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PORNRAT THUMRONGVUT : THE DEVELOPMENT FOR SEQUENCING
PRODUCTION USING VISUAL BASIC FOR APPLICATION (VBA) ON
MICROSOFT EXCEL. THESIS ADVISOR : NARA SAMATTAPAPONG, Ph.D.,

105 PP.

SEQUENCING PRODUCTION/MAKESPAN/SCHEDULING PRODUCTION/ VISUAL

BASIC FOR APPLICATION

The objectives of this research are to developing efficiency of the sequencing
production and improving method multiple machine-multiple job scheduling problem for
reduce the time scheduling production using visual basic for application (VBA) on
Microsoft Excel approach to the case study. Sequencing problem is a frequently occurring
and important issues for industrial and the manufacturing system. However, it is difficult to
find out the best method to schedule production. Since many variables will affect the
manufacturing system such as processing time, queue time, idle time, waiting time. This
research studies especially manufacturing on machines. The case study problem become
finding a makespan all jobs from start to finish completing and to obtain a sequence of the
jobs in the machines including five jobs and four machines flow shop. Each machine can
handle one job at a time (at most one operation), preemption is not allowed and all
machines are continuously available (no breakdown).

Based on the test results, the code for the algorithm is written by using VBA with a
Microsoft Excel interface. This developed algorithm with an encoding method was applied
to this case as an experimental study. From analytical algorithm, the algorithm with VBA
show better performance reasonable optimization makespan than the original method was

decreased from 36 minutes to 34 minutes. The results indicated that the effective solutions



can indeed improvement of this research at 5.56 percent with the accurate results and

evaluated 12 minutes.
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Fuasumsantuauieth Tusunsy VBA indruwadwivesmsdadidums
Y
naamelateiinalutlymanide Tasae luil
' Y
1) deyariudn (Input Data) Taedoyaiide dinsdouaudn lihiu Aedesridaluns
U Y ' '
HARA1T 9 uNfeIZezNAVB AR TUABLIIY HazuaazlsIANUUIATEITNTUABLIAT BT G1A L
Y ' '
TuaouveI1u nazdraunsesinsn 1y asluayaaiu (Worksheet Model) TuTusunsy
7 4 9 X o = = a A o ° Y
luTaswendwnma Nadr93um dag1 3.10 Tashinamswdasinveunsownsazgniuinud)

Usingluesad 116

jobno fe Fovoaens, v A, B, C, D uaz E

step Ao ﬁﬁuﬁ'umumawm&u

mecno o WNOIEVIBURS 03NS, 13 eesnsh 1, 2 Juas 4
prc_time Ao izﬂmawmﬂi’”u@aummf’u 9

seq fio SrduinTessnIideIMITAGoe

time_in e nafiTuABUYes I 4 Fuih
time_out Ao arfiTunouvesINIY 9 e Idan time_in+ prc_time

H A gl/ ~ H A
oyl time Ao nainuiwaiaiEouieouda vie time_out # step gashe

Al B cC D £ F ! %9 Hoo W h R ¥ M N | DO P | a R
1 |id| job_mo step me_no pre_time seq time_in time_out cyl_time
2 ‘ 1 A 1 1 8 Solve Step
ol o A 2 2 6
43 A 3 4 6 Result
5|4 B 1 1 8
6|5 B 3 o 8 Reset
7|6 B 2 3 8
3 | 7 B 4 4 4 Sequence Time
9|8 C 1 1 4 |.\[i.n.iu1um Time :
10| 9 C 2 2 1
11|10 C 3 3 2 ‘Verify Solution :
12 | 11 D 1 1 6
13|12 D 2 3 8
14 13 E 1 3 6
15|14 E 2 4 8
16 Total Time 0

Data | Output ®

1 3.10 aymars (Worksheet Model) ves VBA
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o A

2) msszuanauaznisaiuaa (Processing) sgdniiunisaimlsunsuitingg

[l 1
A A

Fougidan1u1 VBA $uin Fanszuaunistszutanag 1ddag Uit 39 ffdeulvveasiu uaz
w3eatnslumsiundwan Wemmadns luudazguvunssades ndnmaiiaulums
g

Yszunanalaail

- iilonatly SOV uga Tilsunsuesduiumaihdduvesmasaiieaiogluusiu
11 Output aedind A sndszanana au'ld Total Time Tuiwad 116 vimiuTusunsuazihaves
pasnin Uiy s Output aedind B Tunasvesdidunssai sniu q fedevenadng
wermesagalii 3.11

- winTdsunsuiimsisznaaiaizouies inisnatlu Result vz lugueiu
a1u OUPUL iieguad s veamsTaS BauRaz iy

- dmsuilu StEp oz 19 A eriloo1ndswaziBuavesnistaiFesdiduuni
doams Taemstouziiuumsiadsniuadlylusad N11

- 1ju Stop ritengamshauwesTisunsu

Y
- 1Ju Reset Sadoyanivua

A B c D BE, F s | H J K L M
1 id Seq_no total_time| A B C D E
2 1 |ABCD ABC BCDE ABE 191 20 36 35 43 57
3 2 |ABCD ABC BCDE AEB 216 20 61 35 43 57
4 3 |ABCD ABC BCDE BAE 213 42 36 33 43 57
O 4 |ABCD ABC BCDE BEA 234 63 36 35 43 57
6 5 |ABCD ABC BCDE EAB 265 63 67 35 43 57
7 6 |ABCD ABC BCDE EBA 263 67 61 35 43 57
3 7 |ABCD ABC BCED ABE 189 20 36 35 49 49 Run
9 8 |ABCD ABCBCED AEB 206 20 53 35 | 49 | 49
10 9 |ABCD ABC BCED BAE 212 42 36 35 49 50
11| 10 |ABCD ABC BCED BEA 224 55 36 35 49 49 iz
12| 11 |ABCD ABCBCED EAB 247 53 59 35 49 49
13| 12 |ABCD ABC BCED EBA 245 59 53 35 | 49 | 49 Home
14 | 13 |ABCD ABC BDCE ABE 176 20 36 36 34 50
15| 14 |ABCD ABC BDCE AEB 194 20 54 36 34 50
16| 15 |[ABCD ABCBDCE BAE 198 42 36 36 34 50
17 | 16 |ABCD ABC BDCE BEA 212 56 36 36 34 | 50
18 | 17 |ABCD ABCBDCE EAB 236 56 60 36 34 50
19| 18 |ABCD ABC BDCE EBA 234 60 54 36 34 50
20| 19 |ABCD ABCBDEC ABE 180 20 36 42 34 48
21| 20 |ABCD ABC BDEC AEB 196 20 52 | 42 34 | 48
22 | 21 |ABCD ABCBDEC BAE 204 42 36 42 34 50
23 22 |ARCD ARC RDFC REA - 214 G4 3h 432 34 48
Data | Output O] 4
Ready 85

511 3.1L fednvesmsuaaswatoya (Output Data)
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3) uaaswadoya (Qutput Data) iievinisdoudeyarindrzoneouds Tosunsy
~ o oy/ v J v s = o o 9
VBA finsdszunanamidiney miniunadniazuaasdreonnlumadniimsdeudd ddasly
ayanuluTsunsuluTasvondidniaa dredrawadni i Idawaaalugi 311 Tasazilsinglu
v A = a A [ 1 v A
aoami B ivumedanamswansauveunsedns luuaazgluuumsdnizog
sinunvesmsuanswadng

2o v A g o o S
mmmmuimmnamqﬁﬁ]zﬁLﬂummamamumivmmmaslum%aﬁmiuu 9

A A

Tasd1auve unsetnirzuInInmIsiasaIsaiesnamldnansauiuidinga e Iins
o Y

o 4 awv 2 [ o A {
Uszuramaudrdnyazyeanadns lunsdvet azivaus ludnvazas wauiumsn1danms

1 o 1 @ 1 v J a 1
Uslgaazianndrs VBA fitizluuumssai e limadns vosnaimsnanveswaazau

35 msrnwnlSeumeuradnsszrig Solver waz VBA

v o W a J 1 v A thg 5y @ A~ (B o
ﬂTiﬂﬂﬂTQUﬂﬁW’d@ﬂuﬁ]ﬂﬂﬂiﬁﬂ 9 ‘ﬁi]i]‘]JLlllWaWEJ’JTJGU‘LlE]EJﬂ‘]JVIinﬂﬂiVIiJ?JEJ’Jﬁ]%i]ﬂﬂWE

U U

[ £4 '
o613 l5 1dRadsyanTnmgega Feaudioillaih VBA inldiiluni esile Tumsuddaym Taed
[ d A @ ast v o w a A [ A H
Tagusyaed Aenswaudimstamdunsiaaale UL LRI 0dInTvateaT o1 (Multiple
Machine - Multiple Job Scheduling Problem) siteaainarlunissanisieaniswanludeyadiedis

(=W

A KR o 1 A 3 ama Y1 A @ E=! gl/ v A A a
NIUANHIAINGAT Lu@iﬁﬂﬂlﬂu’)‘ﬁ‘ﬂVlNNﬂWI%%Wﬂlu&ﬁ@QﬂJ@Q’J’d@J Qﬂﬂim @ﬂ‘ﬂ\‘lﬂilﬂumiﬂiﬂﬂﬂfnﬂ

9 ]

& 7 Y1 v oA o <
wuwaﬂﬂmﬂiﬂﬂﬂwaWmamma uazmmm%mmmwaawwafmm LU LTI AT

U

a 4 [ d’z:‘ a v o w a a A Y
N1TUATICHTHAANTNINAITINNTITNAQABDINTTIAATAUNTTINAAUD 2 75 AoMs 1y SO|Ver nas

[
=1

9 o a 4 ~ 1 a Z < I 1
M5 1% VBA Whmsaasenlsewneu Tuauveaa1MINaaN NN T UAD U MIET Ve YT Al A

Wouiiga (Makespan) nariudnadvveaudazau (Cycle Times) narfinsesnsinanisgapan
(Idle Time) nazaifiasesinsuaazias oadinis o lunszuiumsaana soudeensnig e

sz Tomivounseainsuaazinse slunszvaumanan (Utilization) ierinniintsanluGesdi

'
J =2

& o U o o A A 2 Y Aq Y a v 3 9 4 A
FuiluaudragMreuToe Tl ldnenldlunsnan swiludunuaiunilsvesesdns vio

q

Tsenugaeunisulaoiall asilanantaluuna 1
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Ni’lﬂ1ﬁﬁﬂ‘kﬂ!m$®3ﬂﬁ1ﬂﬂa

41 wmn
= Y 9 d' a g 1% a as ¥ o o a = o
nnnAnyAua Nilyminatulumsdamsamssaa naziimsdadaunswaa 33
msnaaeui S0Iver naz VBA (Visual Basic for Application) & ihuasesilesiianiisveaTisunsy
TuTnassendiomaa (Microsoft Excel) iverianudilymuesdredransaidnm Taelidaguszeasd fo
Wan3smssaddunssaaratsnuuuuniesdnsiatenses (Multiple Maching - Multiple Job
Scheduling Problem) reaanarlunisdamsnmssaadmiuilunuaniadiesdns nielsnu

' o a A E 75 Vg ¥ v A P A o A
gadIMNITUAN 9 huufa azdsmst lssgnaldldivmnefudanadon wieniwensnliod
dy 1 = =< A Y o A Au X ] I 1 A J I
Tuuniina1nawan1s NN 19 nmMsdiuaIuiIde Fauiseenilu 3 daufe druusnilu
a P . ! & . P Y \ ¥
m3uaszinansnaasdlaslyd S0IVer drunaeuiunisdiaiizvinalasly VBA wadesaiuil
Y3 = a o I a2 y A a2 oA g
HaAS MU D95 10a2108Av0INaa NENNAYU 1NN IFaTeeleu q tag luaungwiluns

a d' A ay d‘ FY v o w a
antls1ema omenIsmsnmmnzayldlFlumstadidunisnan

42 msdszanananazinsizvimaansonmsiy Solver
421  mslszananamsdasdumsaanlaeld Solver
diovhmsadeeyaa (Worksheet Model) 11 Tulsuns sl Tnsaonldid maa udhii
magouTssdusfhmine ad1egasilddmsumsdaa uazdwua Target Cell, Changing Cells

H v A { ) 4 % I o w Y
waz Constraints uda s lawaansnuaasesninaiuniviuacou lvgadludesinatiaay Tasluy

E4
Ay A

Y a d‘ Y d‘ (2 d‘ a = Yo 1 d’l
NUIVWYUADINITIAINITHAATINNUDING A GNEII‘VI 41 @ﬁﬂ1ﬂi1ﬂﬂglﬂﬂﬂ1ﬂﬂiﬂﬂqﬂu
) (3 v o w Y Yo o w o A o ] N =2
disunstaainy laely SO|Ver VlﬂuTéﬂﬂ‘]Jﬂ1i‘1/11\11uLL’JJ1J‘V'I§l’JE]Eﬂ\1ﬂ5mﬁﬂ‘]eﬂ

smuauldlunisilszunana suie saideanuy ABCD ACB EBCD EAB ueaasdagaldi 4.2

Y
ninea Ny aaae 11l



W - o e W

A B C D E F G H | 1 K L M M o P Q R S T U v w X ¥

SNASEOITY | Xy, | Xy | Ko | Xos | Koo | Xow | Ko | Xos | Moo | Koo [ X | Xus | X | Xon | X | Yor | e | Yor | Xee | E | §

uagns 0|8 |14|8 |20|16|32|16|20|2a|20(26| 0| 6 |20|36|26|3a]|1a]| | €

M1 1 1 s s

A M2 1| 1 6 6

2 M4 1 1 6 6

g M1 1 1 s 8

al . M3 1 a 8 s

ﬁg M2 1 1 s s

El M4 1 1 4 a

‘s M1 1| 1 a a

e c M2 1| 1 al 1

2 M3 1 1 2l 2

g b M1 1 1 6] 6

= M3 1] 1 g =

e M3 1| 1 6 6

M4 1 1 8 s

Bsa A 1 1 s 8

£| CsaB M1 -1 1] 3 8

ag DsacC 1 1 a2 a

| Csaa 2 1 1 120 6

%| Bsac 1 1 a 1

S| Bsak 1 -1 16| 6

S| csaB M3 -1 1 8 8

=§:—'_. DsacC 1 1 2l 2

‘€| AsaE M4 1 1 s 8

Bsa A 1 1 18 6
Wertuiamlssaoe 1l 1| 1| 1] 1

enWaAtuiagilscase 36

51041 4.1 m3sasdunsnanlaels Solver

U

A o
INIBIINT

M1 M2 M3

A1 JIN/TIN

OO L@, EDEE ©WE

LDINDY

M4

/TN

31 4.2 yuuuumssaizssnun ABCD ACB EBCD EAB

wieednsh L(ML)  sw@ 1(A)  vhmswdadiduusn
GREGIR TGN
MMIHanTADT N

wieetnsh 2(M2)  swd 1(A)  vhmswdadiduusn

D) hmswdndsugaie

39
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A 3(C)  shmsedadiduaes
i 2(B)  vhimskdadeugarie
wgoednsi 3(M3)  awii5(E)  vhmswAadiduusn
i 2 B)  shnmswaadduaes
i 3(C)  shimswdadiduay
i d(D)  vhmsndadisugae
wzosdnsfi 4(MA)  awii5(E)  shmandadiduusn
i 1(A)  shmsndadidudes
i 2(B)  shmsndadidugae

aumsdanilszaad (Target Cell) ﬁanmmiwﬁm‘ﬁnﬂﬁumauﬂum%ﬁuym‘fﬁm
foufiga (u1fi) Tuadosile SOlVer szuansnalumadifhuune (Target Cell) Favzsngluwad
E28 18ningas ~MAX(S2W2) Sumsmamannniigavesgnamiiudauade

aunmsfeiinvedisuduneums haazias ossns (Constraints) Aeaunisd 2
e aunis 55 Tuuni 3 dududewlvirdy i ud s muaveuwaveafineu it 195
minzay Fainty 130 duiunadnsiidnnm 1danms 19 Solver fannsag Idnnlunedind X3
9 nedund X26 Tugilnmnit 4.1 aunsosumueawadntagilIddamsei 4.1 uaasianafianii |
(Job i) sharmnwas eednsdi j (Maching ) S uduaemiuionaila (Time In) oz e oo ns

(Time Out) virTder$raunuglunudlaaag i 4.3 Yedunadidgvesnaani i ld lunedud X3 f

U

IA o v

apautl X260 Aemasusnawin 1dazianisennsomsumlu aodul Y3 89 aoduil Y20 Faas 4

o A Y o o Z/ o A o =2 Y 1 &
ﬂiJNE]“L!Ulﬂlﬂ]@x’lﬁllﬂﬁT@ﬂ1ﬂﬂiumu@]@uﬂﬁ‘ﬂ1ﬂu UagINIoNINg leL‘]Juﬂﬁ@]i?%ﬁ@ﬂllﬂﬂmﬂ’iu@’ﬂ

Y '
nsziumssameanIagly SOlVer iifimsioudoya vag lateonlyldgndosnsudu



an3ai 4.1 waasniveans 14 Solver

41

o Machine 1 Machine 2 Machine 3 Machine 4
o TimeIn | TimeOut | Timeln | TimeOut | Timeln | TimeOut | TimelIn | TimeOut
A 0 8 8 14 14 20
B 8 16 24 32 16 24 32 36
C 16 2 20 2 24 26
D 20 26 26 34
E 0 6 6 14

~ <3 v J 1 A o A [ [
AT NN 41 WUMSUAAIHAaNTUDILAAZIIU N INIHUUIATOIINT TULADY

A o & oA a A ' 2 A 2y A o
IATOIINT G]NiJ?ﬂEJazLE]EJ@‘V]‘]N‘UE]ﬂ’JNWuclﬂ mumauwmﬂm 13 mﬂlﬁz“ﬂ‘]ﬂumi@ﬁ]ﬂiiﬂ LLAEDn

d‘ 3 g’l d‘ 1 1 % ) ) L!‘
mﬂmiawmuumanmmﬂm INAIVYNUTU ITUN ]. (A)

S

VUADULTN A115013 W1 Tanus

A o 4 y g aa ) 1 A ) A o dn & aa
VUIATIIINTN ].LLEYJL’GTﬁﬁ]L!ﬁ/I‘VI 8%1ﬂuu“1ﬂ’gmumuwam Lill‘]mﬂullumi@\ﬁ]ﬂiﬂz L UINN 8

Yy 3 A a4 Y ¥ A o Adpad a4 Yy 3 A ad
udnasaieurin 14 HAZUUADUGAMININTUVUIATBIINTN 4 5y 14 udwaSaieunn 20

Y '
dufludwaiadunszurumsnanvesnui 1(A)

nai1Flunswaa (Cycle Time) voaudaz viu naasnalumad S2 8 wad W2 (304 4.1) &

@

N

@

o'l

ES
@

Zhe

[

JUU IAINTTN

nai 1 lumswan e A
nai 1S lumswan a1 B
nalFlumswan a1 C
nan I lumswan s D
nai 1S lumsean e E

v Y
wuAgnTuaewaseuysel (Makespan) fiausiiy 36 wii

g 52 (Xie)
iad 12 (Xo)

wad U2

(
(

Xe)

ad V2 (Xqg)
(ad W2 (Xeg)

MNU
MU
MY
IMnY

9N

20
36
26
34
14

U
WIN
WIN
WIN

UIMN

d‘ [ 2’1 d‘ d‘ FY a A o W v A
18157009911 TUIAT 0ITNT NI 4 3o lylunszuiumsnan laeld1aun1s a5 UL

ABCD ACB EBCD EAB siaunn 20 + 36 + 26 + 34 + 14 = 130w
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Machine1| A B c, D

Machine 2 A C B

Machine3| E B |C| D

Machine 4 E A B
EEEENENEE NN RN

1 4.3 uwugiunuduesms sadidunswanlaely Solver
422  msimsizvnavesmsdamaumswaniaely Solver

iie991nn13 19 Solver lunissadidunisaan Taeliglunumssais ssariuuuy

ABCD lwn3esdnsh 1 uun ACB Tua5essnsi 2 uuw EBCD Tua5esdns i 3 uazuun EAB 1u
A [ A Z/ 4 a ‘;1 A o A IS a A ' A

105099031 4 1w wunlunszurumanaatinioadnsyniasedluszuuiimsnanangyalal vie
natsenes (Idle Time) suiluniicluanugydelunszuaunisnaa (Wastes) feglugvesdunu
d‘ 9 = = a A Y 1 d' [y a 4‘ 1 [ ] dy
Nesgds vazmadelomalumsedadui Taouaaziasosdnsimanmngylal awdelil

nafigyaveunsesnsn 1= 36- 20 =10 wid

narfganlaweansessnsf 2=8+6+3+4 =21 anii

=1

nafigyalaveunsostnsn 3=10+2 =12 i
pnafigyalawesnsessnin4=61+ 12 =18 i
vi 4 o dna 4 o a4 o dp 4 o d
121471 195099030 2 Tnarfigynlawiniige sesasnn Ae 1n5e99nsn 4 n5eednsh Juas
A o A <3| o w Y
wsesansi Lifluddugame
T . £ 1
ons1mslaflse Teand (Utilization) dluswiiiaanuaimisalunsldnsweinsea
Y ]

a a o dy =3 d' % o/ A 1A a a Y =
9 Tunszurumswan TuauITell Hu1edanTo99NTNT 4 159NN Uszaninmuniooiela

9
a3 1aan

Total Process Time of Machinesj ¥ 100 ;j - Ml, |\/|2, M3, M4
Makespan
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Taoi
Total Process Time of Maching j #ie naimsinuveussesinsfisunszau
Makespan #ie nmmiﬁnmﬁnm‘?umum%ﬂauyifﬁ
fafu sasmslalse Tomfve audazini 0ashs Tmdade il
w3ossnsdi 1, Total Process Time  =8+8+4+46 =26 il
% Utilization of M1 = (26/36)x 100  =72.22%
wsoasna 2; Total Process Time  =6+8+1 =15 il
% Utilization of M2 = (15/36)x 100 =41.67%
waoesnan 3; Total Process Time  =8+2+8+6 =24 i
% Utilization of M3 = (24/36) x 100 =66.67%
wsoasnsd 4; Total Procgss Time  =6+4+8 =18 il
% Utilization of M4 = (18/36) x 100 =50.00%

@ Y J A [ A 1 & J A @ Z/ = a A
ﬂ1ﬂﬂ@]i1ﬂ151°ﬁﬂiZ’Iﬂ%uéu@ﬂlﬂiﬂﬁﬂﬂﬁiJﬂTs;(\i HUNNI8A1INI 1AT 099N HUTUszansninlu
a A 9 4 [ A ] Y [} o YR
NITUIUNITHARN ’ﬂ5E]’s’ﬂlﬂ5i‘li“]ﬂ.]i$IEJ"]fL!flﬂﬂ‘VliWﬂ1ﬂi‘1/lil@§.jliJ1ﬂﬂ’JEJ!ﬁ]5uﬂu uaz Tunasanudy

Y o Y A 9 4 A [ Ao =2 A Y 4 A [
219951715 15911 130 19152 lewiveun3oaans U1 9xHu1e09Ln15 1915 Tosinnse49ns

b4
@ y Y

iuldttos wie luaunsalFlddulssans mn

43 msidszanawanazimizrnaansanmsly VBA

v
Tuduaouasmsauiuauldnanunudan mssadiaumawnan laels VBA azuvuilu

[l
=1

[ & [ [ g’; = g’/ ~ [ o [ :’; dy Z‘/ 1 I
A09a7U Fauaaza v uTTuaou uazhuwenuanaanuly uanstiniaesduniiaiu
1 d‘ % 1 A d' 9 1 = d. 9 % d‘ 1 d‘ =) o 1 =)
A199N Y NAa1NAB WaN ldandIuusnlinNuNeIteInUMaN 18 TuamuNaed S19azideananaiil
v
aage lil
431 Smsdaisasmauiilulf]dnaviua

~ o o A Ay > 2 2 og
ﬂ1iL"UEJ“L!ﬂ1ﬁ\1VBA meugasnanaoImsiuluvuasunszuiun s uns

]
=) v A

° o 1 A ] A & i o H o
vaizeaTaeiiian e mmisve s wwe waas d uiluiidAnyga (Permutation) sz 1&s1mamveeiins

o

e

=1

s ' ' ' ' [
aisoavziinanua 20,736 suuuy e ldunnmesessnsi L (A) 5§ 24 saunv insesdnsii 2(B) 5 6
1 ' ' ' Y 4
gy nseadnsii 3(C) 1 24 v uaznsesdnsii 4 (D) 5 6 guuvy miminshydiuuianuamn

s '
aufuavanmsndamanine ldnadnidinan uazgdunuianuavznansiayaiuly

TilsunsuluTasaordidnea fuua (Sheet) Output dagalit 4.4 Taei



v = o w v A
aoal A uaasds  dwugiuuumsdaies

v = v A
aoai B uamade  giuuumsdaies

T 4

aoami C  uaasds  nasawluniosdnsiainuavesnszuiumskan
Aol D wameds  naiilflumsmdavesaui 1(A)
Aol B wameds  naniilflumsmdavesaui 2 (B)
aoawul F - naasds  naitlflumssdavesaiui 3 (C)

D)

aosui H naasds  naiilslumssaavesauii 5 (E)

v = d‘ 9 a d‘
DAY G UEaeDy N 1IFluMIHanve U 4-

A B © D E F G H | J K L
1| id Seq_no total_time| A B C D E
2 1 |ABCDABC BCDEABE
3 2 |ABCDABC BCDE AEB
4 3 | ABCDABC BCDE BAE
5 4 | ABCD ABC BCDE BEA
6 | 5 |ABCDABCBCDEEAB
7 6 | ABCDABC BCDEEBA
8 7 |ABCDABCBCED ABE Run
3 8 | ABCD ABC BCED AEB
10 9 |ABCDABCBCED BAE
11| 10 |ABCDABC BCED BEA Reset
12| 11 |ABCDABCBCEDEAB
13| 12 |ABCDABC BCED EBA Home
14| 13 |ABCDABC BDCE ABE
15| 14 |ABCD ABC BDCE AEB
16| 15 |ABCDABC BDCEBAE
17| 16 |ABCDABC BDCEBEA
18| 17 |ABCDABC BDCEEAB
19| 18 |ABCDABC BDCEEBA
20| 19 |ABCDABC BDEC ABE
21| 20 |ABCDABCBDEC AEB
22 | 21 |ABCDABC BDECBAE
23| 22 |ABCDABC BDEC BEA
24| 23 |ABCDABC BDECEAB
25| 24 |ABCDABC BDECEBA
26| 25 |ABCDABCBECD ABE
27| 26 |ABCDABCBECD AEB

Data | Output )]

Ready ’lj

31Jii 4.4 Worksheet Model: Qutput yiunumssaizes
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432  msidszananamsdamaumasnaniagld VBA

d‘ = 1
WeNns la

Y Y
VoY VD
ES

v Y
PR IUNTHNAN BIAVTUADUVDINY NAIVDILUAATTUAD U

o v A o  Agqu ) 7 g A v
pagdaumIo9ns i lg lutuasuauiy asluayanululdsunsylulasyserdomeya Nad

4 v ' '
Yo aagun 45 Tasfinaimskansmveansessnsazgamuiandltsing luesad 116

Aol A
Ao B
aoaw C
aoauti D
E

Aoadwi F
aoaut G

aoauni H
Aoaul |
unadi 16
iyad N9

ad Q9
yad N11

=1
153 ONIAN
=1
15 ONIAN
=1
153 ONIAN
=1
153 ONIAN
=1
15 ONIAN
=1
153 ONIAN
=1
15 ONIAN

=1
15 ONIAN

=1
15 ONIAN

=1
13 ONIAN

=1
153 19NIAN

=1
15 ONIAN

=1
153 ONIAN

AAUNSI58UavNLIVINTZUIUMTHAR
yovesnu e i A, B,C,Duaz E
v Y
ALV UAD UUBITUUY
A o A A v A v
NUBIAVUDIATBITNT A ATBITNITN 1, 2, 3 1A 4ABANY
v s
32821901V UADUITUUY 9
o v A o Ay o A
MAVATOIINTNADINITIALT B
v Y s '
NANTUADUVYBINUNY 9 (TN
a2 Y 3 A Y
NANTUABUYBINUYY 9 1aTv ¥iTe 18
4 v J
aoaudl G+ avauil E
A S 3 Ay v oA v
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1 A 1 1 3 2 B 16 28
2 A 2 2 & 1 16 22 28
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4 B 1 1 3 1 0 B 34
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& B 2 3 B 2 B 16 34
7 B 4 4 4 3 30 34 34
8 C 1 1 4 4 22 26 33
9 C 2 2 1 3 30 31 33
10 C 3 3 2 4 31 33 33
11 D 1 1 & 3 16 22 30
12 D 2 3 8 3 22 30 30
13 E 1 3 & 1 0 & 14
14 E 2 4 3 1 & 14 14
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31

MUY
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MUY
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ERITEY)
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TIUIU

(wi) (i) (Wil (i) (W7ih) (i)

116 1 154 3 188 154 222 171 256 174 290 6
118 1 155 29 189 103 223 155 257 115 291 8
120 1 156 RV 190 134 224 164 258 190 292 30
122 3 157 3 191 125 225 139 259 122 293 14
123 2 158 45 192 150 226 165 260 136 294 8
124 3 159 30 193 108 21 190 261 63 295 74
125 1 160 57 194 149 228 216 262 122 296 26
126 5 161 28 195 124 229 116 263 47 297 26
127 2 162 47 196 148 230 96 264 84 298 6
128 5 163 30 197 116 231 126 265 78 299 R
130 5 164 76 198 210 232 92 266 81 300 8
131 5 165 A 199 128 233 128 267 n 301 12
132 5 166 19 200 168 234 130 268 143 302 24
133 2 167 64 201 108 235 162 269 52 303 16
134 13 168 89 202 163 236 156 210 62 304 30
135 2 169 62 203 107 237 126 211 n 305 28
136 8 170 92 204 160 238 168 212 42 306 8
137 6 171 48 205 109 239 113 213 30 307 8
138 13 172 84 206 206 240 140 214 88 308 14
139 15 173 47 207 136 241 129 215 96 311 6
140 19 174 85 208 205 2142 109 216 80 313 2
141 11 175 88 209 154 243 85 211 102 314 6
142 17 176 120 210 185 244 154 218 47 315 14
143 15 177 7 21 138 25 94 279 n 316 6
144 2 178 132 212 179 246 137 280 43 319 6
145 12 179 66 213 123 247 134 281 58 320 6
146 24 180 141 214 192 248 143 282 39 323 8
147 15 181 66 215 166 249 91 283 62 325 8
148 2 182 103 216 189 250 132 284 67 326 6
149 15 183 74 217 179 251 76 285 38 321 6
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151 24 185 83 219 170 253 58 287 34 343 6
152 36 186 136 220 208 254 86 288 26 345 6
153 26 187 109 221 140 255 96 289 30
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thwu'e)amsmgﬂ!munﬁé‘fﬂﬁmﬁﬁu%@ﬁm
Option Explicit
Private Sub cmdHome_Click()
ThisWorkhook.Sheets("'data").Select
End Sub
Private Sub cmdReset_Click()
If MsgBox("Do you want to reset output data?", vbQuestion + vbYesNo + vhDefaultButton2,
"Confirmation") = vbYes Then
ThisWorkbook.Sheets(“output").Range("A2:D30000").ClearContents
ThisWorkbook.Sheets("data").Range("N9,Q9,N11").Value = ™"
Call ClearSeq
End If
End Sub

Private Sub cmdRun_Click()
Dim dX As Dictionary
Dim I As Long, J As Long, K As Long, L As Long, X As Long
Dim Key As Variant
Dim mcA As Variant, meB As Variant, mcC As Variant, meD As Variant
Dim strTx As String
frmSplash.Show vbModeless
frmSplash.cmdStop.Visible = False
Application.ScreenUpdating = False
ReDim MC(0 To 3) As Variant
ThisWorkbook.Sheets("Output”).Range("A2:C30000").ClearContents
Call strX(dX, mcA, "ABCD")
Call strX(dX, mcB, "ABC")
Call strX(dX, mcC, "BCDE")
Call strX(dX, meD, "ABE")
With ThisWorkbook.Sheets("Output”).Range("B2")
For [ =1To UBound(mcA)
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DoEvents
For J =1 To UBound(mcB)
DoEvents
For K =1 To UBound(mcC)
DoEvents
For L =1To UBound(mcD)
DoEvents
strTx=mcA(l) & " " & meB(J) & " & meC(K) & " " & meD(L)
Offset(X, -1) =X +2
Offset(X, 0) = strTx
Offset(X, 2) =0
X=X+1
Next
Next
Next
Next
End With
Application.ScreenUpdating = True
Unload frmSplash
Set dX = Nothing
End Sub

dnmweamsannamaslaiserlvlumsiszanana

Option Explicit

Public Conn As ADODB.Connection

Public bStop As Boolean

Private strConn As String

Private Const SQL As String = "UPDATE [data$] SET "

Public RsX As ADODB.Recordset

Public Sub strX(ByRef dX As Dictionary, ByRef arrMC As Variant, ByVal sChr As String)
DimiFac As Long
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DimiLen As Long
Dim Key As Variant
Dim strTmp As String
Dim I As Long
iLen = Len(sChr)
IFac = Application.WorksheetFunction.Fact(iLen)
Set dX = New Dictionary
Do While dX.Count < iFac
DoEvents
strTmp = RndStr(sChr)
If Not dX.Exists(strTmp) Then
dX.Add strTmp, strTmp
End If
Loop
ThisWorkbook.Sheets(“tmp").Range("A:A").ClearContents
For Each Key In dX
DoEvents
ThisWorkbook.Sheets(“tmp").Range("AL").Offset(l, 0) = dX(Key)
|=1+1
Next
ThisWorkbook.Sheets(“tmp").Sort.SortFields.Clear
ThisWorkhook.Sheets('tmp").Sort.SortFields.Add Key:=Range("AL"), SortOn:=xISortOnValues,
Order:=x|Ascending, DataOption:=xISortNormal
With ThisWorkbook.Sheets("tmp").Sort
SetRange Range("AL:A" & dX.Count)
Header = xINo
MatchCase = False
Orientation = x| TopToBottom
SortMethod = xIPinYin
Apply
End With
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ReDim arrMC(1 To dX.Count) As Variant
For | =1To dX.Count
DoEvents
arrMC(1) = ThisWorkbook.Sheets(“tmp").Range("A" & I).Value
Next
dX.RemoveAll
Set dX = Nothing
ThisWorkbook.Sheets("tmp").Range("A:A").ClearContents
End Sub

Private Function RndStr(ByVal sChr As String) As String
Dim strTmp As String, strX As String
Dim I As Long, J As Long
Dim strSource As String
strSource = sChr
For | =1To Len(sChr)
DoEvents
J = Application. WorksheetFunction.RandBetween(Z, Len(strSource))
strX = Mid(strSource, J, 1)
strTmp = strTmp & strX
strSource = Replace(strSource, strX, ™)
Next
RndStr = strTmp
End Function

Public Function OpenConnEx(Optional SERR As String, Optional ForceDiscon As Boolean = False,
Optional SHDR As String = "NO", Optional sDB As String ="") As Long
Dim strDB As String
On Error GoTo LineCreateConn
If Conn.State = adStateOpen Then
|f ForceDiscon = True Then
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Conn.Close
Else
OpenConnEx = adStateOpen
Exit Function
End If
End If
LineCreateConn:
strDB = 1If(sDB ="", ThisWorkbook.Path & "\" & ThisWorkbook.Name, sDB)
strConn = "Provider=Microsoft ACE.OLEDB.12.0; Data Source=" & strDB
strConn = strConn & ";Extended Properties=" & Chr(34) & "Excel 12.0 Xml;HDR=" & SHDR &
Chr(34) &";"
Set Conn = CreateObject("ADODB.Connection”)
On Error GoTo LineErr
Conn.Open strConn
OpenConnEx = adStateOpen
Exit Function
LineErr:
SERR = Err.Description
End Function

Public Function VarToDBL(ByVal Var As Variant) As Double
I IsNull (Var) Then
VarToDBL =0
Else
VarToDBL = If(IsNumeric(Var), CDbl(Var), 0)
End If
End Function

Public Function VarToString(ByVal Var As Variant, Optional ByVal bNull As Boolean = False) As
String
On Error Resume Next
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I IsNull (Var) Then
If Not bNull Then
VarToString ="
Else
VarToString = "NULL"
End If
Else
VarToString = Trim(Var)
End If
End Function

Public Function GetLastRow(ByVal sSht As Worksheet, ByVal sCol As String) As Long
On Error Resume Next
GetLastRow = sSht.Range(sCol & Rows.Count).End(xIUp).Row

End Function

Public Function GetSeq() As String
Dim JobSq As String
DimJ As Long, | As Long
J=20737
With ThisWorkbook.Sheets(“output")
Do
DoEvents
| = WorksheetFunction.RandBetween(2, J)
JobSq = .Range("A" & I)
Loop While Not Range("A" & I).Offset(0, 1) =™
End With
GetSeq = JobSq
End Function

Public Sub GetSequence(ByRef Rs As ADODB.Recordset)
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Set Rs = Conn.Execute("SELECT id,seq_no FROM [output§] WHERE NOT seq_no IS NULL AND
iscal+0 = 0 ORDER BY seq_no")
End Sub

Public Function DoSingleStep(ByVal JobSeq As String)
Dim I As Long, J As Long, K As Long, X As Long, Y As Long, ID As Long
Dim Timin As Long
Dim strTmp() As String
Dim bComplete As Boolean
On Error GoTo LineErr
Call ClearSeq
strTmp = Split(JobSeq, " )
bComplete = False
Dim Rng As Range
Set Rng = ThisWorkbook. Sheets("data").Range("B2")
With Rng
For1=0To 13
Offset(l, 4).Value = WorksheetFunction.Search(.Offset(1, 0). Text, strTmp((.Offset(l, 2).Value) -
1),1)
Next
End With
Dim JobNo As String
Dim StepNo As Long
Dim SeqNo As Long
K=0
ID=1
Do While K <2
If ThisWorkbook. Sheets(“data").Range("J1").Value = 14 Then Exit Do
For [ =0 To UBound(strTmp)
DoEvents
For J=1To Len(strTmp(1))
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JobNo = UCase(Mid(strTmp(1), J, 1))
StepNo = PickStep(JobNo, 1 +1, ID)
SeqgNo =1
If StepNo = 1 Then
X=0
If SeqNo = 1 Then
Y=0
Else
Y = GetBackwardTimeoutSequence(Mid(strTmp(l), J- 1, 1), I + 1, SeqNo - 1)
End If
Else
X = GetBackward TimeOutStep(JobNo, StepNo - 1)
If SeqNo = 1 Then
Y=0
Else
Y = GetBackwardTimeoutSequence(Mid(strTmp(l), J- 1, 1), I +1, SegNo - 1)
End If
End If
If X>=0And Y >=0 Then
TimIn = WorksheetFunction.Max(X, Y)
Call UpdateTimeln(JobNo, StepNo, SegNo, Timln, ID)
End If
X=-1Y=-1
DoEvents
Next
Next
K=K+1
Loap

Dim arrJoh() As String
arrJob = Split("AB,CDE""")

bComplete = WorksheetFunction.CountA(ThisWorkhook.Sheets("data”).Range("G2:G15")) = 14
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|f bComplete Then
Forl=0To4
DoEvents
Call GetMaxTime(arrJob(1))
Next
End If
|f bComplete Then
ThisWorkbook.Sheets("data").Range("116").Formula =
"=MAX(12:14)HMAX(15:18)HMAX(19:1 1) +MAX(112: 1 13)MAX(114:115)"
| = ThisWorkbook.Sheets("data").Range("116").Value
UpdateCycleTime JobSeg, |
Else
ThisWorkbook.Sheets("data").Range("116").Value = "Invalid"
UpdateCycleTime JobSeq, "Invalid"
End If
Exit Function
LineErr:
UpdateCycleTime JobSeq, "Error " & Err.Description
End Function

Private Sub UpdateTimeln(ByVal sdob As String, ByVal iStep As Long, ByVal iSeq As Long, ByVal
ITimeln As Long, ByVal RowID As Long)
Dim I As Long
ThisWorkbook.Sheets("data").Range("G" & RowlD).Value = iTimeln
Exit Sub
With ThisWorkhook.Sheets("data”).Range("B2")
For1=0To 13
DoEvents
If.Offset(1, 0). Text = sJob And . Offset(1, 1).Value = iStep And .Offset(l, 4).Value = iSeq Then
Offset(l, 5).Value = iTimeln
Exit For
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End If
Next
End With
End Sub

Private Function UpdateCycleTime(ByVal sSeqn As String, ByVal iCycle As Variant) As Boolean
Dim Rng As Range
Set Rng = FindCell(ThisWorkbook.Sheets(“output").Range("B2:B20737"), sSeqn)
If Not Rng Is Nothing Then
Rng.Offset(0, 1).Value ="" &iCycle
Rng.Offset(0, 2).Value =1
End If
Set Rng =Nothing
End Function
Public Sub ClearSeq()
ThisWorkbook.Sheets(data").Range("F2:G16,12:115,B16"). Value ="
End Sub

Private Function GetBackwardTimeoutSequence(ByVal slob As String, ByVal iMC As Long, ByVal
1Seq As Long) As Long
Dim Rng As Range
Dim | As Long, iStart As Long
GetBackwardTimeoutSequence =-1
Select Case sdob
Case "A": iStart =0
Case "B": iStart = 3
Case "C": iStart =7
Case "D": iStart = 10
Case "E": iStart = 12
End Select
Set Rng = ThisWorkbook. Sheets("data").Range("B2")
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With Rng
For | =iStart To 13
DoEvents
If.Offset(1, 0) = sJob And .Offset(l, 2) = iMC And .Offset(l, 4) = iSeq Then
If Not .Offset(l, 6).Value =" Then GetBackwardTimeoutSequence = .Offset(, 6).Value
Exit For
End If
Next
End With
Set Rng =Nothing
End Function

Private Function PickStep(ByVal slob As String, ByVal iMC As Long, ByRef RowlD As Long) As
Long
Dim I As Long
With ThisWorkbook.Sheets("data”).Range("B2")
For1=0To 13
DoEvents
If .Offset(I, 0) = sJob And .Offset(l, 2).Value = IMC Then
PickStep = .Offset(l, 1).Value
RowlD = Offset(l, 0).Row
Exit For
End If
Next
End With
End Function

Private Function GetMaxTime(ByVal sJob As String) As Long
Dim I As Long
Select Case sdob
Case "A"
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| = WorksheetFunction.Max(ThisWorkbook. Sheets("data").Range("H2:H4")
ThisWorkbook. Sheets("data").Range("12:14"). Value = |
Case "B"
| = WorksheetFunction.Max(ThisWorkbook. Sheets("data").Range("H5:H8"))
ThisWorkhook.Sheets(“data").Range("15:18").Value = |
Case "C"
| = WorksheetFunction.Max(ThisWorkbook. Sheets("data").Range("H9:H11"))
ThisWorkbook. Sheets("data").Range("19:111").Value = |
Case "D"
| = WorksheetFunction.Max(ThisWorkhook. Sheets("data").Range("H12:H13"))
ThisWorkbook. Sheets("data").Range("112:113").Value = |
Case "E"
| = WorksheetFunction.Max(ThisWorkbook.Sheets(“data").Range("H14:H15"))
ThisWorkbook. Sheets("data").Range("114:115").Value = |
End Select
GetMaxTime = |
End Function

Private Function GetBackwardTimeOutStep(ByVal sJob As String, ByVal iStep As Long) As Long

Dim Rng As Range
Dim | As Long, iStart As Long
GetBackwardTimeOutStep =-1

Select Case sdob

Case "A" iStart =0

Case "B"; iStart =3

Case "C": iStart =7

Case "D": iStart = 10

Case "E": iStart = 12
End Select
Set Rng = ThisWorkbook. Sheets("data").Range("B2")
With Rng
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For | =iStart To 13
DoEvents
If.Offset(1, 0) = sJob And .Offset(l, 1) = iStep Then
|f Not .Offset(1, 6).Value =" Then GetBackwardTimeOutStep = .Offset(1, 6).Value
Exit For
End If
Next
End With
Set Rng =Nothing
End Function

Public Function UpdateMinTime()
RsX.Open "SELECT seq_no,total time FROM [output$] WHERE NOT total_time =" AND NOT
total_time ='Invalid' ORDER BY total_time ASC"
|f Not RsX.EQF Then
ThisWorkbook.Sheets("data").Range("N9").Value = VarToString(RsX(0).Value)
ThisWorkbook.Sheets("data").Range("Q9"). Value = RsX(1).Value
Else
ThisWorkbook.Sheets("data").Range("N9").Value = "No Sequence”
ThisWorkbook.Sheets("data").Range("Q9").Valug =™
End If
RsX.Close
End Function

Public Function FindCell(ByVal Rng As Range, ByVal sWord As String, Optional iLookAt As Long =
1, Optional rAfter As Range) As Range
Dim xCell As Variant
If rAfter Is Nothing Then
Set xCell =Rng.Find(What:=sWord, Lookin:=xIValues, _
LookAt:=iLookAt, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=True)
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Else
Set xCell =Rng.Find(What:=sWord, After.=rAfter, LookIn:=xIValues, _
LookAt:=iLookAt, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=True)
End If
If Not xCell Is Nothing Then
Set FindCell = xCell
End If
Set xCell = Nothing
End Function
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Abstract
Sequencing problem is a frequently occurring and important issues for industrial and the

manufacturing system. However, it is difficult to find out the best method to schedule production.

Since many variables will affect the manufacturing system such as processing time, queue time,
idle time, waiting time. Therefore, this research studies the method of sequencing production by
using Visual Basic for Application (VBA) on Microsoft Excel. The goal of this research is to
developing efficiency of the sequencing production and improving method can be easily
expanded to user inferences. The result showed that minimize production time is decreased from
130 minutes to 116 minutes. Total efficiency improvement of this research is increased at 10.77

percent with the accurate results.

Keywords: Sequencing Production, Visual Basic for Application, Scheduling Production

1. Introduction
Nowadays competition in global industries, leading to intense competition in the market-place.
How to improve the competitiveness of industry is a priority and main objective in all policies,
therefore, an immediate challenge and currently experiencing shortcomings in terms of budget
products at a competitive cost and time are considered first. In order to increase productivity and
growth, all of which create wealth and reduce destitution. However, markets do not always work
well, and uncompetitive markets are often those that matter most for the poor, and develop new
products that consumers want. Priority Sequencing Rules provide the guidance for the order in
which the jobs are to be processed at a workstation. Kenneth and Dan (2009) considered eight
sequencing rules have been: SIPT (Shortest Imminent Processing Time), EDD (Earliest Due
Date), DLS (Dynamic Least Slack), LWQ (Least Work in next Queue), FIFO (First In First Out),
LIFO (Last In Last Out), CR (Critical Ratio) and LS (Least Slack). Production scheduling
problem and sequencing problem for manufacturing process are frequently occurred, highly
relevant problem in practice, its complexity and pervasive in the real world (Baker, 1974).
Especially, the multi-production lines as precedence constraints, and sequence-dependent process
times are considered. Most common aspects, parameters, and objective involved in the schedule

and sequence production are time-varying demand uncertainty and supply capacity, quantities
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over the planning thus must consider search perform well in term of holding and shortage costs
(Vieira and Favaretto, 2006; Feng et al., 2011). Most researchers study scheduling problems and
sequencing problems as deterministic problems. All deterministic scheduling problems and
sequencing problems, with define parallel machine and single machine scheduling included, are
combinatorial optimization problems, such as job shop production (Rangsaritratsamee et al.,
2004; Pfeiffer and Monostori, 2007), flexible flow shop (Yan-hai et al., 2005; Guo and Li, 2007).
Cowling and Johansson (2002) survey existing approaches for scheduling problem involving
single machine and have developed a general framework for using real time information to
improved scheduling decisions, which can be used to select a strategy for using real time
information. Most researchers study production problems on parallel machine scheduling such as
Kravchenko and Werner (2011) focus procedures for the problem of scheduling n jobs with each
requiring an identical execution time on a set of parallel machines, with preemption either
allowed or forbidden. They emphasize mostly on dynamic programming and liner programming
approaches, trying to describe the most fruitful ideas and pose problems with an open complexity
status. Guo et al. (2007) research the unrelated parallel machine problem by using a hybrid of
Simulated Annealing (SA) and Tabu Search (TS) with Neighborhood Search (NS) for
minimizing the makespan. For the minimization of makespan in scheduling problems with
parallel machines and sequence-dependent setup times were investigated by Behnamian et al.
(2009).

In this research has been developed using Visual Basic for Application (VBA) on Microsoft
Excel, was used during code development, and served as an attractive way to analysis of
schedule and sequence problem. VBA is one of the heuristic approach that in which production
scheduling to become optimal less total process time. Heuristic is developed by considering the
work center that may be a single machine and group of machines or an area where a particular
type of work in done or by product in a flow. Therefore, the optimal heuristic is needed in order
to minimize the effect of the manufacturing. The makespan is defined as the amount of time
from start to finish completing a set of multi-machine jobs where machine order is pre-set for
each job (Pinedo, 2008). Birnbaum (2005) argues that VBA is a programming environment
designed to work with MS Office applications, this is a very valuable facility for running
repetitive tasks. The other feature is that the spreadsheets containing various data can be
interlinked. Components in each application are exposed as objects to the programmer to use and
manipulate to a desired end. VBA is relatively easy to learn, but to use it in a new application,
the relative simplicity of VBA makes it less intimidating and easier for learn. However, does
share many of the programming constructs common to all languages, so it also serves as a great
introduction to programming. Scheduling and sequencing problems are a popular field of study
and many more studies can be found solving the NP-hard problems with the aims of minimizing
the makespan, and total time of jobs is solved by VBA. Most researchers study this problems as

deterministic problem, then using VBA for solved. A number of reviews already exist with each
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focuses on different facets of production scheduling problem and sequencing problem. For
examples are presented by Meineke and Brockmoller (2007), Wang et al. (2008), Cheng et al.
(2010), Wong and Barford (2010), Hong et al. (2012), Qiu et al. (2013), Firdous and Devlin
(2014), Zhang et al. (2016) and more recently, in the paper of Yanase (2017).

2. Methods
The paper studies especially manufacturing on machines. The objectives of the problem become
finding a makespan all jobs from start to finish completing and to obtain a sequence of the jobs
in the machines. There are given five jobs and four machines flow shop. Each machine can
handle one job at a time (at most one operation), preemption is not allowed and all machines are
continuously available (no breakdown). The order of the machines is fixed. The processing time
of each job on each machine is a known as presented in Table 1. A machine processes one job at

a time and a job is processed on one machine at a time with or without preemption.

Table 1: Process sequence and processing time

Job Process Processing Time (minutes) Machine Numbers
T1 8 M1
J1 T2 6 M2
T3 6 M4
T1 8 M1
1 T4 8 M3
T2 8 M2
T3 4 M4
TS 4 M1
I3 T6 1 M2
T7 2 M3
4 T5 6 M1
T7 8 M3
75 T4 6 M3
T8 8 M4

This scheduling problem is made by creating algorithm in order to planning sequences in the
process with VBA on Microsoft Excel. The procedures were detailed as following:

¢ Define the variables each job on each of machines were considered, as given in Table 2.
This table was illustrated the separate cases where each job will be arranged with machine
categories. From classified, all observed variables in this study can be divided into four
groups.

e All observed results using VBA language were determined. All of inputs condition of job
and machine such as processing time, due and release times for some jobs and precedence
constraints of jobs were discussed.

e Analyze all existing data and run algorithm with VBA program on Microsoft Excel in
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order to find the minimum makespan scheduling and reasonable optimization timespan.

Table 2: Group of defined variable for each job in each machine

Machine Job Variable Group of variables
J1 A
2

M1 2 B ABCD
I3 C
J4 D
I E

M2 EFG
12 F
I3 G
12 H

M3 I3 ! HIK
J4 T
I5 K

M4 i L LMN
J2 M
I5 N

3. Results

The code for the algorithm is written by using VBA with a Microsoft Excel interface. This
developed algorithm with an encoding method was applied to this case as an experimental study.
The problems have five jobs and four machines flow shop and can be generate all the possible
permutations of job sequence equal to 4! x 3! x 4! x 3! = 20,736 solutions. From analytical
algorithm, the best solution in reasonable optimization timespan is shown in Table 3. The
optimal times of process for five jobs are 30, 46, 8, 18 and 14 minutes, respectively. The
cumulative makespan of all methods in this schedule is 116 minutes. The value is the outstanding

makespan because the algorithm tries to improve upon multiple-criteria for scheduling.

Table 3: The job sequence for each machine

Number of machines

1 2 3 4
3 3 5 5
. 4 1 3 1
Sequence of jobs
1 2 4 2

)

a

4. Conclusions
Irrespective of the consequence for the machine consumption in a manufacturing environment,
the efforts on reducing makespan consumption are strongly needed in the operational aspect. The
paper focuses on scheduling and sequencing problem using VBA on Microsoft Excel with the
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objective of minimize the makespan. Further development of algorithms for solving the problem
in question may be recommended, coupled to the comparison of results obtained with these
algorithms and those obtained in current research. From the result of problem on data solved
from existing research, the heuristic algorithm with VBA show better performance than the
original method was decreased from 130 minutes to 116 minutes. The results indicated that the
effective solutions can indeed improvement of this research at 10.77 percent with the accurate

results.
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