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Optimal Design of Process-Inventory Network under Cycle Time
and Batch Quantity Uncertainties

M a2 g ol gy
(Kuen-Hack Suh and Gyeongbeom Yi)

Abstract: The aim of this study is to find an analytic solution to the problem of determining the optimal capacity of a batch-storage
network to meet demand for finished products in a system undergoing joint random variations of operating time and batch material
loss. The superstructure of the plant considered here consists of a network of serially and/or parallel interlinked batch processes and
storage units. The production processes transform a set of feedstock materials into another set of products with constant conversion
factors. The final product demand flow is susceptible to joint random variations in the cycle time and batch size. The production
processes have also joint random variations in cycle time and product quantity. The spoiled materials are treated through regeneration
or waste disposal processes. The objective function of the optimization is minimizing the total cost, which is composed of setup and
inventory holding costs as well as the capital costs of constructing processes and storage units. A novel production and inventory
analysis, the PSW (Periodic Square Wave) model, provides a judicious graphical method to find the upper and lower bounds of
random flows. The advantage of this model is that it provides a set of simple analytic solutions while also maintaining a realistic
description of the random material flows between processes and storage units; as a consequence of these analytic solutions, the
computation burden is significantly reduced. The proposed method has the potential to rapidly provide very useful data on which to
base investment decisions during the early plant design stage. It should be of particular use when these decisions must be made in a

highly uncertain business environment,

Keywerds: optimal lot size, process-inventory network, joint uncertainty
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(c} Joint uncertainties of cycle time and batch size
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Fig. 1. Types of uncertainty.
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Fig. 3. Cumulative flow functions for two extreme cases.

E O Atols Breta F 299 A7) /T8 A
Z9 892 Do °lth
T 32 7 A4 THEEESE BolFa gtk A

of &gzt sheigtolt). ol A
F

() o ARE F A4 Aole] AR

IA

F(t)dt <UPSW 1,

iy
A
&)

PSW

5

UPSW (15D, @,',x,6) = D[t~ - 60 | )

E/—I;_T_W(t;D,g,t’,x,H) = D[z —t+(-x)@+ 92} @)
3714

[2

az(l—1)n+M(o.sn) 3)

A A FA &t 3
o AaTEe] Ao e e TN gg8 s
8 Aol 73 OJRAL ¢ o} Yook
B Qo= ARAQ H2e AR 329 HFg

"ol A gl A AERT]
UPSW (t;D, 0,1, x) = D[: —1'+0.5(1- x)g] @)
o] HEE 71 7ksAe]  Zoltt.

I 2%s 28
AREZS vhre] 2Rk MY aAE AAAN HAEA
Fo dA¥sh= s 19 404 2o A A
A A" O S 2 T JF 0 2 gE ok
AdE BE2FS jeJ & AHAR RoR|a A B2
3 iel &= AR 27k £33 WY HA9
o] 3F4 ¥4 FEIHOE nHth 2 AgxE 671

Finished Products

Waste Disposals

Raw Materials
% 4. BRAYE BPE) YA T2 - I AR
= 3%
Fig. 4. General structure of batch-storage network - process and
storage sets.
Final Product Raw Material

Demand Flow Purchage Flow

Product Flow | Feed Flow

Waste{ Flow

Waste Material
Disposal Flow

a9 5. A28 55 sk T A
Fig. 5. Process configuration with waste flow.

RO

]@J 100 0 0nnn

Wiy

[,

(a) The feed flow of process

G,

l@f nino o -1

Dy

[ln,,

(b) The product flow of process

G,

’?'"“'«-vl"l S o1 .,

(c) The waste flow of process
a9 6. gAY 5FE.
Fig. 6. Flows of production process.
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