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The objectives of this research were to improve production planning especially
weekly production scheduling of a chemical factory. Currently, weekly production schedule
is prepared based solely on scheduler's experience, which causes long waiting time and
production waste due to inappropriate product sequence. This research uses the
optimization technique to help the scheduler preparing weekly production schedule.
Mathematical models for this specific factory were developed.

These mathematical models comprise of four components: 1) Input data - e.g. the
processing time at each stage of each product, 2) Objective function — to minimize the
prcduction makespan, 3) Constraints ~ e.g. the product contamination and cleaning
schedules, and 4) Decision variables — e.g. ranking variables in production schedule.

The study has found that the weekly production schedule obtained from the
mathematical models can help reduce wailing time, eliminate off-grade products due to
scheduler’s error, and significantly reduce the scheduling lead time.
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1917 2 uansiaaiiidlunisn@neeanguuansosiiatulnanes
nanAuA FaRua AW (5a0.)
aalfisen falfusnw
Paint P1 3.1 3.0
Paint P2 4.5 6.8
Paint P3 4.5 3.3
Paint P4 3.1 5.8
Paint P5 5.1 4.8
Paint P6 3.1 4.8
Paint P7 3.3 5.8
Paint P8 3.1 5.3
Paint P9 5.1 7.2
Paint P10 5.8 5.8
Buffer B1 3.3 2.8
Ro R1 4.5 6.3
Adhesive AD1 3.9 8.3
Adhesive AD2 3.9 6.8
Adhesive AD3 3.9 8.3
Adhesive AD4 3.9 8.3
Adhesive AD5 3.9 4.8
PSA PSA 4.1 59
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nanAuAI FaRum AN (1))

aslfjnsen aslfudnn
Acid Dispert A11 2.4 2.8
Acid Dispert A21 3 5
Acid Dispert A31 2.8 7.5
Acid Dispert Ad1 2.6 4.83
Dispert D11 2.4 4.33
Dispert D21 2.4 4.42
Dispert D31 2.8 4.33
Dispert D41 3 4.5
Minedispert M11 3 7.75
Odispert 011 3.6 9.5
Paint Dispert P11 4.1 75
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()  daundnussqlan 200 nn. sade 1y
any  dewanaRnussqlan 240 nn. seds 1 1y
() ussqAnueiEungT Tote Ussqlan 1000 nn. sia Tote 1 1y

(v)  ussqfinusinGEungn Tank Truck Ussq LA 12,000 nn. sasn 1 A
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fauatindn druFunisdaansunisianlas MianuL@satinaand (Mathematical Model)

u
[l

=W Yo a O gq = I 780 dl 1 dd‘ 1 d‘
uan L lun1spa AL sAR AT LA AT Le LA ANgAAI Uil
o’ o o rd‘ [ £ -=‘l’ [=1 ot = =Y m:l'n
FauuudeaminAaaMazn @R A LU LT A UIAAIANNANABIND
o O o = = o & o [ =4 1 o 1 .
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(notation) NazldluauRsu A9

drunsnl ArafuAe
MACH ERIaaLATaIaNs Nl uN1sHEaR Tae MACH = { 1,...,NM}
JOBS EAIA9ANUIBLLNT Nazudn Tae JOBS= {1,...,NJ}
RANKS IAIRANALNIBILNTRAZHAR T RANKS= {1,...,NJ}
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DUR . nanfldlunisu@nraauund | U 1AFEIANT m
mj




45

o ellel t o < ] :’/ g d‘ L
rank faudsniAnsatly 0 vize 1 Wil wazaziiAndly 1 Wauwund j
jk (- % I o [- % dl E% d‘
ananag luaAungnsiesd k
d‘ -9 o [ %4 d’ nd’ o
dur waR L NsRARTa R IUAALN k TULATRIANT M
mk
o [-%4 dl o’ d‘ =) dl of k74
wait LANIUUAIALA k NaIRINTIgNEERTUATEIANT m Aasranasl
mk )
WATRIANS m+1 979
dl d' [ 3 [ %3 d‘ =y d o <
emty NATIATAaNs m JnadaIneananluaAy k wia (@ulu
mk . /1 4
Aol k+1 fannlaide wsasdng m)

4.1.1 daygariada (input data)

dayaindn  svnavlideadeyanlinnainllsunsupaufianedaainis

neunutlszandiland dsuendaususesnsasnsiacn@nludilaidaly daystindounile
¥ dl = 3 d’ o’ ¥ o ¥ ' g o

wandayasasaililunsudnesudaznsauuesasdng m deyatindmantlazinly

tszunanalusuuuEIAInA4nF

4.1.2 Hartduqmilszasd (objective function)

NM -1 NT-1 NM -1 NI-1
Mimimize Edur St Zempty | RS 2 ZDUR - TNkt Zempty wk  41)
m=1 = " w34 jeioss = '
dury = Y DUR, . rank, = :NmeMACH, ke RANKS (4.2)
JEIOBS

Hafduanilszasd (4.1) FesnsannanlaesinaeenisnanuLndusnly
dll o = t-'ﬂl o ° o ] 2 1 d‘ [
LFRednsUINAUTNLATANANsAAUNaugaTine (NM-1) uae salna1dninamulaatasdng

AALgaTine (m=NM) Ifassaiandnusiazuund dldunign
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173 i ¥
TaenAnanlaasuianuai lilun1sdnansanisuansasinnan i 1l

= 1 d’ S as 2 a Ad.
nsnAsLAazaulueTaIdnsgaTinaiAnsan luanns

4.1)  uwAdlesanAnvaean

sananaluA N lduanaai BN NIENANNNIS ARITINNITHAR  AetiuAsRansan luungaN

l L 5 o’ Qs H
Wl luannng (4.1) dwalfidaanudiluldfnudiseaciiuanld dagnmi 10

Machine 1

Machine 2

Machine NM

dur
Empty a1 NM2

EMPLY np1-np1

gulnwi 10 uanapNduuireINITHARLAzIIa N I luusazdoq

4.1.3 RawlaileAU (constraints)

dur g

d‘ o as dld’ld 1 s . o/ ‘ Y o o’
Reulnisduluniifiey 2 dnmz Inaanmuzisnutandaninualunisdn

as

A i
gRduldseylflumnaneh 5 uaz 6 Tuuvin 3
nguaAAsinuel axatulnanes

rank(c,k) + rank(p,k+1) <=1:

forall (p in PAINT k in RANKS-{NJ}, ¢ in CAUSTIC)
rank(c.k) + rank (ad,k+1) <=1:
forall (ad in ADHESIVE k in RANKS-{NJ}, c in CAUSTIC)

rank(c,k) + rank (s,k+1) <= 1:

forall (s in PSAk in RANKS-{NJ}, c in CAUSTIC)

adLIssuundszydn  nquaasdnilssinnlavananmungueesdusidssnnla G

(4.3)

(4.4)

(4.5)
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RewlafAuluaunsi (4.3) (4.4) (45) edunefeBuAingy  Paint,

Adhesive waz PSA lslgunsa nansendaann1sia Caustic cleaning 't

rank(o,k) + rank (p,k+1) <= 1:
forall (p in PAINT k in RANKS-{NJ}, o inRo) (4.6)
rank(o,k) + rank (s,k+1) <= 1:

forall (s in PSAk in RANKS-{NJ}, oinRo) 4.7)

Rewlafesuluannisi (4.6) (4.7) adunafes@uAngy Paint waz PSA Rl
ANNNFDUARANAUAINGH RO

nauuAAUYInAsARAALEAR
rank(p,k) + rank (a,k+1) <=1:
forall (a in ACIDISPERT,k in RANKS-{NJ}, p in PAINTDISPERT ) (4.8)
rank(p,k) + rank (d,k+1) <=1:
forall (d in DISPERT k in RANKS-{NJ}, p in PAINTDISPERT)
(4.9)
rank(p,k) + rank (m,k+1) <=1:
forall (m in MINEDISPERT k in RANKS-{NJ}, p in PAINTDISPERT )  (4.10)
rank(p,k) + rank {o,k+1) <=1:
forall (0 in ODISPERT kin RANKS-{NJ}, p in PAINTDISPERT ) (4.11)

daulatiedulugunish (4.8) (4.9) (4.10) (4.11) eduetaAuAINgH
Acidispert , dispert ,Minedispert uazngu Odispert FllauNsonARRENGRINNII
AuAngu Paintdispert |
rank(a,k) + rank (0,k+1) <=1:

forall (a in ACIDISPERT, k in RANKS-{NJ},0 in ODISPERT) (4.12)
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RaulnfRuluaunisi (4.12) adunefe@uAngs Odispert  #ilaianunsn

nARAAAUANgY Acidispert &

rank(o,k) + rank (a,k+1) <=1:

forall (a in ACIDISPERT k in RANKS~{NJ}, o in ODISPERT) (4.13)

j o/ o/ A =) i v . i 3
Raulatisdulugunisi @.13) adunate@udngu Acidispert #ilignunsa

nARANAUAN nQu dispert 14

di ar o/ a’ =l ¥ o d‘ o 14 d’ o o’
Reulatiduludnerasiiges Wudadvuainasfunisdiaasasdnsudanig
nAm  wsasdnsfinnialifasianisdnede duljizen (Reactor) IneldlaanlnFauszi

2
N TENRTAR

nqunARFeBTaduinawes nnsdaszasinsnszinynquumdn 20 uas
Woanlunnsdrauu 8 dalue dsfRapainnsaiansiavualu Mosel program  Tmelld
aa [ o re; ¥ 0 a’ 2 2/ %4 [ ¢ 172N 73 :’/ o
AsnsiuannNawIuwLndN ianasannisdresealsad Faussduiduduafindaga

[ -

AafaaeinaTEIN17AIRIAINAS

rank(32,5) = 1 WNNED9 ms@quﬁmu’lua"ﬁﬁuﬁ 5 AAN13RN9A9E
T WFau

rank(33,26) = 1 NHED mﬁquﬁmuluéﬁﬁuﬁ 26 AANTIAN4
saelaainFau

naunaRSusndenfaauedn nsdeddagldanstanninfeundljize .

+1 1 3
aziynARUAIRINNHNISHERRUANGY Paint Dispert wazldanlunnsdanauny 4 Faluq
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4.1.4 Aqudssindula (decision variables)

[ o aos A o ) i ':’/
saudssndula fushudsnldianusdiRaulangeldanfas wazdanadng

al

fusidugatlszasd wazeulaiAy

> rank,=1 :Vk € RANKS, rank, € {0,1} (4.14)
JEIOBS

> rank,=1 :Vj € JOB, rank, € {0,1} (4.15)
keRANKS

&

Aawlssindula rank, Tuanng (4.14) wag (4.15) uniseiunedeansy

a =l <4 g g 1 ?.', d’ [ o o g Y
mfmamlm%umummwmmel,mw’nmmm'muwmmmgnf-nmwlummuuu"l,m Tme

e o

2’/ =g dl o A o o dl' 1 r:'z
LUNTIUURZNAT rankjk:1 nanpLl k dquwmmmuqm rank/.k aauundriuaziilu 0

uananduledngula rank, Fesryluaamsdafuladusiazauasey

o =

luaasanaulouds aflfaualsanilsnnnitanlflunsseyuassindulaiaafiunaims

o’

sapelunszuaunts Gedaudlsdanananisnasunelilugilaassiowls empty, . wait,,
L4
Aastalail

empty,, >=0: Vm € MACH, k=1,...,NJ-1 (4.16)
wait_ >=0: Vm =1..NM-1, ke RANKS (4.17)
empty, =0 : Vk =1..NJ-1 (4.18)
wait_, =0: Vm =1..NM-1 (4.19)

Reulrrasfowls empty,, lugnnis (4.18) adunafaesasansusninldly

a 1= 1 A ¥ g v =
NNTNA m::”l,uu NITINNNTRABIFALUNTLITNINAR
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paudls wait . luaunis (4.19) esunetenuluaifuusnfanunsadang
a I ﬁ‘ o » 19 = [
nsedan luwsiaziAradnsing lisiasdinseagsdn

LR ]

dnext,, = emply, + durm'k+1 + waitm'k+1 = waitm'k +durm+1'k temply Vm=1, ... NM-

1, k=1,.., N (4.20)

empty,, + D DUR.rank,.. + wait, . = wait , + > DUR,., .rank, +
jEToBS JETOBS

empty, .4 Vm =1, ..., NM-1,k=1, ..., NJ-1 (4.21)

A A szdl o . o/
Anannafl (4.20) (4.21) uaunsilfdenlasiauls wait, U rank,

v as

3 H ] 2
aedszysoudsluida  dnext, TwzmungfanaisEndinieudiui k wiedulu
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'emptymk
Machinem | dur UL ke
Wait it Wait m, k+1
Machine m+1 i
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FRay Shgp pevRyclion plrasisy

L Y PR T L S

andel “B~2 Flow shap”
uses Tapgprs”

declaratinas
Y = 2 ? fupder oF Ryckine:
B = 32 ? Supber v§ fobs
HOCH = 1. Wi

RANRS » 1. .HJ

PATNY « {4,%,%,8,5,6,7,8,%,98,11,1%,%3,18,15,16}
BUFFER = {17 ,18,13,28,%§,22,28 2k}

RPLAGUE = (253

ADMESTUE » {24 ,27,28}

PSR » {25,38,81)

CRUSTIE -{$2,33)

[N AASGT Mran A SAME ARGMRANYIE nAs Aasawe s

W snabreia skl
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Min(TotWait) = sum(m in 1..NM-1,j in JOBS) (DUR(m,j)*rank(j,1) )+sum(k
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Mosel Program
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Flow shop production planning

dede & dode g dedod dededede dede dedek Rk Kk kkkk kK r ki hkk kg khhkrkkkkkkkkkhkkdkk ‘)

model "B-2 Flow shop"

uses "mmxprs"

declarations

NM =2 I Number of machines
NJ = 33 1 Number of jobs
MACH = 1..NM

RANKS = 1..NJ

PAINT = {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}

BUFFER = {17,18,19,20,21,22,23,24}

OP = {25}

85



ADHESIVE = {26,27,28}

PSA = {29,30,31}

CAUSTIC ={32,33}

JOBS = PAINT+BUFFER+OP+ADHESIVE+PSA+CAUSTIC

DUR: array(MACH,JOBS) of real | Durations of jobs on machines
rank: array(JOBS,RANKS) of mpvar |1 if job j has rank k, O otherwise
empty: array(MACH, 1..NJ-1) of mpvar ! Space between jobs of ranks k and k+1
wait: array(1..NM-1,RANKS) of mpvar ! Waiting time between machines m
start: array(MACH,RANKS) of mpvar ! Start of job rank k on machine m

I (optional)

end-declarations

linitializations from 'b2flowshop.dat’

initializations from 'Emul week1.dat'

DUR

end-initializations

I Objective: total waiting time (= time before first job + times between

! jobs) on the last machine

TotWait:= sum(m in 1..NM-1,j in JOBS) (DUR(m,j)*rank(j,1)) +
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sum(k in 1..NJ-1) empty(NM,k)

! Job k+1 on machine n; will not start

! if job k can not move on to machine m+1
forall(min 1..NM-1,k in 1..NJ-1)

empty(m,k) >= wait(m,k)

| Every position gets a jobs

forall(k in RANKS) sum(j in JOBS) rank(j,k) = 1

I Every job is assigned a rank

forall(j in JOBS) sum(k in RANKS) rank(j,k) = 1

! Define caustic batch schedule every 20 batches
rank(32,5) = 1

rank(33,26) = 1

! Grades not follow cuastic cleaning

forall (p in PAINT,k in RANKS-{NJ}, ¢ in CAUSTIC)
rank{c,k) + rank(p,k+1) <=1

forall (ad in ADHESIVE k in RANKS-{NJ}, ¢ in CAUSTIC )
rank(c,k) + rank (ad,k+1) <=1

forall (s in PSA,k in RANKS-{NJ}, ¢ in CAUSTIC )
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rank(c,k) + rank (s,k+1) <=1

&
A

! Paint not allow to follow ROP
forall (p in PAINT,k in RANKS-{NJ}, 0 in OP )
rank(o,k) + rank (p,k+1) <=1
! PSA not allow to follow ROP
forall (s in PSA,k in RANKS-{NJ}, 0in OP)
rank(o,k) + rank (s,k+1) <=1
| Relations between the end of job rank k on machine m and start of job on
I machine m+1
forall(m in 1..NM-1,k in 1..NJ-1)
empty(m,k) + sum(j in JOBS) DUR(m.j)*rank(j,k+1) + wait(m k+1) =
wait(m,k) + sum(j in JOBS) DUR(m-+1.j)*rank(j,k) + empty(m+1,k)
I Calculation of start times (to facilitate the interpretation of resuits)
forall(m in MACH, k in RANKS)
start(m.,k) = sum(u in 1..m-1,j in JOBS) DUR(u.j)*rank(j,1) +
sum(p in 1..k-1,j in JOBS) DUR(m,j)*rank(j,p) + sum(p in 1..k-1) empty(m,p)
I First machine has no idle times |

tforall(k in 1..NJ-1) empty(1,k) =0
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! First job has no waiting times

forall(m in 1..NM-1) wait(m,1) = 0

forall(j in JOBS, k in RANKS) rank(j,k) is_binary

(! Alternative formulations using SOS-1:

forall(j in JOBS) sum(k in RANKS) k*rank(j,k) is_sos1
forall(k in RANKS) sum(j in JOBS) j*rank(j,k) is_sos1

! Solve the problem

minimi%e(TotWait)

! Solution printing

writeln("Total waiti‘ng time for last machine: ", getobjval)
write(strfmt("ltem”,-11))

forali(k in RANKS) write(strfmt(getsol(sum(j in JOBS) j*rank(j,k)),7))
writeln

forall(m in MACH) do

write("Machine ", m,": ")

forall(k in RANKS) write(strfmt(getsoli(start(m,k)),7))

writeln

end-do



end-model
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idle time
Rank # [Product |Rxr start |Rxr Finish [BT Start |BT Finish |Waiting time|(Hrs)

1B11 0 %)% 3.3 6.1 0 0.5
2B12 3.3 6.6 6.6 9.4 0 0.3
3P11 6.6 9.7 o 12.7 0 0.1
4P12 Ul 12.8 12.8 15.8 0 5
5(Clean 12.8 20.8 20.8 20.8 0
6|B13 20.8 241 24.1 26.9 0 0.5
7IB14 24.1 27.4 27.4 30.2 0 0.3
8P13 274 30.5 30.5 33.5 0 0.1
P14 30.5 33.6 33.6 36.6 0 1.5

10|P31 33.6 38.1 38.1 414 0 1.2

11|P32 38.1 42.6 42.6 459 0 1.8

12|P51 42.6 47.7 47.7 52.5 0 0.3

13IP52 47.7 52.8 52.8 57.6 0

14/AD1 52.8 56.7 57.6 65.9 0.9

15|P61 57.6 60.7 65.9 70.7 5.2

16|P62 65.9 69 | 70.7 75.5 1.7

17|P63 70.7} 73.8 75.5 80.3 1.7

18AD2 75.5 79.4 80.3 87.1 0.9

19P71 80.3 83.6 87.1 92.9 3.5

20|P81 87.1 90.2 92.9 98.2 2.7

211P91 92.9 98 98.2 105.4 0.2

22/AD4 98.2 102.1 105.4 113.7 3.3

23[B15 105.4 108.7 113.7 116.5 5 1.3




idle time
Rank #|Product |Rxr start {Rxr Finish [BT Start [BT Finish [Waiting time|(Hrs)

24|PSA1 113.7 117.8 117.8 123.7 0
25R1 117.8 122.3 123.7 130 1.4 1.7
26[Clean 123.7 131.7, 131.7 131.7 0 0
27|B16 131.7 135 135 137.8 0 0.5
28B17 135 138.3 138.3| 1411 0 2.3
29/P92 138.3 143.4 143.4 150.6 0
30[PSA2 143.4 147.5 150.6 156.5 3.1
31P10 150.6 156.4 156.5 162.3 0.1
32|PSA3 156.5 160.6 162.3 168.2 1.7
33B18 162.3 165.6 168.2 171 2.6

Total waiting time 34 17.4
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a o 4 a [ a
Asadulnatnas-dlarvin 1

Idle time
Rank # |Product [Rxr start |Rxr Finish [BT Start |BT Finish |Waiting time{(hrs)
1]P81 - 3.13 3.13 8.46 -
2P92 3.13 8.21 8.46 15.63 0.25
3p101 8.46 14.22 15.63 21.46 141
41AD4 15.63 19.54 21.46 29.79 1.92
5/C1 21.46 29.46 29.79 29.79 0.33 3.33
6B12 29.79 33.13 33.13 35.88 - 0.58
7B11 33.13 36.46 36.46 39.21 - 0.38
8|P63 36.46 39.59 39.59 44.43 -
9R11 39.59 44.13 44.43 50.76 0.30
10/AD2 44.43 48.34 . 50.76 57.59 242
11PSA2 50.76 54.84 ; 57.59 63.50 2.75
12IP31 57.59 62.13 63.50 66.83 1.37 -
13B15 63.50 66.83 66.83 69.58 - 0.58
14|B16 66.83 70.16 70.16 72.92 - 0.58
15/P71 70.16 73.50 73.50 79.33 -
16|P51 73.50 78.60 79.33 84.13 0.73
17814 79.33 82.66 84.13 86.88 1.47 0.35
18P14 84.13 87.23 87.23 90.23 - 0.10
19|P11 87.23 90.33 90.33 93.33 - 0.13
20|P62 90.33 93.46 93.46 98.30 -
21|PSA1 93.46 97.55 98.30 104.20 0.75
22|PSA3 98.30 102.38 104.20 110.10 1.82
23|P91 104.20 109.28 110.10 117.27 0.82
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Idie time

Rank #|Product |Rxr start |Rxr Finish |BT Start |BT Finish {Waiting time|(Hrs)
24iP52 110.10 115.20 117.271 122.07 2.06
25AD1 117.27 121.18 122.07{ 130.40 0.89
26ic2 122.07 130.07 130.40| 130.40 0.33 3.33
27B17 130.40 133.73 133.73| 136.49 - 0.35
28P12 133.73 136.83 136.83| 139.83 - 0.10
29/P13 136.83 139.93 139.93| 142.93 - 0.33
30[B18 139.93 143.27 143.27 | 146.02 - 0.38
31|P61 143.27 146.40 146.40| 151.23 -
32|P32 146.40 160.93 151.23| 154.57 0.30 -
33B13 151.23 154.57 154.57| 157.32 -

Total waiting time 19.92667 10.52667




ANSINNISAIALNITHARLLLLANA NS Y Anadulnaiuas-

FAlavin 2
Idle time
Rank # [Product |Rxr start |Rxr Finish |BT Start |BT Finish |Waiting timel(hrs)
11B11 - 3.30 3.30 6.10 - 0.50
2B12 3.30 6.60 6.60 9.40 - 0.30
3P11 6.60 9.70 9.70 12.70 - 0.10
4P12 9.70 12.80 12.80 15.80 - 1.50
5P21 12.80 17.30 17.30 24.10 -
6|AD1 17.30 21.20 24.10 32.40 2.90
7|Clean 2410 32.10 32.40 32.40 - -
8B13 32.10 35.40 35.40 38.20 - 0.50
9814 35.40 38.70 38.70 41.50 - 1.70
10|P31 38.70 43.20 43.20 46.50 -
11|P13 43.20 46.30 46.50 49.50 0.20 0.10
12IP14 46.50 49.60 49.60 52.60 - 0.90
13/AD2 49.60 53.50 53.50 60.30 -
14|P41 53.50 56.60 60.30 66.10 3.70
15B15 60.30 63.60 66.10 68.90 2.50 2.30
16/P51 66.10 71.20 71.20 76.00 -
17|P61 71.20 74.30 76.00 80.80 1.70
18 P.1 5 76.00 79.10 80.80 83.80 1.?0 0.10
19IP16 80.80 83.90 83.90 86.90 - 0.90
20/AD3 83.90 87.80 87.80 96.10 -
21|P71 87.80 91.10 96.10 101.90 5.00
22\P81 96.10 99.20 101.90 107.20 2.70 0.50
23iP10 101.90 107.70 107.70 113.50 -




Idle time
Rank #[Product [Rxr start’ |Rxr Finish |BT Start |BT Finish |[Waiting time{(Hrs)
24|P91 107.70 112.80 113.50] 120.70 0.70
25|AD4 113.50 117.40 120.70| 129.00 3.30
26/B16 120.70 124.00 129.00f 131.80 5.00 1.70
27|R1 129.00 133.50 133.50| 139.80 - 1.70
28Clean 133.50 141.50 141.50] 141.50 - 3.30
29B17 141.50 144.80 144.80| 147.60 - 0.50
30B18 144.80 148.10 148.101 150.90 - 0.30
31|P62 148.10 151.20 151.20| 156.00 -
32AD5 151.20 155.10 156.00 160.80 0.90
33|PSA 156.00 160.10 160.80{ 166.70 0.70
34B19 160.8 164.1 166.7 169.5 26
Total waiting time 33.6 16.9
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Idle time
Rank # [Product [Rxr start |Rxr Finish BT Start |BT Finish [Waiting time|(hrs)

1|P15 - 3.10 3.10 6.10 - 0.33
2B11 3.10 6.43 6.43 9.19 - 0.35
3P13 6.43 9.63 9.53 12.53 - 0.10
4/P11 9.53 12.63 12.63 15.63 - 0.13
5|P61 12.63 15.77 15.77 20.60 -
6/AD4 15.77 19.68 20.60 28.93 0.92
7iC1 20.60 28.60 28.93 28.93 0.33 3.33
8B13 28.93 32.27 32.27 35.02 - 0.38
9|P41 32.27 35.40 35.40 41.23 -

10|P21 35.40 39.93 41.23 48.07 1.30

11{PSA2 41.23 45.32 48.07 53.97 2.75

12|P10 48.07 53.82 53.97 59.80 0.15

13|IR11 53.97 58.50 59.80 66.14 1.30

14,AD3 59.80 63.72 66.14 74.47 2.42

15|P51 66.14 71.27 74.47 79.22 3.20

16{PSA1 74.47 78.55 79.22 85‘.13 0.67

17|B15 79.22 82,56 | 85.13 87.88 2.57 0.35

18P‘14 85.13 88.23 88.23 91.23 - 0.33

19|P71 88.23 91.56 91.56 97.39 -

20|P31 91.56 96.09 97.39 100.73 1.30 -

21B18 97.39 100.73 100.73 103.48 - 0.38 |

22\P81 100.73 103.86 103.86 109.19 -

23|P91 103.86 108.94 109.19 116.36 0.25
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Idle time
Rank # [Product [Rxr starf [Rxr Finish BT Start |BT Finish [Waiting time |(hrs)
24|AD5 109.19| 113.11 116.36 | 121.19 3.25
25B14 116.36 | 119.69 121.19 1 123.94 1.50 0.38
26|P62 12119 124.32 124.32 1 129.16 -
27/AD1 124.32 | 128.24 129.16 | 137.49 0.92
28ic2 129.16 | 137.16 137.49 | 137.49 0.33 3.33
291B17 13749 | 140.82 140.82 | 143.58 - 0.58
30[B16 140.82 | 144.16 14416 | 146.91 - 0.35
31jP16 144.16 | 147.26 14726 | 150.26 - 0.10
32|P12 147.26 1 150.36 150.36 | 153.36 - 0.33
33B19 150.36 | 153.69 1563.69 | 156.44 - 0.58
34|B12 163.69| 157.02 157.02 169.78 -
Total waiting time 23.17 11.34
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Rxr
Rank #ProductiRxr start Finish BT Start BT Finish {Waiting timejidle time

11B11 0 3.3 3.3 6.1 0 0.5
2B12 33 6.6 6.6 9.4 0 5.2
3iClean 6.6 - 14.6 14.6 14.6 0 3.3
4B13 14.6 17.9 17.9 20.7, 0 0.5
5B14 17.9 21.2 21.2 24 0 0.3
6/P11 21.2 24.3 24.3 27.3 0 0.1
7|P12 24.3 27.4 274 30.4 0 0.9
8|AD1 27.4 31.3 31.3 39.6 0
9P31 31.3 35.8 39.6 42.9 3.8

10|P41 39.6 427 42.9 48.7 0.2

11iB15 42.9 46.2 48.7 51.5 2.5 0.5

12B16 48.7 52 52 54.8 0 1.1

13lAD2 52 55.9 55.9 62.7 0

14{P51 55.9 61 62.7 67.5 1.7

15/P61 62.7 65.8 67.5 72.3 1.7 0.3

16{P91 67.5 72.6 72.6 79.8 0

17/AD4 72.6 76.5 79.8 88.1 3.3

18B17 79.8 83.1 88.1 90.9 'E 0.5

19B18 88.1 91.4 914 94.2 0 0.3

20iP62 91.4 94.5 945 99.3 0

21iP63 94.5 97.6 99.3 104 .1 1.7

22[819 99.3 102.6 104.1 106.9 1.5 1.7

23|R1 104.1 108.6 108.6 114.9 0 1.7
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Rxr ) Idle time
Rank #ProductiRxr start Finish BT Start |BT Finish |Waiting timel(hrs)

24Clean .108.6 116.6 116.6 116.6 0 3.3
25B110 116.6 119.9 119.9 122.7 0 0.5
26|B111 119.9 123.2 123.2 126 0 0.3
27P13 123.2) 126.3 126.3 129.3 0 0.1
28P14 126.3 129.4 129.4 132.4 0 2.8
29/P101 129.4 135.2 135.2 141 0 0
30[P102 135.2}. 141 141 146.8 0
31[PSA1 141 145.1 146.8 152.7 1.7
32|P71 146.8 150.1 1562.7 158.5 2.6
33|P81 152.7 155.8 158.5 163.8 2.7
34|P82 158.5 161.6 163.8 169.1 2.2
35[P15 163.8 166.9 169.1 1721 2.2

Total waiting time 328 23.9
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Rank # [Product |Rxr start |[Rxr Finish [BT Start [BT Finish |Waiting timejidie time
1|P61 - 3.13 3.13 7.97 -
2AD4 3.13 7.05 7.97 16.30 0.92
3iC1 7.97 15.97 16.30 16.30 0.33 3.33
4B17 16.30 | 19.63 | 19.63 | 22.39 - 0.38
5P41 19.63 22.77 22.77 28.60 -
6|P51 2271 27.90 28.60 33.35 0.70
7P31 28.60 33.13 33.35 36.69 0.22 -
8|B13 33.35 36.69 36.69 39.44 - 0.38
9P81 36.69 39.82 39.82 45.15 -
10|B21 39.82 43.15 45.15 47.91 2.00 0.35
11{P15 45.15 48.25 ‘ 48.25 51.25 - 0.13
12|P62 48.25 SS9 51.39 56.22 -
13|P71 51.39 54.72 56.22 62.05 1.50
14|p101 56.22 61.97 62.05 67.89 0.08
15|p102 62.05 67.81 67.89 73.72 0.08
16|PSA 67.89 71.97 7372 79.62 1.75
17IR11 73.72 78.25 79.62 85.96 1.37
18AD2 79.62 83.54 85.96 92.79 242
19|B20 85.96 89.29 92.79 9554 3.50 0.35
20|P12 92.79 95.89 95.89 98.89 - 0.33
21B15 95.89 99.22 99.22 101.98 - 0.38
221P63 99.22 102.36 102.36 107.19 -
23/AD1 102.36 106.27 107.19 115.52 0.92
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102

Idie time
Rank #|Product |Rxr start |Rxr Finish BT Start [BT Finish [Waiting time|(hrs)

24c2 107.19 115.19 115.52| 115.52 0.33 3.33
25/B16 115.52 118.86 118.86( 121.61 - 0.35
26|P11 118.86 121.96 121.96 | 124.96 - 0.33
27B19 121.96 125.29 125.29 | 128.04 - 0.58
28B12 125.29 128.62 128.62} 131.38 - 0.58
29B14 128.62 131.96 131.96| 134.71 - 0.38
30[P82 131.96 135.09 135.09| 140.42 -
31PAN 135.09 140.17 140.42| 147.59 0.25
32|B11 140.42 143.76 147.59| 150.34 3.83 0.35
33P13 147.59 150.69 150.69| 153.69 - 0.10
34iP14 150.69 153.79 153.79| 156.79 - 0.33
35[B18 153.79 1567.12 157.12 159.87 -

Total waiting time 20.21 11.97
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Rank # |Product |Rxr start |Rxr Finish |BT Start [BT Finish {Waiting timelldle time
1B11 0 3.3 3.3 6.1 0 0.5
2[B12 3.3 6.6 6.6 9.4 0 0.3
3P11 6.6 9.7 9.7 12.7 0 0.1
4P12 9.7 12.8 12.8 15.8 0 1.5
5P21 12.8 17.3 17.3 241 0
6l/AD1 17.3 21.2 241 324 2.9
7\P31 241 28.6 32.4 35.7 3.8 1.2
8R1 324 36.9 36.9 43.2 0 1.7
9Clean 36.9 449 . 449 449 0 0

10B13 449 48.2 48.2 51 0 0.5
11B14 48.2 S SED 54.3 0 0.3
12P13 51.5 54.6 54.6 57.6 0 1.5
13|P22 54.6 591 591 65.9 0
14|P32 59.1 63.6 65.9 69.2 2.3
15P41 65.9 69 69.2 75 0.2
16/AD2 69.2 731 75 81.8 1.9
17iP14 75 78.1 81.8 84.8 3.7 0.3
18B15 81.8 85.1 851 87.9 0 0.5
19B16 85.1 88.4 88.4 91.2 0 2.3
20{P51 88.4 93.5 93.5 98.3 0 0.3
21iP52 935 98.6 98.6 103.4 0
22|P61 98.6 101.7 103.4 108.2 1.7 0.3
23|P91 103.4 108.5 108.5 1156.7 0
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Idle time
Rank #|Product |Rxr start [Rxr Finish [BT Start [BT Finish |Waiting time|(hrs)

24|PSA 108.5 112.6 115.7 121.6 3.1
25[P10 115.7 121.5 121.6 127.4 0.1
26|P62 121.6 124.7 127.4 132.2 2.7
27P63 127 .4 130.5 132.2 137 1.7
28AD3 132.2 136.1 137 145.3 0.9
29B17 137 140.3 140.3 143.1 0 5.2
30[Clean 140.3 148.3 148.3 148.3 0
31B18 148.3 151.6 151.6 164.4 0 0.5
32iB19 151.6 154.9 154.9 167.7 0 0.3
33P15 154.9 158 158 161 0

Total waiting time 25 17.3
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Rank # |Product {Rxr start [Rxr Finish |BT Start |BT Finish |Waiting timejldle time

1P63 - 3.13 3.13 7.97 -

2R11 3.13 7.67 797 14.30 0.30

3IAD2 7.97 11.88 14.30 21.13 2.42

4P21 14.30 18.83 21.13 27.97 2.30

5P91 21.13 26.22 27.97 36513 1.75

6/P10 27.97 33.72 35.13 40.96 1.41

7|P52 35.13 40.26 40.96 4572 0.70

8,AD1 40.96 44.88 45.72 54.05 0.84

9IC1 45.72 53.72 54.05 54.05 0.33 3.33
10|B12 54.05 57.38 57.38 60.14 - 0.35
11P15 57.38 60.48 60.48 63.48 - 0.33
12B14 60.48 63.82 63.82 66.57 - 0.35
13|P12 63.82 66.92 66.92 69.92 - 0.13
14|P41 66.92 70.05 70.05 75.88 -
15|P22 70.05 74.58 75.88 82.72 1.30
16|PSA 75.88 79.97 82.72 88.62 2.75
17{P51 82.72 87.85 88.62 93.37 0.77
18|P32 88.62 93.15. .| 93.37 96:71 0.22 -
19B13 93.37 96.71 96.71 99.46 - 0.58
20B19 96.71 100.04 100.04 102.79 - 0.35
21P14 100.04 | 103.14 103.14 106.14 - 0.10
22\P13 103.14 | 106.24 106.24 109.24 - 0.33
23|B17 106.24 | 109.57 109.57 112.33 - 0.38
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Idie time
Rank #|Product [Rxr stat |Rxr Finish [BT Start BT Finish |Waiting time(hrs)

24|P62 109.57 112.71 112.71] 117.54 -
25|P31 112.71 117.24 117.541 120.87 0.30 -
26/B11 117.54 120.87 120.87 | 123.63 - 0.35
27P11 120.87 123.97 123.97 126.97 - 0.13
28|P61 123.97 127.11 12711 131.94 -
29/AD3 127.11 131.02 131.94| 140.27 0.92
30ic2 131.94 139.94 140.27 | 140.27 0.33 3.33
31B15 140.27 143.61 143.61| 146.36 - 0.58
32B18 143.61 146.94 146.94| 149.69 - 0.58
33B16 146.94 150.27 150.27 1563.03 -

Total waiting time 16.65 11.21
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Waiting
Rank # |Product |Rxrstart [Rxr Finish [BT Start |BT Finish |time (hrs)
11D11 0 2.4 2.4 6.73 0
2D12 2.4 48 673 11.06 1.93
3M11 6.73 9.73 11.06 18.81 1.33
4A11 11.06 13.46 18.81 21.61 5.35
5|/A21 18.81 21.81 21.81 26.81 0
6021 21.81 24.21 26.81 31.23 2.6
7IM11 26.81 29.81 31.23 38.98 1.42
8011 31.23 34.83 38.98 44 .48 415
9011 38.98 42.58 44.48 49.98 1.9
10iD41 44.48 47.48 49.98 54.48 2.5
11D31 49.98 52.78 54.48 58.81 1.7
12iP11 54.48 58.58 58.81 66.31 0.23
13|Clean 58.81 62.81 66.31 66.31 0
14ID13 66.31 68.71 68.71 73.04 0
15D14 68.71 71.11 73.04 77.37 1.93
Total waiting time 25.04
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Waiting |ldie time
Rank # |Product |Rxrstart [Rxr Finish [BT Start |BT Finish [time (hrs)| (hrs)

11A11 0 24 2.4 5.2 0
2D21 2.4 4.8 5.2 9.6 0.4
3M11 5.2 8.2 9.6 17.4 1.42
4D11 9.62 12.02 17.4 21.7 5.35
5D41 17.37 20.37, 21.7 26.2 1.33
6lA12 21.7 241 26.2 29.0 2.1
7\D31 26.2 29 29.0 33.3 0
8|01 29 32.6 33.3 38.8 0.73
9 D13 33.33 35.73 38.8 43.2 3.1
10D14 38.83 41.23 43.2 47.5 1.93
11A2 43.16 46.16 47.5 52.5 1.33
12D12 47.49 49.89 52.5 56.8 2.9
13|D22 52.49 54.89 56.8 61.2 1.93
14{P11 56.82 60.92 61.2 68.7 0.32
151C 61.24 65.2 68.7 68.7 3.5

Total waiting time 26.04 0
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Waiting | Idle time
Rank # |Product [Rxrstart |Rxr Finish [BT Start |BT Finish |time (hrs)| (hrs)

1ID11 0 2.4 24 6.73 0
2D12 24 4.8 6.73 11.06 1.93
3lA11 6.73 9.13 11.06 13.86 1.93

4A12 11.06 13.46 13.86 16.66 0.4 0.2
5M11 13.86 16.86 16.86 24.61 0
6M11 16.86 19.86 24.61 32.36 4.75
?A13 24.61 27.01 32.36 35.16 5.35

8A14 32.36 34.76 35.16 37.96 0.4 0.2
9iA21 35.16 38.16 38.16 43.16 0
10D13 38.16 40.56 43.16 47.49 2.6
11011 . 43.16 46.76 47.49 52.99 0.73
12iD31 47 .49 , 50.29 52.99 57.32 2.7
13P11 52.99 57.09) 57.32 64.82 0.23

14(Clean 57.32 61.32) 64.82 64.82 3.5 2.4
15|D21 64.82 67220 67.22 71.64 0
16/A31 67.22 70.02| 7164 79.14 1.62
17|A41 71.64 7424 7914 83.97 4.9
18D41 79.14 82.14 83.97 88.47 1.83
19|D42 83.97 86.97 88.47 92.97 1.5

Total waiting time 34.37 2.8
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B Waiting | Idle time

Rank # [Product [Rxrstart [Rxr Finish {BT Start |BT Finish |[time (hrs){ (hrs)
1A14 0 2.4 2.4 5.2 0 0
2|A31 24 5.2 5.4 12.7 0 0
3D21 a2 7.6 12.7 17.12 5.1 0
4A12 12.7 15.1 17.12 19.92 2.02 0
5/A11 17.12 19.52 19.92 22.72 0.4 0
6|D11 19.92 22.32 22.72 27.05 0.4 0
71A21 22.72 25.72 27.05 32.05 1.33 0
8|D21 27.05 29.45 32.05 36.47 2.6 0
9A41 32.05 34.65 36.47 41.3 1.82 0
10A13 36.47 38.87 41.3 441 2.43 0
11iD13 41.3 43.7 44 1 48.43 0.4 0
121011 441 47.7 48.43 53.93 0.73 0
13|D42 48.43 51.43 53.93 58.43 2.5 0
14M12 53.93 56.93] 58.43 66.18 1.5 0
15D41 58.43 61.43 66.18 70.68 475 0
16M11 66.18 69.18| 70.68 78.43 1.5 0
17\D12 70.68 73.08 78.43 82.76 5.35 0
18P 11 78.43 82.53 82.76 90.26 0.23 0
19/C 82.76 86.76 90.26 90.26 3.5 0
Total waiting time 36.56 0
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- Idle
Waiting | time
Rank # |Product |[Rxrstart |RxrFinish [BT Start |BT Finish |time (hrs) | (hrs)
1|D11 0 2.4 2.4 6.73 0
2iD12 24 4.8 6.73 11.06 1.93
3IA11 6.73 9.13 11.06 13.86 1.93
41A12 11.06 13.46 13.86 16.66 0.4 0.2
5M11 13.86 16.86 16.86 24.61 0
6|A13 16.86 19.26 24.61 27.41 5.35
7A14 24.61 27.01 27.41 30.21 0.4
8|D21 27.41 29.81 30.21 34.63 0.4
9A21 30.21 33.21 34.63 39.63 1.42
10ID13 34.63 37.03 39.63 43.96 2.6
11011 39.63 43.23 43.96 49.46 0.73
12IP11 43.96 48.06 49.46 56.96 1.4
13iClean 49.46 53.46 56.96 56.96 3.5 2.4
14D14 56.96 59.36 59.36 63.69 0
15\D22 59.36 61.76)  63.69 68.11 1.93
Total waiting time 2.1 .99 2.6
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Waiting | Idle time
Rank # [Product [Rxrstart |Rxr Finish [BT Start |BT Finish |time (hrs)| (hrs)

1D12 0 2.4 2.4 6.73 0 0
2|01 24 6 6.73 12.23 0.73 0
3D11 6.73 9.13 12.23 16.56 3.1 0
4M11 12.23 156.23 16.56 24.31 1.33 0
5A12 16.56 18.96 24.31 2711 5.35 0
6l/A13 24.31 26.71 27.11 29.91 0.4 0
7\D13 27.11 29.51 29.91 34.24 0.4 0
8D21 29.91 32.31 34.24 38.66 1.93 0
9A14 34.24 36.64 38.66 41.46 2.02 0
10D14 38.66 41.06 41.46 45.79 0.4 0
11A11 41.46 43.86 45.79 48.59 1.93 0
12022 45.79 48.19 48.59 53.01 0.4 0
13D41 48.59 51.59 53.01 57.51 1.42 0
14|P11 53.01 57.11 57.51 65.01 0.4 0
15C 57.51]. 61.51 65.01 65.01 3.5 0
Total waiting time 23.31 0
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Idle
Waiting | time
Rank # Produpt Rxr start |Rxr Finish |BT Start [BT Finish | time (hrs) | (hrs)
1D11 0 24 2.4 6.73 0
2D12 24 4.8 6.73 11.06 1.93
31A11 ' 6.73 9.13 11.06 13.86 1.93
41A12 11.06 13.46 13.86 16.66 0.4 0.2
5M11 13.86 16.86 16.86 24.61 0
6l/A13 16.86 19.26 24.61 27.41 5.35
7IA14 24.61 27.01 27.41 30.21 0.4 0.2
8iA21 27.41 30.41 30.41 35.41 0
9D21 30.41 32.81 35.41 39.83 2.6
10011 35.41 39.01 ! 39.83 45.33 0.82
11|P11 39.83 43.93 45.33 52.83 1.4
12|Clean 45.33 49.33 52.83 52.83 3.5 3
13041 52.83 55.83 55.83 60.33 0
14M12 55.83 58.83 60.33 68.08 1.5
15]A31 60.33 63.13 68.08 75.58 4.95
16|A41 68.08 70.68 75.58 80.41 4.9
17\D31 75.58 78.38 80.41 84.74 2.03
Total waiting time (hrs) | 31.71 34
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Waiting | ldle time
Rank # |Product |Rxrstart |Rxr Finish |BT Start |BT Finish {time (hrs)| (hrs)

1D11 0 2.4 2.4 6.73 0 0
201 24 6 6.73 12.23 0.73 0
3D21 6.73 9.13 12.23 16.65 3.1 0
4M11 12.23 15.23 16.65 24.4 1.42 0
5/A21 16.65 19.65 24.4 294 4.75 0
6/A13 24.4 26.8 294 32.2 2.6 0
7|D31 294 32.2 32.2 36.53 0 0
8/A14 32.2 34.6 36.53 39.33 1.93 0
9A41 36.53 39.1. 3 39.33 4416 0.2 0
10D12 39.33 4173 44.16 48.49 2.43 0
11iD41 44,16 47.16 48.49 52.99 1.33 0
12[M12 48.49 51.49 52.99 60.74 1.5 0
13/A12 52.99 55.39] 60.74 63.54 5.35 0
14/A11 60.74 63.14| © 6354 66.34 0.4 0
15/A31 63.54 66.34] 66.34 73.84 0 0
16|P11 66.34 7044 73.84 81.34 3.4 0
17|C 73.84 7784  81.34 81.34 3.5 0
Total waiting time (hrs) 32.64 0
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WK#1

WK#2

WK#3

WK#4

- 117
E 3 o o o 4 a o a ' a e oo o a '
NARUIN R mwmmmmwﬁwmmmwam'lumaqummﬂu 2548 ATUTLNANNARNTUN aNatuInAwNaT
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
P11 [P12|P13{P14|P31|P32|P51|P52|P61|P62]|P63 |P71 |P81 [P91|P92|p101|B11|B12 |B13 |B14 |{B15 [B16 [B17 [B18 |[R11 |AD1 |AD2 |AD4 |PSA1 |PSA2 |PSA3 |C1  lc2
311 3.1| 3.1] 3.4 45] 45| 5.1] 511 3.1 3.4] 3.4] 33! 31| 51| 51| 58] 3.3] 3.3] 3.3] 3.3] 33| 3.3 33| 33| 45/ 39| 39| 39 41 4.1 4.1 8 8
3.0] 3.0 3.0} 3.0] 3.3] 3.3] 48] 48] 48] 48] 48] 58] 53| 72| 7.2] 58| 2.8 2.8 28] 28] 28] 28] 28} 28| 63] 83| 68| 83 5.9 5.9 5.9 0 0
1 2 3 4 ] (] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
P11 [P12[P13[P14]P15[P16]P21[P31[P41[P51[P61 [P62 [P71 [P81]P91[P10 [B11]B12[B13|B14 [B15[B16 [B17 [B18 [B19 |R11 [AD1 |AD3 |AD4 |ADS |PSA1 |PSAZ|C1  [c2
31] 3.1] 3.1] 3.1] 3.1] 3.1] 4.5 4.5] 31| 51] 3.11 3.1] 3.3} 3.1} 51} 58| 3.3 3.3] 33| 33| 33| 33| 33| 3.3] 33| 45| 39| 39 3.9 38 4.1] 4.083 8| 8
3.0] 3.0l 3.0] 3.0] 3.0] 3.0] 6.8 3.3] 58] 48] 48] 48] 58| 53] 72| 58! 28] 28] 28| 28| 28] 28| 28| 28| 28] 63| 83 83 8.3l 48 5.9] 5.903 0] O
1 2 3 4 5 6 7 89 10 41 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
P11 |P12|P13|P14]P15|P31{P41|P51|P61{P62]|P63 |P71 |P81 {P82{P91ip101|p103B11 |B12 |B13 [B14 [B15 |B16 |B17 [B18 [B19 {B20 |B21 [R11 |AD1 |AD2 |AD4 |PSA |C1
3.1 3.14] 310 3.4] 3.4] 451 3.1] 541 34f 3.1] 34] 3.3] 31| 3.1) 51] 5.8 58] 3.3] 3.3] 3.3} 33] 3.3| 3.3} 33 33) 33| 33] 33 45 39 3.9] 3.913] 4.08] 8
3.0 3.0{ 3.0] 3.0] 3.0 3.3] 58] 48] 48] 48] 48] 58] 53| 53| 72| 58| 58] 28] 28] 2.8 28] 28] 28] 28] 28| 28] 28] 28 6.3 8.3 6.8] 8.333] 59| 0
1 2 3 4 5 68 7 89 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
P11 |P12{P13|P14]|P15[P21{P22|P31|P32|P41|P51 |P52 (P61 [P62|P63|P91 {P10[B11|B12 |B13 |B14 |B15 [B16 |B17 [B18 |B19 |R11 |AD1 |AD2 [AD3 |PSA |C1 c2
3.1 3.1] 3.1) 34] 31] 45| 45] 450 a5{ 34] 51| 54 31] 3.1 34 51) 58| 3.3} 3.3} 33| 33| 33| 3.3] 3.3 33 33 45| 39] 39 39| 41 8 8
3.0] 3.0] 3.0 3.0] 3.0] 6.8 6.8] 3.3] 3.3] 58] 4.8] 4.8 48| 48] 48] 72| 58] 2.8 2.8] 28] 28] 28] 28] 28| 28] 28] 63| 83[ 68/ 83 59 0 0
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manwan 1 deyduauuumdiidasnissdaludieungainiey 2548 dwiundundniusiinaaadaniaedn

WKi#1

WK#2

WKi#3

WK#4

119

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
A11 |A12 [A2 [D11[D12|D13 [D21 |D31 |D41 [M11 (M12 |O11 |012 |P11 [C
24| 2.4] 3.0] 24| 24| 24| 24| 28| 3.0/ 3.0/ 3.0] 36| 3.6] 4.1] 4.0
28 28] 5.0] 4.3] 4.3] 4.3] 44| 43| 45| 78] 78] 55 55 7.5 0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
A11 |A12 [A13 [A14 [A21 |A31 |A41 |D11 [D12 |D13 |D21 |D21 |D41 |D42 (M11 |M12 011 |P11|C
24| 24| 2.4] 2.4] 3.0| 2.8] 26| 24| 24| 24| 24| 24| 3.0 3.0] 3.0 3.0 3.6] 4.1]4.0
28| 28] 28] 2.8/ 5.0 7.5 4.8] 4.3] 43| 43| 44| 44| 45| 45 7.8 7.8] 55 75{0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
A11 [A12 [A13 |[A14 |D11 [D12 |D13 [D14 [D21 [D22 |D41 (M11 |O11 P11 |C
24| 24| 2.4] 2.4] 2.4] 2.4] 2.4] 24} 24| 2.4 3.0| 3.0| 3.6 4.1 4.0
28| 2.8] 2.8] 2.8] 4.3] 4.3] 4.3] 43| 44| 44| 45 78] 55 7.5 0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
A11 [A12 [A13 [A14 [A21 |A31 |A41 |D11 |D12 |D21 |D31 |D41 |M11 {M12 |011 [P11 |C
24| 2.4] 2.4] 2.4] 3.0] 2.8 2.6| 2.4] 24| 24| 28] 3.0/ 3.0/ 3.0f 3.6/ 4.1] 4.0
28| 2.8] 2.8] 2.8] 5.0 7.5/ 4.8/ 43| 43| 44| 43| 45| 78] 7.8 55 7.5 0.0
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