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ABSTRACTOF THE THESIS

Integration of Scheduling and Control under Uncertainties
By XIAN WU
Thesis Director:

Marianthi G. lerapetritou

The objective of the thesis consists of: (1) analyzing potential uncertainties of the
simultaneous integration model of scheduling and control of an isothermal multiproduct
continuous flow stirred tank reactor (CSTR), (2) implementing scenario based method
to minimize the influence brought by the incorporation of the uncertainties, (3)
investigating other promising methods of uncertainty treatments and value the
corresponding feasibility. In order to fulfill those goals, this work includes: (1)
conducting ensitivity analysis on potential parameters of the integration model, and
summarizing the effects brought by the incorporation of uncertainties, (2) applying

scenario based method to the integration model to minimize the affect caused by the



introduction of the uncertainties, and evaluating the results, (3) comparing the
advantages and disadvantages of other promising uncertainty treatments and predicting

the possible developing direction.
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Chapter 1 Introduction

With the rapid development of the process system engineering, chemical process
simulation has gathered the attention of both scientists and engineers. Simulation has
become an indispensable process before conducting experiments in reality. Scheduling
optimization, process control optimization, and uncertainty treatments are among the

most popular topics associated with process system engineering.

Acting as a decision making method, scheduling has become a crucial process in most
of the industrial producti;; such as chemical industry, petroleum industry,
pharmaceutical industry. The main task of the scheduling problem is to obtain the
optimal production arrangement with limited resources. For example, in a chemical
industry process, the optimal productiareagement must be calculated accurately to
make sure that the raw materials, reaction equipment, ancillary utilities and other
related resources are not exhausted while achieving the optimal econontitgoal.
scientists and engineers have been working on this topic to develop and solving

scheduling model more accurately and edstly.

As another crucial tool, process control plays a crucial role in many manufacturing
industries, including chemical engeréng. Process control has two major goals: taking
advantages of real time manipulation of specific variables to avoid system disturbances,

and ensuring the production meets the corresponding requirements and constraints.



Additionally, process control caalso introduce economic or economéated criteria

into determination of the current target values for selected variables.

Under the influence of the globalization, manufacturing industry has to face more
challenges to survive the harsh competition.i@=sthe traditional pressure such as
lowering the production cost and increasing productivity, manufacturing industry also
has to face an unprecedented challéngeapidly changing markéin order toreduce
operational cost and make production moexifile to keep up with the profitability,

the demand of integration of the production scheduling and system control has become

more and more badfy.

Sharing the same economic goal, maximizing profit rate or minimizing cost, it is
reasonable to predithat the integration of scheduling and control can bring a more
promising economic benefit. Furthermore, the formulations of scheduling and control
models interacts, which could make the integration process become seamless. Even
though the formulations are nsame to each other, through mathematical processes,
such as discretization, we could bridge those two optimization problems and realize the
integration. Unfortunately, production scheduling problem and process control problem
have been treated distinatly for quite some time. Trials on integration of these two

optimization problems are quite recént.

Another major concern of simulation is the disturbances brought by uncertainties. It is

hardly to have no numerical error during the actual process, syme@aring constant



concentration reactants or obtaining exact value of variables. Besides, in many works,
researchers prefer to assume relatively stable parameters as constants. The original
intention is to keep the briefness of the model without logiegaccuracy. However,
scientists have proven that this assumption is not tenable. The outcome of the model
may change dramatically when incorporating those tiny uncertainties into the

optimization problenf.

In this work, we focused on the robustnesshe integration model of scheduling and
control of an isothermal multiproduct CSTR when incorporating the uncertain
parameters used to be treated as constants. By introducing uncertain kinetic parameter
0 and the initial concentration of the reactamt into the dynamic part of the
integration model, we analyzed the influence of the optimal solution and applied a
scenario based method of uncertainty treatment to minimize the influence. Also, we
presented and evaluated several promising methods oftaintgrtreatment to be

applied to the system in the future.



Chapter 2 Integration Model of Scheduling and Control
2.1 Integration of Scheduling and Control

Scheduling models and control models used to be solved individually. However, the
simple combinatin of respective optimal solutions of scheduling model and process
control model is not capablef obtairing the optimal solutiorof the whole process
model. To obtain the genuine optimal solution, we should integrate scheduling and
process control into @model, and solve for the overall optimal solution. In order to
integrate the scheduling model and control model, we chose the profit rate as the
objective functions of both models. By combining the objective functions, we obtained

the integration modelf@scheduling and control.

We assuméhatthere s no revenu@btainedduring the transition between steady states
Thereforein order to maximizéhe profitrate we should reduce thengthof transition
periods Generally process control problems arrmulated into adynamic
optimization problem, such asMix-Integer Dynamic Optimization (MIDO) problem

in this work Besides, it should be mentioned that the steady state operation data of the

integration model is obtained by solving the open loomatigon®

In this work, we conductegtsearch oasimultaneous integration modwl scheduling
and control oran isothermalmultiproduct CSTR® The scheduling part dhe model
was formulated into #Mix-IntegerNon-LinearLiner ProgrammingNII NLP) problem.

In order to integrate to the scheduling ptmé process control pastas discretized into



an MINLP problem from aMix-Integer Dynamic OptimizationMIDO) problemby

applyingthe Rungé Kutta ForthOrder Method

2.2 Integration Model of a Isothermal Multiproduct CSTR
2.2.1 Objective Function

Shown in 2.1,keobjective functiorto be maximized3 stands fothetotal profit rate,
whichis cdculated by subtractintpetotal costrateof inventory §  andtotal cost rate

of raw materialy from thetotal revenue ratez .

Expressed in 2, thetotal revenuerate §  is obtainedby summing the revenuate
of each product, which is calculatedoyltiplying the price otheproductd by the

correspondinglepletionrateof the productsw v

The total inventoryostrate I3 , shown as 3, is gained fromsumming the inventory
cost of products. The inventory cost of prodifis calculated byiming inventory cost

rate ofproduct "Qby therespectivenventoryaccumulatiomate From thebeginningto

the end of the steady state peritite product accumulatiomtecan be expressed by
the production rateO subtracing the depletion rate(b »y- The accumulation rate
reaclesthe highestaluewhile the production time reaches the erfdtloe production
period g . After g until the end of production cycle, the accumulation rate decreases

because the pure deletion of the produtth a rate of® ~y- The total rate of the



inventory cost can be obtained by the inventory cost datd¢iming thetime related

stocking amount"Y 'O — g .

According to the different periods of productidme tateof total raw materiaé costrate

5 is obtained from summingll the raw material cost rate. Raw material costcate

be segregad intotwo parts The first partis the transition period. Within transition
period,the rate ofraw material cost is calculated by multiplying the unit cost of raw
material 0 by the summation of raw material cost af the transition elements

B B "MQ—0 o} o] E 06 . The second part includes all the raw
material cost of steady state periddsring steady statethe rate ofaw material cost

is obtained by timingd by the summation of the raw materials cosalbthe steady

state elementsiithin the productioncycle8 1 6 © © E © .The

expression of the rate of total raw material cost is showrdin 2.

B B B B P
B B — <3
K B -86g O — &
kK —-B B 6Q—06 o6 o E o c8



2.2.2 AssignmentConstraints

Assignment constraigt inheriting from scheduling, playa major role in the
determination obptimal production scheduldn this work, we one production cycle
hasfive slots As expressed in 3. and 26, we assume thatach slotcan onlybe
assigned to produaane product, and each product can onlyptmlucedonce during
oneproduction cycle.w , abinary variable indicating the product allocatiattains
1 if and only if product'Qis produced in slofQ otherwise it equals ta Shown in 2.8,
«ee is an auxiliary variableorresponding tan . As shownn 29 and 210, ¢ is
a binaryvariableindicating tke assignment of the transitigeriods which obtairs 1
while the transitiorfrom producing productQto producingproductry takesplacein

slot "'Q otherwiseit obtains0.

B o phl'Q cd
B w ph!™Q &
e wp h!'EQ p C&
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2.2.3 Demand Constraints

Originatingfrom the schedulingdemand constraistegulatethe minimum amount of
products thameets the market demams showedin 2.11, the production ratéO is
obtainedby multiplying the flow rate of the CSTRO, by the conversion othe
correspondingroduct p & .Shown as 22, with "O andg , we can calculatthe
actual minimumamount of each produeb . As to 213, showsthat the production
amount of each product should at least miéeitsarket demandyhich areobtainedoy

timing the demandate ‘O by cycletime Y.

O Op RO P p
® 'Oghl!Q P q
@ 0O"Yh!TQ P o

2.2.4Time Constraints

As typical scheduling problem comaints, time constrairgdefine the process limit of
each product and tlentinuity of the system from the view of tinfes shown in 214,
— , the processing time of produ@®in slot 'Q should not exceed the maximuime
limit — . With —, we can get th@rocessing time of producf2 g , as showrin
2.15 andprocess time atlet 'Q n , as shown in 6. —, the transitiontime from
product ‘Qto productn in slot Qis calculatedby timingthe estimation time value of

transition 0 by the binary variablex , which is shown in 7. In 218, the ending



time of the slot’Q 0 , is obtained byadding theprocessing timer] and transition
time — to the starting time of the sl 0 . In equation 219, we set the initial value
of production timeo to be0.As shown in 20, in order to keep the continuity of the
integration modelthe startingime of slot Q6 should equal to theneling time of the
previous slotd . Additionally, the ending time ofeachslot shouldnot beyondhe

cycletime Y, which is shown in 2.21.

— — whl€E P T
g B —h!'Q ¢ L
n B —h!Q <0
— B B 04 h!'7Q P X
o o0 n — P Y
0O T P w
6 o hl?Q p c& T
o “Yh!Q & p

2.2.5 Dynamic Mode and Discretization

In this work, we focus on an isothermal multiproduct CSTR, which produces five
products, A to E, within one production cyclée dynamic equation of the reaction is

shown in the expression 2.23. Based on the dynamic equation, weth@ake
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concentration ofhe reactant in the systeams the state variabley andthe feeding rate

of the CSTRas the manipulated variable

The products are classified by the concentration of the reactant product. The main
reaction in the CSTR is a simple irreversible reaction, which was expressed in 2.22. In
the industry, the time scale of the CSTR varies from minute to days. The timesscale i
determined by several parameters of the system, such as the flow rate of the CSTR, the
volume of the CSTR and the reaction rate of the reactionmestbio-reactors, the
reaction ratesffects the time scale more, because the reaction rate -@rtes is

much slower compared to the chemical process. Therefore, the time scale of
fermentation CSTR is always counted by hour or day. Another important application of
CSTR is the polymerization procesgiosereaction rate is much higher than the-bio
reaction, which indicates the flow rate and volume of the reactor are more important.
The corresponding time scale is mostly counted by minute to hour. In our case, we
assume the reaction in the CSTR is a simple irreversible chemical reaction, and obtain
the coresponding time scale as hoficcordingly the volume of the CSTRb is set

to be 5000 litterThen we obtain the equation of state as shown in equationi®.24.
should be mentioned thahed values of the steadyast operatiorparameters are

obtained by slving the open loop modeThosevalues are listed in Table 2.1
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Table 2.1 Value of Input Data of the Integration Model

Demand Product

Q CR ] Inventory
Product Rate Price
(L/hour) (mol/L) Cost ($/kg)
(kg/hour) (%/kg)
A 10 0.0967 3 200 1
B 100 0.2 8 150 15
C 400 0.3032 10 130 1.8
D 1000 0.393 10 125 2
E 2500 0.5 10 120 1.7

To integrate withthe scheduling partwe implementthe RungéKutta ForthOrder
Method to discretize theynamic model from ammIDO problem into an MINLP
problem We setheparameterQ as thendexof the transition period elemeng&hown

in 3.30, hescalestep length between the elemeifis is obtainedfrom the number of

the elements during the each transition peniod The actual transition time of slot k

— is dotainted from the scheduling part of the model. Therefore, the actual step length
of the transition period of slot¢an be expressed & —. In this study, we obtairp 1
elements during each transition peridte discretization of the model is expsed in

equations from 2.25 to 2.30.

The kinetic parametev and initial concentration of the reactait are retreated as
a constant parameter originally. In this work, in order to make the integration model
closer to the realistic process, we introduce uncermiaiand 6 to the integration
model and implement uncertainty treatment to minimize the infei®naught by the

incorporation of uncertainties.

oY a0 C& ¢
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2.2.6 Initial Condition and System Continuity

Shown in 231 and 234, the values of state variable and manipulated variable at the
very beginning of the production cycle equal to the values of corresponding variables
by theend of last production cyclés tothe system continuity, the integration model
shouldalsohold the consistency in state varialile;, besides the time constraint we
mentioned beforeTo keep continuitywe must make surehe value of w at the

beginningof eachslot matclesits valueby the end of the former slowvhich are shown
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in 2.32and 235. Expressed in 23 and 236, thedesiredstatevariable of anddesired

manipulated variabled obtain the values of correspondisigady state valse

Besides, as shown 37 to 239, to maintaincontinuity of the systemthe values of
state variableby the end of théransitionmatchthosevalues at the beginning of the
steady statperiods. We alsoset w; , the state value of the first transition element

of thefirst slot,the value of thénitial state variablew

Wwrp B oy h!E ¢® p
wp B wrop hlenQ p & ¢
of B opoph! R0 C® o
6y B 0 :0p hld & T
6y B 06 w; h!ahQ p ¢® U
) B 0 wph! ahQ S K0)
O O F & X
T R & Y
wp wRhIQ O C® W

2.2.7 Lower and Upper Bounds of the State and Manipulated Variables

In constraints 2.40 and 2.41eveetlower bound andupper boundto the w and

0 respectively
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Chapter 3 Influence Brought by the Incorporation of

Uncertainties

Works have been done to study th8uence brought by thencertainties and minimize

it. Howevermajority of those works deal with the uncertainirescheduling model or
procesontrol modelFew works focused on the uncertainty treatments of integration
model of scheduling and contrdthe purpose of this work is to study the influence
brought by the uncertaintiesf the integration model antb apply appropriate
uncertaintiesreatment to minimize the influenckn this chapterwe incorporatethe
uncertain parameters which used to be treated as constant and atiayze

corresponding influence brought by thaseertainties

3.1 Influence Brought by the Incorporation of Uncertain Kinetic

Parameter Lt

It is common that the values of some parameters in the dynamic models are obtained
from theoretical calculation, experimental measurement, or a combination of those two
methods. However, the implementation of those methadsardly avoid bringing in
errors, which can be considered as uncertaiofi¢ise dynamic model. As one tie

most important parameterstbie dynamic model, the kinetic parameteris obtained

by both experimental measurement and theoretical calmoldti this part, in order to

know the influence that uncertain bringsto the deterministic integration model, we

incorporate it into the model as the only uncertainty.
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Programminghe integration model of schedudj and control in GAMS and solving

with SBB solver, we observe that the deterministic integration model has a feasible
region of kinetic parametei , which is shown in expression 3\lle observe that when

the value ofu falls belowits lower boundthe corresponding reaction rate is tow lo

to achieve high conversion, even withe lowest value ofthe flow rate This
phenomenon causes the system cameaththe high conversion requirement of
specificproduct, such as product &omparatively, aen the value of) exceedsts

upper boundthe relative reaction rate is too high to obtain low conversion, even though
the flow rate reaches its highest valtlee system fails to meet the low conversion
requirement of some products, such as E. In those two scenarios, the integration model

will fail to obtain the optimal solution because the demand constraints are violated.
ON pBoohucd o P Ta ¢ & oP
3.1.1 Influence on Optimal Production Sequence

By inputtiing different values ofo within that region we obtain the corresponding
optimal soldions. From many values of kinetic parameter we input into the integration
model, we chosethespecial values ofy and corresponding optimatoduction order,

and lisedthem in that Table 3.as follows. We divide the whotegioninto five periods
based on the production sequence we get from the integration nvatel,each slot,

the production order will be stabl@uring the trial, here are two productisequences

D-C-B-A-E and DE-C-B-A. We also discover thatdbe two production orderser
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favoredin turns. From Figure 3.to 35, we obtain sample values of in each period
and plot the figure of state anmdanipulated variables, which can demonstrate the

phenomena more intuitively.

Table 31 Influenceon Objective Function and Producti8equence

Periods K 1st Slot 2nd Slot 3rd Slot 4th Slot 5th Slot
1.935
1 D (3 B A E
1.94
1.95
2 D E (3 B A
1.97
1.98
3 D C B A E
2
2.05
4 D E C B A
2.051
2.1
5 D C B A E
2.438
T
09
9 0E- —
I
.%Lh_ E_
= sl _— =)
E |D |
% 04l G Il_
% oA -E—————- l:_
% 02 B = ‘—
A
P .

o

100 150
Time

Figure 31 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 0  p8oo T& ¢ &Q Period 1



State variable and Manipulated variable

State variable and Manipulated variable
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140
Time

Figure 32 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 0 p8ov T4 € &Q Period 2

|

T
]
1m |r 1

1

State variable and Manipulated variable

60
Time

Figure 33 State Variable (Red) and Mipuilated Variable (Blue) vs. Time,

while 0 p@o Y@ Fa ¢ & Period 3

&

Time

Figure 34 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 0 ¢8tv T4 € & Period 4.
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State variable and Manipulated variable

60
Time

Figure 35 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 0 ¢® moAa ¢ 6Q Period 5
3.1.2 Influence onOptimal Solutions

Solving deterministic integration models wilfferent values of kinetic parameter,
we obtaintheoptimal solutims. The core index aheoptimal solution consists of three

parts:anoptimal production sequence, optimal profit rate and corresponding time index.

Acting as a significant index of profit rate change and process time change, the variation
of the production rate plays an important role in the sensitivity analysis. As plotted in
Figure 3.6 we observe that with the increment value of kinetic parametethe
production rate of product A, B, C and D decrease gradutliy.obvious that the
producton amount of Elecreasegradually untiiv  ¢8t v Pp 7a € &, andthen the
production rate of E starto increase dramaticalfBy U reaching the highest value,

the corresponding value of production rate of E increase nearly 20 times as

¢8tu P Fa ¢ &Q The woming of the E production is eombined result ofv
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increment and highest value of desired manipulated variable. This would be analyzed

more detailed later in this chapter.
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Figure 3.6 Influence on Production Rate under UnceKain

The obgctive function of the integration model is the value of total profit rate, in other
words, the purpose dieintegration model is to maximize the total profit rate. We have
the figure of profit rate of each product and the total profit rate in Figur&®ife the
value of U is increasing, the trend diie profit rate change is increasing. We observe
that profit rate of A, B and C increase gradually with the incrementu of
Comparatively, the change trend of producaml Eis affected by both incremenf

0 and the change of production sequefd® dramatic increment of profit rate of E
starts when0  ¢8t v P ¥& ¢ &Q Both increment value ob and its highest value

of desired manipulated variable caused the profit rate of E increase much faster than
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the other products. Thdramatic incrementf profit rate increment of E resulted in its

booming of production we mentioned before.
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Figure 3.7 Ifluence on Profit Rate under Uncert&n

Another crucial index of this chemical process is the time variables. In this part, we
focus on the slot time, the summation of transition time and production time, of each
product and the corresponding cycle time, which are plotted in Figur€@binirg

the information of desired manipulated variables in Table 2.1 and the figures in Figure
3.8, it is easy to observe that the higher concentratitreoéaction product and lower
desired manipulated variable value the product need, the longer slohérp®dess
need. For example, witlkoncentration of reaction produatdo m cace & and a
desired feeding rate g TFQ the production of A consistof more than half of the

cycle time With the increment ofb, the slot times of product &nd B andcycle time
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decrease graduallyheslot time change of @nd Daredecreasing while the value of

0 isincreasing, but it is obvious that the change of slot time of Product C and D are
also affected by the production sequence. As to produtieEslot tine of Edecrease

until U exceedsc8t v P 7 € & then it turis into dramatic increment The
abnormal behavior of slot time of E is mostly resulted by the highest value of desired

manipulatedrariable.
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Figure 3.8 Influence o8lot Time and Cycle Time under Uncert&n

3.2 Influence brought by the Incorporation of Uncertain Initial

Concentration of Reactant F

In the deterministic integration model, the initial concentration of the readtaig
assumed to beonstantHowe\er, in actual industrial situationg, of the production

cycle can hardly bessured For examplegeven thoughthe processs capable of
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injecting reactant mixturénto the CSTRwith relatively stableconcentrationtiny
differencebetween the actual value atind desired value can hardly be avoidétdose

tiny uncertaintywill affect the optimal solution of the whole procelssorder to make

the integration model closer to the reality, we should simulate this phenomenon by

incorpaating the possible uncertainty brought ldy .

In this part, we assume thai is the only uncertainty incorporated into the
consideration. Programing in GAMS and solving the deterministic integration model
by SBB solver, we observe that breadth of #gion of 6 value is quite largeEven
though the deterministic model is capable of obtaining optimal solutions while the value
of 0 exceeds that region, the difference between the desired valde ahd the
actual value ofd should not be that sereeduring the industrial situation. Therefore,

we assume that the region of the possible valué ofs follows.

6 N 1o chpdt o T £ X o}
3.2.1 Influence on Optimal Production Sequence
Solving the deterministic integration model witifferent values ofo , we obtainthe
optimal solutionsWe pick the special values based on the production order of the
corresponding optimal solution. As shown in the Tali?e\Beclassifythe wholerange

into 5periods based on the production sequen€ the optimal solutiWhile 6 is

the only uncertainty of the integration modek alsoobservethe rapid change of the
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optimal production sequence. The optimal production sequence could be classified into

two categaes D-C-B-A-E and DE-C-B-A.

Table 32 Influence on Objective Function and Production Sequence

Periods | CO | 1stSlot| 2nd Slot | 3rd Slot | 4th Slot | 5th Slot

0.92

1 D C B A E
0.96
0.97

2 D E C B A
0.99
0.999

3 D C B A E

1

1.01

4 D E C B A
1.025
1.026

5 D C B A E
1.03

9]

State variable and Manipulated variable
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Figure 39 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 6 T80 ¢ £ J), Period 1
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State variable and Manipulated variable
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Figure 310 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 6 80 ) € B, Period2
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Figure 311 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 6 p 8t 1 ¢ X, Period3
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Figure 312 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 6  p8t @ £ A, Periodd



26

State variable and Manipulated variable

Time

Figure 313 State Variable (Red) and Manipulated Variable (Blue) vs. Time,

while 6  p8t ax ¢ X, Periods
3.2.2 Influence onOptimal Solutions

Solving deterministic integration models with different values of initial concentration
of reactantd , we obtain theptimal solutions. As mentioned in the last chapter, we
still spread the analysis of influence on optimal solutions from three agpecitstimal

production sequence, optimal profit rate and corresponding time index.

In the Figure 3.14, we plot the valof production amounts of each product with respect
to different values o . While the value of6 is decreasing, the production amount
of product A, B, C and D decrease gradualfnen 6 decreases, in order to obtain
the highest profit rate, thetagration model shrird¢he production amount to minimize
the inventory costThe production amount of product E decrease gradually until the

value of 0 reachesm®o @ @é K. While 6 exceedsni®o ¢ @é A the production
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amount of E start to increa dramaticallyThe reason why the production oskows

abnormals combined, which we will analyze it later in this chapter.
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Figure 3.4 Influence on Production Amounnder Uncertaind

As shown in Figure 3.15, we plot the profit rate of each prioglod the corresponding

total profit rate of the system with respect to the different valugs of he profit rate

of A, B and C increase gradually while the valuedof in decreasing. It is obvious that

the production sequence affects the change of profit rate of C, D and E, especially for
product D and E. Even though the profile of total profit rate shows a tendency of
increasing with the decrement of , we also obsee the influence brought by the
change of production sequence. Tn@matic incremerdf E production while the value

of 0 is lower thanT® @ @é A duesto the production sequence aitd higher

incrementin profit ratecompared to the other prodsct
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Figure 3.15 Influence on Profit Rateder Uncertaind

The profile of slot time of each product and the corresponding cycle time are plotted in
Figure 3.16The slot time of product A, B and the cycle time decrease while the value
of 0 is decreasing. The decrement of production ammatds tothe decrement of

slot time and cycle time. We also observe that the slot time of product C, D and E are
affected by the change tfe production sequenc&he tendency of slot time change of

C andD is still decreasing. As to slot time of product E, it decrease witkftbet of
change of production sequence, and turn into increasing wheis lower than

T @ W€ K, which is caused by the dramatic increment of production amount of E.
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Figure 3.16 Influence on Slot Time and Cycle Time under Uncetiain

























































