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Abstract: - This study examines the optimal run time for the economic manufacturing quantity (EMQ) model 
with failure-in-work, backlogging, and random breakdown happening in stock-piling time. A recent article by 
Chiu and Chiu [Mathematical modeling for production system with backlogging and failure in repair, Journal 
of Scientific & Industrial Research, 65 (2006) 499-506] investigated optimal lot-size for EMQ model with 
backordering and failure-in-rework. By incorporating random machine breakdown-another inevitable reliability 
factor into their model, this research examines its effects on the optimal run time and on the long-run average 
costs. Mathematical modeling and cost analysis are employed and the renewal reward theorem is used to cope 
with variable cycle length. Convexity of the expected production- inventory cost function is proved. An optimal 
replenishment policy that minimizes overall costs is derived for such an unreliable system. Numerical example 
is provided to show its practical usage. Managers in the field can adopt this run time decision to establish their 
own robust production plan accordingly. 
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1  Introduction 
The economic order quantity (EOQ) model [1] uses 
mathematical techniques to balance the setup cost 
and holding cost, and derives an optimal ordering 
quantity that minimizes overall purchase costs. The 
economic manufacturing quantity (EMQ) model, an 
extension to the EOQ model, is often used in 
manufacturing sector for determining the optimal 
production lot-size that minimizes the long-run 
average production-inventory costs [2-3]. Despite 
the simplicity of EOQ/EMQ models, they are still 
applied nowadays and are still the basis for the 
analyses of more complex systems [4-7]. 

One implicit assumption of conventional EMQ 
model is that the manufactured items are of perfect 
quality. However, in real world production systems, 
owing to many unpredictable factors, generation of 
random defective items is inevitable. Many research 
papers have been carried out to address imperfect 
quality issues in EMQ model [8-15]. Boone et al. [9] 
investigated the impact of imperfect processes on the 
production run time. They built a model in an 
attempt to provide managers with guidelines to 
choose the appropriate production run times to cope 

with both the defective items and stoppages 
occurring due to machine breakdowns. Cheung and 
Hausman [11] formulated an analytical model of 
preventive maintenance (PM) and safety stock (SS) 
strategies in a production environment subject to 
random machine breakdowns. They illustrated the 
trade-off between investing in the two options (PM 
and SS) and also provided optimality conditions 
under which either one or both strategies should be 
implemented to minimize the associated cost 
function. Both the deterministic and exponential 
repair time distributions are analyzed in detail in 
their study. Lee and Rosenblatt [13] studied an EPQ 
model with joint determination of production cycle 
time and inspection schedules, and they derived a 
relationship that can be used to determine the 
effectiveness of maintenance by inspection. Zhang 
and Gerchak [15] considered joint lot sizing and 
inspection policy in an EOQ model with random 
yield. 

The defective items, in some circumstances such 
as the plastic goods in plastic injection molding 
process, the printed circuit board assembly (PCBA) 
in PCBA manufacturing, etc., can be reworked and 
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repaired. Therefore, overall production-inventory 
costs can be reduced significantly [16-22]. Hayek 
and Salameh [21] assumed that all of the defective 
items produced are repairable and derived an 
optimal operating policy for EPQ model under the 
effect of reworking of imperfect quality items. Jamal 
et al. [22] studied optimal manufacturing batch size 
with rework process at a single-stage production 
system. 

Due to the excess demands, stock-out situations 
may arise occasionally. Sometimes, shortages are 
permitted and they are backordered and satisfied in 
the very next replenishment. Hence, production 
inventory costs can be decreased substantially [16- 
17,20]. Another common reliability factor that 
troubles the production practitioners most is the 
random breakdown of production equipment. 
Therefore, to effectively control and manage the 
disruption caused by random breakdown in order to 
minimize overall production costs becomes the 
critical task to most production planners. Therefore, 
determination of the optimal run time for 
manufacturing systems subject to machine failures 
has received extensive attention from researchers in 
the past decades [23-32]. 

Examples of research are surveyed as follows. 
Groenevelt et al. [23] proposed two inventory 
control policies to deal with machine failures. One 
assumes that the production of the interrupted lot is 
not resumed (called no resumption-NR policy) after 
a breakdown. The other policy considers that the 
production of the interrupted lot will be immediately 
resumed (called abort/resume-AR policy) after the 
breakdown is fixed and if the current on-hand 
inventory falls below a certain threshold level. 
Repair time is assumed to be negligible, and effects 
of machine breakdowns and corrective maintenance 
on the economic lot sizing decisions were 
investigated. Makis and Fung [29] studied effects of 
machine failures on the optimal lot size as well as on 
optimal number of inspections. Formulas for the 
long-run expected average cost per unit time was 
obtained. Then the optimal production/inspection 
policy that minimizes the expected average costs 
was derived. Chiu et al. [26] considered the optimal 
run time for EPQ model with scrap, rework and 
random breakdown. They have proved theorems on 
conditional convexity of the integrated cost function 
and on bounds of the production run time. Then, an 
optimal run time was located by the use of the 
bisection method based on the intermediate value 
theorem. Chung [25] investigated bounds for 
production lot sizing with machine breakdowns. He 
obtained the upper and lower bounds of the optimal 
lot sizes for both of the aforementioned extensions 

(i.e. NR and AR policies) to the model introduced by 
Groenevelt et al. [23]. By incorporating a random 
breakdown taking place during stock-piling time 
into model studied by Chiu and Chiu [16], this paper 
examines its effect on the optimal run time and on 
the long-run average production-inventory costs. 
Since little attention was paid to aforementioned 
area, this paper intends to fill the gap. 
 
 
2  Modeling and Analysis 
The description of proposed model is as follow. 
Suppose a manufactured item’s annual demand rate 
is λ and its production rate is P per year, where P is 
much larger than λ. Production system may 
randomly produce x portion of defective items at a 
rate d, where d=Px. All items produced are screened 
and the inspection cost per item is included in the 
unit production cost C. Assuming that the production 
rate of perfect quality items must always be greater 
than or equal to the sum of the demand rate λ and the 
defective rate d. Hence, the following condition 
must hold: (P-d-λ)>=0 or (1-x-λ/P)>=0. All of the 
defective items are reworked right after the regular 
production process ends, at a reworking rate of P1. A 
θ1 portion of the reworked items fails the repairing 
and becomes scrap. 
  Shortages are allowed and backordered, they will 
be satisfied in the next replenishment. Further, 
according to the mean time between failures (MTBF) 
data, a machine breakdown may happen randomly in 
stock-piling time (see Figure 1), an abort/resume 
inventory control policy is adopted in this study. 
Under such a policy, when a breakdown takes place 
the machine is under corrective maintenance 
immediately, a constant repair time is assumed, and 
the interrupted lot will be resumed right after the 
restoration of machine. Figure 1 depicts the level of 
on-hand inventory of perfect quality items in 
proposed EMQ model. 
  The following cost parameters are considered: the 
cost for repairing and restoring machine M, unit 
manufacturing cost C, unit repair cost for each 
defective item reworked CR, disposal cost for each 
scrap item CS, setup cost K, unit holding cost h, unit 
shortage/backordered cost b, and unit holding cost 
per reworked item h1. Additional variables used are 
listed as follows. 

H1 = level of on-hand inventory when machine 
breakdown occurs, 

H2 = level of on-hand inventory when machine is 
repaired and restored, 

H3 = level of on-hand inventory when regular 
production process ends, 
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H4 = the maximum level of perfect quality 
inventory when rework finishes, 

T = the production cycle length, 
T1 = production run time (i.e. uptime) to be 

determined by the proposed study, 
Q = production lot size for each cycle, 
B = the maximum backorder level allowed for 

each cycle, 
t = production time before a random breakdown 

occurs, 
tr = time required for repairing and restoring the 

machine, 
t5 = time required for filling the backorder 

quantity B, 
t2 = time needed to rework the defective items, 
t3 = time required for depleting all available 

perfect quality on-hand items, 
t4 = shortage permitted time, 

TC(T1,B) = total production-inventory costs per 
cycle, 

TCU(T1,B) = total production-inventory costs per 
unit time (e.g. annual), 

E[TCU(T1,B)] = the expected total 
production-inventory costs per unit time. 

 

  The following derivation procedure is similar to 
what was used by past studies [16,21]. From Figure 
1, one can obtain the following: the cycle length T; 
the levels of on-hand inventory H1, H2, H3 and H4; 
production run time T1; time for reworking defective 
items t2; time required for depleting all available 
on-hand items t3; shortage allowed time t4 and time 
for refilling B (maximum backorder quantity) t5. 

1 2 3 4 rT T t t t t= + + + +          (1) 
 

 

Fig.1: On-hand inventory of perfect quality items in EMQ model with 
failure-in-rework and breakdown happening in stock-piling time 

( )1H P d tλ= − −         (2) 

2 1 1rH H t H gλ λ= − = −          (3) 

( ) ( )3 2 1 5H H P d T t tλ= + − − ⋅ − −        (4) 

( )1 14 3 2λ= + − −H H P d t            (5) 
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5 λ
=

− −
Bt

P d
        (10) 

where d=Px and let g be the constant machine repair 
time, i.e. tr = g. 

The level of on-hand defective items for the 

proposed EMQ model is shown in Figure 2. 
Total defective items produced during the 

production run time T1 are: 
1d T x Q⋅ = ⋅        (11) 

 

Fig.2: On-hand inventory of defective items in EMQ model with failure-in- 
rework and breakdown occurring in stock-piling time 

 
 

Figure 3 illustrates the on-hand inventory level of 
scrap items. During the rework process, production 
rate of scrap items and total scrap items produced 
are as follows: 

1 1 1 1 ;  where  0    1θ θ⋅ ≤ ≤=d P      (12) 

( ) ( ) ( )2 211 1 1 1 1θ θ θ⋅ = ⋅ ⋅ = ⋅ ⋅ ⋅= ⋅d t P t d T x Q    (13) 
 

Total production-inventory cost per cycle TC(T1,B) 
is: 
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⎢ ⎥⎣ ⎦
⎡ ⎤ ⎡ ⎤+ + +⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦

 

(14) 
 

 

Fig.3: On-hand inventory level of scrap items 
 
 

Substituting all related parameters from equations (1) to (13) in equation (14), TC(T1,B) becomes: 
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( ) ( )2 2 2

1 1 1 1 1

2
2 2 2

1 1 1 1 1 1

( , )

1
1 2 2

2 1

SRTC T B C P T K M C T P x C T P x

xh P x x T B PT Px T
x

P

θ

θ θ θ
λλ λ

= ⋅ ⋅ + + + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅

⎧ ⎫
⎪ ⎪−⎪ ⎪+ − + + − +⎨ ⎬

⎛ ⎞⎪ ⎪− −⎜ ⎟⎪ ⎪⎝ ⎠⎩ ⎭

 

( )

( ) ( )

2 2
2 2

1 1 1 1 1
1

1 1

(1 ) (1 ) 1
22 1

1
1

b x P x PB h h T h TB x
Px

P
hg B g hPgT x hPgt
x

P

θ θ
λ λλ

λ θ
λ

−
+ + − − − −⎡ ⎤⎣ ⎦⎛ ⎞− −⎜ ⎟

⎝ ⎠

+ + − − +
⎛ ⎞− −⎜ ⎟
⎝ ⎠

 (15) 

 

Because of the random defective/scrap rates and 
the uniformly distributed breakdown is assumed to 
occur in stock-piling time, the production cycle 
length is not constant.  

Thus, to take the randomness of scrap rate and 
breakdown into account, one can employ the 
renewal reward theorem in production- inventory 
cost analysis to cope with the variable cycle length 
and use the integration of TC(T1,B) to deal with 
random breakdown happening in stock- piling time. 

The long-run expected costs per unit time can be 
computed as follows. 
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∫
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Substituting all related parameters from Equations 
(1) to (13) in equation (16), E[TCU(T1,B)] becomes: 
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Then Eq. (17) becomes: 
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(18) 
 
 
3  Optimal Run Time and Lot Size 
By minimizing the long-run average cost function 
E[TCU(T1,B)], one obtains the optimal production 
run time. For proof of convexity of E[TCU(T1,B)], 
one can utilize the Hessian matrix equations [33] and 
verify the existence of the following: 
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(19) 

E[TCU(T1,B)] is strictly convex only if equation 
(19) is satisfied, for all T1 and B different from zero: 
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Equation (20) is resulting positive because all 
parameters are positive. Hence, E[TCU(T1,B)] is a 
strictly convex function. It follows that for the 
optimal uptime T1 and maximal backorder level B, 
one can differentiate E[TCU(T1,B)] with respect to 
T1 and with respect to B, and solve linear systems of 
equations (21) and (22) by setting these partial 
derivatives equal to zero. 
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From Equations (6), (23), and (24), one can obtain 
the optimal lot-size Q* and optimal backorder level 
B* as follows: 
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4  Solution Verification 
Suppose machine breakdown is not a factor to be 
considered, then the repairing cost and time for the 
failure machine, M=0 and g=0, Equations (25)-(26) 
become the same equations as were given by [16]: 
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          (28) 
 

Further, suppose that the regular production 
process produces no defective items, i.e. x = 0, then 
Equations (27)-(28) become the same equations as 
were presented by the classic EMQ model with 
shortages permitted and backordered [3,34]: 

* 2If 0,  then  
1

K b hx Q
bh

P

λ
λ⎛ ⎞

⎜ ⎟
⎝ ⎠

+= = ⋅
−

      (29) 

( )
* *and    1hB Q

b h P
λ⎡ ⎤⎛ ⎞ ⋅⎢ ⎥⎜ ⎟

⎝ ⎠⎢ ⎥⎣ ⎦
= −

+
        (30) 

 
 
5 Examples and Discussion 
 
 
5.1 Numerical Example 1 
Consider a manufactured item can be produced at a 
rate of 18,000 units and demand of this item is 3,000 
units per year. A random percentage of defective 
items produced x, follows a uniform distribution 
over the interval [0, 0.15]. All imperfect quality 
items are reworked at a rate of P1= 6,000 units per 
year, and a θ1=0.4 portion of the reworked items 
fails the repairing and becomes scrap. The following 
are additional parameters used: 

M = $500 repair cost for each breakdown, 
g = 0.018 years, time needed to repair and 

restore the machine, 
K = $240 for each production run, 
C = $2.00 per item, 
CR  = $1.2 for each item reworked, 
CS = $1.00 disposal cost for each scrap item, 
h = $0.6 per item per unit time, 
h1 = $0.8 per item per unit time, 
b = $0.8 per item backordered per unit time. 
By using equations (23)-(24) one can obtain the 

optimal T1*=0.2189 years and backorder level 
B*=1,371. From equation (18), the long-run average 
costs E[TCU(T1*,B*)]= $7,460.73. Figure 4 shows 
variation of defective rate x effects on optimal run 
time T1*. It indicates that as x increases, the value of 
run time T1* decreases. 

Figure 5 illustrates the behavior of the optimal 
production run time with respect to defective rate x 
and scrap rate θ1. 
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Fig.4: Variation of defective rate x effects on optimal run time T1* 
 
 

    

Fig.5: Behavior of the optimal production run time with respect 
to defective rate x and scrap rate θ1 

 
 

Variation of defective rate x and scrap rate θ1 
effects on optimal backorder quantity B* is displayed 
in Figure 6.  

Figure 7 depicts the behavior of E[TCU(T1*,B*)] 
with respect to defective rate x and scrap rate θ1. It 
points out that as θ1 increases, the value of 
E[TCU(T1*,B*)] increases slightly and for different x 

values, as x increases, E[TCU(T1*,B*)] increases 
significantly.  

When dealing with an unreliable manufacturing 
system with breakdown occurring in stock-piling 
time, suppose the result of the present study is not 
available, one can only use a closely related lot-size 
solutions given by [16] and obtain run time T1 = 
0.1247 years and B = 782 units. Plugging T1 and B 
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into equation (18) of this paper, one obtains E[TCU(T1,B)]=$7,645.32. 
 
 

 

Fig.6: Variation of defective rate x and scrap rate θ1 effects on 
optimal backordering quantity B* 

 
 

 

Fig.7: Behavior of E[TCU(T1*,B*)] with respect to θ1 and x 
 
 

As a result, it pays extra 12.64% on total setup and 
holding costs than the optimal costs obtained by 

using the optimal run time decisions (i.e. equation 
(18)) from the present study. 
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5.2 Numerical Example 2 
Suppose another manufactured item can be produced 
at a rate of 44,000 units and its annual demand is 
11,000 units. A random percentage of defective items 
produced x, follows a uniform distribution over the 
interval [0, 0.20]. All imperfect quality items are 
reworked at a rate of P1= 2,640 units per year, and a 
θ1=0.3 of the reworked items fails the repairing and 
becomes scrap. Other parameters used are: 

M = $600 repair cost for each breakdown, 
g = 0.036 years, time needed to repair and 

restore the machine, 
K = $350 for each production run, 
C = $2.40 per item, 
CR  = $1.8 for each item reworked, 
CS = $0.80 disposal cost for each scrap item, 
h = $1.00 per item per unit time, 

h1 = $1.20 per item per unit time, 
b = $1.40 per item backordered per unit time. 
Applying equations (23)-(24) one obtains the 

optimal T1*=0.1549 years or 8.05 weeks, and 
backorder level B*=1,959. From equation (18), the 
long-run average costs E[TCU(T1*,B*)]= $32,523. 
By using equation (6), one obtains its optimal 
lot-size Q*= 6815, it can then be used for consequent 
materials requirement planning based on product 
structure diagram [35-36]. 

Figure 8 shows variation of defective rate x effects 
on optimal production lot size Q1*. It shows that as x 
increases, the value of Q* decreases significantly. 

Variation of defective rate effects on optimal 
expected inventory cost function E[TCU(Q*,B*)] is 
depicted in Figure 9. 
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Fig. 8: Variation of defective rate x effects on optimal lot size Q* 

 
 

6 Conclusion 
This study provides a complete solution procedure 
for determining optimal run time for EMQ model 
with backordering of excess demand, failure-in- 
rework, and breakdown happening in stock-piling 
time. This procedure includes the mathematical 
modeling, the use of renewal reward theorem to cope 
with variable cycle length, derivation of the long-run 
average production-inventory cost function, proof of 
convexity of the cost function, and determining the 
optimal replenishment run time that minimizes 
expected the overall costs. Numerical example with 
discussion is also presented to confirm its practical 
usage and contribution of this research.  

With an in-depth investigation on such an 
unreliable manufacturing system, optimal operating 
discipline and related facts of the system can now be 
revealed and managers in the field can adopt the 
result of this run time decision to establish their own 
robust production plan accordingly. 

For future research, to investigate the effect of 
random breakdown with abort/resume inventory 
control policy and occurring in the backorder filling 
time on same model will be one of the interesting 
topics. 

 
 

Acknowledgements 

WSEAS TRANSACTIONS on
INFORMATION SCIENCE & APPLICATIONS

Yuan-Shyi Peter Chiu,  Shun-Sheng Wang, Chia-Kuan Ting,
Hsien-Ju Chuang, Yu-Lung Lien

ISSN: 1790-0832 483 Issue 4, Volume 5, April 2008



 

Authors would like to express their appreciation to 
National Science Council of Taiwan for supporting 
this research under Grant: NSC 95-2416-H-324-007. 
Authors also would like to express their sincere 

appreciation to three anonymous reviewers for their 
valuable suggestions to the earlier version of this 
manuscript. 

 

Fig. 9: Variation of defective rate effects on optimal expected inventory 
cost function E[TCU(Q*,B*)] 

 
 

References: 
[1] F.W. Harris, How many parts to make at once. 

Factory, The Magazine of Management, Vol. 
10, 1913, pp.135-136. 

[2] P.H. Zipkin, Foundations of Inventory 
Management. McGraw-Hill, New York, 2000. 

[3] E.A. Silver, D.F. Pyke and R. Peterson, 
Inventory Management and Production 
Planning and Scheduling, John Wiley & Sons, 
New York, 1998. 

[4] S.W. Chiu, Optimization problem for EMQ 
model with backlog level constraint. WSEAS 
Transactions on Information Science & 
Applications, Vol. 4 (4), 2007, pp.687-692. 

[5] F. Chrysostomos and A. Vlachos. Optimal 
solution of linear machine layout problem 
using ant colony system. WSEAS Transactions 
on Information Science & Applications, Vol. 2 
(6), 2005, pp.652-662. 

[6] Y-S.P. Chiu, F-T. Cheng, and C-K. Ting, 
Algebraic methods for optimizing EPQ model 
with rework and scrap. WSEAS Transactions 
on Systems, Vol. 6 (11), 2007, pp.1319-1323. 

[7] A. Madureira and J. Santos, Proposal of 

multi-agent based model for dynamic 
scheduling in manufacturing. WSEAS 
Transactions on Information Science & 
Applications, Vol. 2 (5), 2005, pp.600-605. 

[8] T. Bielecki and P.R. Kumar, Optimality of 
zero-inventory policies for unreliable 
production facility, Operations Research, Vol. 
36, 1988, pp.532-541. 

[9] T. Boone, R. Ganeshan, Y. Guo and J.K. Ord, 
The impact of imperfect processes on 
production run times. Decision Sciences, 31(4), 
2000, pp.773-785. 

[10] T.C.E. Cheng, An economic order quantity 
model with demand-dependent unit production 
cost and imperfect production processes. IIE 
Transaction, Vol. 23, 1991, pp.23-28. 

[11] K.L. Cheung and W.H. Hausman, Joint 
determination of preventive maintenance and 
safety stocks in an unreliable production 
environment. Naval Research Logistics, Vol. 
44(3), 1997, pp.257-272. 

[12] T.K. Das and S. Sarkar, Optimal preventive 
maintenance in a production inventory system. 

WSEAS TRANSACTIONS on
INFORMATION SCIENCE & APPLICATIONS

Yuan-Shyi Peter Chiu,  Shun-Sheng Wang, Chia-Kuan Ting,
Hsien-Ju Chuang, Yu-Lung Lien

ISSN: 1790-0832 484 Issue 4, Volume 5, April 2008



 

IIE Transactions, Vol.31, 1999, pp.537-551. 
[13] H.L. Lee and M.J. Rosenblatt, Simultaneous 

determination of production cycle and 
inspection schedules in a production system. 
Management Science, Vol. 33, 1987, 
pp.1125-1136. 

[14] M.J. Rosenblatt and H.L. Lee, Economic 
production cycles with imperfect production 
processes. IIE Transactions, Vol. 18, 1986, 
pp.48-55. 

[15] X. Zhang and Y. Gerchak, Joint lot sizing and 
inspection policy in an EOQ model with 
random yield. IIE Transactions, Vol. 22, 1990, 
pp.41-47. 

[16] S.W. Chiu and Y-S.P. Chiu, Mathematical 
modeling for production system with 
backlogging and failure in repair. Journal of 
Scientific & Industrial Research, Vol. 65(6), 
2006, pp.499-506. 

[17] S.W. Chiu, Effects of service level constraint 
and failure-in-repair on an economic 
manufacturing quantity model, P I Mech Eng 
Part B: Journal of Engineering Manufacture, 
Vol. 221(7), 2007, pp. 1235-1243. 

[18] S.W. Chiu, Production lot size problem with 
failure in repair and backlogging derived 
without derivatives, European Journal of 
Operational Research, Vol. 188 (2), 2008, pp. 
610-615 

[19] Y-S.P Chiu, H-D. Lin, and F-T. Cheng, 
Optimal production lot sizing with 
backlogging, random defective rate, and 
rework derived without derivatives. P I Mech 
E Part B: Journal of Engineering Manufacture, 
Vol. 220(9), 2006, pp.1559-1563. 

[20] Y-S.P. Chiu, The effect of service level 
constraint on EPQ model with random 
defective rate. Mathematical Problems in 
Engineering, Vol. 2006 (Article ID 98502), 13 
pages (doi:10.1155/ MPE/2006/98502). 

[21] P.A. Hayek and M.K. Salameh, Production lot 
sizing with the reworking of imperfect quality 
items produced. Production Planning and 
Control, Vol. 12, 2001, pp.584-590. 

[22] A.M.M. Jamal, B.R. Sarker and S. Mondal, 
Optimal manufacturing batch size with rework 
process at a single-stage production system. 
Computers and Industrial Engineering, Vol. 47, 
2004, pp.77-89. 

[23] H. Groenevelt, L. Pintelon and A. Seidmann, 
Production lot sizing with machine 

breakdowns. Management Science, Vol. 38, 
1992, pp.104-123. 

[24] B.C. Giri and T. Dohi, Exact formulation of 
stochastic EMQ model for an unreliable 
production system. Journal of the Operational 
Research Society, Vol. 56(5), 2005, 
pp.563-575. 

[25] K.J. Chung, Bounds for production lot sizing 
with machine breakdowns. Computers and 
Industrial Engineering, Vol. 32, 1997, 
pp.139-144. 

[26] S.W. Chiu, S.L. Wang and Y-S.P. Chiu, 
Determining the optimal run time for EPQ 
model with scrap, rework, and stochastic 
breakdowns. European Journal of Operational 
Research, Vol. 180, 2007, pp.664-676. 

[27] H. Kuhn, A dynamic lot sizing model with 
exponential machine breakdowns. European 
Journal of Operational Research, Vol. 100, 
1997, pp.514-536. 

[28] G.C. Lin and D.E. Kroll, Economic lot sizing 
for an imperfect production system subject to 
random breakdowns. Engineering 
Optimization, Vol. 38(1), 2006, pp.73-92. 

[29] V. Makis and J. Fung, An EMQ model with 
inspections and random machine failures. 
Journal of Operational Research Society, Vol. 
49, 1998, pp.66-76. 

[30] S.W. Chiu, Production run time problem with 
machine breakdowns under AR control policy 
and rework. Journal of Scientific & Industrial 
Research, Vol. 66 (12), 2007, pp.979-988. 

[31] S.W. Chiu, An optimization problem of 
manufacturing systems with stochastic 
machine breakdown and rework process. 
Applied Stochastic Models in Business and 
Industry, DOI:10.1002/asmb.699, 2008, (in 
Press). 

[32] Y-S.P. Chiu, S.W. Chiu, and H-C. Chao, Effect 
of shortage level constraint on finite 
production rate model with rework. Journal of 
Scientific & Industrial Research, Vol. 67 (2), 
2008, pp.112-116. 

[33] R.L. Rardin, Optimization in Operations 
Research. Prentice-Hall, New Jersey, 1998. 

[34] F.S. Hillier and G.J. Lieberman, Introduction to 
Operations Research, McGraw Hill, New York, 
2001. 

[35] S.W. Chiu, C-C. Shih, and Y-S.P. Chiu, A 
revised cost-benefit algorithm for solving 
ECTEP problem with defective materials in 

WSEAS TRANSACTIONS on
INFORMATION SCIENCE & APPLICATIONS

Yuan-Shyi Peter Chiu,  Shun-Sheng Wang, Chia-Kuan Ting,
Hsien-Ju Chuang, Yu-Lung Lien

ISSN: 1790-0832 485 Issue 4, Volume 5, April 2008



 

product structure diagram. P I Mech Eng Part 
B: Journal of Engineering Manufacture, Vol. 
221 (3), 2007, pp.489-497. 

[36] S.W. Chiu, Y-S.P. Chiu, and C-C. Shih, 
Determining expedited time and cost of the 
end product with defective component parts 

using critical path method (CPM) and 
time-costing method. Journal of Scientific & 
Industrial Research, Vol. 65(9) , 2006 pp.695- 
701. 

 

 

WSEAS TRANSACTIONS on
INFORMATION SCIENCE & APPLICATIONS

Yuan-Shyi Peter Chiu,  Shun-Sheng Wang, Chia-Kuan Ting,
Hsien-Ju Chuang, Yu-Lung Lien

ISSN: 1790-0832 486 Issue 4, Volume 5, April 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


