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n = Model (*Scheduling”)
n.setParan( WIPGap', 0.1)
n.setParam({ " TimeLimit", 15000)

add¥arsitimes, modules, name="x", vtype=GRB.BINARY)
add¥ars(times. modules, name=‘u’, vtype=GRB.BINARY)
add¥ars(times. modules, name=‘v', vtype=GRB.BINARY)
.addvars(modules, modules, name="b", vtype=GRE.BINARY)
naxt = m.addVar(name="maxtd")

n.setObjectivel x.sum) + maxt )

n.addConstrs{(auicksum{t+x[t, k] for k in modules) <= maxt for t im times), name="maxt=argmax")
n.addConstrs{(sun(x[t, k] for k in modules) <= 1 for t in times), name="one.body")
n.addConstrs({sun{v[t, k] for t in tines) == 1 for k in modules), nane='start.once')
n.addConstrs({sun{ult, k] for t in tines) == 1 for k in modules). nane="finish.once’)

for k in nodules:

n.addConstrs({ult, kI == 0 for t in range(int(dur[k]))), name="min.duration<ulk] ")

n.addConstrs((v[t, kI == 0 for t in range{int(T - dur[kl), int(T))), nawe="T-min.duration>v[k]l")
for k in nodules:

n.addConstr{(auicksum(t + v[t, k] for t in times) + dur[k]

== quicksun(t + ult, kI for t in tines)), name="start+dur=finish}

for k in nodules:

for t in range(int(T - durlkl}):

m.addConstrs({x[t + i, kI »=v[t, k]
for i in rangeCint(dur(k]})), name="x.for.v resource’)

% 44 A AlEES 1% Python F=9] Y-

43 9T ATES 2% 2Y

AGHE A A ek 1 Afolo] 1A A|oks ARgate] Al vl
og]ES FABRE Python =2 A FTHIY 44). =34 w)jx] g
< gl did g Alg TAY 783 1 A= Python®| gurobi

7F AREEIRIEL olF B3 oA wiA] A3k Aol 7 thkst
WA AlokS R RESShHA Ad Thsek HA G dikks AAE 5 ST

a7 45t A5 AR we Al mE oW A9E U gE




5% 2% n
25 BjX 25
#4 Rl
olat-HIH B
25 HX| ’Eﬁr

22:00 :00 02:00 04:00 06:00

217 45 A% AR g A% mE A A

5% 3% S \ :
i ' 1 ue ]
ofz-4 2% =
X

1 55 2%
Hrzst AP

f #4 4
oak-My 3%
=3t gT L

22:00 00:00 06:00 08:00

a9 46 ATl w5 x| st

e

oA WA ACRE 24 e REAQEe] BEAS FEAe] ASa
e AT 2R R A delgls ol A7k g
Arzsel We 494 9 gl Wsks a9 463 2uk ol Fal
F A AE Fe] & Al oJs) AgE 5 9ed ws
A, B AT AR QT TR PEEC] B A5 G o
Hom WA 5 9ee FEY 5 ATk ATES B 34
dah AQAel GRS F ool A%l Albel @ Agixel] st
AAEEe ossmez AR ol ARl OrAe Bead te

%

o,
o

2

: 2 A &) 8t

08:00



A Ege) At

A4

ZAfole},

= O 8} 3

2 <

39



X

=90
= =2
b A9 )

A

<
RU

7Iko . AdH]

el 9]

o

3L
L
JE

=
=

°©

4

A i

4] Al

=8
C_)_]l:

Al

& e 9

Cie=y

1

A7

A=K

728} 2

5.1
A9

~ o g X T 0%
MH ‘UI CE OL m ﬂ»M_l O.._O
o o wnw T O wR o
- T ooy ® o
4 mLF¥FRE E
M e % 5
T s Pes <
— S E
X B N w7w RO X
i B 7
H o ok = = wﬁ
N = Ot OC <o o UT
oA U o P &
Ny ~ gl o ~ N .
N\ o m W r X
7 ol i =
oy o T o m_ﬁ o 2 e
g WW = w K =
I IR (R
W M g o wa o T
X %o e X Y o
A A I
B
— I K0 W
&w%v@ﬂa@_m
g % o
= Xz M i iy
S X ol 0 o|J
= o o h . %o M )
13 o _H MW ‘UJA ,UI X JH
M o ° — B = =
-~ X ~ o o mwo
0 = N A MW wn W.L [
"o X TN OB T
of ok KK E = o
NAT = ®m E W OB

A

qedat Egol

gl

S

¢}

=

=
=

40

AN, ATxs

Falo]

=

=

o

AL



+

B

-
o
ol

Qi

TR

22

ol

NI
oy
NI
o
wh
e

o

wm

fi’e)
jant

o
o

—

&
i
olo
s

o

_q]

}

wAO

o X+ 20kg ©|

O

Ho

s

=

b

s
A}

T

1512

A

A, R 2ol & Al

ol

Jok et HnlEaEge)

2ol

o
2%

=
=

5 ol

©
)

1A

R

-

-
H

afol] A3

Aol A

X

b web 5 AlrEstell glo] ti7]AlRke] A S

7

[s]

-
1

s
a

R EE DEE

M4

slokg Sl

9

a1

Al

Ty

o)

1

N

A7L AR 4 Q. 2] Aolel wiAE IR AN

=y
RN

=K

&

;OT
X
N

oy
NI

WE

o

il
el
B
ey

~

;o\_

1t}

o
il

She A Ad) Bleas #

s

ol

A= A gatel Aent

41

O T
T 1=

U B

1_.‘—6\_‘

Al

AFE N



2

A

o

Freivalds, A., & Niebel, B. (2009). Niebel®] ZJ#AE] (12th ed). (T, 58,
gl o). Al ek iE L (FAETE 2008).

Abdolshah, M. (2014). A review of resource-constrained project scheduling problems (RCPSP)
approaches and solutions. International Transaction Journal of Engineering,
Management, & Applied Sciences & Technologies, 5(4), 253-286.

Allen, J. F. (1981). An interval-based representation of temporal knowledge. In Proceedings of
the 7th international joint conference on Artificial intelligence-Volume 1(pp. 221-
226). San Francisco, CA: Morgan Kaufimann Publishers Inc.

Boysen, N., Fliedner, M., & Scholl, A. (2007). A classification of assembly line balancing
problems. European journal of operational research, 183(2), 674-693.

Browning, T. R. (2015). Design structure matrix extensions and innovations: a survey and new
opportunities. /EEE Transactions on Engineering Management, 63(1), 27-52.

Calis, B., & Bulkan, S. (2015). A research survey: review of Al solution strategies of job shop
scheduling problem. Journal of Intelligent Manufacturing, 26(5), 961-973

DasGupta, B., & Palis, M. A. (2001). Online real-time preemptive scheduling of jobs with
deadlines on multiple machines. Journal of Scheduling, Volume 4, Number.

Dechter, R., Meiri, 1., & Pearl, J. (1991). Temporal constraint networks. Artificial intelligence,

49(1-3), 61-95.

42



Deckro, R. F., Hebert, J. E., & Verdini, W. A. (1992). Project scheduling with work packages.
Omega, 20(2), 169-182.

Globerson, S. (1994). Impact of various work-breakdown structures on project
conceptualization. International Journal of Project Management, 12(3), 165-171.

Hassanein, A., & Moselhi, O. (2004). Planning and scheduling highway construction. Journal
of Construction Engineering and Management, 130(5), 638-646

Hoffmann, T. R. (1963). Assembly line balancing with a precedence matrix. Management
Science, 9(4), 551-562.

Joe, K. (2017, September 14). Why robots will improve manufacturing jobs. 7ime. Retrieved
from https:/time.com.

Kettimuthu, R., Subramani, V., Srinivasan, S., Gopalsamy, T., Panda, D. K., & Sadayappan, P.
(2005). Selective preemption strategies for parallel job scheduling. International
Journal of High Performance Computing and Networking, 3(2-3), 122-152.

Lee, J., Deng, W. Y., Lee, W. T, Lee, S. J., Hsu, K. H., & Ma, S. P. (2010). Integrating process
and work breakdown structure with design structure matrix. Simulation, 7, 8.

Li, C. L., & Hall, N. G. (2019). Work package sizing and project performance. Operations
Research, 67(1), 123-142.

Maheswari, J. U., & Varghese, K. (2005). Project scheduling using dependency structure
matrix. International Journal of Project Management, 23(3), 223-230.

Muntz, R. R., & Coffiman, E. G. (1969). Optimal preemptive scheduling on two-processor
systems. [EEE Transactions on Computers, 100(11), 1014-1020.

Norman, E. S., Brotherton, S. A., & Fried, R. T. (2008). Work breakdown structures: the

3§ 53 17
43 A1 =TH



Jfoundation for project management excellence. Hoboken, NJ: John Wiley & Sons.

Rodammer, F. A., & White, K. P. (1988). A Recent survey of production scheduling, /EEE
Transactions on Systems, Man and Cybernetics, 18(6), 841-851.

Sequeira, S., & Lopes, E. (2015). Simple method proposal for cost estimation from work
breakdown structure. Procedia Computer Science, 64, 537-544.

Supriadi, L. S. R., Latief, Y., Susilo, B., & Rajasa, M. (2017). Development of risk-based
standardized WBS (Work Breakdown Structure) for cost estimation of apartment’s
project. International Journal of Civil Engineering and Technology, 822-833.

Thomopoulos, N. T. (1967). Line balancing-sequencing for mixed-model assembly.
Management Science, 14(2), B-59.

Zhang, J., Li, Y., Yu, J. F, & Zhang, K. F. (2008). A new method for generating work
breakdown structure on aircraft assembly scheduling. In Proceedings of 2008 4th
International Conference on Wireless Communications, Networking and Mobile

Computing (pp. 1-4). Piscataway, NJ: IEEE.

44 -':l'\-\._g - ;:' 1..5



Abstract

Work Restructuring Methodology for
Workforce Efficiency
in Facility-Centric Process

Seongwon Cho
Department of Industrial Engineering

The Graduate School
Seoul National University

Like the reactor facilities in the chemical production process can operate
autonomously, the task done only by the facility without the operator is the idle time
of the workers placed together in the same process. This workload imbalance, which
exists between the facility and worker resources, makes the tasks of the facility
critical passes through the entire process, resulting in inefficiency of the workers, high
percentages of worker’s idle time during the entire working hours, and low workers’
utilizations.

A facility-centric process is a process in which the tasks of facilities rather than
workers, such as chemical processes, is critical passes to the entire process. In order
to improve the imbalance of workload between resources arising from the facility-
centered processes and the resulting low efficiencies of workers' resources, it is
necessary to restructure the entire works to improve the efficiencies of workers'
resources by placing the tasks of other processes in the workers’ idle time.

This thesis presents a task type classification according to the freedom of task

placement as an empirical methodology for them, and a sequential placement
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algorithm based on the task types. The task type classification categorizes the entire
tasks into three types: essential, floating, and incidental tasks, depending on the task
characteristics that determine the constraints of task placement. The classified
individual task units are placed during worker’s working hours through the integer
programming that reflects the preceding and succeeding task relationships and
placement constraints. Sequential placement algorithm is the algorithm that places
tasks in the order of essential, floating, and incidental task during workers’ working
hours. It constructs integer programming problem only for essential tasks, which are
of the type with less freedom of placement, reducing the scales of the overall task
placement problem.

The proposed methodology has been validated in the case study of the work

restructuring of the UDCA production processes.

Keywords: Facility-Centered Process, Task Classification, Integer Programming,
Work Restructuring, Industrial Engineering

Student Number: 2018-25619
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