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Arkadiusz Gola'
GENETIC-BASED APPROACH TO PRODUCTION PLANNING WITH
MANUFACTURING COST MINIMIZATION

The problem of production planning is oriented to the task of developing such a plan of pro-
duction which takes into consideration specified marginal conditions and simultaneously generate
the lowest cost of manufacturing. Such defined optimization task is a NP-hard problem and it
makes impossible finding an optimal solution in multinomial time. Consequently, there is a need to
apply the global optimization methods. This article presents the possibility of using genetic algo-
rithms in the process of developing production plans for changeable market demands.
Minimization of manufacturing costs is taken as a superior goal of optimization.

Keywords: production planning; genetic algorithms; NP-hard problems; optimization; costs mini-
mization.

Apkaniym Toaa
BUKOPUCTAHHA TEHETUYHUX AJITOPUTMIB
Y BUPOBHNUYOMY IIVIAHYBAHHI 3A MIHIMAJIBHUX BUTPAT
HA BUPOBHUIITBO

Y cmammi nokxaszano, wo 3a60aHHA NAAHYEAHHS 3600UMbC 00 PO3POOKU MAKO020 NAAHY,
AKUI épaxosysamume neéHi PAHUMHI YMOBU, 2eHePYIoOMU NPpU UbOMYy HAUHUMCHY cobieapmicmb
eupobnuuymea. Chopmyavoeana maxum wunom onmumizayiina 3adaua € HII-cxaaonoro, wo ne
003604€ 3HAIMU ONMUMAALHO20 PO36 A3KY 30 HOMIHAALHUI HAC, | MOMY BUMAAE BUKOPUCIMAHHS
2a00aavHux memodie onmumizauii. /{1 yb020 HAOAHO 6apianm 3ACMOCYBAHHA 2eHEMUYHUX
as20pummie 6 npoueci npoeKmy6anHsi GUPOOHUMUX NAGHIE 8 YMOBAX 3MIHHO20 nonumy. 3a
20406HY (DYHKUII0 Memu npuilHAmMo éapmicmo UPOOHUUMEA.

Karouosi caosa: naanysamns eupobnuuymea; eenemuuni anseopummu; HII-ckaaona 3adaua;
onmumizayis; MiHimizayis eumpam.
Tab6a. 5. Puc. 3. Dopm. 1. Jlim. 21.

Apkaguym Tona
INPUMEHEHUE TEHETUYECKUX AJITOPUTMOB
B ITPOU3BOJACTBEHHOM IIVIAHUPOBAHUUN
JJII MAHUMMAU3AILIUU 3ATPAT ITPOU3BOIACTBA

B cmamve noxaszano, wmo 3a0a4a naaHuUpo8anus c600UmMcs K pazpabomke makoz2o niana,
Komopolil yuumoiéanr 6ol onpedeneHHble 2PAHUMHBIC YCAOGUS NPU MUHUMAALHO 603MONCHOU
cebecmoumocmu npouseoocmea. Cghopmyaupoeannas maxum o6pazom 3aoaua onmumuzauuu
saeasemcs HIT-mpyonoii, umo Oenaem HeGO3MONCHHIM NOUCK ONMUMAALHO20 DeUleHUs 3d
NOAUHOMUAAbHOE 6DeMsl, a4 3HAYUM, G03HUKAem Heo0X00UMOCMb NPUMEHEHUS 2100a1bHbIX
Memo0os onmumuszayuu. /{1 3mo20 npeocmasAeHo UCNOAb306AHUE 2eHEMUMECKUX AA20PUMMO8
npu NPOeKMuUpoOBaAHUN NPOU3E00CMEEHHBIX NAAHO8 8 YCA0BUAX NEPeMeHH020 cnpoca. B kavecmee
yeaeeoll (hYHKQUU NPUHAMA CIOUMOCHTb NPOU3800CHEd.

Karouesvie caosa: nianuposanue npouzeodcmea; eeHemuueckue aneopummst; HIT-mpyonas
3a0a4a; ONMUMU3AUUSL;, MUHUMUZAYUS 3ampam.

Determination of the problem in its relation to the key scientific and practical tasks
Production planning under the conditions of changeable demand is actually one
of the most important problems in manufacturing organization and management
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(Nououzilame et al., 2013; Xue et al., 2011). It concerns both the existing production
systems with a defined capacity level (Bocewicz et al., 2009; Swic et al., 2011) and the
designing of new manufacturing systems, where the level of needed capacity is still a
question (Gola et al., 2011, 2013; Swic et al., 2013). When sales vary significantly
according to a season, the manufacturer makes special efforts to integrate the acqui-
sition of raw materials and labor with an effective production schedule which satisfies
customers' requirements. The recommended procedure is called the aggregate pro-
duction planning (APP) which is a medium-term capacity planning, often from 3 to
18 months (Jamalnia et al., 2009).

Even though numerous and varied APP problem solution techniques are known,
they are ignored by industry (Buxey, 1991). This is mainly due to unsuitability of the
classical solution techniques under many circumstances. Depending upon the
assumptions made and the modelling approach used, aggregate production planning
(APP) problems can be quite complex and large scale. Therefore, there is a need to
investigate the suitability of modern heuristics for their solution (Baykasoulu, 2006).
This article presents the possibility of developing production plans using the
Optima_AG optimization tool for MS Excel based on the theory of genetic algo-
rithms (GA).

Review of the literature on the problem

The problem of optimal production planning was studied by many researchers
during the last decade. A survey of models and methodologies for aggregate produc-
tion planning was presented by Nam and Odendar (Nam et al., 1992). Some
researchers have used a hierarchical approach for production planning that is called
hierarchical production planning (HPP) (Ari et al., 1988; Bitran et al., 1982). Also,
the multicriteria decision-making (MCDM) approach has been used for production
planning (Foote et al., 1988; Tabucanon et al., 1989).

Nowadays, a meta-heuristic method is used to solve NP-hard problems and due
to NP-hard class of aggregate production planning, this approach is applied to solv-
ing APP (Al-e-Hashem et al., 2013, 2011; Reay-Chen et al., 2001). Researchers
have used fuzzy approach or other methods such as hybrid algorithms (Jamalnia et
al., 2009; Kenne et al., 2011) and tabu search algorithm (Baykasoulu, 2006) to solve
APP. But these presented methods are mostly concentrated on the solution algo-
rithm but not on the general model. On the other hand, the consideration of all the
parameters in an APP model makes it difficult. So researchers have not presented a
comprehensive and general model for real production environments. The majority
of models of APP and the tools used for it are not compatible to real production sys-
tems. In this paper a general and comprehensive aggregate production planning
process using the simple computer optimization tool based on genetic algorithm is
presented.

Definition of the target problem for the analysis

The research objective is to prepare an optimal one-year aggregate production
plan characterized by minimum cost of production for the company which produces
several different lines of kitchen and bathroom cabinets sold through major home
retailers. The optimization problem was defined by Bozarth and Hanfield (Bozarth et
al., 2006). The company's marketing department has come up with the following
combined sales forecast for the next 12 months (Table 1).
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Table 1. One year sales forecast, devepoled by the author

Month Sales forecast (cabinet sets)
January 750
February 760
Mar ch 800
April 800
May 820
June 840
July 910
August 910
September 910
October 880
Nowember 860
December 840

In addition to the sales forecast, the company has also developed the planning

values as shown in Table 2.

Table 2. Planning values for the analyzed company, devepoled by the author

Cabinet Set Planning Values

Regular production cost:

2000 USD per cabinet set

Overtime production cost:

2062 USD per cabinet set

Average monthly inventory holding cost:

40 USD per cabinet set

Average labor hours

20 hours

Cabinet Set P

anning Values

Maximum regular production per month:

848 cabinet sets

Allowable overtime production per month:

1,10 of regular production

Workforce Planning Values

Estimated cost to lay off a worker

Hours worked per month per employee: 160
Estimated cost to hire a worker: 1750 USD
1500 USD

The sales forecast shows an expected peak from July till September. As stated in
planning values, the company can produce up to 848 cabinet sets a month using reg-
ular production time. Figure 1 shows the expected sales level against maximum regu-

lar production per month.
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Figure 1. Expected sales levels vs. capacity, devepoled by the author
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The implication of the presented is clear: the company won't be able to meet the
expected demand in peak months with just regular production. So, the question is — how
to develop an aggregate production plan to reach the minimal possible production costs?

When developing aggregate production plans there are 3 common approaches:
level production, chase production and mixed production plan. Under the level pro-
duction plan, production is constant, and inventory is used to absorb the differences
between production and sales forecast. A chase production plan is just the opposite.
Here production is changed in each time period to match the sales. The result is that
production "chases" demand. A mixed production plan falls between these 2
extremes. Specifically, a mixed production plan will vary in both production and
inventory levels in an effort to develop the most effective plan.

In case of the analyzed company both level and chase production plans were
developed. The costs of manufacturing in each case are presented in Table 3.

Table 3. Costs of level and chase production plans, USD, devepoled by the author

Level production plan Chase production plan
Regular Production Costs 20160000 19712000
Overtime Production Costs 0 474260
Hiring and Layoff Costs 16250 39000
Inventory Holding Costs 114800 50240
TOTAL COST: 20291050 20275500

Under real manufacturing conditions, the best plan will probably be something
other than a level or a chase plan. A mixed plan varies both production and invento-
ry levels in an effort to develop the best plan. The aim of the presented research is to
find an optimal mixed production plan for which the function of total cost of manu-
facturing (1) is minimized.

i=12 i=12 i=12 i=12 i=12

KM :krm Znirm +kro Zniom +ke Znie +kd Znid +ks Znis - min7 (1)
= i=1 = =1 =1

where:
K, — total manufacturing costs,

K, — unit regular production cost,

n;m — number of cabinet sets manufactured in regular production in / period,
k,, — unit overtime production cost,

n,.m — number of cabinet sets manufactured in overtime production in j period,
k. — unit hiring cost,

n,, — number of hired employees in / period,

kg — unit lay-off cost,

n;; — number of laid-off employees in i period,

ks — unit inventory holding cost,

n;; — number of inventory in i period.

Presentation of the research material, including methodology description and the
key research findings

Because of the NP-hard character of the defined task, to solve the presented
problem the genetic algorithm (GA) method was used.
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Genetic algorithm is a universal tool for combinatorial optimization prob-
lems. It belongs to evolutionary algorithms and have been applied to a variety of
function optimization problems. Many evolutionary algorithms have been devel-
oped in literature and implemented to solve manufacturing problems, due to the
qualitative character of the variable and scale of the problem. In this article we
used GA for the purpose of aggregate production planning. In particular we used a
free software optimization tool for MS Excell called Optima AG (Figure 2)
(Gwiazda, 1999).
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Figure 2. An interface of Optima_AG - the t06I used for optimization,
devepoled by the author

The key problem in developing an ideal production plan is to find the solution
which catches both the criterion of total production costs minimization as defined in
function (1) and takes into consideration the constraints characteristic for a manufac-
turing company. In the analyzed situation boundary conditions were taken as follows:

— the range of employed workers: 90—106 people;

— the range of monthly regular production: 770—848 cabinet sets;

— the range of inventory level: 40—150 cabinet sets;

— the maximum monthly overtime production: 8% of regular production.

The optimization experiment was conducted for times with different number of
interactions and different time of optimization. The obtained results data are pre-
sented in Table 4. The best result was received in the fourth attempt, highlighted in
grey. The obtained costs of production are shown in Table 5.

The obtained results demonstrate that the costs in the mixed (optimized) plan
are lower by almost 60 ths USD when compared with the chase one and almost 75 ths
USD when compared with the level production plan (Figure 3). It proves the effec-
tiveness of the optimization process.
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Table 4. Results of 25 optimization experiments, devepoled by the author

Hiring

Jo| Regu la}r Overtime |, ringsLayoffy Inventory/ pig%‘élégn p?g(‘irl Elgl)en and ! E\(I)elélﬁgy Total Num ber of Optimization b eglocx;l on
production | production back orders costs costs layotff costs costs | interactions time constraints, %
costs
1 9984 96 6 6 834 1996 8000 197952 19500 33360 |20218812 200 120 0,2059
2 9984 96 6 6 767 1996 8000 197952 19500 | 30680 20216132 200 120 0,2059
3 9984 96 6 6 853 1996 8000 197952 19500 34120 20219572 200 120 0,2059
4 9984 97 6 6 820 1996 8000 200014 19500 32800 |20220314 200 120 0.2059
5 9984 96 6 6 903 1996 8000 197952 19500 36120  |20221572 200 120 0,2059
6 9984 96 6 6 811 1996 8000 197952 19500 32440 20217892 100 60 0,2169
7 9984 96 6 6 898 1996 8000 197952 19500 35920 [20221372 100 60 0,2059
8 9984 96 6 6 863 1996 8000 197952 19500 34520 20219972 100 60 0,2059
9 9984 96 6 6 921 1996 8000 197952 19500 36840 20222292 100 60 0,2059
10| 9984 96 6 6 829 1996 8000 197952 19500 33160 |20218612 100 60 0,2059
11 9768 312 15 16 1210 19536000 643344 50250 48400 20277994 75 60 0,1381
12 9984 96 6 6 869 1996 8000 197952 19500 34760 20220212 75 60 0,2059
13| 9984 96 6 6 860 1996 8000 197952 19500 34400 20219852 75 60 0.2059
14 9984 98 6 6 803 1996 8000 202076 19500 32120  |20221696 75 60 0,2059
15 9984 96 6 6 798 1996 8000 197952 19500 31920 20217372 75 60 0,2059
16| 9984 96 6 6 803 1996 8000 197952 19500 32120  [20217572 50 60 0,2059
17 9984 97 6 6 882 1996 8000 2000 14 19500 35280  |20222794 50 60 0,2059
18] 9984 97 6 6 800 1996 8000 2000 14 19500 32000 [20219514 50 60 0,2059
19| 9984 96 6 6 825 1996 8000 197952 19500 33000 |20218452 50 60 0,2059
20| 9984 96 6 6 964 1996 8000 197952 19500 38560 20224012 50 60 0.2059
21 9984 96 6 6 1138 1996 8000 197952 19500 45520 20230972 36 30 0,2059
22 9984 97 6 6 826 1996 8000 2000 14 19500 33040 20220554 33 30 0,2059
23| 9984 96 6 6 859 1996 8000 197952 19500 34360 (20219812 36 30 0,2059
24 9744 336 12 12 1226 19488000 692832 39000 49040 20268872 35 30 0,2748
25 9984 97 6 6 966 1996 8000 2000 14 19500 38640 20226154 34 30 0,2059
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Table 5. Costs of optimized (mixed) production plan, devepoled by the author

Mixed production plan, USD
Regular Production Costs 1996 8000
Overtime Production Costs 197952
Hiring and Layoff Costs 19500
Inventory Holding Costs 30680
TOTAL COST: 20216132
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Figure 3. Comparison of the total costs of production for different types
of production plans, devepoled by the author

Conclusions and for prospectives further studies

The purpose of this paper is to formulate and solve the aggregate production
planning model using the genetic algorithm in which the objective function is to min-
imize the production costs over planning horizon. The experiment was conducted for
specific manufacturing company producing cabinet sets where the demand is change-
able. It shows that genetic algorithm can be a useful tool which allows preparing pro-
duction plan with the lowest costs than in conventional level or chase production
plans. However, this method assumes that demand data are known with certainty,
what is simplification in some way. Therefore, further studies will be conducted to
develop the method of designing production plans with the provision for forecast
error to be incorporated.
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