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Strategy Model
Sun_nary

Acronym: Nono

Eeclia/subject ; Noise

_IODSL OVERVIEW: Determines the minimum cost mix of regulations _o achieve level of
reduction in noise or gives a cost limit to achieve the maximum reduction of noise.

FUNCTIONAL CAPABILITIES: The Strategy Model prioritizes the cost effectiveness of a

given nu_sr of products being considered for noise regulations, i

BASIC ASSUMPTIONS: Contact Dr. Kurt Askln for a description of the basic assumptions

of this model.

_NPUT; Costs of regulation of different types.of machines at various noise levels !

and th_ benefits of regulation are the inputs to this model.

J

OUTPUT_ Listir*g of different regulations to achieve a certain fixed level of noise !
reduction are the outputs of the model.

COMPUTATIONAL SYSTEM REQ01REMENTS:
IIardware: Mainframe IBM 370

Printer any model
Language= Fortran

Operator skills: Progra_in 9
!_ economics

APPLICATIONS= The model has been used in noise regulation review to bring to

manag_mentfs attention cost effective options in a set of products regulations.

CONTACT: Kurt Askin U.S. EPA, Office of Noise Abatement and Control i

i._ Crystal Mall #2, ANN-471 PN: (703) 557-9300
• 1921 Jefferson Davis NWy, Arlington, VA 22202

REFERENCES: Contact Dr. Kurt Askin for references describing the model.
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1. O%_RVIEW OF THE MODEL

The Strategy Model has been developed for the Office of Noise

Abatement and Control (ONAC) of the Environmental Protection Agency (EPA)

by science Applications, Inc. (SAI). The Model is designed to assist in

the search for an optimal mix of regulatory options when a large number
!.-%

of product types are being regulated. The typical questions that the

Model can help answer are the following:

• Given an upper bound on the total regulatory cost on all the

C_ product types, which is the set of regulatory options that
will result in the maximum total benefits?

• Given a lower bound on the total benefits for all the product

types, which is the set of regulatory options that will result

in the minimum total regulatory cost?

c%

The Strategy Model makes certain assumptions on the availability of

the regulatory cost and benefit data and the functional relationship

between these data for each product type under study. The cost and bene-

_,t* fit corresponding to each regulatory option foreach product type are

assumed known. Thus, a set of discrete cost-benefit data points are

available. The Optimization procedure of the Model requires the cost-

benefit relationship be given in a functional form. Therefore, the set

of discrete cost-benefit points must be paramstrized into a continuous

cost-benefit funGtional relationship. This can be achieved using a

least-square fit over the data with an assumed functional form. The

Model further assumes that the costs and benefits of the product types

_ are additive, and that the cost-benefit functions are convex, i.e. the

marginal benefit to cost ratio decreases as cost increases. In practice,

these assumptions are usually valid. Policy constraints in the form of

upper and lower bounds on the cost and benefit of each product type can

I'_ also be taken into account by the Model.[

[ Using the cost-benefit functions, together with the policy con-I
i

straints for each product.typsf an optimisation procedure based on the
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Lagrange multipliers method is carried ou_ by the Strategy Model. This

procedure gives the optimal mix of regulations for any level of total

regulatory cost or benefit desired. The procedure has been computerized

and the program is currently operational on EPA'S computer system. The

program outputs the optimal regulatory costs of each product type for

different levels of total regulatory costs or benefits. From these

regulatory costs, the optimal mixes of regulations or their approxima-

tions can be obtained. The Strategy Model is schematically represented

in Figure 1.

i In Section 2, the mathematical formulation of the Model is presented,

together with the derivations of the key equations used. The input data

[
i required to run the Model and preparation of the data are discussed in

I Section 3. Descriptions and interpretations of the output data are given

J
! in Section 4. In Section 5, the last section, procedures for using the
J

i Strategy Model and steps for operating the computer program of the

optimization routine are explained.
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2. I._THE2-_TICAL FO_.IULATION

There.are two key components in the Strategy Model that contain

mathematical treatments requiring detailed discussion• One is the

parametrization of the cost-benefit curves. The other is the Lagrangian

optimization routine. These are presented in the following subsections.

i 2.1 PARAMETR_ZATION OF COST-BENEFIT CUKVES

The Strategy Model requires the cost-benefit relationship for each

product type to be given in a convex (or concave) functional form for a

: minimization (or maximization) problem. The typical cost-benefit curve
i

i shown in Figure 2 is found in many regulatory analyses and is assumed in
i

the Model. The following equation is used to parametrize the cost-

!.D benefit function:

b=_ y i

• where b is the benefit,
_D

c is the cost, and

e, 8, 7 are parameters.

At the origin, b = 0 and c = O,

c i

therefore, b = 8 +_ 8 " (1)

Thus, 1

E a + B T, (2)

8 82 B B
where A = - , B = - _- , or a = A2 , 8 = _ . (3)

i Given a set of discrete cost-benefit data, equation (2) can be used in a

l linear regression to find estimates for A and B. Provided there are

i three or more data points, estimates for A and B can be found• Using (3),

%_ 2-1
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estimates for _ and _ can be obtained. These estimates for each product

type are used in the optimization routine described in the next subsec-

tion.

From equation (1), the marginal benefit to cost ratio can be calcu-

lated and is equal to

db - s-- =
dc (8 + c)2

Using the estimates for s and 8 obtained above, estimates for the mar-

'_ ginal benefit to cost ratios can be calculated. These are used repeatedly

in the optimization routine.

2.2 LAGRANGIAN OPTIMIZATION ROUTINE

The Lagrangian optimization routine is the centerpiece of the

i Strategy Model. It is used to obtain optimal mixes of regulations in

i terms of regulatory cost levels at different levels of total cost and

!_ total benefit. The optimization problem can be solved using the method of

ii Lagrange multipliers. A typical optimization problem is to find the cost
i

i for each product type such that the total benefit is maximized subject to

i an upper bound constraint on the total cost, and lower and upper bound
[

constraints on the benefit and cost for each product type. First, somei*
i notations need to be introduced.

Let b. denote the benefit for product type i,! z
i

iO c i denote the regulatory cost for product type i,
%

! s. and B i denote the parameters in the cost-benefit curves for
i i product type i,

i

iS c denote the' upper bound on the total cost,

his denote the lower bound on the benefit for product

type i,

2-3
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Cio denote the upper bound on the cost for product type i, and

r_ N denote the number of produc£ types unde_ study.

The optimization problem described above can be stated mathematically as

follows:

Maximize _ b i = =_i=l i i i + ci

N

c5 subject to Z ci .< C ,
i=l

k.

b i _ bio , _ = i,''', lq

ci _ Cio , i = I,''°, N •

Since the benefit-cost functions are all concave, the Kuhn-Tucker

necessary and sufficient conditions for Jc[}, with the corresponding
b*
{ i}, to be an optimal _oluKion are:

N

C - _ ci ) O
i=l

bi - bio ) O i = i, ..., N

Cio - c[ _ 0 i = I, --.,_.N

(o_* - _ c = 0

•_ .# i-i / .

0 i - bio = 0 i = i,''', N

•(ovi io - c = O i = i,''', N
5

p* _ 0

Gi _ O i = i,''', N

U[ _ O i = i,''', N

O*V L (_*, _*, ~ , 2*) = O,

2-4
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where L (_, _, _, 2) = _ bi _ C - E ci - Z oi(bi - bio)
• i=l i=l / i=l

N

vl (Cio - ci),
i-i

and _, _, _ are the Lagrange multipliers.

Therefore, at optimality,

8L ,

._ 8c---i (ci) = 0 i = i,..., N,

db i db_

i.e. dci + _ °i _ + _i 0 at ci = oi , i = i,..._.

_ Provided that b[ > bio and c[ < Cio , i.e. the constraints are not binding,

then

_: o5=Oand_[_o

i I So dbi
+ _* = O at ci = c[ ._ci

In other words, when the upper and lower bound constraints on the costs

and benefits are not binding, at optimality, all the marginal benefit to

! _ cost ratios are the same (and equal to - _*).

This important fact is used in the optimization r_tine to build up

a set of optL_al solutions. The solution generated by the computer pro-

i._ gram is a set of optimal solutions in terms of regulatory costs for a

range of total cost in fixed increments. The algorithm used in the pro-

gram starts by setting all the costs to the minimum levels as constrained

by the lower bounds on the benefit. At each step, an incremental cost is

_J assigned to the product type with the maximum marginal benefit to cost

ratio, provided the uppor hound on cost is not yet reached. The procedure

is repeated until the maximum total cost allowed is reached. Although this

procedure can only produce approximate solutions, the incremental cost can

be set very small and the error can be reduced to a negligible level. In

the following section, the input data _eqL,ired to execute this optimization

routine are discussed.

2-5
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3. INPUT DATA REQUIP_I_NTS

In osder to execute the Lagrangian optimization routine, a set of

data is required for each of the product types under study. The set

consists of four elements which are the regression coefficients A and

S described in Section 2, and the lower and upper bounds on the regula-

tory cost for each product type.

TO obtain coefficients A and B, any standard linea_ regression

routine can be used on the reciprocals of the benefit (_) and cost (_)

data, as e_plained in Section 2. The lower and upper bounds on the

regulatory cost are derived from the _olicy constraints, or physical

cons=raints if there are no policy constraints. The policy constraints

may set explicit bounds on the regulatory cost and these bounds form

_'_ the input data directly. The policy constraints may also be in the foz_n

o_ bounds on the beneEit. Sinc_ the cost-benefit relationship is known

from equation (2) once the coefficients are known, bounds on the benefit

can be translated into bounds on the cost and used as input. If there

are no policy constraints on a p_oduot type, physical constraints exist

that limit the minimum and maximum amounts of regulation possible.
h

! These in _urn can be translated into bounds on the cost and used as in-

put.

Io

The fomnat of _he input data required by the computer program of the

Lagrangian optimization routine is straightforward. T_e input data file

is in card format, with each record, containing the four data elements

!'_ corresponding to each product type. The four data elements in each

[ record have the format 4F7.2. The number Of records in the data file is

I the number of product types under study.

i
i,
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4. OUTPUT DATA DESCRIPTION

'% }IF executing the L_grangian optimization routine, two sets of out-

put are generated. The first set of output consists Of a table that

gives the optimal mixes of regulations in terms of regulatory costs for

a range of total regulatory costs and benefits. The second set of out-

'_ put consists of displays of benefit-cost curves graphically. The graph

of total benefit vs total cost is displayed and the graph of benefit vs

cost for each product (or machine) type is displayed.

The table of optimal mixes of regulations contains N + 3 columr, s,

where N is the number of product _ype_ under study. The columns have

the headings "NO.," "TOTCOST," "TOTSEN," "TYPE Ol," "TYPE 02," ...,

"TYPE N. " NO is a simple numbering variable that counts the number of

.D sets of optimal solutions generated. TOTCOST is the total cost of the

set of regulations, and TOTBEN is the total benefit. TYPE 01 contains

the optimal regulatory cost for product type 01 if the total cost is

constrained to the amount given in TOTCOST or if the total benefit is

jC) constrained to the amount given in TOTBEN. TYPE 02, TYPE N contain! -..s

similar data. The total cost in TOTCOST increases by a small fixed

i increment. The total benefit in TOTBEN increases by a small and
(

{ decreasing increment. Therefore, for any total cost or total benefit

IO desired, a close approximation can be found. For each product type,

using _he optimal regulatory cost from the output tab_, the corres-

ponding optimal regulatory level can be derived from the regulatory

level to cost relationship. Since @egulatorylevels are usualy dlscrete_
_O

approximations are usually needed in deriving the optimal regulatory

levels.

The second set of output coatains benefit to cost curves. These

3 curves are plotted using the IPP plotting package available on EPA"s

computer system. The plots are straightforward and self-explanatory.

They are useful in assessing the solutions obtained from the Lagrangian

optimization routine. An example of output generated by the Lagrangian

optimization routine is given in Appendix B.
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5. PROCEDUP_ FOR USING TIIE _IODEL _/

Most of the procedure for using the Strategy Mod_l has already bees

explained in the previous sections. The procedure is summarized here,

together with steps for opsratisg the computer program.

'_ i. Collect regulatory cost and benefit data corresponding to

differen_ regulatory levels or scenarios. This results in
a se_ of discrete cost-benefit data. These data are

assembled for each product _ype un4er study.

2. Dee the functional form given in Section 2.1 to obtain
'_ cost-benefit curves in parametric form, with least square

estimates for parameters A's_asd B'S.

3. Select bounds on cost and benefit from polioy constraints

or physical constraints. Translate these bounds into

bounds on r_gulatery cost using the estimated parametric
;'_ cost-benefit function.

4. Prepare input data consisting of the estimated parameters

A's amd B's and bounds on regulatory cost, following the
format stated in section 3.

:_" 5. Execute the Lagrangian optimization routine which is avail-

able on EPA's computer system under the file name YAMC@6.

_e input data to be used have be_n prepared in the previous
step. The program can ssalyze up to 45 product (or machine)

types. _t is written in FORTRAN and the computation time

and storage requirements are small. Any default levels
should provide sufficient nime and storage to execute the

program successfully. A listing of the program, together
with an example of as input data file is giv4n in Append/x
A.

6. Locate the solution in the output table that is closest to

the total regulatory cost or total benefit desired. The

table gives the optimal solution expressed in terms of

regulatory cost for each product type.

7. Find the regplatory level or scenario that results in a
regulatory cost that is closest to the optimal solution

generated by the optimizaslon routine. A regulatory level
is found for each product type, resulting in a set of

regulatory levels that give the optimal solution for a

desired _otal cos_ or total benefit. This solution is only

an approximation. In meet applicatlons, this approximate

i/ The computer access procedures described were in effect at the time this

_ocument was prepared. Periodically, those procedures are c!%anged and the
user should seek EPA assistance before accessing the system. JCL procedures

should not change even when system access does change.

_2 5-i
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solution is adequate. Ho_Jever, if a greater degree of

accuracy is required, or if some basic assumptions in the

model do not hold (e.g. the benefits are not additive),

an improved solution may be found by evaluating the

regulatory options in the neighborhood of the approximate

solution. If a better solution can be found by perturbation,

it is likely to be the true optimal solution. The cost-

benefit curves generated by the computer program may be used

to illustrate the optimal solution obtained.

k

;_ THE FOLLOWINGIS AM EXAMPLEOF THE REQUIRED
JCL TO RUN THE STRATEGYMODEL.THEDATA BASE
USED TO EXECUTETHE PROGRAMIS PLACED
AT THE END OF PROGRAMLISTING.

//EPATFP JOB (MUSN,RONK),RONK,PRTY=5
//$I EXEC IPPPRCGP,PRIMT=A

//FORT.SYSINBB * ,,..

5-2



OCTOA] pROCEDurE
0lh-l.; _'_11- fl 5-6o
C'LEt=_E "r"(PE '_'_il_TE_IfIrJ_L. I[dE/,JTI_C'IE_I:Irm
- I fJJ ) - J'l01 '_"
=LE_-Ct, E kO_ Irq: IJ_',HE_IFII_I']CH"

IBr'/] I_ OH LII4E
(,IYL

FI4T_F I FIYI-_:_,JI_ TERHIhlF'IL. T_PE

f'IODEL 37/38 TELETYPE
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r3 h7..'13.."81: HEN ItC..-IBI'I USER GLII[iE SEE ltE_LIS RLERT3
)._./19/8 "l HCC-I_:I'I LISER_ IN (..I_HII4GTnH_ [IC SEE HEblS RLERT8
I I,'.'.t__E.I/i q* EF'FIPLP
AC:CBLIHT ?' BBBB
FH. _UORD Y BBBBB_BB
:{P'ECIFY GLrII:RL FnRI'I_T FOR $:AVE CrII'II'IF3HD;

,_._ _'EF'LY - DEFAULTs, EDIT, T_O_, C_RD, OR PRIHT :
FDF,'HA T? CFIRD
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!
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0.17 CDHHECT HR£._, 0:00.18 TC_ O PR6E-SECOH#_
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APPENDIX A. PROGR_24 LISTING

A listing of the computer program used for the Lagrangian optimi-

zation routine is presented in this appendix. An example of an input

data file for a case with four product types is also given. The input

data file is placed immediately afKer the program.

k
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-_'_ ''...... IS Y:"CT-:
P_

t/SI EXEC TPPPR_GP_PRT_!T=_ i
/tFORT..SYSZ_t OD "

m, C (

C PR_r.RAI.ITO qENE_TE TOTAL BEr,,ErIT COST CURVE USI!if_
C CONVEX PROBRAHMING FOPMIILATION A;JO LA.-R.J,._I.h ,_ETHQr)
C

OI!_ENS Iq"_ C3ST t2! ),tP_N( 21} qAA (45 }..PB(qS} ,,ALP_A (AS }'_,BETA(45). .:
1 CN I;d(45 }_,C,MAX(4_) ,X_'5CR(45) 'ICO FT CaS} '_'T_ TCf? 0_) ,.,TOTB f9_,O)
_AL',,'8 TYP_:(QB)/'TYmEOl',tTY_EQ_t.'TY=E_Z_ITYPEO_,ITY°EO_ ',

; 1 'TYPE_ !'ttTYp_OT e•"TYPE9 ?t ,I'TYPED9 •,P'TYPE!D 9,pq'TYPE11 f,
3 'TYP_'I2_,vTYp?13'_'TY;_EI4"_'TYPEI5 •. tTYP_I6_',_TYPZZ?',
3 'TYPE1B",'TYPEIO't_'TY_2_•._'TYPE21','TYPE22et eTYPE2Z'_

_TYPE_','TYP_.Z5 ',,'TYPZ2G' _TYPE2 _',_'TYPE28%_TYPE29 ',
5 'TYPE3g' _'TYPE51", _TYC'E32 '_.'TYPE33' _ 'TYD_54 _e'TYpE35, _ i

7 °Ty_E q2 t _,'TYP E45 w _,='T._ E_h'_, "TYPE_ E _'/
t'I=C
M=Z ' .
CL3'.I :;
CUP=_
TCOS'r=;i

C READ INPUT DATA ON EACH '._ACHINE TYPE
GOl N:N+I

PEAD(5,_51.END:501) AA(N} eI3B(N'ItCM.I_I(N),_,C_.AX(N)
am 51 FORMAT (_7.2}

C COMPUTE INITIAL VALUES
BETA ¢II)=BB (N}/"A (N}
A_,PH A ¢,_1}=-BETA (N ) IA _,(ll)
X"_CP(;I)=-_LPHAtN)/(_ETA(N)*CHIN(t_'))-*2
CLOW:CLOw+C_IN (N)

CU°:CUP÷C_AX(N)
CO_T (N)=CM Itl(R)
TC3ST=_'COST_.C_ IN (N)
TBEN=TBEN*(ALPHA (N} I(BET_(;.I}-',.C_._I.'_(N))-AL_H-'(P_)/._ETA (N})
GO TO GOl

501 CO },IQU.

N=N - I
O_LTAC:(CUP-CLO4)/(_O_N)
'JRITE(6,_81} (TYPE(I) ,,I=I,_'I}

R1 FORMAT(" P'O, TOTCOST TOTBEII _,15AT/2_X,15AT/25X,_.SAT)
gO TO 99q

C FI;_D MAXIMUM MARGINAL BENEFIT COST RATIO

901 X@MAX=_
JAY:_
00 7CI I=I,N
IF¢ XMBCR {I}.GT.X MMAX ,.AND.COPT.(I'}*(_ELTAC oLE .CMAW ¢I )} JAY=I

TOl IF(XMPCP(1).GT,,XM_AX.A;JD.COPT(1)*DELTAC.LE.CPAX(1)} XMM_X=XMBCF(I"
: IF (dAY} 959_96_01

_ fiOl COP T (J_Y) =COPT (JAY) ",-DELTAC
XMBCR(dAY)=-ALPHAtJAY}/CB_TA (,JAy)_cC, PT(.JAv}},.*.o
TCOST=TC3ST*OELTAC
TBE N=T=E_,I*(ALPHA (dA Y}.I(=.ETA(dAY} +COPT (,JAY)}}-( ALPHA (dAY)./

1 (BETA (JAY }+COPT(Ja Y)-OEL TAC ))
GO TO 9@9

i 'J . 959 'JRITE(_,_EI}



_l _'3_'_'r( "i %YY ']r:F;P." >')

- OUTPUT TOTAL C%ST,TOTAL ......r.,=ci_- ArJO II;D!_L')I'AL LEVEL_

TOTC ("I_=TCOST

'JRITE( _._71) H_ TCOST _TBE_( COP T (I) _i=l 1;J_ i

71 FDR;'IATtt'}ItI3t2X_2_=.2._X.15(FT.2)/25X_lE(FT.2}I25X_15(_7.2)} '.

30 TO g31 i

C OUTPUT PLOT OF TOTAL _EPEFIT VS TOTAL CCST .!
g69 CALL PP PLOT (TOTC_TQT_M_Oo'_O._O._Ott

i POTOTAL BENEFIT VS TOTAL COSTQO_=QTOTAL .nENEFITQ*_

2 "OTOTAL COSTO,)
"_ C OUTPUT PLOT Of 9ENEFIT V$ COST OF EACP t_ACHINE TYPE

I=C
I=I+1

i
OC=(CHAX(1)-CHIN(1)) 120

DO 2'.11 K=l,21

COST(K }=DC* (K-I } _.CYIN(I )
I _ 201 BE_._(K) =ALOH A(1) ,"(°.ETA(I )+COST ( K_ }-ALP HA (I)/?ETA (I }

CALL _P ADVN

CALL PP PLOT (C_STp_E._I,21"_O,,_Oo_O,_O,t
!eQPE_IEFIT VS C_ST _OR HACHINE TYPE O1C'._OSEHEFITO_._QCCSTO t)
IF (I°qE,,N| SO TO 99 _.
CO"'T INUE

.T_ l=I÷l

OC= (C"A X (I)-C,"_IN t I) ) /20
00 2_2 K=l,_21
COST (K) =OC* (K-I) ÷CHIN(I)

20 -_ BEt;(K)=ALPHAfl) /(BETA(1)+COST(K))-ALPHA (1) /BETA(1)
CALL PP AOVN

" CALL PP PLOT (COSTo?EN,,_I,_O.,_.,,_°,_O.t
i 'QPE"IE=IT VS COST -OK M_.C.41h.. TYRE 02mt_O_E._IEFITO_',,*OCOSTQ t)
IF (I.GE,tl) GO TO _g5
_0,_#TINUE
I= I" 1

DC=(C_.'AX(1)-CuI_I(!))/."3

-_ O0 2C_ K=I,_21
COST (K) =CC* (K-I _ +Ct4IH( I}

203 BEN(K)=ALPHA(1)/(B='TA(I}÷COST{K} }-_LPHA.(1)IPETA(1)
CALL PP ADVH

CALL =m PL3T (COST_.EH%21,/_._O._5°,//J._I
1 "O_Et,'EFIT VS COST FOR MACPINE TYPE _._P.tt'GBENEFITO"_,_'eCOSTf) ")

C; I_ (I°_-E,N) (;0 70 ogB
C_;t_T I,N UE
I=I+I

DC= (CMAX(I)-C_IN (I))120
DO 2_ K:l_21
COST(K) =DC*(K-1) ÷C_ IN(I )

2C4 8ENrK)=ALPHA(I)/(I3ETA(I)÷COST(K))-_LPHA(I)/BETA(I)
CALL PP ADVN

CALL PP PLOT (COST_BEN_2I_O°_O._,_O,_

1 _OBENEClT VS CO_T cOR" HACHIhE T'_PE" 3_'GEENEFITO','OCC_eTO')
IF (I,,GE,N) GO TO 99_
C9",'T !"IU E
T=I÷l

OC--(CMAX(I)-C_I"(I) )120
DO 205 K=I,_I
COST (K) =nC*tK-l) ÷C_ IN(I )

205 BEN(K_,=ALPHAfl)/rn. ETA(1)._COST(K))-ALPHAtl)/BETA(1)
CALL PP _,DV_



" ,;. _'--"L "r (C _T_::'Z"o_I, _., ...,.-.,

r_ i ''.c::Z'_KF]"VS C33T _r;_ ',':.CiH'.'."Tyr._ S_,;.,,C[:E'_rFITe,,'OC_.STC ")

C. IT I IU_

I:I+l
DC=(C'_AX (1) -C"_IN( I) )I2D
DO 23_ K--I,21 • :,!

,r

r_ COST(K} --OC*OK-I) ._C'_IN (I) i
20& EEN(Y)=ALPH,_(1)/(BETA(1)<-COST(K))-ALPHA (1)I_ETA(1)

CALL PP ADVtl ":
CALL PP PLOT (COSTt_Zt,lv21,_O.',pO,,vO.tO.9

i oORE;_r_FIT VS COST ¢OR HACHI;,JE TYPE u&nt,teEENFFITe'ttQCOSTQt),
IF (l. GE.tl) GO Tt_ @9_i
CONTINUE
I=I+l

DC=( C_AX(1)-CMIN(I} )/20 .'
DO 297 K=I',21
COST {K }_-DE.(K. 1 ),_C,_i_( i) I

2C7 BEN (K) =ALPHA(1) /(._-.-TA(I)+COST (K))'ALPHA (I)/BETA (I)
CALL PP AOV_J

- p t - , ,,CALL PP PLOT (C',_ST..EJ,,_I'_3._g.._O,,'_C_.,_
i _t}EENE_'IT VS C.OST FOR MACHI E TYPE Q7C_,|_OBEHEFITC'_QCO_TO_) ,
IF (I.GE.N} GO TO 998 "_
CONTINUr .I ,

DC= (C_ AX (I) -C"iFN (I))12_ :
O0 20S K=I+_I
COST (K) =OC,,(K-I.)+CM IH( I )

: 206 BEN (K):ALPHA (I}/(_F.TA (I}+C'OST(I())-ALPHA (I)/BETA (I)
CALL PP AOVN -
CALL PP OLOT (COST,PE'_It21_O._O.,,C-t;,,t - ,

911 1 _OPENEF_T VS COST FOR MACHINE TY¢_E 09_BE_JE_ITQ_qCO_T9 t}
IF (I..SE.@:) GO TO 99B .E
C,_:_T I;IUE :'i
I:I_'1
DC=(C:4AX(I)-CHIt.'(1))/2C
D'_ 23g K=1,21

I COST (K)=OC* (K'I) +CMI._,'(I)
20 _, BEN(K)=ALPHA(1)/(_ETA(])_'COST{K))-ALPHA (I}/EETA(1)

CALL PP ADV_I '...
CALL PP PLOT (COST*BEt_,21_.t_._._O.t

1 _QBENEFIT VS COST FOR.MACHINe" TY_E OgOmt'O_ENEFITO._OCOSTQ =) :.
IF ¢I.SE.N) GO TO ¢9_

=w CONTINUE
I--I+_. I
DC.( CM AX (I)-C.'_IN( I}} /2r.,
DO 21C K=1.21
COSTtK)=DC*tK-1)÷CHIN(I} (

' 219 BEN (K} =ALPHA(I )/(mETA (I) +COST (K) )-ALPHA (I)/BETA ¢I ) !
'_ CALL PP ADVN ,i

CALL PP PLOT (COSTt_EN,21_Oo_O,_O.,D._
1 '_OBENE_'IT VS COST FOR MACHINE TYPE IOQ'_tP, BENEFIT_t,*OCOS'f; *)

IF (Z,,_£.N) GO TO =q@"
CONTINU. _
l--I÷l
DC'=fc'_*AXtl)-C'_IN(1))/27
_0 211 w¢=1,21

: COST (K) =CC,, (K-I } +OMIN( I _
211 BEN (K)=ALPHA (II,'(OETA (I}*COST (_))-ALPHA (1)/_ETA ¢I)

CALL PP AOVtl
CALL PP PLOT (C.q_T,@EN,,21_O,._).'_..,3,,,t

_J

J



+_ _ (I,':_+N) ".+C,T,+ e+,+?_
C_-; T IL, U="
I--I +I
DC= (Ct_AX(I )-C':I';(I) )/2?
O0 212 K=1+21
COST(K )=CC* (K-I) +CY It+!(I} .,

-" 212 BE.N(K} =ALP HA (I) ./(_ETA( I )_.COST(K) )-ALPHA rI}/gE'rA (I)
CALL PP ADVN i

CALL pD PLOT (COSTII_E._I,21_O,+Co+G,sC,, !
1 tQPESrFIT VS COSY FOR HACHI_'IE TYPE I-2Q'+'rwP_ENEFITrJ','OCCSTQ')
IF (I,C:E,N) GO TO 9_8
CONTINUE

- I=I +1
OC= (CmAX(I)-C_sT_!(1))/2_
Of] 213 K:] ,21
COST (K) =CO* (K-I) +C_[N(1) -

213 BEN(K)=ALPHA(1)/(.P.FTA(1)*COST(K})-ALPHA(I}I_ETAtl)
CALL PP ADVH

_'. CALL Dp PLOT (COST+EEPi,PI_Oi+r,+_,,C.t
1 t_RE_IEFIT VS COST FOR 4ACHIP!E TYPE 13_t+tORENEFITQ++|QCOST_') '
IF (I,GE,K) GO TO 996 _,
CO_'TINUE _'

I:I÷1 . !'
DC= (CMAX(I }-CM Ir4¢I) )/20

C; DO 214 K=1,21
COS T fK }=I)C*tK- i)+CM IY( I )

214 BEN (K} :ALPHA (I) / (B£TA( I)+COST{ K) )-ALPHA (1) /BETA (I }
CALL PP ADVr_
CALL PP PLOT (COST_B£N+21tO, tO,_O,+O,t

1 'q=E"IEFIT VS COST cOP MACHI_E TYPE I_Q'+'OPENEFITO_,tOCOSTQ_}
._ IF (I*GE,N) GO TO _g9

CONTINUE
I:I+:
OC= rC!_.AX {I}_C, T_:¢i ))/20 ,"
DO 21.= K=1,,21
COST tK} =P.C*(K-I) +CV 1/i(I}

_,+_ 215 _.EN{K)=ALPHA(I}I(_ET_(1)÷CCST(K))-ALPHA (1)/BETA(1)
CALL PP ADW'I

CALL FP PLOT (COST+_ENt21tG,+O,_o,+n.,t...
1 'OEENEFIT VS COST FOR MACHINE TYCE 15_OEENEFITO_+'GCOSTQ ')

IF (I,GE,N} GO TO, '_9B
C_NTINUE

_;_ I=l_!
OC= (C_AW (I}-C:_it,(11 _/2 _
co 21(; K=1,21
COST(K)=OC*(K-I)÷C/+fIN(I)

216 BEN(K)=ALPHA(1)I(EETA(1)+COST(K} }-ALPHA _l)/gETA(1)
CALL PP ADVH
CALL po PLOT (COST_EEN,21_O.,Q.*O*_@._

1 *QBENE_IT VS COST FOR MACHIkE TYPE" I&O"_tQBEN='FITO_,_,gCDSTO ')
IF' ¢I.GE,N) GO TO °9_
CONTIt,tlJE
I=I+l
OC=( CMAX (1) -C'_IN{ I} )120

_, DO 217 i<=1,21
: COST tK) =DC*(K-1) +C._!I':(;)
: 217 BEN(K'_=ALPHA(I}/(PETA(I)+COST(K))-ALPHAtl)/RETAtl)
: CALL PP ADVN
, CALL pc PLOT (OOSTteEN,21tO,+_,+O,,_._ .
I i t_C.E:JEFIT VS COST FOR HACHIP'_E TYPE 17C'%'GEEMEFITG+,_'QCOSTO")



_, _F { :.';.,:.) '?C, TO _=_

DC= rC',':7(1)-C_IN(1))/29
DO 21_ K=I_21
COST(_]=CC*(K-1)+C.tlIN(T} :i

2LE BEN(K)=ALPHA(1)/(BETA(Z)+COST(K) )-ALPHA (1)/RETA(1) =;
CALL PP ADVN
CALL PP PLOT (COSTl_Et, le21,1O.qO.tO.4, Oo_ :_
i 'QFEHEFIT VS COST _OR .MACHIt_E TY_E I&O','_EHEFITD'_'QCCSTO')'
IF (I.OE._J) GO TO S_8
COHT INUE
I=I+1
DC= ( C"AX( ))-CHIN rI] )/2 O
03 21 =. K=1,,21
COST (K) =OC* (K-I)-'Cf¢IN( I )

219 BEN(K)=ALPHA(I)/tDETA(I)÷COST(K))-ALPHA(I)/EETA(I)
CALL PP ADVK

[,__, CALL PP PLOT (COST_-_Erl.21tOo.Oo_O.vO.t
1 tOr-E_EFIT VS COST FOR _ACHINE TYPE I?QI'e'QBENEFITQt,eOCCSTC. e)

, IF (IoC-E.._) GO TO _ _,
CON T INUE

: I=I_l .
DC=(C_A_(I) -CIAI_4(I) )/2 _ '

i DO 22_ K=1,21
, i_'3

COST (K) =OC* (K-I) +C_ Ir_(I )
220 @F.;J(K) =ALPHA(1) /(=-ETA(I) +C-_STIV) )-ALPHA tI) /PETAf I)

CALL PP ADV_I

CALL P_ PLOT (COST_BENt21_Oo_O.,O._O._
1 _QEEN='FIT VS COST FOR MACHIRE T_PE 20_e_'OBENEFIT_'e'QCOSTO _)

C.} IF (IoOEo_I) GO TO 988
CONTINUE
I=I*!
DC=(C_AX(1)-CHIH(I})/20 ;, .,
DO 221 K=I,2!
COSTCK)=DC.(K-I) ÷C uIIJ(1)

,._ :21 EEII(K]=ALPH_(1)/_r:ETA(1)+CS$T(K))'ALPHA{I)/_ETA(I)
J CALL P_ ADVH

[" CALL P== PLOT (CDST_,REN.21,O.,_O.,O._,Oot
[ 1 =Gm_ENEFIT VS COST FOR HACHI:_E TYPE 21-_'_'OBENEFITOe,_OCOSTO ')
J IF (I.GE,N) SO TO =-OB

CONTI t.IUE

;._ l=I÷I .
OC= tC._AX (I) -CM I_J(I})/20 J
DO 222 _=1,21
COST tK _=DC* (K-I) +C_'I_(I)

222 BEN (K }=ALPHA (1) I(9ETA tI ]÷COST (K) )-ALPHA (I)/OETA (I)

CALL PP ADV.*_
CALL PP PLOT (COST,EEN,,21_O,eO,,_.,_O,_

1 'OP-E=JEFIT VS COST FOR MACHINE TYPE 229e_OBENEFITQ_,'OCOSTQ ') !"
IF (I.GE.N) 80 TO 99B
CONTINUE
I=I*l
DC=(CMAX(I}-CMIH{I))/20

DO 22Z K=I,_2I
C3ST rK) =[JC*(K-I) *CM IN(I )

223 BEH(K)=ALPH._(I)/(FETA(I)*COST(K))-ALPHA(1) /_ETA(I)
CALL _P ADWl
CALL Dp _L_T (COST,REN,21_"*,_,_O*_,e

i eOPEHEPIT VS C_$T FOP MACHINE TY_E 23q_'OEENEFITC'_ef}COSTO_)
IF (I..P=_..t_)qO TO =98



• • °

I)¢=(C":,:<( I)-"'_ ., (I)},' 12_,

D,D 22 _ ¢=1,21

COSTrV)=OC*(K-I)+C"Iq(I )
22_ P,ZqfK)=ALPHA(I)/(_ETAtI)+CO'_T( _))'ALPHAfI)fkET_t I)

CALL PP AOV,!

" C.aLL PP PLOT (C.ST,P'_ nc'H.... ,21,0o,,_,,O,,_n,.i
i 'QRC_IEFIT VS COST PaR MACHINE TYPE 240'.'QBENEFITP. t.'OC_STQ_)

IF (I.GE., _') GO TO gge '
CONTI'IUE

I--I+i

DC=(CMAXtl)-CIaIN(1) J 120
' DO 22S K=I.21

COST (K) =DC- (K-l) +CM IN( I )

225 BEN (K) =ALPHA (I) / (SETA ( I)*COST (Y) )-ALPHA t I)/fiETA (1)

CALL po ADVtl
CALL pm PLOT (COST,_._EN.21,_Oo,O..O.9_,,,t' i

1 'QgENEFIT VS COST cOR MACHIN{ TYPF 250'_'_BF"_EFITrI._'QCCSTQt)_
1,9. I= (I.3E,,N) GO TO 992

CONTINUE

I:l+l _'

DC=(CN'AX (I) -CM IN(I ) }/2Q !
00 226 K=l+R. 1 oF

COST (K) =he* {K-1)-CM TH(I }

_" 226 BEN(K)=ALPHAfl)It_ETA(1)+COST(KI)-ALPHAtl)/EETAf!) ,
CALL pm ADVrl

CALL PP PLOT (COST,p_EN.21_C°_3.,_,,,p_._

I 'OBENEFIT VS COST FOE HACHINE TYPF 260't'r_BENEFITQ'_'QCCSTQ')
I_" (I.GE.N) GO TO 998

CONTINUE
', O l=I*l

DC=ICN%X(1)-C_!N(T) 1/2_
DO 227 K=I,21
C0$ T {_) =_C.. tK_I }÷Cr_ IN( i ) _" . ,

227 _T;I(K) =ALPHA (I) / (a.rT_ ( I )--COST(K) )-_LPHA (_) /_[TA ( I )
CALL PP ADVN

,_ CALL PP PLOT (COST,,E, EN,,21,_O.,,_o_,G.,_t].,,_
) 1 _QeENEFIT VS COST =OR MACHINE TYPE 27G_,_COF)IEFITQ_,_QC_-STO ")

I_ (I.SE.N) GO TO 99_ ,...
)' CC.Nl D'IUE
i
i I=I"i

DC=(C"AX(II-CMIN(I}) /2_
'w_ DO 22R K--I,21

COST(K ) =DC_'(K-I) ÷C u I N(I)
22._ BEN(K)=ALPHA(I)/(8_'TA(1)+COST(Y))-ALPHA(I}I_ETA(1)

CALL PF ADVI"

CALL po PLOT (COST,_REN,21,_3,,,IO.,_.,,O=,I
1 'Q._ENEFIT VS COST FOR MACHIN_ TYPE 280'_,_e.r'BEHEFITQ_','_QCOSTQ')
IF FI.GE.N)GO TO 998
CONTINUE
I=I+l
DC=IC_'AX(II-CMPI(I} )/20

I DO 22g K=l_21
COSTIKI=DC*tK-I)+C'_IN(1)

I _ 22g BEN(V,)=ALPHA(1)I(RETAtl}+C]CT(I_))-ALPHAt!)/FETA(1)

I CALL po ADVN
CALL pm PLOT (C_.ST,_P. EN,_21_O°_Oo,_O..,C,,_

i '_BEN'EFIT VS CQST FOR MACHINE TYPE 2_g_'OBENEFITQ'_'.P, COSTQ')!
IF (I.C-E.,N) SO TO 998

• COtlTI;HJT



I =.'., !
• DC=(C"'..X(1)-C}'!t:(1))/2;

DO 232 F(--1.21
COST(K)=DC* (V-l)÷Ct_l'_(1)

23C _-CN(K)=ALPHA(1)/(,_TA(!)+C.r'ST(K) )-ALPHA(1) /r':'TA(1)
CALL op ADVN
CALL mp PLOT (COST.Pt'N.21,pD.,U..O.,pG._ ....

- i "'OBENE_IT VS COST _OR MACHINE IYPE 30e'.'OP.Et;EFIT.Qt,tOCC_T C'°).
I_ (I.GE.N} SO TO ggg
CONT{tlUE z

r
I=I÷l
pC= (C'_AX(1).CMIN tI))/20

DO 231 _=1,_21
' COST(K) =PC,. (K-I) ÷CN IN( I}

231 BEN(K)=ALPHA(I}/(BETA{ ()+COST(K) }-ALPHA(I}I?E'TA(I}
CALL PP AOVN
CALL PP PLOT (COSTtgEN_21,pO.,tO.,_3..pO*t

I *OBENEPIT VS COST FOR MACHINE TYPE" 310','OB_NEFITQ"_IOC£'STe') :
IF (I.C.E.N) GO TO 998

.,, COI.JTIHU_
I=I÷1 _. .,
DC--IC'_AX(1)-CMIH(I)}/20

DO 2._2 K=1_21 l
COST (K) =OC* (K-I) +CH IN( I )

232 BEN (K)=ALPHA (I)/( BETA (I) ÷COST (K)) -ALPHA (I)/PETA(I )
CALL pD ADVN
CALL PP PLOT (COST_,PE'1*21,10,,IO*t£,_,O,_

1 I(_SE_;EFIT VS COST ;OR t"ACUI_ r.TYFE 32_'_._B. ENEFITq'_'QCOCTO_')
IF (I.GE.N) GO TO g98
COr,IT ItIU E"
I=I*Z

I.'_ DC= (C,4AX(I)-CM IN(I) )12 0

] DO 233 K=1,21
COST _K) =pC- fK- I)+C,_IN( I_

233 BE_(K)=ALPHA(I}I(_E'rA(I}+COST(K))'ALPHA(1)IBET_(1)
CALL DP ADVL_

. CALL PP PLOT (COST_nEH,_21_O,,,_r,_o.,_O._
1 _OBENE_IT VS COST FOq MACHINE TYPE 330'_OEEN"SFITC_'._P_GOSTO_'} :
IF (I*GE,,N) GO TO ._q8
CONTINUE "-,
I=I _'i
DC=IC'4AX{I)-CMItJfl)) t20.
DO 23_ K=1_21

, L_ COSTt_()=CC*(K-!)*C_IN(1)
23_ P.EN(K)=ALPHA(1)t(_ETA(!)+COST(K))-ALPHAtl}/gETAtl}

CALL '_ ADVt.I
CALL DP _LOT (COST,_REN,_21_O*,_C,,O,,_O=.t

l "O_ENEFIT VS COST FOR MACHINE TY_E 34G_''_'QOENEFIT_'*_oCOSTQ') i
IF (I°GE,,t;.}GO TO 99B

CONTINUE .
I=I+1
PC-"(C_AX (I }-CM.IH t(})/20
OO 2_'5 K=I_2]
COST(K) =DC*(K-I) +CM IN¢ I)

-_35 BEN(K)=ALPHA(1)/(OE'rA(I)÷COST(K))-ALPHAtl}I_ETA(1)
'_" CALL PP ADV_

CALL PP PLOT (CO¢_T._.EN,_2L_Oo.O..O.._°,_
1" ._G2_-_EFIT VS COST FOR MACHINE TYPE _50", _OPE_EFITC.','CCCSTO _')

I_ (I._E,,N) GO TO c.g_
CONTINUE
i=I*I

IB



COST tK ) :_C, tK-1) +C!', I'_( _ )
n_''r 7 p, _2_ _EH{K)=-'LPF'A(I_/r-- .(.)+._T(K))-_LPhA tI)/nETA(I)

CALL _P ._OVb J
, I

CALL FP _L{_T (COST,FE"Jq21_3,_C,t C,_C,_ ,_
1 "OFE_JEFIT VS COST FO_ _,AC)_ID_E TYPE 36_'r'_BErlYFI'ro',tgCOS TO');

_'_ IF fI._E.N) ,GO TO 9S8
CONTINUF
I:I+i
OC=tCMAX(I}-CMI_I(I}) 720
DO 237 K=I _21 " :
C;ST (_()=DC* (K-!) +CY IPI(1)

237 BEN(K)=ALPHA(1)/(GETA([)+COST(K))-aLPHA (1)/BETA (1)

CALL op ADVN
CALL pP PLOT (CO,_T45EN.21_Oo_Oot_o_Co_

I 'QDEttEFIT VS COST _OR MACHINE TYPE 37Q'_'QBE;;EFIT(}'_OCCST{:.'):
IF (I.GE.H) _0 TO 99G
CONTINUE
I=T+I " ' .
DC= (C_AX(I)-C_IN _I})/20 _,
DO 238 K=I_21
COST(K)=DC*(K-I)÷CMIH(1)

23_ BEN(K)=ALPHA(1)/fBETATI)*COST(I<))"ALPHA (I)/PETA,'I)
CALL PP ADVN

im CALL P_ _L:IT (C(_ST_PEN,21_O._,.,._O°_D._
1 'Q_E'JE=IT VS COST FOR _'ACHINE TY=E 3_(}_eP.P-ENEFITn_._QCCSTG _}
IF {I.GE.;J) GO TO SgH
CONTINUE
I=I÷l
DO= (CMAX (I)-CM I_(1) )/20
DO 239 V=1,,21
COST(K}=(_C* (K-i) ÷C_ IN( _}

23_ BEN(K).ALPHA(I)I(3ETA(!)+COST(K))-ALPHAtl)/OETA(1) , "
CALL oF ADVN
CALL PP PL_T (C_ST_EN*?[_3,,C,o.:,_.:,_

1 egCE')EPZT VS COST _PR MAC_I_,E TYFE 3_.Q_°eDEEI,EFITC_*_gCCS The)
c i IF {I.GEoN} GO TO 998

COHTINUE
I=I+l "
DE= (C_ AX( I}-CM I_'(1))/20
DO 2_'_ K=1,21
COSTfK_=OC_ (K-I) +C_'I*J(I}

II 2_D B_t_IK)=ALPHAfI)I(_ETA(II*C_ST(V}I"ALPHA(II/r_'TI(1)
CALL _p AOV*J
CALL PP PLOT (COST,,FEH,_21_O.,G°_C,,_o,_

1 'QEEHE=IT VS COST POR MACHINE TYPE _OO_'¢.=.E,N_,FITf_*QCCSTO_)

IF tinGE.N) ,_0 TO 99_
CONTINUE _,

0 I=I_!

DC=(CMAXtI)-CMIN(I_)I20 ,
DO 241 K=l,_21
COST (K) =OC* (K-I) *C'WIN( I }

2_1 BEN (K)=ALPHAfI) IfRETA(1) +COST{ K}) -ALPHA (1)/BETA {I )

,j CALL _P aDVH
CALL _P PLO'r (COST_@EN,_21_O,,,C,_D_,_O.,_

_OnE'IEFIT VS C-nST FOR _ACHI:,:E TYPE _I_'_CBEMEFI'rC'e_r,C C_T_.;)
IF' (I.GE=N) GO TO qO_.
CONTINUE
I=I+I !

. DC--tC_A×(I }-CMIN {I) )/2 C

ill



C.ISTCY):CC,IV-'I_<y_._:t [)
_a_ _N(K)=!_Lp_-;,(1)I(r. ZTt.{I)+COSTrK_)-;'LFH;,(1)I!-CTA_I)

CALL PP ADVrJ
• CALL pc', PLOT (COSTqP.Ehq21,pO,.Irj., .".._.,p
] vgPEPtEFIT VS COST FCC '4ACHIEVE T_P'E t+2'_t,'r'.PE_}EF]Tr:",'GCOSTC")

IF (I.._.".,,t;) CO T_ _:._
"_ COr_TI_]UE "

I=I+1

DC= (C_AX tI )-CH !5!(I}}/2O
DO 243 R=I,2I
CQST(K)=OC*(K-I)+CMI[,I(1)

2_3 5E',I(K)=ALpHAf!)/(P.-'ZTA(I)÷C'JST(_()}-aLPHA(1)I_ETA(1)
CALL pD ADV',I
CALL PP PLOT (COST.REN.21,tO.,JO..O.-O.t

1 IO_mENEClT VS COST FOR MACHINE TYPE 43{_t,tO_ENEFITe, t_wOCO_TOt)
IF (I,GE.N) GO TQ 998 ._
CQNTINUE
I:I-_!

'_ OC={CMAX(1)-CMIF!{ [_) /2' !
DO 2_._ K=1,21
COSTCK):DC*(K-1)+CMI_'(I) " . i

2_ OEN(K)=ALPHA([)I(RETA(1)+cr*sT(H))-_LPHAtl)/EETA(1)
CALL PP ADV,:
CALL PP PLOT (COST_,PEII.21tO._G.,lO.,_Do.$

'GEENEFIT VS COST FOP. MACHI';E TYPE _,q"t'OP.EHEFIT_'t_'OCO_TP_'I !
IF C_,,_P°N) GO TO o_

CO:tT Ir,lu E
I:I÷i
DC= (c.V,_x (I)-C:_ If'l rI ) }/2_
DO 24.5 K:1..21 . .'

'_ COST ( w ) --OC* (K- 1 ) ._C."!I H ( I _
2_5 BEN (K) =_LPHA (I },'{BE T_ (I),.CDST (_) }-_LPHA (i) /_ETA (Z)

CALL RP _DV_I

CALL PP PLOT (CO_T,-PE_I,O1,D,,O,tO,,,C,,,_
1 '99E';_FIT V$ C_ST _OF MACHINE TYPE _5¢-','OEENEFIT.':'I','OCC_Tn "] _:
IF ('[.';E°H} GO T_ =.95

i C' CONTI_IUE
958 CALL _:P CLOS
999 STOP '_.

END
/IGO,FT35FO_l DO *

2.._I 3.!; !.0 n _.._r. i

1,23 3.39 0.23 7.20 ' i
' 2,50 1,60 C,.O1 1_,0 t

4 .._.0 3.30 3.03 6.CO
8.50 7,PO g,O"* ¢_•3-"
3..15 2,95 2,,00 _+.QO

.] _,ztO _,_8 O,.O0 2-13
3,C._ 6,16 F-61 69.7
9,75 1,24 _,51 17. _(}

3,85 1,85 2,00 4.60
9.00 _,3. n 0,00 7-50
}._0 5,5.q 0,00 8.00
6.00 3.2{ 1.C0 7,57

1,32 P,75 1,32 -o°55

J

i



APPENDIX B. E_:AMPLE OUTPHT

An ex_nple of output generated by the Lagrangian optimization

routine using the sample input data given in Appendix A is presented in

th_s appendix. The output consists of a. table of optimal solutions _

followed by the graphs cf total benefit vs total cost, benefit vs cost iI

for machine types 01, 02, 03, and 04.

%. i
L

i 'i

i .' i

,3

-> A-2



. TITC9S7 TLTF£ Tym_ []TY;:C :21YmE _zTvrF f_;

2 4.5_ :._2 1,99 ?,_._n :...._ -',2_.

4.96 _.73 _ .it ^.=n _' 3_ _.C _
_q5... 5,77 l,r'O 5.57 C,7G },C_

-'a.-

. 6._5 3.89 i.... ...2 5.7& _*OO
7 G.46 0.94 1.90 1.79 0.76 3._0

6._3 3.98 1.0C 1.79 1.13 _.OO
9 7.21 1.02 1.03 2.27 1.13 3.00

1C 7o5B 1.05 1.00 2._5 1.13 3.OC

i_ 7.96 i._7 1.60 2 ._5 1.51 3.0C
12 8,33 1.1O 1,OO 2.62 1.5! 3.00
_3 R.71 !.13 %.37 2.R2 1.51 3.00

I a 9.08 1.15 I._7 3.20 1.51 3.00
15 9,a6 1,17 1,37 3,57 %,51 3,00

1_ 9.83 1.19 1.37 3,57 !o_6 _,00

17 13.21 1.21 I._7 3._5 !o8_" Z._O
13 10,5_ 1.23 1,_7 4 .3_ 1.8_ 3,50
lq IG,96 I,2 = 1,75 _._2 i°8_ _.00
2_ 11,33 1.2& I.7_ _.70 IoR_ Z.O0

21 11,7_ 1,27 1,75 _.7_ 2,2& 3.00
22 12._ 1.2g 1.75 5o_7 2,2g _*OO

23 12,46 1,3_ 1,75 5,q5 2°26 ],00
2 n" 12.P3 1.31 1.75 5.P2 2,26 3.07
25 I..2. 1.32 1.75 ..8= 2.63 2.C_
26 13,5_ 1.33 2.12 5.R2 2.63 3,00
27 15.9& 1.3# 2,12 &°2_ 2°83 3,00
2_ 1_,33 1.35 2.12 6,57 2.63 3oG0

_ 29 I_.71 1.36 2.12 6.g_ 2.63 3.00
; 3_ 15.08 1.37 2.12 8.g3 3°_1 3.00

_I 15._6 1,5_ 2.50 &._5 3_01 ?.00
32 15,83 !,39 2=59 6,_5 3°3_ 3.00

q 33 1_,21 1,39 2._7 6.05 3.3_ 3.0_
3_ l&.5_ 1.40 2°P7 5.g3 3.76 3°00
_5 16.96 I._0 2.A7 &,?5 4.13 _,OO
3G 17.33 I._i 3.25 6._5 4.13 3.00

37 17.71 I,_I 3.25 6.93 _.51 3°00
r 38 18.08 1.42 3.62 &.o= _.51 5.'0_

...w i

F &_ 18.83 1.42 3.62 &°_5 a.8_ _.37 i

;_ q; ig.2_ i.,3 3.62 6.93 5.26 3.57
42 19,5g 1._3 4,;3 6.9_ 5.26 }.37

&_ 19,95 1,A3 _,00 6.=5 5.2& 3.75 L

4_ 22.35 I,_4. _.C_ &.c= 5.65 _.7.
45 20,7g I._4 a.37 6.=5 5.&5 3.75 ' ' ;
46 21.08 1.44 4,37 6°q5 5.63 4,12

47 21._5 1.44 _,37 6°05 6.01 _,12
4R 21._3 1.45 _,75 6._5 6°_I _°12
_9 22,20 1.45 4,75 &o95 &.3_ a,12
5C 22.5A 1.45 4,75 6.95 &.38 4.50
51 22,°5 1,45 4°75 6,°5 _.7& q.50
52 23,33 i,_5 5,12 6.95 G,76 a. SO

_. 5_ 23.7? I._6 5.12 6.°5 &.76 _-97
5_ 2A._9 l.a6 5.12 6o_5 _.15 a,a?

55 24,A5 l,_G 5,5_ &,95 7°13 4,B7
56 2_._ 1.46 5,50 &."5 * 7.51 _.A7

57 25.20 i._5 5.50 , &.95 7.51 5.25
56 25o_8 I,_6 5o5_ 6o=5 ?.88 5.25
59 25.95 1,47 5,87 6°95 7.8_ • 5,25
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I,LtlFFTT V$ I+nST FnR PI+CIiIP+( TYPC U2

• _PO + • + • •
I I I I, °
I I I .,°"

I I ,':'
I I -,"
I .**It
F °'"l
I oO:' I
I. '° I

+:* I
•" I I

• ' I I
• " I I

• ' I I
• :" I I

I .+

I ,:
l +*

II I:'

r +:

p +e

p le

| ++ .:+ .

T +t
i+4 I

ill+

Io g

+.

+ig _"

IQ

1,09U 2.00_ _,nCO _,DO0 §+QO0 K+fiPO T, OOq A._OO
COST
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I':.%i L _ _;.!..i ._

_[fZCFTT V,_ CItST F'nR _'_ClKX,_J_" TYPE n4
,i clio ........... . . , ......................

I I
f i
I j
I I
I I

ooo

I ,.- J
I •_" I
I .." J

..... ..... ................ . ............. .... ......... .. .....

I t. Io

t tt

ee• I
¢ It

.:o I
not

,o I

F ,:o
N .:l
F st

F

T .:
,I

t ¢

|.,,,

:" |.,

:o

.t

=t

17_0

I " I
'l I
I I

t I
P t
t I

*IGSO _ + + • _...............................

3rOOD 3.5 _lll zt. Ot)O q o5ZI0 5.000 _.5(10 G•rtfln G.500
Cn$'r ..


