1 Wu & Chiou (2009))

BEI GG
41 g B L B AG) HMDS(3) | ##%(4) kw5 | &%@6) | AErrd)
BEEBQ)
F % 1 1 2 2 2 2 2
41 @R (min) 2.5 0.1 1.2 1.2 1.2 [1.2,2.8] 1
B %
4v 1 g R % (8) LR 1 EA¢)) A1) | EEA2) | A®A3) | £AirE(4)
{8k (10)
FRE 1 1 2 2 2 2 1
41 B (min) [0.75,1.65] 1 [1.2,2.8] 1 [1.2,2.8] | [1.2,2.8] 0.5
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TiEfEJob BRI KPR E{HEL DR AFTRYIEIRRKER
Bens ] > AW 501534512 6448 N2 T3 FLEEHKD x| > 2H
5235 7~z 1048 H @ 2 RIFEFHE S Wu & Chiou(2009) ¥ @ - #ic
<] 5 20Jobs ~ 40 Jobs 1 % 60Jobs (2= )  # & <2~ 5 015-0.2-0.25-

03-04-05-06-07-08-09 (x+4)> 23"&7F 750 fAFH -

4.2 45 Fp

4 Wu & Chiou (2009) 5# % /] #+EHFHT mﬁﬁg,]g s R R > 2 T
BETRF NG YRR EFME o AR R ATFFE 2 T E R RENIRa
SPLA o AL R 3 A G GAl o i F B¢ 444 GA-l &7 GA-F g3t - 2 F1%
P e (GAFT) 8 & A FIWE S FORS RIS * enR d R S ke
7 GA-F 7 |+ (Wilson et al., 2004; Franca et al;; 2005; Lin et al., 2009 )» = A F7 7 #-¢ £
217 GA-F2 GAFT 2 v i TP A RSN IR L d R 2 g 54 BF
R EE o 28 GAL e il ot g * RNl §F v B o UT
SAFET AT 2 ARFE A% mELE GA-FT 4 GA-l »

% - f81-% 5 GA-FT (Traditional Family-based GA)» % % = § *73k % i 4 % 4

% - f81-% 5 GA-l (Individual-based GA) » + 7.%{3 BEEIAFFE 2L &

Family-based i 42 > & 4%:% 1B F 2 £ & (Wu & Chiou(2009)#1 ¢ * e j2 ) o
4.3 3K Flw B ok T

F-BAFFEZNERLZFHR 15 A LBH THE > p ol L7 @ #Fra

ik G BFLEIFARFE L P ERGIRLE % c AT ZATIFE 2 D%
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1. A4s* A4 P98 100 iF > < ey 108 » R¥F 102 o

o

2.+ MHE SRS MRS il
SR E Bk iE itk § R Fehit ik = 100,000 2 B & f2 a4F (N dk= 1,000 -
4, 2 pei@y * 2 5 Cl~Lox~Pmxe

5. R % H 2 ;2 L Swap - Inverse o

44 3% E5% 85 047
TG H§ A2 (7 GAF 2 GAFT 20t s 3 5 1 i 8 32k 2R ik § AR 3
G e RFLAHERELF S FEGAlEFV R FH b FEFRE T

WAL PR 7 FOES R R ke

4.41 V7 F BT GA-F¥ GA-FT &+%nMakespan

AFE & Cop » GARSRIIPEE S Co, k5 5 2424 1% GA-FT 0
BRI PE gtk s e d F = (Collr™CopeHCon rr 7 PR T i RRIAFIF Y 20
Wioe Frg% 0 A& GAF dunk g4 o

BlA4lfcd 42 v s BIRAFS A B Job 8™ r antg B4l A mD 27 F
Job #c™ o e or enT 35dc (Average) o o BT J‘z—g It % 20 Jobs pFez L 5 f E

KA gt HAEE R % GA-FT evch ¢ s > & £ 40 Jobs ™2 b p¥ > GAF ehee i % 5

=

BoX T g5 F Job Heed oA F s R & Job Bk §oehpF iz o GA-F ﬁﬂéi%ifa

3

o

i

F 4.2 VT ORIRRER 3 B Job BT r eh T 35k

1k 20 40 60
sc g %2 4 | 0.0057 % | 0.0854 % | 0.4515 %
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~ &7 I Job#ic T 2 s d X

0.5

0.3
0.2

e Fr(h)

0.1

-0.1
20 40 60

Jobik
Bl 41 vt s AR A e JOb BT r s
Bl424c4 43 5 v 55 PRSI EE BREFE T r ot > B 42 210

WAl AR E R T o s Sp 2 Toge (Average ) s d BT g el F Y L i

FrAFREMET e Fr fUFREBEIH ©a -2 BLFREFTALL

RKEFR 04 48 1.5 44 3454 45 » 4 6 A 4h

Th 0.1833% 0.1667% 0.1700% 0.1800% 0.1867%
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N
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b
[t
"
o}
.|
(w
2‘4
K4
1y

0.19
0.18
<
=
¥ 0.17 N——
e
R
0.16
0.15
0 1.5 3 4.5 6
Oy

B 42 v ROTFARIET S A2 P REREF T roanc g

Bl434c& 44 v 505 PRRTER 22 B XX 8d T r ot > B 43 210
B kY cE T oo scd Fopa T B (Average)s d BIF Mg Nt d Fr REF K

)

FARB s A A kL g BB AR iR SGAF dmk g 4

244 v ETH RIBEEE AT P RYERE T r T bk
FIEH P 2 3 5 7 10
0.2733% | 0.2567% | 0.1767% | 0.1067% | 0.0667%
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\

(X

o
4a
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< 0.20
¥ 0.15 r

< 0.10
\

2 3 6 7 10
L gcd

Bl 4.3 AT ARIGET S A7 P R B E T or gt
Bl 4.4 qr 45 50t f05 PRANEE A Yield ~ G r e B 4.4 & R
w7 o Yield T o i or 22F 3o (Average )i Bl T M 5 el For ¢ 5 ¥ Yield

v b Yield B P 3 0 GAE ik g 4 o

F 45 LT RIRRER &7 B Yield 2 5T or enT gk

¥ 0.15 0.2 0.25 0.3 0.4
SEEEFE 0.4802 % 0.5246 % 0.3461 % 0.1477 % 0.0294 %
¥ 0.5 0.6 0.7 0.8 0.9
A 0.0249 % 0.0194 % 0.0164 % 0.0111 % 0.0099 %
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0. 60

0.50 TN
$0.40
ket
¥ (.30
P

w 0.20 |

0.10

0.00 | | |
0.15 0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.80 0.90

Yield

Bl 4.4 v osrd BRER AR 53k Yields 6T oroee

ZAOTF FHRITB G R4l 3B 4407 MER AT R yx G F P AT
FPRBAFOFET R ZD e AR AT

% Job #icp AX % K B pFAARE -~ Family #cp AR U e Yield T " pF o el For £ 3
beo 7 dom GAGF B ik jh § AR @

d 9% %7 400 GA-F vt GAFT ehjz 54 » R 717 it £ GA-FT % ¢ # s -
ZAFLF L are gL A > R L Z 4 DF iR L AT T % GAFT ehji it = ik
0B 225 GAFTL w4597 > 5 - AR R¥HE? - BAF > #1123
44— > BRB RS > LARE S GAFT L 8% i o

Foaiig > 40 B Joby LF s 3> 255025 REFFLZ 6448 2 FH
T GAFT chig = 1 R 5 336.139 ~ 48 » @ GA-FTL chii = 1 pFF 5 333.929 4 4% -

d pt 7 a0 GA-FT1 v GA-FT chfg & F4 » s @ 2P Lo e B o
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1 2 3 4
— — — ~ - ™
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