8 Literature Cited

1. Amir, R, “A New Look at Optima Growth Under Uncertainty”, Journal of
Economic Dynamics and Control, v22, n1, pp. 67-86, (1997).

2. Amman, H.M., H. Neudecker, “Numerical solutions of the agebraic matrix Riccati
equation”, Journal of Economic Dynamics and Control, v21, pp. 363-369, (1997).

3. Adgrom, K.J. and B. Wittenmark, Adaptive Control, Addison-Wedey Publishing Co.,
New York (1989).

4. Byrns EV. X.,“A Modd for aFirm’'s Optima Environmenta Policy”, The
Engineering Economist, v39, n3, pp. 249-262 (Spring 1994).

5. Caccou, SP., K.J. Langng, “Optimd Fisca Policy, Public Capitd, and the
Productivity Sowdown”, Journal of Economic Dynamics and Control, v22, n 6,
pp. 911-935, (1998).

6. Chow, G.C., “The Lagrangian method of optimization with gpplications to portfolio
and investment decisons’, Journal of Economic Dynamics and Control, v21, pp.
603-630, (1997).

7. Cohen, K.J., R.M. Cyert, Theory of the Firm, Resource Allocation in a Market
Economy, Prentice-Hall, Inc., Englewood Cliffs, New Jersey (1975).

8. Callins, J.C., Jl. Porras, Built to Last, HarperCoallins Publishers, Inc., New Y ork,
(1997).

9. Cyet, RM., JG. March, A Behavioral Theory of the Firm, Prentice-Hdll, Inc.,
Englewood Cliffs, New Jersey (1963).

10. Cyert, R.M., The Economic Theory of Organization and the Firm, New Y ork
Universty Press, Washington Square, New Y ork (1988).

11. Cyert, R.M., The Management of Nonprofit Organizations, D.C. Heath and Co.,
Lexington, Mass. (1975).

12. Dennis, J. E. J. and D. J. Woods, "New Computing Environments. Microcomputers
in Large-Scale Computing,” edited by A. Wouk, SIAM, 1987, pp. 116-122.

13. Dutta, PK., “Optima Management of an R&D Budget”, Journal of Economic
Dynamics and Control, v21, n 2-3, pp. 575-602, (1997).

14. Franklin, G.F., JD. Powel and M.L. Workman, Digital Control of Dynamic Systems,
2" ed., Addison-Wesley Publishing Co., New Y ork (1992).

15. Froyen, R.T., Macroeconomics Theories & Policies, 5" ed., Prentice-Hall, Inc.,

73



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Upper Saddle River, NJ (1996).

Garcia, C.E., D.M. Prett and M. Morari, “MPC: Theory and Practice-A Survey”,
Automatica, v 25(3), p.335 (1989).

Greene, W.H., Econometric Analysis, 3" ed., Prentice-Hall Inc., Upper Saddle River,
N.J. (1997).

Intriligator, M.D., Mathematical Optimization and Economic Theory, Prentice-Hdll,
Inc., Englewood Cliffs, N.J. (1971).

Jorgensen, S, P.M. Kort, “Optima investment and finance in renewable resource
harvesting”, Journal of Economic Dynamics and Control, v20, pp. 1-18, (1996).

Juillard, M., “An Algorithm Competition: First Order Iterations versus Newton-Based
Techniques’, Journal of Economic Dynamics and Control, v22, n 8-9, pp. 1291-1318,
(1998).

Kendrick, David, Handbook of Mathematical Economics, Vol.2, North Holland
Publishing Company, Amsterdam (1981).

Kennedy, P., A Guide to Econometrics, 3" ed., The MIT Press, Cambridge, Mass
(1997).

Kreyszig, E., Advanced Engineering Mathematics, 6 ed., John Wiley and Sons, Inc.,
New York (1988).

Kwan, Y K., G.C. Chow, “Chow’s method of optima control: A numerica solution”,
Journal of Economic Dynamics and Control, v21, pp. 739-752, (1997).

Lotfi, V., “Implementing flexible automation: A multiple criteria decison making
approach”, International Journal of Production Economics, v38, pp. 255-268, (1995).

Mangfield, E., Managerial Economics, 3" ed., W.W. Norton & Co., New Y ork
(1996).

Maranas, C.D., “ Solving Long- Term Financid Planning Problems via Globd
Optimization”, Journal of Economic Dynamics and Control, v21, n 8-9, pp. 1405-
1425, (1997).

Nagurney, A., “Vaiationd Inequditiesin the Analyss and Computation of Multi-
Sector, Multi-instrument Financid Equilibrid’, Journal of Economic Dynamics and
Control, v18, n 1, pp. 161-184, (1994).

Nelder, J. A. and R. Meed, "A Smplex Method for Function Minimization,"
Computer Journal, v7, p. 308-313.

Nonis, SA., CW. Ford, L. Logan, G. Hudson, “College Student’s Blood Donation

74



31.

32.
33.

35.

36.

37.

38.

39.

40.

41.

42.

Behavior: Relationship to Demographics, Perceived Risk, and Incentives’, Health
Marketing Quarterly, v13, n4, pp. 33-46 (1996).

Panik, M.J., “ Condrained Sdes Maximization under a Linear Technology” ,
International Review of Economics and Finance, v2, n4, pp. 417-424 (1993).

Rawlings, JB., Lecture Notes, University of Texas, Fall 1994.

Richalet, JA., A. Rault, J.D. Testud and J.D. Pgpon, “MDC: Applications to
Industrial Processes’, Automatica, v44, p413 (1978).

. Schattler, H, J. Sung, “On Optima Sharing Rulesin Discrete- and Continuous- Time

Principal- Agent Problems with Exponentia Utility”, Journal of Economic Dynamics
and Control, v22, n 2-3, pp. 551-574, (1997).

Seborg, P.E., T.F. Edgar and D.A. Mdlichamp, Process Dynamics and Control, John
Wiley and Sons, Inc., New Y ork (1989).

Silberberg, E., The Sructure of Economics, 2" ed., McGraw-Hill, Inc., New York
(1990).

Simon, H.A., “A Behaviord Modd of Rational Choiceg’, Quarterly Journal of
Economics, v69, 1955, pp. 99-118.

Strum, R.D., and JR. Ward, Laplace Transform Solution of Differential Equations,
Prentice-Hall Inc., Upper Saddle River, N.J. (1968).

Tahvonen, O., and C. Withagen, “Optimdity of Irreversble Pollution Accumulation”,
Journal of Economic Dynamics and Control, v20, pp. 1775-1795 (1996).

Taylor, L.W., “Variable Addition Tests for Regresson Modds with Quditative and
Continuous Variables’, Australian National University Working Paper in Economics
and Econometrics, v172, pp. 18, (November 1988).

Tucci, M.P., “Adaptive Control in the Presence of Time-Varying Parameters’,
Journal of Economic Dynamics and Control, v22, n1, pp. 39-47, (1997).

Wylie, C.R., and L.C. Barrett, Advanced Engineering Mathematics, 5 ed., McGraw-
Hill, Inc., New Y ork (1982).

75



ijm? Siyn

iEm ' dﬁ‘n

t

T

z(  z(Q
d |
ei(]m1 eiﬁtn
pi(Jm’ piﬁ(n

STij(m’ Sr«
L L
Lt

g(Ly)

Pit

Dit

MCit

C¢

St

It

TR,

ICn’t

2

hit

o
a yijn,t

9 Appendix A: Summary of Section 3, The Lotfi Modd

Now Description

omit Part Type

omit Manufacturing Step

omit Machinery Type

t Time Period

T Panning or Prediction Horizon

omit Manufacturing Cgpability Incidence Matrix Element
d¢, dc Old Machine and New Module Variable Costs

0 Old Machine and New Module Fixed Element Cost
omit Old Machine and New Module Processing Time
omit Old Machine and New Module Setup

omit Old Machine and New Module Setup Cost

omit Number of Operating Cyclesin aPeriod

omit Cos function Associated with Operating Cycles

Py Price

Dy Quantity Demanded

MC; Margina Cost

Cg Capitd Cost for New Modules

S Sdvage Vdue

re Discount Factor

omit Tax-Rate

omit Investment Tax Credit

re Discount factor

h Unit Inventory Carrying Cost

omit Hours of Available Capacity

omit Capacity Slack

X, Efficiency, Margind Product

M Number of Old Machines

Nt Number of New Machines

Xt Quantity of Parts produced on Old Machines

Y Quantity of Parts produced on New modules

omit Binary Variable tracking Implementation of New Modules
omit Number of Setups on Current Machines

omit Binary Variable tracking Use of Old Machines

T Last period by which a machine type must be phased out.
Yi Quantity of Parts produced on New modules
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Objective 1:

max fl =- é. é. (Nn,t - Nn,t-l)crg(l' ICn,t ¢t é. é. (M mt ~ Mm,t-l)sm,trt

t n t m
é u
- f;é. é é. é di%yijn,tht +é. é. é. a diﬁnxithtl;l
ét i j n toijom u
éO [} o] [o] o] [o] [} [o] l]
- @ a a. a ei%Nn,tht +a a a. a eiﬂ:mMm,thtl;I
ét i j n t i j om u
€ @, /60 u
o & o 0 o & %% /L u
-aea M, +aaa s - a5 nerolb)n
t @ n i j m u t i .

o0

@™ D>
CC

(%]

Becomes:
max fl = é (R - MCt)Dtrt - é. (Nt - Nt-l)ct(kt +é (Mt - Mt-l)Strt
t

t t

e° dwtr +ad«rtu a Dt htrt
et 2
Objective 2
e u
Max fz =- maxéo (Nnt - Nn,t-l rﬁr' é (Mm,t-l' Mmt)Smtg
subject to
é(Nm ntl rﬁt a( Mmt)smt£
é u
maxé. (Nnt nt 1 rg ( - Mmt)smtf(l t
€n u
Becomes:

Max f2 =- maX[(Nt - Nt.l)Ct«- (Mt-l- Mt)S]
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subject to

(Nt - Nt-l)Ct((' (Mt-l' Mt)S £maX[(Nt - Nt-l)Ct«- (Mt-l - Mt)St] "t

Objective 3
f3 =- é W,
subject to:

AN, EVw "t
t

Becomes:
Nothing, Completely Omittted

Objective 4
Max f, =-ff
subject to:
[¢] n
a (Mm,t—l_ Mm,t)£ f4¢ t

m

Becomes.

Max f, =- ff
subject to:

(Mt-l' Mt)£ f4( "t

Objective5
Max f,=- fJ
subject to:
(¢} "
a (Nn,t - Nn,t-1)£ f5¢ t

n

Becomes:

Max f,=- L
subject to:

(Nt - Nt-l)£ f5( "t
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Condraint 1
Mm,t £ Mm,t—l ! m’t
Nn,t 3 Nn,t—l " n’t
M,..=0 "mt=t

Becomes:
M, EM,, "t
N, 3N, "t
M; =0

Congraint 2
Yot X =D, "it
yijn,t £ Zi(JInDit " i’ j’n't
é. Vit =Y "1t

n

aa kY. +LST  E£KgN,, "nt
[

Becomes:
Yt + Xt = Dt ! t

Condtraint 3

é. é piq;mxit + é. é S1—i]¢n§t £ KXtM mit
i i

X, EW, "it
St = L[Vt "Lt
Becomes:
X, ExM, "t

79

"'mt



10 Appendix B: Summary of Section 4, Lotfi Critique and M adifications
Vaidde
Was
(InSec3) Now Description
t t Time Period
T T Panning or Prediction Horizon
d¢, d¢ MC(, MCC  Variable Cost, now absorbed into Margina Costs
Py Py Price
D¢ Dy Quantlty Demanded
Q& Introduced Variable: Quantity of Part Produced
MC; MC(, MCt  Margind Cogt, now absorbed into two Marginal Costs
Ct Ct Capitd Cost for New Modules
S S Sdvage Vdue for Old Modules
It rt Discount Factor
h MC(, MCt  Holding Cogt, now absorbed into Margina Costs
MC¢ Margina Cost of producing one part on an old machine
MCc Margind Cost of producing one part on anew machine
X, X(, X Margina Product for Old Machines and New Modules
M Mt Number of old machines
Ni Ni Number of new machines
M,-M,, DM, Change in the number of old machines
N,- N, DN, Change in the number of new modules
Xt Xt Production of parts from old machines
Yi Yi Production of parts from new modules
Objective 1:

max flzé. (R - MCI)(Yt + Xt)rt - é (Nt - Nt-l)th +é (Mt-l' Mt)srt
t

- A

(0]

Becomes:

B
o]

t t

o u
dqytrt ta d«trtg- é (Yt + Xt)%rt
t ¢

max f, = & (Px®,r - MC&®r,)+Q (Px®,r, - MC&®#,r,)

t t

- é. DNt-1C¢t - é. DMt-lgt
t t

subject to:
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DMt—l :Mt - Mt—l

Objective 2
Max f2 =- max[(Nt - Nt-l)Ct«- (Mt-l' Mt)S{]
subject to

(Nt - Nt-l)Ct((' (Mt-l' Mt)$ £max[(Nt - Nt-l)Ct((' (Mt-l - Mt)St] "t

Becomes:

Nothing, asit is Completely Omitted

Objective 3

Nothing, Omitted in section three

Objective4
Max f, =- ff

subject to:

(Mt-l' Mt)£ ff "t

Becomes:

Min f, =max(- DM_,) "t

Objective5
Max f,=- fJ
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subject to:
(Nt - Nt-l)£ fs( "t
Becomes:

Min f,=max(DN,,) "t

Constraints:
M, EM,, "t
N,®N,, "t
M; =0
Y,+X =D, "t
X, ExM, "t

Becomes:
XWN, +xM, = Q, "t
and Obj ective Six:

Min fe =é. (Qt' Dt)

t
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11 Appendix C: Summary of Section 5, The Lotfi Modd and its Smplification

Vaidde
Was

(InSec4) Now Description

t t Time Period

T T Panning or Prediction Horizon

P Py Price

D¢ Dy Qumtlty Demanded

Q Q Introduced Variable: Quantity of Part Produced
Ct Ct Capital Cost for New Modules

S S Sdvage Vaue for Old Modules

re re Discount Factor

MC( MC( Marginad Cost of producing one part on an old machine
MCc MCc Margind Cost of producing one part on anew machine
X ( X ( Margina Product for Old Machines

X« X« Margina Product for New Modules

M Mt Number of old machines

Nt N Number of new machines

DM, , DM, , Change in the number of old machines

DN, , DN, , Change in the number of new modules

Xt Xt Production of parts from old machines

Y Y Production of parts from new modules
Objective 1:

max f, = & (Px®r, - MC&®r,)+Q (Px®,r, - MC&#,r,)

t t

- é DNt—lc‘wt +é. DMt—lst
t t

Becomes:

Min f, = § TC?
t

subject to:

TC, =MC&®N,r, + MCX M, r. + DN, ,C& +DM, S,
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Objective 2
Omitted

Objective 3
Omitted

Objective4

Min f,=max g (- DM, ,)

t

Becomes:

Min f, = DM 2,
t

Objective5
Min f,=max § DN,_,
t

Becomes:

Min f,=max § DN,_,
t

Objective 6

Min fe :é. (Qt' Dt)

t

Becomes:

Min fg :é. (Q - QPMax)2

Congraints:
XN, +xM, = Q, "t
DNt-l = Nt - Nt-l

DMt-l :Mt - Mt-l



Become:
TC, =MC&N,r, + MCKX M1, + DN, ,C@, + DM, , S,
Q =XWN, +xM,
DNt—l = Nt - Nt—l
DMt—l = Mt - Mt—l

And thefind Transversa modd is
Min F =8 (TG - TC, F + & (Q - Quya)* + & DN, +& DM,
t t t t
subject to:
(Tc - TC,)=MC& N, - N, ), + MC&{M, - M ) + DN, ,CC, - DM, .S,
(Qt - QPMax) :X«(Nt - Nf)+X((Mt -M f)

DNt-l = Nt - Nt-l
DMt-l = Mt - Mt-l
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12 Appendix D: A Least-Squares Numerical Example

12.1 Brute-Force: The L east-Squar es Solution

The least-squares method is a direct, brute-force gpproach to solving the Linear
Quadratic problem. The least-squares approach is the matrix equivaent of taking the
derivative of an equation, setting it equd to zero, and solving for the minimum vaue,
However, the least-squares gpproach involves not-so-amply deriving a matrix eguetion
that isitsalf made up of other matrices (a super-matrix). This one super-matrix equation
describes al of Lotfi’s congraints for al time periods. The super-matrix isthen
subdtituted into the Linear Quadratic problem, the matrix derivative is taken, set equa to
azero matrix, and then the optimal inputs are calculated.

The super-matrix objective function is written as.

Q ... 0By, U R .. 006U,

—k,T T e: .. :LE : u T T e: .. ;LE : u
f —[yo yT_l]é. TRt U+[U0 uT-l]é' Y
g0 ... Queyr.H g0 ... Rpai,f

and, snce D is azero matrix, the constraints are written as.

éy,u éCAuex,u e CB 0 0 Geu, u
& U 208, U @ e,
éyzu:gCA Ge%: 4, eCAB  CB VT
esgesuéz@e: TR ER
g u é U . U
&0 &CA ueXT 10 eCA B CAB .. CBueUT 10

Note, the entire sequence of unknownsis stacked into a vector of vectors, or “super-

vector”,

o

b}

1
D> D D D> D
M iy

' »—\
oo\

®

Now, define the super-matrices,
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&Q Ou eR Ou
A_@é .0 5 _@ .0
Q7e - a RTe g

g0 ... Qg g0 Ry

6CA U 6CB 0 0
i _CA’s . _ECAB  CB 04

e a e : .o

&CA°H &CA‘B CA’B ... CBj

Substituting the model into the objective function will result in a quadratic equationin U,

for which the derivative can be taken, set equal to zero and solved. Subdtitute:

F =[RIAT+0"B7)Q(A%, +Bd)+aRa

F =0"BTQBG +GRG +0TBTQAK, +X0ATQBG+ %I ATQAX,
Now, take the derivative, set equa to zero, and solvefor O :

?TE 2B7OBG +2Ri +BTOAR, +BTOAL, =0

0=- (8708 +R)'BTOA,
Findly, subgtituting the values usad in section 6.3 for margina cost, sdvage vaue, etc.

and solving for O using the Matlab program in the next section yidds:

Table12.1: Lotfi's L east-Squar es Solution
Time DN DM

aab~hwWNEFO
R NN WOol
1
(9]
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Which isidenticd to the optima control moves caculated by the Riccati iteration (see

the DN and DM columns below from the Riccati caculation), thus verifying the Riccati

olution.

Table 12.2: Riccati Optimal Solution of the L otfi Problem

Time DN N DM M TC Q P MR MC MC” Profit
5800 144 28 28 19.8
0 5 0 -11 28 147,000 5880 142.4 24.8 28 19.8 690,312
1 5 5 -8 17 108,786 5220 155.6 51.2 28 19.8 703,446
2 3 10 -5 9 114,411 5190 156.2 52.4 28 19.8 696,267
3 2 13 -3 4 100,904 5130 157.4 54.8 28 19.8 706,558
4 2 15 -1 1 97,518 5160 156.8 53.6 28 19.8 711,570
5 1 17 0 0 116,239 5610 147.8 35.6 28 19.8 712,919
6 0O 18 0 0O 116,618 5940 141.2 22.4 28 19.8 722,110
6005 139.9 19.8 28 19.8

12.2 MATLAB: The L east-Squares Program
clear

MCd=19.8;
Xid=330;
r=1/1.12;
Cd=13000;
MCs=28;
Xis=210;
S=6890;

x0=[-18; 0; 28; O];

Q=[1000
0100
0010
0001];

R=zeros(2);
A=[1000
0000
0010
0000
B=[10
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10

01

01];

C=[MCd* Xid*r Cd*r MCs* Xis*r S*r

Xid0 Xis0

0100

0001];
C=[1/1000000;01/10000;0010;0001]*C;
D=zeros(4,2);

Q_hat=[Q zeros(4) zeros(4) zeros(4) zeros(4)
zeros(4) Q zeros(4) zeros(4) zeros(4)
zeros(4) zeros(4) Q zeros(4) zeros(4)
zerog(4) zerog(4) zerog(4) Q zeros(4)
zeros(4) zeros(4) zeros(4) zeros(4) QJ;

R_hat=[R zeros(2) zeros(2) zeros(2) zeros(2)
zeros(2) R zeros(2) zeros(2) zeros(2)
zeros(2) zeros(2) R zeros(2) zeros(2)
zeroy(2) zerog(2) zeros(2) R zeros(2)
zerog(2) zeros(2) zeros(2) zeros(2) R];

A_hat=[C*A; C*A"2; C*A"3; C*AN; C*ANS;
B_hat=[C*B zeros(4,2) zeros(4,2) zeros(4,2) zeros(4,2)
C*A*B C*B zeros(4,2) zeros(4,2) zeros(4,2)
C*An2*B C*A*B C*B zerog(4,2) zeros(4,2)
C*A"3*B C*A"2*B C*A*B C*B zeros(4,2)
C*AN*B C*AN3*B C*A"2*B C*A*B C*Bj;

u0 =-inv(B_hat*Q_hat*B_hat+R_hat)*B_hat*Q_hat* A_hat*x0;
round(u0(1:2))

x1=A*x0+B*round(u0(1:2));

ul =-inv(B_hat*Q hat*B_hat+R_hat)*B_hat*Q_hat*A_hat*x1;
round(ul(1:2))

x2=A*x1+B*round(ul(1:2));

u2 =-inv(B_hat*Q hat*B_hat+R_hat)*B_hat*Q_hat*A_hat*x2;
round(u2(1:2))

x3=A*x2+B*round(u2(1:2));

u3=-inv(B_hat*Q hat*B_hat+R_hat)*B_hat*Q_hat*A_hat*x3;
round(u3(1:2))

x4=A*x3+B*round(u3(1:2));

ud =-inv(B_hat*Q _hat*B_hat+R_hat)*B_hat*Q_hat*A_hat*x4;
round(u4(1:2))

X5=A*x4+B* round(u4(1:2));

u5 = -inv(B_hat*Q_hat*B_hat+R_hat)*B_hat*Q_hat*A_hat*x5;
round(u5(1:2))
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13 Appendix E: Proof of Equivalency — Linear Quadratic and Matrix
Presentations of the L otfi Model

This section will demondrate that the matrix presentation of Lotfi’s Linear
Quadratic problem is equivaent to the non-matrix presentation. Section five presented

the Lotfi Problem:
MinF =& (TG - TC, F + & (Q - Quw) + & DN, +& DMZ,
t t t t
subject to:
TC, =MC& N, I, + MC& M, . + DN, ,C, - DM S,
Q =XWN, +xM,
DN, ,=N,- N,

DMt-l :Mt - Mt-l

Section five adso presented the equivaent matrix formulation (for Riccati):
minf =3 (y/Qy, +T/RT))
Ug R
subject to:
X, :Axt-l + But-l
y, =Cx, +Du,

The god isto prove that these two sets of equations are identica when:

67TC, 1 6 N, 0
, =6 Q = EON: e
?DNt—IH gDMtU g Mt H
SDMHG eDM 1



érC, - TC, U éN, - N, @
u e u
V:ggt_QPMaxﬂ )—(:é DN, , U
t ‘?DNH l;l t @Mt"\/'f@
e u e u
e DM, ¢ e DM, @
6 0 0 Oy
c o ,
Q:go 10 Og R & O
©o010i & of
© 0 0 1§
6 0 0 Oy él Ou
& G & AU
a=€ 00 % gog %
€© 0 1 0u € 1u
© 0 0 0f 0 1§
MCi ¢, Cl, MCKE, - S0
¢ xe¢ 0 x¢ oY € Oy
c=¢ u D=xa a
e 0 1 0 00 & of
§ 0 0 0 14

13.1 Approach: Substitute and Solve

To demondtrate that the matrices presented in section Six are equivadent to Lotfi’s
problem in section five, | will amply subdtitute the vectors and matrices A, B, C, D, Q,
u,, V,,and X, intothe Linear Quadratic problem and condraints, and multiply. First the
Linear Quadratic summation:

mint =& 70y, +uRu)

Subdtituting,
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x

=3

u

nf
o

=3

min f
Ut}

¢
inf =& TG -TC, Q-
B! - ? CL' ™ i Q- Qoyax

=& (frc.- TC, P +(Q - Qoe? +DNZ, +DM2,)
t

Which is equivaent to Lotfi’s formulation:

0él 0 0 0)TC, - TC,u

u u T

a P 10 OmlEQt Qemax g, €PN U €0

U& 0 1 O® DN, U & MtHg)
u e ue u
ae 0 0 1gg DM, g

éTC, - TC, 0

e

DN, , DMt_l]th Q"Max‘,L

e DN, U

e U

e DMy gy

& (rc- TC, P +8 (Q- Quuwf+& DN, +4 DV?,
t t t t

MinF =3 (TG - TC, F+ & (Q - Qo )’ + & DNZ +4 DM2,
t t t t

The Condraints:

X, =AX,,+Bu,
y, =Cx, +Du,

Oned atime

X, =Ax, ,+Bu,,

éN - N0 el
e u

g DN, U:go
g\/lt-Mfl:I §0
e u e
eDM, g &

o O O O

o r»r O O

0eN, ;- Ny 0 €l 0

ué a a, .

Oe DNo g, Oug[]\ltlg

Olrlgvlt-l' MU €& 1uDM,
é a é. .a

Oge DM, 0 & 1g
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?Nt'NfU ﬁ—‘Nt-l'N u eDNtlu
e u e ua é
é DN, u-6 0 U+eDN
gvlt'Mfu (:eMt-l'Mfl;' €D
e u e u
eDM., G & 0 g @
é Nt u eN +DN l]
é u é L'J
&DNeig_g DNy g
&M, U &M, +DM, 0

u e u
g:)Mt-la e DM, ¢
Nt' Nt—lzu\lt—l
Mt' Mt—l:DvIt—l

Which matches the condraints:

DNt—lth- Nt—l

DMt—l = Mt - Mt—l
Now, the second constraint;

y, =Cx, +Du,

érC, - TC;u éMCke¢ C® MC&& S0éN,- N; U

u é
th_QPMaxu:é x@ 0
DN, G & 0 1
e u e
e DM, g e O 0
érC,- TCu eM

u e
th QPMaxL]:é
& DN, U &

e u e
e DMy, 0 &

a

t-1 l'J
0 L:IE:Mt - M U

ue U
1lpe DM,

A

u

eO OuéEDN, u

O@Mtu

C&& (N, - N,)+C&DN, , +MC&&(M, - M, )+S.DM, U
XG(Nt - Nf)+X<Mt - Mf

(e Y anY ex Y ey an)

TC, - TC, =MC& (N, - N, )+ Ca,DN, , + MCx¢,(M,- M, )+ S,DM_,

Qt - QPMax :X‘I(Nt - Nf)+x((Mt - Mf)

TC, =MC& &, N, +C&,DN, , + MCX ¢,M, + S,DM _,

Q =X®, +x¥,



Which is equivaent to:

TC, =MC&WN,r, + MCXM,r, + DN,C&, + DM, S,
Q =XWN, +xM,
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