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Abstract: In order to reduce the possibility that quality

problems occur resulting from “bad” weather, a new
dispatching rule is designed for the job sequencing problem in
the machine shop of a wood furniture factory. First, two
indices including risky duration and risk magnitude are
established to characterize the weather conditions. Based on
these two indices, the job suitability under the future air state
is derived by the fuzzy decision method, and integrated with a
traditional heuristic to compute the dispatching priority of each
job. Then, a new measure matching degree is constructed to
evaluate the effectiveness of the dispatching rule. The greater
the matching degree, the smaller the possibility that the quality
problems of wood products occur. Finally, simulation
experiments show that the dispatching rule can greatly increase
the matching degree while maintaining low weighted tardiness.
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S cheduling was defined in Ref.[1] as sequencing
each job and allocating time for it. In recent years,
many methods and techniques™™' have been designed to
solve the scheduling problems including heuristics, meta-
heuristics, knowledge-based systems, fuzzy logic, neural
networks and multi-agent systems, etc. However, practi-
cal scheduling problems are often very complex'”, so it
is not always possible to find an optimal solution in a rea-
sonable amount of time. In practice, heuristic methods"”
are common and effective for solving scheduling prob-
lems. Although heuristic methods cannot guarantee that
the optimal solution can be obtained, the near-optimal so-
lution can be found in a relatively short time. Dispatching
rules are a common heuristic technique, such as weighted
shortest processing time ( WSPT) and minimum slack
(MS) heuristic. The Rachamadugu and Morton ( R&M)
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heuristic'” was designed by combining WSPT and MS
rules. It consistently has performed well in weighted tardi-
ness problems relative to competing heuristics'” .

Various uncertainties and disturbances have been inves-
tigated extensively and intensively in the past research of
production scheduling including resource-related ones'* ™"
and job-related ones'"*""'. In the presence of raw material
shortage uncertainties, Refs. [9 — 10] presented a fuzzy
logic based decision support system for parallel machine
scheduling/rescheduling. Ref. [11] used a robust optimi-
zation approach to solve the production scheduling prob-
lem for a sawmill plant subject to final product demand
and material supply uncertainties. The supply of each raw
material was modeled as an uncertain parameter that takes
values in an interval. Refs. [ 12 — 13] studied dynamic
scheduling problems under power consumption uncertain-
ties with the purpose of minimizing the sum of energy
cost and tardiness penalties.

In our previous paper'™, it has been pointed out that
weather conditions can seriously influence production
scheduling. Compared with other uncertainties and dis-
turbances, weather is very vague, and hence very diffi-
cult to describe. It is a challenge to consider weather im-
pacts when dispatching jobs for shops. On the other
hand, we notice that human schedulers pay much atten-
tion to weather conditions when arranging furniture pro-
duction. For instance, furniture factories in the south of
China generally do not produce furniture in the rainy sea-
son which will be sold to Beijing, unless they have to
produce the furniture because of some unavoidable practi-
cal reasons, such as rush jobs. In fact, if a wood product
is produced in “bad” weather conditions, it is very likely
that quality problems may occur in the final wood prod-
uct, such as deformations and cracks. However, as far as
we know, there has been no scheduling research focusing
on disturbances of weather up to now. Our aim is to de-
sign a scheduling method to ensure as much as possible
that each product is not produced in “bad” weather condi-
tions.

1 Problem Formulation

The problem under consideration is a real-life produc-
tion scheduling problem from a furniture factory of Nan-
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jing in China. Concerning furniture production, three
procedures including machining, assembling and painting
are executed in turn, and at the end the completed wood
products are delivered after packaging. The whole process
is referred to as a production cycle. In the factory, the
next order is not started until the previous one is finished.
Once an order is started, it cannot be interrupted until it is
delivered. Since machining is the first procedure, the
scheduling of the machine shop determines the processing
sequences of other shops to a great extent.

The job sequencing of the machine shop is to sequence
n jobs, J, j=1,2,...,n The job processing times are
P, j=1, 2, ..., n. A common target is to minimize the
job weighted tardiness. The job weighted tardiness is de-
scribed as

n

ijTj

j=1

where w,(j =1,2, ..., n) are the weights of job J; T,(j=
1,2, ..., n) represent the tardiness of job J.. The magni-
tude of w, stands for the importance of job J; relative to
other jobs. T, =max(C; - d]., 0), where C(j=1, 2,...,n)
are the completion times of job J; and dj(j =1,2,...,n)
are the due dates of job J,

In order to explain the other aim of our work, the con-
cept-equilibrium moisture content (EMC) needs to be in-
troduced. When lumber is placed in a certain environ-
ment, its moisture content (MC) will tend to reach an
equilibrium value over sufficient time, which is called the
environment’s EMC. It should be pointed out that at a
fixed temperature, the lumber EMC significantly increa-
ses with the rising relative humidity. For example, when
the temperature is 40 C, the EMC can reach 28% at rel-
ative humidity 100% ; EMC is just 9% at relative humid-
ity 50%. If the lumber MC is higher than the
environment’s EMC, the lumber will lose moisture and
contract; otherwise, it will absorb moisture and expand.
This can result in deformations and cracks, which can se-
riously affect the use and life of wood products. To avoid
the phenomena, the lumber must be also dried and main-
tained at a certain MC during the production process,
which is determined according to the purpose, usage en-
vironment, materials and quality demand, etc. All these
show the reason why human schedulers pay much atten-
tion to the weather conditions in furniture production.
More importantly, it should be noted that, for different
wood products, weather has different impact on their pro-
duction. The weather conditions at times come to have
less impact on the production of one wood product; how-
ever, for the other wood products, the weather conditions
can be adverse for their production. If a wood product is
produced in its “bad” weather conditions, it is very likely
that its lumber MC cannot reach the prescribed standard.
As a result, quality problems may occur. In this paper,

our target is to reduce the possibility that quality problems
occur due to the fact that lumber MCs do not reach stand-
ards, while ensuring the low weighted tardiness.

Based on MC requirements, the production cycle
should be shortened as far as possible. The limit of each
production cycle is set to be 3 d. A large order may be
split into smaller orders to reduce their production time.

2 New Dispatching Rule

First, let us recall the R&M heuristic in Ref. [6]. The
R&M heuristic is a composite that combines the WSPT
rule and the MS rule as follows:

—&ex ( -max(d, -p, -1,0) )
Wj_pj p kpa

where 17, is the priority of job J;; k is a tuning parameter;
p, denotes the average processing time of unscheduled
jobs. Each time one job is completed, job priorities are

computed for all the remaining jobs and the highest priori-
ty job is selected next. It has been found that the R&M
rule performs well in the weighted tardiness problems. In
the following, we will design a dispatching rule based on
the R&M heuristic, which is devoted to reducing the im-
pact that the air relative humidity variability has on lum-
ber MCs.

2.1 Risk duration and risk magnitude

As mentioned above, the “bad” air relative humidity
can give wood products the risk that considerable changes
of lumber MCs occur and thus related quality problems
occur. The relative humidity has different impact on dif-
ferent products. The relative humidity state for some time
brings no risk to one type of products; however, for the
other type there is a risk period. The adverse impacts of
the relative humidity on the lumber MC are represented
from two aspects: risk duration and risk magnitude, as
shown in Fig. 1. Two indices are used to describe job J;:
(D, Ri)T, where D, denotes the risk duration over the
production cycle of its order, and R, represents the magni-
tude of the risk that job J; will face during the risk dura-
tion.

Determine job suitability T
. arget
under the future air state
| Risk duration | Risk magnitude Index

Fig.1 Determination of job suitability

Under artificial assistance, the risk duration D, is first
determined in accordance with weather data. It should be
highlighted that the risk duration is distinguished from the
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order production cycle, not from the job processing time.
After the risk duration is determined, we can obtain the
responding EMC based on the average temperature and
relative humidity during the risk duration. For job J,, the
responding EMC is written as REMC;. The initial lumber
MC for job J; before being progressed is IMC,. We utilize
the following expression

= |REMC, - IMC, | x 100
to measure the magnitude of the risk that job J; will face.
2.2 Suitability

In our work, the concept suitability denotes the degree
that the job is suitable for production under the future air
state. Fig. 1 illustrates how to derive the suitability S; of
job J; at the decision point. Specifically, Fig. 1 shows
how to determine the job suitability at the first decision
point, i. e., t =0. In the following, we will use the
fuzzy decision method to determine the suitability of
every job.

The index matrix is formed as

D] DZ Dn
M =
R, R, .. R,
Set
MDmax:maX{Dl’Dz, "Dn}
MRmux = maX{R1$ Rz, ooy Rn}
MDmin=min{D1’ Dz, ...,D”}
My, =min{R,, R,, ..., R,}
MDmax _MDmin
p =/ T
1-0.1
M, —M,.
R = —Rmax __~ Rmin
1-0.1
M max _D'
V, =0.1 +%
Mmax_R'
VR/ =0.1 +%

As a result, we obtain the fuzzy evaluation matrix:

Voo Voo oV,
_[VR Ve oo VR”]

1

The index weight coefficients are a, =0.5 and a, =
0.5. Then, the weighted average model can be applied to
obtain the job suitability S;:

Vo, Vp,
(S, S o S =lay @l v V]
Finally, we give the dispatching rule:
max; 7,
w; -max(d, —p, -,0)
m =S, 7 =5, ;:exp( ;{pa : )

where 77, denotes the priority of job J; under the new dis-
patching rule.
priority is chosen as the next to be produced.

As shown above, the job of the maximum

3 Matching Degree

Through n — 1 decisions, the resulting schedule is
obtained. A new measure will be established to assess the
performance and potential of our dispatching heuristic.
The matching degree is defined as

LS mi

j=1

( IMC, MEMC)
MEMC IMC,

where MEMC, denotes the mean EMC over the order (re-
MEMC; can be
computed by using daily average relative humidity and
temperature. The notationmin( - ) stands for the matc-

sponding to job J,) production cycle.

hing level of job J; with its production environment.

In our work, the main target is to reduce the possibility
(risk) that quality problems occur due to the fact that
lumber MCs do not reach the standards. The matching
degree reflects the average matching level of a job in the
schedule with the production environment. The greater
the matching degree, the smaller the risk that quality
problems occur.

4 Experiments

The experimental objective is to verify that the newly
designed dispatching rule can largely reduce the risk that
lumber MCs do not achieve standards while guaranteeing
that the weighted tardiness is low. As shown in Tab. 1,
the experimental background is set as the circumstance

Tab.1 Weather, DAT, DARH and EMC

Date Weather DAT/C DARH/ % EMC/ %
11-16 Cloudy 10. 20 45.33 8.71
11-17 Sunny 8.70 56. 44 10. 58
11-18 Sunny 10.00 71.00 13. 68
11-19 Cloudy 11. 30 72.67 14. 09
1120 Cloudy 14. 67 76.00 14.95
1121 Cloudy 17.00 70. 67 13. 40
1122 Cloudy 17.30 87.00 19. 06
11-23 Rain 12. 30 93.00 22.74
11-24 Light rain 10. 30 95.00 24.28
11-25 Light rain 11.70 83.00 17.48
1126 Cloudy 12.30 90.00 20. 84
1127 Light rain 10.70 79.33 16. 14
11-28 Overcast 12.00 91.00 21. 44
11-29 Shower 10. 67 94.00 22.79
1130 Cloudy 5.00 49.00 9.35
1201 Fair 2.30 56.33 10. 64
1202 Fair 3.67 66.00 12.58
12-03 Sleet 3.33 63.00 11.94
12-04 Sunny 2.33 58.00 10.95
1205 Fair 5.20 57.00 10. 74
12-06 Cloudy 7.00 57.67 10. 85
1207 Cloudy 5.00 55.30 10. 44
12-08 Sunny 7.33 68.00 13.00
12-09 Cloudy 6.00 89. 30 20. 61
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of the daily average temperature (DAT) and daily aver-
age relative humidity ( DARH) from November 16th to
December 9th in 2014 in Nanjing. The daily EMC is also
listed in the last column of Tab. 1. Two design factors are
used :

1) Dispatching heuristics including the new dispatching
rule and the R&M dispatching rule.

2) The due date function is d, = p, Uniform[ x,y]. In-
terval endpoints [ x, y ] carry two dispersing conditions
shown in Tab. 2. According to Tab. 2, No. 1-13 are re-
sponding to the mean values: 2,2.5,3,---,8, respective-
ly. The greater the mean value, the softer the schedule.

Each combination is replicated 500 times to vary ran-
dom numbers within the 10-job stream. Within each rep-
lication, the processing times are obtained via Normal (8,
2), the initial lumber MCs IMC ; are assigned elements of
the set {6% ,7% ,8% ,10% , 12% ,13% | at random,
and the job weights w,, from the set {1, 2,3, 4,5},
are given randomly.

Tab.2 Due date dispersing conditions

No. Widely dispersing Narrowly dispersing
1 [0,4] [1,3]
2 [0.5,4.5] [1.5,3.5]
3 [1,5] [2,4]
4 [1.5,5.5] [2.5,4.5]
5 [2,6] [3,5]
6 [2.5,6.5] [3.5,5.5]
7 [3,7] [4,6]
8 [3.5,7.5] [4.5,6.5]
9 [4,8] [5,7]
10 [4.5,8.5] [5.5,7.5]
11 [5,9] [6,8]
12 [5.5,9.5] [6.5,8.5]
13 [6,10] [7,9]

Tabs. 3 and 4 display the mean matching degree under
the two above types of due date dispersing conditions, and
the maximum difference of two matching degrees corre-
sponding to the new dispatching rule and R&M dispatching

rule within 500 replications, respectively. From Tab. 3,
we find that the new dispatching rule outperforms the
R&M dispatching rule by about 1% . It means that the to-
tal matching degree of the whole schedule rises by about
10% . Sometimes, the total matching degree even jumps
by 79% . This can greatly reduce the risk that quality
problems occur. Hence, it is very significant to consider
the weather factor when studying furniture production
scheduling problems.

Tab.4 Mean matching degree [I %

Narrowly R& M dispatching New o Maximum

dispersing rule dispatching rule Difference difference
[1,3] 58.12 59.22 1. 10 5.89
[1.5,3.5] 58.27 59.27 1. 00 6.99
[2,4] 57.93 59. 06 1.13 5.92
[2.5,4.5] 58. 14 59. 19 1.05 5.64
[3,5] 58.39 59.42 1.04 4.96
[3.5,5.5] 58. 68 59. 88 1.20 7.44
[4,6] 58. 41 59. 44 1.03 6. 15
[4.5,6.5] 58.09 59. 16 1.07 6. 12
[5,7] 58.33 59.42 1. 09 6. 19
[5.5,7.5] 58. 40 59.41 1.01 5.64
[6,8] 58.91 59. 86 0.95 5.36
[6.5,8.5] 58.70 59.77 1.07 6. 66
[7,9] 59.02 59.97 0.95 6.43

Tabs. 5 and 6 show the mean weighted tardiness and
the tardiness penalty of the new dispatching rule corre-
sponding to the due date dispersing conditions, respec-
tively. As the softness of due dates climbs, the weighted
tardiness measures of both dispatching rules decline rapid-
ly. For each due date dispersing condition, the tardiness
penalty of the new dispatching rule first rises and then
drops by and large with the softness of due dates up. This
is illustrated in Fig.2. From the figure, we can find that
when due dates are very soft, the new dispatching rule
underperforms the R&M dispatching rule slightly.

Tab.5 Mean weighted tardiness |

Tab.3 Mean matching degree | %
Widely R& M New » Maximum
. . . . . . Difference .
dispersing  dispatching rule dispatching rule difference
[0,4] 58. 44 59.55 1.11 6.11
[0.5,4.5] 58.45 59. 47 1.03 7.90
[1,5] 58. 49 59. 51 1.02 6.74
[1.5,5.5] 58.10 59. 14 1.04 6.45
[2,6] 58. 66 59.73 1.07 6.44
[2.5,6.5] 58. 54 59. 62 1. 08 6. 65
[3,7] 58.32 59.39 1.07 5.40
[3.5,7.5] 58.25 59.34 1.09 5.99
[4,8] 58. 69 59.70 1.02 5.80
[4.5,8.5] 58. 46 59. 56 1.10 5.56
[5,9] 58.71 59. 80 1. 09 6.70
[5.5,9.5] 58.51 59.58 1.07 7.45
[6,10] 58. 39 59.43 1.04 5.70

Widely R& M dispatching New . Tardiness
dispersing rule diapatching rule Difference penalty/ %
[0,4] 554.972 6 618.337 1 63.364 5 11.42

[0.5,4.5] 475.761 1 539.3813 63.620 3 13.37

[1,5] 397.983 7 455.534 17 57.5510 14. 46
[1.5,5.5] 324.926 7 373.1255 48.198 8 14.83
[2,6] 262.202 3 310. 566 9 48.364 6 18.45
[2.5,6.5] 211.519 8 250.761 7 39.241 9 18.55
[3,7] 169. 842 0 206.749 3 36.907 3 21.73
[3.5,7.5] 130. 128 7 154.401 4 24.27217 18. 65
[4,8] 100. 362 5 118. 151 7 17.789 2 17.72
[4.5,8.5] 74.965 1 90. 1215 15. 156 4 20.22
[5,9] 55.190 9 64.203 1 9.0122 16.33
[5.5,9.5] 39.735 6 43.129 6 3.394 0 8.54
[6,10] 29.750 3 30.577 5 0.827 2 2.78
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Tab.6 Mean weighted tardiness [l

Narrowly R& M dispatching New . Tardiness
. . . . Difference
dispersing rule diapatching rule penalty/ %
[1,3] 547.928 3 615.142 9 67.214 6 12.27
[1.5,3.5] 455.453 3 514.765 1 59.3118 13.02
[2,4] 379.300 1 440.237 4 60.937 3 16. 07
[2.5,4.5 308.073 1 362.752 9 54.679 7 17.75
[3,5] 248.998 7 295.433 0 46.434 3 18. 65
[3.5,5.5] 196. 835 2 235.910 5 39.0753 19. 85
[4,6] 159.218 7 190. 759 2 31.540 4 19. 81
[4.5,6.5] 118.818 5 136.482 5 17. 664 0 14. 87
[5,7] 88.706 1 108. 635 8 19.929 7 22.47
[5.5,7.5] 67.003 5 77.0323 10. 028 8 14.97
[6,8] 50.464 7 57.104 9 6. 640 2 13.16
[6.5,8.5] 34.857 1 36.683 2 1.826 1 5.24
[7,9] 24.083 0 24.526 7 0.443 7 1.84
251
20
3
} 15
E
17}
o
£ 10 o Widely dispersed due dates
_g% —a— Narrowly dispersed due dates
=
5k
0 1 1 1 1 1 1 1 1 1 1 1 1 1
0123 456 7 8 91011 1213

Fig.2 Tardiness penalty of the new dispatching rule

In summary, by utilizing our dispatching rule, sig-
nificant performance gains can be obtained while insignif-
icant performance degradation is incurred.

5 Conclusion

In this paper, we propose the new dispatching rule to
reduce the impacts of “bad” weather on product quality.
At each decision point, we can determine the suitable job
to be executed by using the fuzzy decision method. The
suitability of each job is integrated with the R&M dispatc-
hing rule to develop our dispatching rule. The matching
degree is established to evaluate the matching level of the
weather and lumber MCs of products. By comparing our
method with the R&M dispatching rule, it is shown that
our dispatching rule can greatly increase the matching de-
gree while maintaining low weighted tardiness.
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