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Fig. 1. Assembly line area in an apparel manufacturing factory

(Source: Aug. 2., 2022., Yongjin factory in Indonesia by the author)
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Fig. 3. Apparel manufacturing process
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Application

Real Apparel Assembly Line

Sensor

Information

' s

Optimizing Mirroring

A

Data Collection

Cloud
Computing

'

Data Analysis

Machine
Learning

Simulation

Virtual Apparel Assembly Line

Monitoring

Fig. 4. Schematic

diagram for a digital twin of apparel assembly line
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Process analysis

Modular task classification

\ 4

Determination of the number of
workers and production

A 4

Calculation of the number of
workstations for each module

\ 4

Task grouping for generating
workstations in modules

A 4

Assignment of workers to
workstations

Fig. 5. Module-based mixed task assignment process
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Table 1. Tasks and SAM of men’s shirt (Chan et al., 1998)

Task No. Task name SAM"* (min)
1 Spot fuse collar fall 41
2 Top fuse collar fall 30
3 Sew collar stay pocket 25
4 Runstitch collar fall 48
5 Trim, turn and press collar fall 30
6 Topstitch collar fall 65
7 Hem collar band 28
8 Attach collar band 46
9 Turn and press collar band 57
10 Topstitch collar band 56
11 Sew collar band buttonhole 32
12 Sew collar band button 41
13 Set centre front placket 37
14 Hem right front edge 19
15 Trim neckline 28
16 Sew centre front buttonhole 30
17 Sew right front button 29
18 Hem pocket mouth 47
19 Crease pocket 66
20 Set pocket 54
21 Sew yoke pleats 33
22 Set yoke label 20
23 Set yoke 34
24 Join shoulder 55
25 Set sleeve under placket 47
26 Set sleeve top placket 67
27 Finish sleeve placket 44
28 Sew sleeve placket buttonhole 36
29 Sew sleeve placket button 65
30 Set sleeve 58
31 Topstitch armhole 64
32 Join side seam 23
33 Hem bottom 32
34 Hem cuff 28
35 Runstitch cuff 57
36 Turn and press cuff 49
37 Topstitch cuff 50
38 Sew cuff buttonhole 55
39 Sew cuff button 32
40 Set cuff 43
41 Set and close collar 48

* SAM: Standard allowable minutes: time required to perform each task 100

times.
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Fig. 6. Task precedence relationship (Chan et al., 1998)
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Fig. 7. Module classification
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Fig. 9. Schematic diagram for Toyota sewing system

(A, B, C, D: worker, 1, 2, 3, ==+, 12! task)
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Workstation=Sum=New_sum=Ratio=0, MaxRatio= amount of product

v

For all task

2

New_sum=Sum+SAM

Sum+=SAM

Workstation++
New_sum=Sum=0

Ratio=(SWT-Sum)/SAM*MaxRatio
Workstaion++

I

Sum=SAM*(1-Ratio/MaxRatio)
New_sum=0

e
3

* SAM: standard allowable minutes, SWT: standard work time, MinT=SWT*0.95, MaxT=SWT*1.05

Fig. 10. Process flow of task grouping and workstation formation
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Y

4

1) Search a workstation with the longest
SAM (Standard Allowable Minutes).

y

A

workstation for all

2) Calculate the adjusted SAM(IW;;) of the

available workers.

Y

'

3-1) Assign a worker with the smallest
deviation between the standard work time
of the apparel assembly line and I

3-2) Assign a worker with the smallest I¥;.

v

4) Remove the workstation and the worker
from the available list.

Y

4

5) Repeat 1) ~ 4) until

workers.

all workstations have

A

4

Fig. 11. Process flow

-4

of worker assignment
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Fig. 12. Schematic diagram for modular production
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[PA]

Mame=\W Momal Blouss
Styls Number=NEAISIBFEA

Modula=3

Mame=Part
Maxt=Join

1.Marking collar outside lower for buttonddutton hols.Hp.7.2
2.Attach cx-3 to collarinside upper.5/MN.20.85

3.Attach cx=3 to collar inside lower, 5/, 26.25

5.Join collar inside upper to collar cutside upper.5/Ng, 35.31
E.Tum collar upper.Hp.9

7.Topstitch collar inside uppertcollar outside upper,5/N.25.68
B.5tich close coller upper.5/M.15.005

8.Join collar inside lpwer 1o collar outside Iowartattach to collar uppen.S/Ng. 30.03

4 Hslpsr stitch collar inside lower, 5/, 17,355

10,Tustn coliar lower,Hp, 9

11, Topstitch collar insids lowertcollar outsicde lower,5/N.22.32
12, Marking cuffs for buttenddution hole,Hp,10.8

13, Attech cx—3 io facing cuffs,5/N.34.5

14, Join facing to cuffs. 5/Nc.45.54

15.Tum cuffs.Hp 18

16, Topstitch facing+cuffs, 5/N,33.12

MName=Front
Mext=Join

20.Marking front center for buttondbution holeddopstitch hem. Hp.25.2
21.Join frant side to front center.l/L.54.24

2. Atmach piping to front sida+front center.Chain Co,43.352

45, Stitch fold center front right, 5/N.28.04

45, Topstitch center fromt right,5/M.29.04

43, Topstich center front left.5/N,29.04

Mams=Backi&Siesve
Mext=Join

Joan=1

23, Marking back centsr for main labslddartitopstitch hsm.Hp,9
33 Marking sleerve for cut opening slesve vent Hp,14

17,Cut opening on sleeve,Hp,30

28.Join dart on back 2 sa.5/MN.12

29.Join back sids to back center.l/L.53.28

30.Attach piping 1o back side*back center,Chain Co,42.624

MName=Join

18,Atiach piping o vent,5/N Co,15.584

19, 5titch end on vent.5/M.12

34, Join shoulder.|/L. 14,88

35.Attach piping to shoulder.Chain Co,11.90
36, Topstitch shoulder,5/N,12.09

37.Join slsave 1o body.Chain,50.4

38, Cvedock sleevetbody, 40/L,31.5

39.Join side seam.|/L.B1.12

40, Artach piping 1o side seam.Chain Co 64,856
A1, Attach cuffs to slegve lower,5/N, 24,48

42 Stitch closs cuffs,5/N,24.48

25, Join size labal.5/MN.15

32 Anech care lebsl 1o beck.5/N,2.88

26, Attech size labsl o main label loop. 5/MN,1.92
27.Attach main labe! loop to back upper lining.5/N.3.84
50.Attach collar to body,5/M.21.36

51,5titch close coflar, 5/N,21.36

54, Topstitch hem,S/M,.72.93

47, Button hole on center front right 6 sa,M/1,80
49 Artach butten to center front left 6 ea, Bution. 45
52 Attach button to collar 3 ea, Bution, 22.5
£3.Button hals on collar 1 sa N/ 15

43 Attach button to cutfs & ga,Button, 30

44, Button hole on cutls 2 ea,N/1,30

J1.Atach button to came label 1 sa.Bution. 7.5

Fig. 13. Input format of process analysis data
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Fig. 14. Flat sketch of five technical jackets
(a) jacket A, (b) jacket B, (c) jacket C, (d) jacket D, (e) jacket E
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Total SAM*
(min)
111.8
126.8
80.1
80.3
102.7

Kinds of
machine
11
14
13
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Number of
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217
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-~ 52 -

module

Number of

Technical
jacket

Table 2. Comparison of process analysis data for five technical jackets

* SAM: Standard Allowable Minutes



22. BA #HAF Bz FAY

AA Y5 Ax FFAMs ALY T8E, VA g, 714 ALE-
HE 5% 1t A4 497 Bx ez R, Az 94
BA 2R B APdAE RS a8 oF FA 2Rl #olo)
2 A A BE AYS vre] AR wekA AAl o7 Alx
oA AHEE F ARE A A9H Bx Ago]l FiE oF &l

ehele] YAHE 5 BA 2ol ABdolH S Ausgh

[Worker]
Class=5h
Operator=50
4 OfL,D/N,D/Ncor,S/N,S/Nc,Nechi
Helper=10
Hp
Seamsealing=10
S/S
HelperWithMachineg=10
B/T,Crossbar, Eyelet,N/l,Velcro,Snap
Preparation=5
Heat Transfer,Laser Cut,Heat Press

Fig. 15. Metadata for technical jacket

A AdY Bx A2 ZAdol AMEH = ZAC we ERE 5 3l
°oH Fig. 16= &A 3 Bx Aol 779 wEd oy e ool
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7y el A BA AdH BE e TR T
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2ol &3t ZIAIZ 22 S S (overlock), 4He-(double needle), H}o]
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o} ~2F8-(double needle with Attachment), *%-(single needle), Z¥5-
(single needle cut), ¥&&](marrow stitch)®] A 7|AS w3t} ulz}
A FA A HolEolA o9 2 VAR FHsEE AFH Y
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Table 3. Scenarios for the evaluation of the developed simulator

common assumptions

- Working eight hours a day.
- All fabrics and subsidiary materials are ready to be
put directly into the assembly line.

- Operations other than sewing are not considered.

How many workers will be selected on the apparel

. .. | situation .
Scenario 1: assembly line to produce on schedule?
Selection - Order quantity of jacket A: 2,000 pieces
of the - Considering the plan, the proper number of working
assum-
number of ) days for the assembly line is eight days.
ptions . .
workers - 70 available sewing workers
- No mechanical restrictions.
. . If multiple orders are placed at the same time, which
situation
order should be selected?
- Orders of five technical jackets come in at the same
time, 1,000 pieces each.
- It does not affect the selection of orders other than
Scenario 2 the production capacity of the factory, and there is
Order ASSUm- currently room to operate only one assembly line.
selection ) - The usable working days for the assembly line is
ptions
four days.
- 40 available sewing workers
- Available sewing machines are: 4 O/L: 15 units,
D/N: 2 units, D/Ncor: 2 units, S/N: 40 units, S/Nc:
20 units, Nechi: 1
. . How should the assembly line operate when one
situation .
worker is absent?
Scenario 3: - One sewing worker is suddenly absent from work on
Worker an assembly line scheduled to produce technical
absentee— assum- jacket A.
ism ptions - No additional sewing workers can be added to the

assembly line.

- the assembly line consists of 40 sewing workers.

Note. 4 O/L: Overlock, D/N: Double Needle, D/Ncor: Double Needle with
Attachment, S/N: Single Needle, S/Nc: Single Needle cut, Nechi: Marrow Stitch
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Table 4. Workstation generation in modules

Work SAM* SAM/SWT
Module station Grouped tasks (min) (%)
1 1-2-3-4(60) 124.8 100.0
Collar 2 4(40)-5-6-7(38) 124.8 100.1
[124.8 min] 3 7(62)-8-9 120.4 9%.5
4 10-11-12 129.0 103.4
5 13-14-15-16-17(63) 132.3 100.0
Torso
_ 6 17(37)-18-19-20(16) 132.4 100.0
[132.3 min]
7 20(84)-21-22-23 132.4 100.0
Sleeve 8 25-26-27(35) 129.4 99.9
[129.5 min] 9 27(65)-28-29 1296 100.1
Cuff 10 34-35-36 134.0 98.9
[135.5 min] 11 37-38-39 137.0 101.1
Join 12 24-30-31(76) 161.6 100.1
[161.5 min] 13 31(24)-32-33-40-41 1614 99.9

Note. The number in [ ] means the standard work time (SWT) for each

module, and the number in ( ) means the workload of each worker in the

shared work.

* SAM: Standard allowable minutes:

grouped tasks.
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Table 5. Worker assignment by line balancing method

Module Workstation Worker No.  Adjusted SAM* (min)

1 % 132.6
17 132.6

Collar 3 32 1463
4 6 128.8

5 2 1375

Torso 6 13 143.8
7 30 137.2

8 23 1338

Sleeve 9 28 136.8
10 11 1346

Cut 1 1 134.7
. 12 40 131.7
Jomn 13 35 143.0

* SAM: Standard allowable minutes: time required to accomplish 100

grouped tasks.

Table 6. Worker assignment by reducing working time method

Module Workstation Worker No.  Adjusted SAM* (min)

1 6 1188
9 107.9

Collar 3 27 89.0
4 38 87.4

5 2 1375

Torso 6 7 1159
7 29 119.8

8 9 1165

Sleeve 9 10 1158
10 13 112.0

Cutt 11 A1 1256

_ 12 40 131.7
Jomn 13 35 143.0

* SAM: Standard allowable minutes: time required to accomplish 100

grouped tasks.
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Table 9. Idle time before and after worker assignment

Idle time
After

WO.I” « Before reducing

station line balancing . .
working time
min % min % min %
1 45.2 26.6 224 145 31.6 21.0
2 45.1 26.5 225 14.5 42.5 28.2
3 49.6 29.2 8.8 5.7 61.3 40.8
4 41.0 24.1 26.2 16.9 63.0 41.9
5 37.7 22.2 176 11.3 129 8.6
6 37.6 22.1 11.3 7.3 34.5 22.9
7 37.6 22.1 179 115 30.6 20.4
8 40.6 23.9 21.2 13.7 33.9 22.5
9 40.4 23.7 18.2 11.7 34.6 23.0
10 36.0 21.2 20.5 13.2 38.4 25.5
11 33.0 194 20.3 13.1 24.8 16.5
12 8.3 4.9 23.3 15.0 187 124
13 8.6 5.1 12.1 7.8 7.4 4.9
Mean 354 20.8 18.6 12.0 334 22.2
Min. 8.3 4.9 8.8 5.7 7.4 4.9
Max. 49.6 29.2 26.2 16.9 63.0 41.9
S.D. 12.2 7.2 4.8 3.2 156 104
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Table 10. Total production time for different line balancing methods

Chen (2021)* This study

Chan (1998)

13

41

13

41

41

Number of

workers

155.1

67.8

Total production

1282.4

474.6

time (min)

* The total production time is replaced with the total adjusted SAM because

its value is not available, and the best results are indicated.
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Q SNU-MS Ver. 2 : NewProject.Factory
File Edit Factory Order Simulation

D & B & sdect @bodde Ount BatchRun @Fashichech

Load Meta Data

Name : Seamsealing Jacket Factory Status
Number of modules = 7

Elapsed Time : 0001:07:37 Front Portl

HP-1 S/5-1 HPwW 1 gt

Front:1
BackaSleeve:1
Garment Data : A3MIM_New.txt Joni1

Hp S /S B /T N of atines =77

3
SINc
400L SN SN
SIN

Back&Sleeve

Meta Data : metaData. txt

Load Garment Data

Amount of Product

No. of Join Unit

No. of Assembly Unit

Regenerate Layout

Module/Unit Information

Heat Transfer =0
Laser Cut =0
Heat Press =0

Number of workers
Operator = 50
Helper = 10
Seamsealing = 10
HelperWithMachine = 10
Preparation = 5

Assembly

Simulation Started

Fig. 16. Overview of the developed apparel assembly line simulator
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Fig. 17. Generated apparel assembly line for technical jacket A
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Fig. 18. Line balancing for technical jackets
(a) jacket A, (b) jacket B, (c) jacket C, (d) jacket D, (e) jacket E

Note. The number in ( ) means the number of workstations.
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Fig. 19. Line balancing by changing the number of workers
(@) 50 workers, (b) 30 workers, (c) 40 workers, (d) 60 workers, (e) 70 workers

Note. The number in ( ) means the number of workstations.
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AR oF BA el ABAClER HAF 5+ Y Al 7P A
0% Mgow oF BAl @le A AEdlAe FAFL, 1 A
g gEFozn BA Bl ABdolde #§ HsAe masct

41 AUg L 1t A4A + 4AHA
AuEle 12 "Hayzd aAA A9 FHE o] 20008 w, oF B
Zhle] FAPA 5 ¢ Woz A E Aol AAGAAE A& oA
T3l AEsE Aolth oF wAl g b AFLdgE 8YelH, 7HE
oA #gAr = 707 o] th(Table 3 #i1).

Table 12 A% ZAAl Fofl M2 gAYzl A2 A9 oF %A
A AlEHA Axolth 19 Y AE 8Ae R 7
o A ZY A 30Wd W 129%9, 408U w 9.9Y, 508

6, 608 W 629, 708 Y W 54Lo|th web AA Al =
84S nd u "Hayd A AE Aiksy] e oF
5 APAE 0oz FAsh= 2ol HHsit) ook 2

N
o A 2l AlEdel"HE oF A Aol &5 = Atk

+
o
e
N
Sl
=2

~

N
Oll
rr

Table 12. Estimated work time in changing the number of workers

Estimated work time
Number of workers

Time Days (8 hours)
30 103h 0Z2m 05s 12.9
40 79h 17m 15s 9.9
50 60h 50m 28s 7.6
60 49h 51m 3bs 6.2
70 43h 0lm 55s 54
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4.2. AYEle 2: FE A9
AYg e 25 HAYZA A2 5359 FEo] 1,0008% FAldd E0]¢S
1=

W, ojwl FES Austs Aol AAAAE ABAINE Ba) PE =
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Table 13. Estimated work days and number of machines required

Technical jacket A B C D E
Estimated work days 5.0 6.1 3.6 3.6 44
4 O/L 13 15 15 15 10
Number D/N 0 1 2 2 0
of D/Ncor 0 2 3 2 0
machines
. S/N 34 39 35 35 38
required
(unit) S/Nc 23 17 19 19 24
Nechi 0 0 1 1 0

Note. 4 O/L: Overlock, D/N: Double Needle, D/Ncor: Double Needle with
Attachment, S/N: Single Needle, S/Nc: Single Needle cut, Nechi: Marrow Stitch

_81_



43. AL 3 FAAR A2
AluEle 32 "HAayZ A AE
oM & o] AAATE Ae wf e
= MEdeds T8 AEs= Ao
AAAZ s e, dA 71
gltkar 7Fg stk (Table 3 3Hal).
Table 14= HlaZ4Z A AE Atst7IZ ddd oF &4 gl
Ao A AR 7 Wl Al Ade W M= BE
oltt. Join EEol FA AdA & W& AA wjAstaL, Join EE
A veA e A A w2 WA 7ttt o]
= o5 TAl gl REsE A8 ojfgeow RES}E A& B
ofF A SlelA AAdxkel =7k MA S A o BAl =hele]
dAE A8 2E A9AY &Y el dFS WA Hi, ole EE

Aol 2ol WA ojor Fe o v gk,

Table 14. Changes in the number of workers due to absenteeism

Number of workers

Module
Normal state Worker absenteeism
Total 40 39
""""""" Pat 4 4
Hood 4 4
Lining 6 6
Front 4 4
Back&Sleeve 6 6
Join 10 9
Assembly 6 6
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Table 15. Changes in task assignment at the join module

Normal state Worker absenteeism

s\giiﬂ{n Grouped tasks s\gi;é{n Grouped tasks

1 190-191-166(5)" 1 190-191-166(15)

2 166(86) 2 166(85)-99(16)

3 166(9)-99-105(55) 3 99(84)-105-100(20)

4 105(45)-100-106(50) 4 100(80)-106-103

5 106(50)-103-104-21(85) 5 104-21-49

6 21(15)-49-50-167(10) 6 50-167(68)

7 167(84) 7 167(32)-72-73-74(47)

8 167(6)-72-73-74(74) 8 74(53)-75-89-90-68(32)

9 74(26)-75-89-90-68(63) 9 68(68)-71-91-93-80-78-79

10 68(37)-71-91-93-80-78-79

Note. The number in ( ) means the workload of each worker in the shared work.
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Fig. 20. Changes in the join module due to absenteeism

(a) Normal state, (b) Worker absenteeism
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Abstract
Process Simulation for the Digital Twin

System in Apparel Assembly Line

Minsuk Kim
Department of Textiles, Merchandising and Fashion Design
The Graduate School

Seoul National University

The implementation of smart factories has emerged as a key goal
for the Fourth Industrial Revolution. In this study, as a first step to
implementing smart factories in apparel manufacturing, an apparel
assembly line simulator that can be utilized in a digital twin system
was developed for generating automatically a virtual assembly line
and simulating a real assembly line.

The mixed task assignment technique was applied to the modular
production concept to solve the apparel assembly line balancing
problem. Specifically, an algorithm was implemented to generate
workstations by first classifying tasks into modules through an
analysis of the manufacturing process and assigning grouped tasks in
the single task - multiple workers and multiple tasks - single worker
assignment methods. Then, worker assignment was sequentially
performed considering the skill level of the worker. The total

production time required by 41 workers to produce 100 men’s shirts
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was 85.7% lower than that reported previously. Even when only
31.7% of the workers were assigned to the apparel assembly line, the
total production time reduced by 67.3%. The reason for this drastic
reduction in the total production time was that in this study, line
balancing was performed by sequentially implementing task and
worker assignment, unlike previous studies that limited the apparel
assembly line balancing problem to worker assignment and did not
consider task assignment. Given that the effect of line balancing by
task assignment 1s considerably greater than that based on worker
assignment, the apparel assembly line balancing problem in the design
stage must not be limited to worker assignment, and task assignment
must be simultaneously considered.

Next, the apparel assembly line simulator was developed for
generating automatically a virtual assembly line by the mixed work
assignment technique and performing simulation using the generated
assembly line. A case study was conducted with the process analysis
data of the technical jacket obtained from the apparel manufacturing
factory to evaluate the developed simulator. As a result of the
automatic generation and modification test, the apparel assembly line
was generated with line balancing performed at 97.49% of all
workstations. The applicability of the simulator developed in various
scenarios was examined, and the results also highlighted that the
developed simulator could be used for order selection, production
planning, and apparel assembly line planning and operation. The
developed apparel assembly line simulator automatically replaced the
time-consuming handwork such as layout design or assembly line
modeling In existing commercial simulation software, so it is expected
to have the advantage to respond quickly or to make continuous

modifications.
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The module-based mixed task assignment technique in this study
1s effective in solving the line balancing problem, and the developed
apparel assembly line simulator 1S convenient by automatically
generating a virtual apparel assembly line but also it can be used to
simulate the actual apparel assembly line. In addition, the
automatically generated apparel assembly line can be used as a
virtual counterpart of the digital twin, and it is expected that a
complete digital twin system of the apparel assembly line can be
implemented through additional research for monitoring the actual

apparel assembly line.

keywords : digital twin, apparel assembly line, line balancing,
mixed task assignment technique, apparel assembly line
simulator, line operation optimization
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Table Al. Arbitrary skill levels of the workers for each task (Chan et al., 1998)

Task Worker No.
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 - 0215 014 0382 019 1494 1.047 0849 089 0954 0659 0645 0414 0354 0619 0271 1.147 1401 0.064 0.937 0.631
2 0.047 0.751 0943 0549 148 0945 1256 1.344 1203 1428 0.223 0954 0516 0582 0124 149 1.054 0419 1.002 0.655 0.228
3 1292 0.033 042 125 0459 1.037 1128 0.033 1384 0.748 1.2 1137 0372 0121 1452 0826 0.243 0.242 1001 0862 0.182
4 0304 0.889 1316 0472 0.082 0811 1.353 0384 0.767 0728 1309 1219 0058 0.793 0.008 068 138 0206 0639 0454 0.9
5 0.409 0.014 0.242 0472 0.153 0146 028 1327 099 1494 0.143 0684 1.35 0.771 0281 1341 0661 1483 035 1.042 0457
6 1.007 1.162 041 0.985 1.3 1121 1163 1.027 1499 0359 0.897 0806 1034 0806 0156 1.232 1.072 0.197 087 0617 0588
7 0478 0976 0816 1.038 0.832 0223 0401 0.048 1154 0298 1.199 0924 0121 0336 0.094 088 0.837 0509 0527 0.135 0.857
8 0.243 1.156 1441 1354 1.046 0349 0443 0.237 1074 0656 0326 0462 099 0.293 0955 0627 0818 0232 0137 1.069 1.279
9 0558 1.062 0.262 0478 0.151 132 1.054 0233 1341 1034 0712 036 0022 0623 0409 0448 0.773 0627 1284 1454 1.256
10 0639 083 023 0718 1.003 1071 068 0619 1492 1139 0606 0612 0928 1455 1.206 1.263 1.099 0.747 0874 0324 0.253
11 0.123 0309 0402 0445 0.025 0658 1.446 0.628 1.099 0.048 0.753 1.087 0872 0.754 0178 0869 1.342 0155 1258 1.206 1.115
12 0712 1.022 0266 115 0465 147 0283 0216 1172 0919 1.056 0983 1.156 0.868 1.041 0422 0.823 057 0037 0639 1.145
13 0.106 0.889 0.865 1.111 1.356 0232 0018 0.006 0.025 1201 1.171 0269 0287 0557 061 0966 0905 0444 1.004 1.055 1.038
14 1.261 1433 0747 0.828 0.803 0.059 0337 0.794 0549 0696 0474 1441 1342 0564 0733 1321 1.269 0412 1.002 1474 0.244
15 0.09 0966 0428 1.085 0491 0277 1349 1.143 048 0253 0.053 0053 1.217 1183 0.782 038 064 0103 1269 0644 0535
16 044 1498 0.234 0617 0664 0015 0484 0856 0.112 0952 0907 048 0962 1372 0.15 0936 0.032 0447 0541 0.052 0.443
17 1376 0366 0915 0.813 1.351 0568 1294 0.346 1176 0112 0438 1342 0.731 1.022 1407 0068 1417 1263 1242 111 1.38
18 0552 1.014 111 0894 0521 0592 1145 1294 039 1443 0.088 0701 1172 086 0487 0.711 0.057 0363 1207 0.164 0.623
19 1.162 0444 112 1321 0531 0546 145 0.093 1283 1181 0699 0.771 1121 0.791 1426 1234 1.099 0562 1379 0.892 0.328
20 0.492 0129 0.121 1.003 0.732 0123 0411 0.728 1377 1305 0329 1316 0287 1394 0411 1301 136 0877 0.2 0921 0.363
21 1.047 0.158 0114 0.169 0.107 0681 0594 0.113 0073 0645 0126 1.01 0567 0343 119 0332 0389 0.08 0397 1.344 0.055
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Table Al continued.

Task Worker No.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 1266 0.743  0.09 0.708 1276 0.757 1254 0551 1341 0009 0983 0.622 1359 0.034 1283 1467 0966 0.39% 0.773 0914 1.295
23 1.077 1323 016 0605 1.14 0691 0.031 0996 138 0333 1284 0874 0.79 1469 0631 1003 1401 0591 112 1.159 1.257
24 046 0.765 1.193 0.172 0271 1013 037 0309 0732 0866 0514 0217 1312 0.743 075 1051 1.173 0114 1.167 0479 0.022
25 0244 086 1209 0.081 1384 1226 0079 1206 1.034 1324 0458 1463 1.092 1456 0429 0402 0.085 1146 0675 0938 0.276
26 0494 143 0572 0823 074 08 0762 0.782 0567 0.088 0.707 0.706 0448 031 1.089 1359 0.144 0623 0582 1.307 0.786
27 0699 1.027 0918 101 0.191 038 0634 0628 0633 0711 1375 023 089 124 0502 0354 0539 0045 0255 0408 0.425
28 0.37 0508 0655 0.121 1.339 0559 0001 0.059 112 1397 1.08 047 0163 0.143 0639 0718 1323 1069 1337 0392 9.4
29 1.239 0.011 1111 1383 0.605 0.874 0225 1483 1.044 1305 0615 0921 0517 0649 0648 0529 0305 0.773 0.709 0.109 0.82
30 0.419 1.058 0.741 1258 0311 1312 1.064 0241 0512 1289 0.126 1225 053 0092 146 1212 1417 0664 0211 0567 0.843
31 0.723 1483 0512 1.022 1211 0912 0469 0.07 0944 1082 1213 0725 0634 1497 0542 0912 088 1.088 1393 0.017 0.69
32 0.224 1.161 1228 1.391 0.881 038 0593 0.088 0.765 1472 0378 0203 08 0577 0879 0.037 1479 0.006 0931 0483 1.181
33 1312 1.124 1226 0416 0.165 1.045 0822 0.152 1453 0319 0.055 0.698 1371 1.057 1065 0624 1183 0.144 0.887 1.328 0.269
34 0.431 0.297 0212 1051 0935 0837 0391 1205 0.152 0.231 0522 0216 1019 1298 0.724 0344 058 036 0.135 0265 1.092
35 1.159 0215 014 1102 1392 1318 0.227 1432 148 0992 1327 049% 1.107 1231 0263 0736 0039 0.793 067 0.108 0.37
36 1465 137 0101  0.75 0811 0541 0439 0.173 0036 1238 1.291 0994 1483 0591 0487 0768 0.034 1.211 0.055 1.307 0.246
37 0739 1176 0.09 0996 0489 0546 0115 032 0925 0285 0657 1233 0537 0983 0627 0377 0911 0933 1.047 0563 1.326
38 1332 0884 0291 0237 0672 0933 1058 1.145 0534 0026 0376 128 0143 0413 0725 083 1182 039 0204 0.235 1.345
39 1.241 1297 1009 0345 034 117 0495 147 0766 1225 0632 0.233 0601 1298 0534 0906 0.704 1.255 0.29 0.388 0.139
40 0.03 1.034 0341 142 0277 068 1.184 0.746 0969 0.841 0553 0265 0416 0273 0698 0504 076 0715 0149 0.709 0.389
41 0.212 0432 085 0547 1.036 0308 0983 0.048 1215 0703 0976 1121 1384 0549 0.096 0859 1.109 0684 0525 1.368 1.341
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Table Al continued.

Task Worker No.
No. 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
1 1.037 0017 0357 0653 115 0359 0.773 1221 1416 147 0278 069 1.173 0475 0441 1194 0967 0.907 0564 0.788
2 0.182 0.391 06 0199 0592 0989 1471 1304 0039 1.129 1431 0.724 0438 0275 0173 1.053 0293 1.143 0.138 0.81
3 0.627 029 0.155 077 1212 0392 0.715 0276 0.121 0215 1447 0644 069 144 022 1497 1115 1017 0979 1.361
4 0.647 1477 1013 1174 1114 0756 058 1433 0.171 0516 0.777 1.269 1 056 1.057 0.698 1498 1.082 0486 0.601
5 0.649 1439 0.051 1.062 1462 1128 0491 0118 0.135 1344 0404 1067 0134 1333 0892 1.124 123 0934 0.062 0594
6 1177 1216 0991 0333 0546 1.223 0.178 0968 0351 0331 1.007 0.044 0.381 0.018 0422 0365 1.019 0967 1.129 0.641
7 133 0224 1466 0649 1.173 1.101 0.163 0947 0998 148 1.097 0306 0.111 0.134 1315 006 0216 0.02 1.283 0.258
8 0.621 0.781 1.079 1454 0301 1464 0.037 0.78 0.818 0557 1072 0653 016 0939 1.147 0943 088 1.24 1433 0989
9 1337 043 1.039 1126 1426 1362 1.072 0108 1.002 0.789 0651 123 1375 0879 0861 1.106 0183 059 139 0.521
10 0.852 0905 0.826 1213 0547 1.132 0502 1.264 0.966 0.054 0288 0364 0571 0945 1.049 008 1479 0.292 0.033 0554
11 0.015 0.763 0502 0623 139 0245 0969 0.23 0524 0594 1.19 1427 1465 099 0268 0.693 148 0994 061 0453
12 132 0468 1.014 001 0416 0666 0519 1.04 0552 0194 018 0359 0.767 0.115 051 1.158 1471 0999 1.034 1.284
13 0.873 0489 0.836 1397 0557 0242 0349 025 1397 0.227 1451 0657 0279 1208 1.181 0.706 0215 1455 0.382 0.365
14 0593 1.17 0551 0813 1403 0266 0217 1.203 0664 1011 0455 0156 1.355 0.628 0.787 0.104 0483 0.158 1.291 0.481
15 1.394 0125 0488 0.701 0.813 1409 0.209 0882 0664 129 0825 0.153 0.229 0532 0.7 0989 0421 145 0.159 1457
16 1371 1.027 0594 0.697 0404 0.099 1064 0134 1146 0587 1168 0.125 1.091 1153 0624 0226 1.298 0.107 0.381 0.902
17 0.866 1336 0.145 0816 0634 0173 1.342 0611 1.096 0.015 1478 0772 075 0965 0.749 058 0505 1.25 0.134 0.132
18 0975 0.069 0436 1241 0413 1338 083 0.08 0519 1425 0081 0035 0624 0.007 0.787 0.151 0909 0192 0669 1.231
19 0583 058 1.19 0.149 1084 1221 0084 1346 087 0488 0517 083 0415 1.16 0812 0.629 0979 0284 128 0.373
20 0.18 1365 0.804 0.078 1319 1338 0493 1.128 1397 1469 0981 0696 0555 1.164 0861 0.253 0418 085 0.005 1.258
21 0.131 0721 0819 095 0805 0358 1403 1353 1336 066 0625 045 1332 095 0387 0.861 0189 0975 0.164 0.561
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Table Al continued.

Task Worker No.

No. 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

22 1491 0622 0.045 0.265 1275 0.121 045 0715 0621 0628 0.18 0.026 0858 0977 0575 0.787 1447 0.844 069 1.409
23 0.772 1198 1.011 0.014 0.099 0993 0948 1.251 0.711 0937 0.759 0259 1295 1238 0462 0513 0.756 0.589 0443 0.396
24 145 0136 0.752 1.055 0301 1.297 1487 0249 0394 0172 1233 0588 0.004 0572 0771 0211 1225 0165 1461 1.317
25 0416 102 0474 1329 0717 1216 0101 066 0447 0827 0713 1481 1325 0879 028 1426 0.3 1364 0.866 1.011
26 0.603 1305 0443 1221 1134 1.08 0874 0808 0.629 0621 0929 0171 057 0.039 0908 08 0194 0175 059  0.63
27 1.008 0423 0.845 0.078 0.285 0.051 1.131 0304 0688 0182 0.79% 0.143 0667 002 0726 0271 1.024 0.279 0.762 1.293
28 0.705 0.195 0326 021 1137 1.129 0592 0383 0.776 1202 0413 1.381 0709 0974 0.808 1074 0662 1257 0679 0.498
29 0.097 1364 0789 1287 1147 0.784 1281 131 1398 0.142 0.713 1.2 0596 0535 0159 1333 1.077 0.89% 1.324 1.156
30 0125 1.217 1359 0.038 1161 0425 0516 0657 143 0.139 0901 1.459 0.8 1432 0852 0609 061 1465 1.032 0.753
31 1138 013 0646 1402 1.027 0.052 0895 0577 1.041 0521 1307 013 134 0948 006 045  0.05 0.776 1.284 0978
32 0.224 0367 0965 0011 1012 112 0415 1.026 0409 0357 1271 1459 1435 0953 1.023 1262 0993 0465 1478 1.108
33 1318  1.43 0409 0.157 0.99% 0606 0073 011 0496 0.683 0.159 0.849 0209 1309 1274 0652 0.625 0515 0.373 1.293
34 0.317 0587 0.861 1483 0412 0.039 0646 0.068 1.02 0.124 1305 0823 0649 0.029 0.767 0875 0226 0332 1.04 0239
35 0.827 1.281 1.082 0435 0497 0505 0.757 0.065 0.204 1062 0144 1.106 0368 0.297 052 1.01 0648 0202 0152 0.21
36 0.237 1168 0316 1427 0361 1061 1.142 0123 0324 0.732 1335 0489 0.771 1.07 0584 0548 0.225 1461 1477 0835
37 0921 1416 0.74 0003 0363 1489 0.022 0.748 0.327 141 0769 0.122 0837 1.022 0547 1156 1274 1.046 0.712 0984
38 0.959 0.158 0985 0.093 0613 08 0169 139 0.631 0911 1246 013 1.259 0.167 0.781 0676 1349 1.314 1.273 1.106
39 1429 0.001 0483 0.099 1.094 0554 128 028 0947 0.779 0544 0559 0947 0977 0406 0.044 0.247 0.724 0528 1.279
40 1469 0423 0.894 0363 0668 0445 089 0081 0.092 1341 0957 1.299 0284 1133 1405 0963 0.102 1.274 0555 0.225
41 0399 1.066 0.801 045 0305 1395 0874 1.006 0426 1169 1207 1.201 0817 1.192 0.729 1.003 0368 0.712 1.234 0577
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Table A2. Process analysis data of technical jacket A

Module SQ Tasks M/C SAM
31 Sew side facing placket inside S/N 3.4s
32 Join facing to placket inside S/Nc  59.1s
33  Turn placket inside Hp 18s
34 Topstitch placket inside S/N 43.0s
35 Stitch close placket inside S/N 33.9s
36  Attach zipper center front to placket inside S/N 60.9s
37 Marking facing placket outside Hp 10.8s
38 Marking placket outside Hp 14.4s
39 Punch hole on facing placket outside 4 ea Hp 12s
40 Attach snap to facing placket outside 4 ea Snap 60s
41  Topstitch variation on placket outside (>) 4 ea S/N 32.0s

Part 42  Join facing to placket outside S/Nc 66s
43  Turn Placket outside Hp 15s
44 Topstitch placket outside S/N 48s
45  Stitch close placket outside S/N 33.9s
46  Punch hole on placket outside 2 ea Hp 6s
47  Attach snap to placket outside 2 ea Snap 30s
48 Attach zipper extention to placket outside S/Nc 574s
52 Marking facing cuff tabs Hp 6s
53 Attach velcro to facing cuff tabs 2 ea Velcro 12.3s
54  Join facing to cuff tabs S/Nc  33.7s
55 Turn cuff tabs Hp 18s
56  Topstitch cuff tabs S/N 24.5s
57 Stitch close cuff tabs S/N 6.6s
1  Marking center front facing hood side upper Hp 7.2
2 Marking center front facing hood side lower Hp 3.6s
3 Attach cx-3 to center front facing hood upper S/N 9.4s
9 Sewside center. front fa.cing hood side upper to S/Ne 6.65

center front facing hood side lower
10 Sewside . center frgnt facing hood upper to center S/Ne 6.65
front facing hood side
4 Punch hole on center front facing hood side upper Hp 6s
5 Attach eyelet to center front facing hood side upper Eyelet 18s

Hood 6  Punch hole on center front facing hood side lower Hp 6s
7 Attach eyelet to center front facing hood side lower Eyelet 18s
8  Attach buckle to center front facing hood side upper S/N 4.3s
11 Overlock hood side lining to hood center lining 4 O/L 471s
12 Overlock arround hood lining 4 O/L 239s
14  Overlock close inside tunnel hood 4 O/L 122s
13 Stitch fold inside tunnel hood S/N 8.2s
15 Attach inside tunnel hood to center front facing S/N 19 4s

hood
16 Join center front facing hood to hood lining S/N 38.2s
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Table A2 continued.

19 Join hood side to hood center S/Nc 76.1s
20  Join hood side to hood tabs S/Nc  21.8s
192 Hood S/S 76.5s
22 Assembly hood S/N  639s
23 Topstitch after assembly hood S/N 28.9s
24 Insert string to center front hood Hp 18s
25  Stitch end tacking to string S/N 21s
26  Stitch end tacking string to center front hood S/N 18s
27  Stitch end string to center front hood on center S/N 12s
28  Stitch end tacking on hood 2 ea S/N 12s
29  Turn hood Hp 18s
156 Marking sleeve back lining Hp 3.6s
157 Join dart sleeve back lining 2 ea S/N 15s
158 Overlock sleeve front lining to sleeve back lining 4 O/L  69.3s
146  Marking back mesh upper lining Hp 4.8s
147 Marking back lower lining (side R&L) Hp 1.8s
148 Attach hanger loop to back mesh upper lining S/N 3.8s
149 Topstitch hanger loop + back mesh upper lining S/N 3.1s
150 Ba.ctack hidden hanger loop + back mesh upper S/N 125
lining
151 Attach main label to back mesh upper lining S/N 13.2s
152  Overlock sewside back lower lining 4 O/L 254s
153 Overlock back upper lining to back lower lining 4 O/  22bs
154  Join care label S/N 15s
155 Attach care label to back lining S/N 2.6s
142 Marking front lining Hp 14.2s
126 Cut woven tape Hp 6s
Lining 127 Stitch close woven tape S/N 3.6s
134 Overlock basic inside pocket bag top 4 O/  24.2s
135 Overlock basic inside pocket bag under 4 O/  24.2s
128 Stitch end zipper S/N 3s
129 Attach woven tape to zipper S/N 8.6s
130 Attach woven tape&zipper to front lining S/N 12s
131 Cut opening on front lining Hp 15s
132 Join woven tape&zipper to front lining S/N 24.8s
136 Attach inside pocket bag top to zipper S/N 8.6s
137 Attach inside pocket bag under to zipper S/N 8.6s
133 Topstitch woven tape&zipper + front lining S/N 18s
138 Stitch end inside pocket bag on edge S/N 8.6s
139 Overlock close inside pocket bag 4 O/ 182s
143 Button hole on front lining 4 ea N/I 60s
160 Join sleeve lining to front lining S/N 36s
161 Overlock sleeve lining + front lining 4 O/L 225s
162 Join sleeve lining to back lining S/N 39.8s
140 Stitch end tacking inside pocket bag to front lining S/N 6s
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Table A2 continued.

163 Overlock sleeve lining + back lining 4 O/L 249s
144  Overlock side seam lining 4 O/  834s
159 Overlock basic lower sleeve lining until gusset 4 O/L  40.8s
145 Overlock arround body lining 4 O/L 9.ls
141 Bartack lip 2 ea B/T 10.0s
164 Marking front lower Hp 24.8s
107  Stitch close lips S/Nc  304s
117 Overlock facing + hand pockets bag top 4 O/L 16.5s
119 Overlock facing + hand pockets bag under 4 O/L 16.5s
116 Topstitch facing to hand pockets bag top S/N 26.4s
118 Topstitch facing to hand pockets bag under S/N 26.4s
108 Stitch end zipper S/N 6s
109 Join frame to zipper S/N 22.1s
120 Attach hand pockets bag top to zipper S/N 22.1s
110 Topstitch frame + zipper S/N 22.1s
111 Attach lips to frame&zipper S/N 22.1s
112 Attach lips&frame&zipper to front lower on edge S/N 24s
Front 121 Attach hand pockets bag under to zipper S/N 22.1s
113 Cut opening on front lower Hp 30s
114  Join lips&frame&zipper to front lower S/N 61.4s
115 Topstitch lips&frame&zipper + front lower S/N 44.6s
122 Stitch end hand pockets bag on edge S/N 17.3s
123 Overlock close hand pockets bag 4 O/ 429s
125 Bartack lip 4 ea B/T 50.0s
165 Join front upper to front lower S/Nc 33.7s
196 Front S/S 23.5s
199 Hand pockets S/S 51.5s
66  Stitch fold inside tunnel hem front S/N 9.6s
67 Overlock close inside tunnel hem front 4 O/L  19.1s
69  Stitch fold inside tunnel hem back S/N 10.6s
70  Overlock close inside tunnel hem back 4 O/L  19.7s
87 Marking facing vent Hp 3.6s
170 Marking back lower (side R&L) Hp 16.3s
171 Marking back flange Hp 7.2s
172  Join back frame upper mesh to back mesh S/N 10.8s
173 Overlock back frame upper mesh + back mesh 4 O/L 6.8s
174 Topstitch back frame upper mesh + back mesh S/N 8.8s
Back& 175 Join back frame side mesh to back mesh S/N  274s
Sleeve 176 Overlock back frame side mesh + back mesh 4 O/L  17.1s
177 Topstitch back frame side mesh + back mesh S/N 22.2s
178 Sewside back lower S/Nc  399s
197 Back S/S 40.3s
179 Stitch fold back flange S/N 25.7s
180 Join back mesh to back lower S/N 25.7s
181 Overlock back mesh + back lower 4 O/  16.1s
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Table A2 continued.

182 Topstitch back mesh + back lower S/N 20.9s
183 Attach back flange to back S/N 39.6s
184 Stitch end back flange to back S/N 19.5s
185 Bartack back flange 3 ea B/T 15.0s
186 Marking sleeve front Hp 42s
187 Marking sleeve back Hp 48s
59 Marking cuffs Hp 6s
60 Attach velcro to cuffs 2 ea Velcro 18.3s
61 Join facing cuffs to cuffs S/Nc  35.0s
188  Join dart sleeve back 2 ea S/Nc 13.9s
189 Join sleeve front to sleeve back S/Nc 109s
62 Join cuffs to lower sleeve S/Nc 39.6s
198 Sleeve + velcro S/S 95.2s
82 Join facing to gusset S/N 38.9s
58 Attach cuff tabs to cuffs S/Nc 11.2s
83 Attach gusset to sleeve on edge upper S/N 12s
84 Cut opening on sleeve Hp 30s
85 Join gusset to sleeve S/Nc 53.5s
201 Cuffs S/S 26.1s
202 Gusset on sleeve S/S 40.3s
63  Stitch end cuffs on edge S/N 18.2s
64  Stitch close cuffs S/N 28.8s
65 Topstitch cuffs on upper S/N 38.9s
86 Bartack gusset 2 ea B/T 10.0s
190 Join sleeve front to front S/Nc  49.5s
191 Join sleeve back to back S/Nc 56.1s
194 Armbhole S/S 79.8s
166 Join side seam S/Nc 132s
195 Side seam S/S 116s
97 Marking waist Hp 10.8s
98 Button hole on waist 6 ea N/I 90s
99 Join facing to tunnel waist S/Nc 79.5s
105 Stitch close waist S/Nc  47.0s
100 Attach tunnel waist to body S/N 57.8s
Join 106 Sitch close waist to body S/N 57.8s
203 Waist S/S 98.9s
101 Insert string to buckle big&small Hp 24s
102 Insert string to waist Hp 24s
103  Stitch end tacking to string S/N 21s
104 Stitch end tacking string to waist S/N 18s
21 Join hood to body S/Nc  52.8s
193 Neckline S/S 49.8s
49  Join placket outside to front S/Nc 574s
50 Topstitch placket outside + front S/N 33.9s
200 Placket outside S/S 36.0s

- 108 -



Table A2 continued.

167 Attach zipper center front to center front S/N 134s
168 Punch hole on front 6 ea Hp 18s
169 Attach snap to front 6 ea Snap 90s
72 Sewside facing hem S/Nc 7.3s
73 Overlock basic facing hem 4 O/L  371s
74 Join facing hem to lower body S/Nc  81.5s
75 Topstitch facing hem + lower body S/N 48.2s
89 Sewside facing vent S/Nc 3.6s
90 Join facing vent to vent S/N 20.4s
68 Attach inside tunnel hem to facing hem front S/N 30.5s
71 Attach inside tunnel hem to facing hem back S/N 31.4s
91 Stitch close facing vent + vent S/N 14.4s
93 Stitch end vent top to under S/N 6s
80 Stitch end hem on edge S/N 10.6s
76 Insert string to buckle big&small Hp 24s
77 Insert string to hem Hp 24s
78  Stitch end tacking to string S/N 21s
79  Stitch end tacking string to hem S/N 18s
51 Bartack placket outside 2 ea B/T 10.0s
205 Crossbar all C/B 220s
17  Join hood lining to body lining S/N 33.4s
18 Overlock hood lining + body lining 4 O/L  209s
206 Stitch end tacking on neckline 3 ea S/N 18s
207 Stitch end tacking on armpit 2 ea S/N 12s
214 Assembly zipper center front S/N 150s
124  Stitch end tacking hand pockets bag to front 4 ea S/N 24s
208 Assembly cuffs S/N 51.8s
209 Assembly gusset on sleeve S/N 70.0s
210 Stitch end tacking on sleeve 2 ea S/N 12s
211 Stitch end tacking on side seam 2 ea S/N 12s
Assembly 212 Assembly vent on back S/N 32.0s
88 Cut opening on back Hp 15s
215 ‘Turn jacket Hp 45s
216 Topstitch zipper center front + center front S/N 83.5s
81 Topstitch hem S/N 59.3s
92  Topstitch shape vent S/N 20.4s
213  Topstitch after assembly vent on back S/N 14.4s
30 Topstitch shape on center front hood S/N 50.5s
217 Bartack zipper ¢ f 2 ea B/T 10.0s
94 Bartack vent 1 ea B/T 5.0s
95 Punch hole on vent 2 ea Hp 6s
96 Attach snap to vent 2 ea Snap 30s

Note. S/N: Single Needle, S/Nc: Single Needle cut, Hp: handwork, 4 O/L: Overlock, S/S:

Seam Sealing, B/T: Bartack, N/I: straight-button hole, C/B: crosshar
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Table A3. Two apparel assembly line with 28 workers

Assembly line 2

Assembly line 3

Work |
Module ) : Worker Worker
station | Grouped tasks Grouped tasks
| No. No.
1 1-2-3-4(20)" 9 1-2-3-4(17) 33
2 | 4014)-56-7(13) 16 4(11)-5-6-7(11) 27
Collar |
3 7(21)-8-9 36 7(17)-8-9 24
4 10-11-12 14 10-11-12 12
5 | 13-14-15-16-17(2D) 19 13-14-15-16-17(18) 25
Torso 6 | 17(13)-18-19-20(5) 4 17(10)-18-19-20(4) 7
7 1 20(29)-21-22-23 20 20(24)-21-22-23 29
8 | 25-26-27(35) 2 25-26-27(10) 8
Sleeve |
9 27(65)-28-29 10 27(18)-28-29 38
0 | 34-35-36 5 34-35-36 37
Cuff i
11 37-38-39 41 37-38-39 31
12 24-30 3 24-30 15
Join 13 31-32-33(22) 34 31-32-33(18) 21
14 33-(12)-40-41 39 33(10)-40-41 18

Note. The number in

( ) means the workload of each worker in the shared work.
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