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Abstract: A linear programming model was developed to identify the
optimum shop loading option and the minimum aggregate manufacturing
cost from three process alternatives in a metal casting company. The study
stems from the needs expressed by the Marketing, Production Planning and
Engineering Departments of the company, and is based on the market
research which identified a growing need for a"CNC machining blank” for
the medical prosthetic implant market.
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Minimum Cost Shop Loading in an Investment Casting Plant,

Executive Summary

The following report stems from a need generated by the
Marketing, Production Planning and Engineering Departments
of Precision Castparts Corp. Market research identified a
growing need for a CNC machining blank for the medical
prosthetic implant market. This linear programming model
identifies the best shop loading option and the aggregate
cost to manufacture from three process options.

The product can be made by three different processes which
have different labor requirements at each process step.
Since the plant is highly constrained for capacity, the
efficiency of a particular process at a more highly
constrained operation will introduce it into the model
despite a higher net cost. Results of the analysis revealed
that the cost to manufacture increases with volume produced,
an undesireable situation. Required production volumes can
be achieved within the current process. The optimum solution-
which meets market demand is

81 molds produced by Process A
11 molds produced by Process B
9 molds produced by Process C

The above mix yields a cost to manufacture of $59.51/piece.
Marketing will have to assess the price the market will
bear. Ballpark estimates of a $75 sales price suggest
adequate profit margin.

Sensitivity analysis of the impact of volume changes
upon process mix revealed that Process C predominates at low
volume production. When furnace #2 capacity is maximized, we
would begin to make process A product in addition to process
C. Upon utilization of all overtime in wax assembly, Process
B product is produced at the expense of process C product.
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I. Description of the Problem

Precision Castparts manufactures aerospace and medical
prosthetic investment castings. The problem at hand involves
the medical products line. The product is a hip implant
machining blank which the customer will use to CNC machine a
variety of custom hip shapes. Marketing forecasts have shown
that the demand for the product will be at least 3,000
pieces per month. PCC has a three distinct manufacturing
options to produce this product. The model has been
simplified to the two major process areas where capacity
limitations actually impact the model. A significantly
greater number of depar;mental costs and capacities were
.considered in the original program but analysis revealed
that they were really not legitimate constraints. This model
balances two major operations with overtime and capacity

constraints to yield the best combination of three possible
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processes which minimizes total cost subject to a minimum

market requirement.

II. Process Option A ( Variable X1) Static Pour

Option A is called the static pour process. With this
method, a wax assembly is produced which will yield 20
pieces for each mold cast. The assembly time per mold and
the casting time per mold are identified as 3 hrs and .3
hours respectively. The manufacturing overhead rates for
the departments are incorporated into a total cost per mold
to manufacture without overtime. For Option A the total
overhead cost is 51380 per mold. Advantages of this process
include the low overhead rate for casting and low per piece
assembly hour requirements. Disadvantages include the
ineffecient gating ratio, which contributes significantly to

a high per piece cost for this process.

ITII. Process Option B (Variable X2) Centrifugal Pour

Option B is the centrifugal casting option. This option
yields more pieces per mold (48) at a higher per unit
casting cost. The cost coefficient per mold produced is
$2496. The furnace time per mold is 0.6 hrs. Since options

B & C have to be produced in a different and more expensive

Page - 2



casting furnace, the cost per unit time is significantly
higher for furnace #2. The assembly time for option B is 5
hours per mold. This works out to a more favorable wax
assembly time per piece of 0.1 hrs/pc versus 0.15 hrs/pc
for the option A product. Therefore, from a wax assembly
capacity standpoint, we can produce more product within the

given capacity by using process B.

IV. Process Option C (Variable X3) High Volume Pcur

Option C is the frame assembly process. This method
utilizes an significantly higher pc/mold technique that
gets more optimum use of the #2 casting furnace. However,
it is more labor intensive in the wax operations where the
rate is 0.2 hrs/pc. The casting rate is 0.8 hrs for the
entire mold but when divided into the 96 pieces in the
assembly, this realizes a more favorable casting rate than
option B. The interplay of the two operations complicates
the model sufficiently that it could not be easily solved by

graphical means.

v. Develcpmenﬁ of the Objective Function

The objective function required running a cost analysis for

all manufacturing operations based upon standards estimated
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from similar product lines. The initial estimate of cost was
made from an assumption that there were absoclutely no
capacity constraints. This involved calculation of the hrs
per piece per operation multiplied by the overhead rate for
each department. There was no overtime included in the cost
so we added variables to address the overtime cost. The
objective function was based upon the following cost
factors:

$1380 X1l= Cost per mold of Option A product

$2496 X2= " LI " B product

$4320 X3= ™ " " - " C product

3 8 X4= Overtime cost per hour of assembly

s 8 x5= " " " L " investing

$ 24 x6= Cost per Frame for Option C product
Note that there is no overtime in casting because it is
loaded fully by machine hours and additional labor will not

increase machine capability.

Given the above information, the objective function was

W

Minimize 1380 Xq + 2496 X, + 4320 X4 + 8 X, + 8 Xg + 24 Xg
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VI. Identification Of Constraints

17 of the 19 operations contributing to the total cost
to manufacture had sufficient capacity and were left
unconstrained since they would not affect the LINDO output.
These eliminated operations were left out of this discussion
for conciseness. Several operations were not identified as
"non-constraints" until the actual initial LINDO models were
run. The remaining two operations were then constrained by
available overtime and shop capacity.The primary constraints

and the formulae expressing these limitations are:

A. Available Wax Assembly Hours without Overtime

The production planning department identified a
sufficient labor inefficiency such that an additional 360
hours of labor could be absorbed without overtime. This is

described in the model as:
Where 3 X1= The number of hours per mold to assemble "A"
5 X2= The " " = " » "B

20 X3= The " . s - e o o

¥4= The number of overtime hours used.
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B. Investing Mold Handling Constraint

The investing department allocates manpower based upon
the number of molds hand-dipped and the number of molds
machine-dipped. This equation deals with the hand-dip
capacity only. Since the operation is irrespective of the
number of pieces per mold, the cost to invest is smaller for
larger molds. Each mold gets ten (10) operations which
account for 0.1 hrs/operation for a total processing time of
1 hour. Fortuitously, the molds and hours are
interchangeable. This is the only operation where this
assumption is true. The total available capacity on straight
time is 100 molds. The formula for straight time capacity

is:

}[1+X2'X5{=?0

A similar equation exists for machine-dipped product.
Since option C (X3) product is too heavy to dip by hand, the
machine process is required. The machine dipping is
constrained by the number of frames available for dipping,
which is currently 50 . Since each assembly requires a
machine attachment frame, the only way to increase capacity

is to buy more frames. This yields:

XS“KE <= 12
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C. Overtime Constraints

Manufacturing management has established limits for the
amount of overtime which does not result in a non-productive
morale problems. The limits are established as

Wax Assembly <= 120 hrs

Hand dip <= 60 hrs

Frame dip <= 24 frames
D. Casting Constraints

Available casting capacity on the #1 furnace is 34

hours. The equation relating the two is
0.3 X; <=34

Available casting capacity on the #2 furnace is only 14

hours. This is described as:

0.6 x: + 0.8 xa <= 14

Of the available furnace time, the amount available for
centrifugal casting is limited to less than 10 hours. This
is due to the turnaround time on the centrifuge table. The
resultant equation is:

0.6 X, >= 10
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E. Market Demand Constraints

The Marketing department predicts that there will be a
demand for at least 3,000 castings per month. The egquation

to meet the minimum requirements is:

F. Whole Mold Constraint

A solution in which fractional amounts of molds were
produced could not be implemented. The model is constrained
to produce whole molds by using the number of molds of each
process as the variable (rather than the number of pieces)

and restricting these variables to be general intergers.
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IX. Solution

LINDO Run #1 attached shows the optimum solution for the
problem previously described. The total cost to produce 3000
parts per month is $179,236.00. The Process Option mix

utilized to reach this optimum is:

Process Option A: 81 Molds (1620 pieces)
Process Option B: 11 Molds (528 pieces)

Process Option C: 9 Molds (864 pieces)

This combination yields a total of 3012 pieces at a cost of

$59.51 each (£59.75 if only the 3000 could be sold).

X. Plant Capacity Limitations in Effect

A. Assembly

Regular time and overtime hours available are used
completely. The dual price indicates that it if additional
capacity could be obtained, it would be worth $145.25/hour.

B. Hand Dip Investing

All regular time capacity is used up, along with one

third of the overtime capacity.
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C. Frame Investing

Three quarters of the frames available are used. No

additional frames are required.

D. Casting Constraints

Less than one third of the Furnace 1 hours available are
being used. All of the Furnace 2 hours available were used.
Additional capacity for Furnace 2 would be valued at

$1911 /hour.

XI. Sensitivity Analysis

Sensitivity analysis allows us to answer "what if?"
questions. Beyond the values indicated above for additional
plant capacity in specific areas, we will examine three

further "what if" situations.

A. What if another product's order quantity was reduced and
the number of Furnace 2 hours available was increased from 14
to 20 per month?

LINDO Run #2 -(attached) for this altered problem yields
the following solution:

The total cost to produce 3000 parts per month is
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5169,852.00. The process option mix utilized to reach this
optimum is:

Process Option A: 59 Molds (1180 pieces)

Process Option B: 16 Molds (768 pieces)

Process Option C: 11 Molds (1056 pieces)

This combination yields a total of 3004 pieces at a cost of

556.54 each (556.62 if only the 3000 could be sold).

B. What if the cost to produce Option C molds was

underestimated by 10%?

LINDO Run #3 for this altered problem yields the
following solutions:
The total cost to produce 3000 parts per month is
£189,922.00. The process option mix utilized to reach this

optimum is:

Process Option A: 81 Molds (1620 pieces)
Process Option B: 11 Molds (528 pieces)

Process Option C: 9 Molds (864 pieces)

This combination yields a total of 3012 pieces at a cost of
$62.06 each ($62.31 if only the 3000 could be sold).

C. Demand variations. Our problem definition indicated that

the demand would be at least 3,000 pieces per month. We need
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to know what our maximum current capacity is. We must gquote
prices competitively and we may not get the entire order. We
therefore need to know how the production cost per part
varies with the guantity produced. Answers to these
gquestions (along with an in-depth understanding of the model)

were obtained by:

a) Performing a parametric analysis on the right hand

side of the demand equation, and then

b) Solving the model at the points where the basis

variables change.

e

MAX IMUM caPACITYQ\" \!‘

Parama&afsf;nalysls shows that an artificial variable {h’i#p“r
(feret®
o

month. The maximum feasible production capacity is at the TJV

enters the solution when the demand is 3338.67 pieces per

next smallest integer solution value, which is 3316 pieces
0\
---F*a \
0

Starting at 1000 pieces per month, analyéis

per month at a cost of $63.41 per part.

MODEL ANALYSIS

(LINDO Run #4) shows that basis changes occur at eight
different production levels (points labeled A through I on

the graphs). Description of what happens in the model at
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each of these points as the number of pieces per month

increases follows.

Note that piggéé;;;h analysis was done without the

general integer restrictions on X1, X2, and X3 so that more

information could be obtained through the LINDQO software.
Results with the restrictions would vary slightly, but the

behavior of the model is the same.
POINT A) 1000 pieces per month (LINDO Run #5).

This is the minimum value considered. Only Process
Option C is utilized, and no plant capacity restrictions are
in effect. Cost per part is §45.

POINT B) 1153 pieces per month (LINDO Run #6).

Frames for investing are all being used. Cost for

additional frames will be incurred after this point

(indicated by the entry of the variable X6 into the basis,

and the departure of the slack variable from eguation 4).
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POINT C) 1681 pieces per month (LINDO Run #7).

At this point Furnace 2 capacity is all used up.
Addditional product is made by Process Option A (enter
variable X1, exit slack variable from row 9). Note that
Process Option B parts cost less per part to manufacture than
Option A parts. However, since Furnace 2 capacity is already
consumed, using Process Option B would reduce the number of
Process C parts that could be made, which are the least

costly to manufacture.
POINT D) 1747 pieces per month (LINDC Run #8).

All wax assembly regular time is consumed, additional
parts made will reflect overtime costs. (Exit slack variable
from row 2, enter X4).

POINT E) 2547 pieces per month (LINDO Run #9).

All wax assembly overtime is being used. To increase

monthly production beyond this point, Process Option B must

be used, displacing some of the more desirable Process Option

C parts. (Enter variable X2, exit slack variable, row 5).
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POINT F) 2810 pieces per month (LINDO Run #10).

All regular time hand-dip investing time is utilized,
increased production quantities will require overtime. (Exit

row 3 slack variable, enter variable X5).

POINT G) 2860 pieces per month (LINDO Run #11).

As the number of Process A and Process B parts has
increased, the number of Process C parts has dropped, due to
the Furnace 2 capacity constraint. At this point additional
investing frames are no longer required. (Exit variable X6,

enter slack variable for row 4).

POINT H) 3258 pieces per month (LINDO Run #12).

The quantity of Process Option B parts has now reached
the limit imposed by the Furnace 2 Centrifuge constraint.
Further increase in production quantity must utilize Furnace
1, which means Process Option A. As the program continues to
prescribe more Process Option B parts and fewer Process
Option C parts to accommodate the Wax Assembly overtime
constraint, we will now see excess capacity for Furnace 2.
(Enter slack variable for row 9 - Furnace 2 constraint, exit

slack variable for row 10 - Furnace 2 Centrifuge constraint).
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POINT I) 3338 pieces per month (LINDO Run #13).

Finally, with the production load driven to the Hand-Dip
Investing processes (Options A and B), all the available
Hand-Dip Investing overtime available is being used. No more
product can be shifted from Process Option A to Process
Option B (which would give us more pieces per allowable mold)
because there is no more Furnace 2 Centrifuge processing
capacity available. Similarly Process Option C quantities
cannot be increased since this process requires the highest
rate of Wax Assembly hours per piece.

We have reached our capacity limits for Wax Assembly
overtime, Hand-Dip Investing overtime, and Furnace 2
Centrifuge., 3338 pieces per month is the maximum production

capacity.
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XIT. CONCLUSION

The current plant capacity is sufficient to produce the
projected sales volume. The cost to manufacture increases
with volume which will require a great deal of precision in
the marketing projections. Since a lower cost is possible at
lower volumes, an overestimate of the sales volume may
result in a high bid. Additionally, an underestimation of
the sales volume will result in a low quote and eroding
profit margins. I

The simplest short term fix would be to add addigzgggg
wax assembly labor. This would be effective up to the full
utilization of furnace #l. Clearly, the furnace capacity is
a significant constraint. While PCC has authorized the
capital package to add additional furnace capacity, this is
a long IE;d time item. The likely increase in volume of the
studied product line is insufficient to support a high
utilizatiﬁn of the new furnace.

PCC shouid only accept this product line if sufficient
profit is available at the projected volume plus some safety

margin. Additionally, strong consideration needs to be given
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to the customer service aspect of not having any emergency
extra capacity.

In summary, this analysis has identified a clearé;r
strategy for decision-making and a more comprehensive
approach to accepting\new product. As the company progresses
toward 100% capacity,ﬁsimilar analyses will be more

necessary.

Page - 18



FILF:z FIL® FTTIFOO] A
Bin LYHD X1
SUBJECT YO
ASSY) IRl O+ 5 X2 +
INVHANDY Kl ¢ M2 - NS £
INVFRAME } XY = X& <= 1
AS5YDTN Xy €= 120
INVHDOT) K5 «<= [-11]
INVEROT) X6 <= 2%
Fl1 0.3 X1 <= 1%
F2 Oub K2 + 0.4 X
F2CENTY Dafh X2 <= 1d
DE MAND ) 20 X1 + &3 K2
END
GIN Xl
GIN K2
GIN X3

LPF OPTIM}M FOUND AT STEP.

YMSS5P CONVERSATIONAL MONT'TOR SYSTEM

29 X3 - X4 <= 160
w Ta

2

Y <= 1%

+ F6 X3 »= 300y

L

NAJECTIVE FUNCTION WALUE

1T7484.9237

VARLARNLE VALUE
Xl T TH9985
Xz 10.4625000
X3 531250
X 120020000
x5 17374985
x5 0000000
ROW SLACK NR SURPL
ASSYD 0000000
INVHANDI 0. 000000
INVFRAME ) LahbATHI
ASSYOT) 0« Q00000
INVHDOT ) 40.625000
ITNVERDOT) 2% . 000000
Fl) 10«3T7T500%
FZ) 0.000000
F2CENT) I 2 hI99
DEMANDI 0.000000
MO« ITERATIONWS= &7
BAANCHF 5= T DETERM,= -1
SET XXy TN £=
SET X2 TOh <=
SET XL T »=
SET X2 TD »=
SET X3 10 >=

NEW ITNTEGLR SOLUTINMN OF

RCDUCEDG COST
0 000000

0« 000000

0. 000000
0«000000

0« 020000
24000000

us DUAL PRICES
145249863
A.000000
0.000000
137249863
0000000

0. 000000
0=000000
19l ladbbbid
0=000000
~FlalBT4HET

ed2he 2

9 AT Ly OND= -1T4L0OT.L"%
1L Al 2y BND= -1TO0388.15
Al AT 3¢ BND= -LT7R&00.00
LL AT 4y BHD= =1TH6TH.00

9 AT S5¢ BND= ~-179236.00

1T92 36000 AT BRANCH

+ 2496 N2 + 5320 X3 + B K4 + B X% + 24 K&

LINDO
Qﬂhd#l

TWIN=-0a l0D00000E+31
TWiM= -1T8692«T5
THWIN==010000000E+31
TWiN= -1T8600.00
THIN= -1T86TH.00

12 PIVOT L1 ]

PAGE 00DO1L



FILE: FILS

FITAFNOL A

OuatCTIVE FUNCTION VALUE

LE LT92 16,000
VARTANLE VALUE
Xl Al - 000000
X2 11000000
& 9.000030
Ky 118000000
K5 22.000000
Kb 0. 000000
RiW SLACK OR SURPLUS
ASSY) 0. 000070
ITNVHANDY 0000000
[NVERAME ) 3000000
ASSYOT) 2000000
INVHDOT ) IR . 000000
INVFROT) 24 .000000
FLI 9. TOOOL2
F2) 0200002
F2CENT) 3403001
DEMAND) 12.700000
NO. ITFRATIONS= by
ARANCHES = 12 DETERMa= —1.023E
POUND ON OPTIMUM: L1TAG0D.0
FLI® X3y o <= q AT
DFLETE X3 AT LEVEL 5
FLIF X2 To <= Lo AT
SET XL TD >= A3 AT
DELETF X1 AT LEVEL 5
UELETE X2 AT LFVEL L]
DELFTF ¥! AT LEVEL 3
FLITP X 1n »= L2 AT
SET X3 TO <= 8 AT
DELETE X3 AT LEVEL 3
DELETF X2 AT LEVEL 2
DELETE X3 AT LEVEL 1

ENUMERATINN COMPLFTE. ARANCHES=

VH/5P CUNVEASATIONAL MOMTTOR SYSTEM

REDUCED COST
1412« Gud000
2544 .000000
44004000000

0. 000000
Qe 00000G
24.000000

DUAL PRICES
B 000000
BsQOQOOD
J« 000000
0000000
0=000000
0« 000000
0000000
0. 000000
0000000
0000000

4]
5 WwiTH BND=

& WITH BMNO=

Sy BND= —=L1T79303.9%

2 WITH BEMD=

3y bND= ~-L792T70.308

1% PIYOTS=

LAST INTEGER SOLUTION IS5 THE u=5T FUUNC
RE-TMSTALLING BFST SOLUTION..«

ORJECTIVE FUNCTION VALUE

1)

VARTABLE
X1
xe
X3
Xh
KE

119236000

VALUE

Bl .-000000
11000000
34000000

11B 000000
22000000

REQUCED COST
L%1l2.000000
2544 . 000000
4480.000000

1 100000
0= 000000

=1 T7T0&TH.00

=L Tesul 00
TWlN=-0410000000E+31

=1 THG692.T5
TWlN=-0.10000000E+31

83

PAGE OUOGZ



FILF: FIL' FTTIFOO01 A VRSP COMVEASATLONAL MON" 9 SYSTEM PAGE 000D 3

L1 0= 000000 4. 000000

ROW SLACK DR SURPLUS DuUAL PRICES

ASS5Y) D.0000070 A« DODOOW

[HVHAND) 3005000 B« 000000

INYFRAMED 3000000 0.000000

ASSYOT) £« 000000 0000000

INVHDTT) 8. 000000 0« 000000

INVEROTY 24000000 0000000

Fl} T« TO001E 0« 000000

Fel 0« 200002 0« 000000

F2ZCENT) 3500001 O« 000000

NEXAND) 12000000 0000000
NOs ITERATIOMS= as

ARANCHE 5= l4 DFTERM.= -1.000E G
RANGES IN WHICH THE BASIS IS UNCHANGED:

OBJ COEFFICTIENT RANGES

VAR I ARLE CURRFNT ALLOWABLE ALLOWABLE
CNEF INCREASE DECREASE
Xl 13A0 000000 INFINITY 1%12.000000
X2 2496.,000000 INFINITY 2544 .000000
X3 43120.000000 INFINITY 4&80.000000
A A.000000 INFINITY A 000000
xS 000000 INFINITY 8. 000000
K& 242000000 INFINITY 2000000
RIGHTHAND SIOF RANGES
RO CURRENT ALLOWABLE ALLOWABLE
RHS INCREASE DECREASE
ASSY 160 . 000000 118000000 2.000000
IHNVHAND To.N00000 22.000000 10000000
IMVFRAME 12.000000 INFINITY 3. 000000
ASSYOT 120000000 INFINITY 2.000000
INVHDOT £0.000000 INFINITY 18000000
INVYFROT 24 000000 INFINITY 24000000
Fl 14 .000000 INFINITY 9. T000L2
Fe 14.000000 INFINITY 0e2000u2
FZCEMT 10,000000 INFINITY 1.400001

DEMAND 3000000000 12000000 IMFINITY



FILF: FIL® FTTAF2J1 A WM/ SP COMVERSATIONAL HONM' TR S¥YSTeM
MIN LIA0 X1 # 24986 X2 # 43720 ¥3) + A X4 + 8 X5 + 24 Nb
SUBJECT TN
ASSY) I KL + 5 X2+ 20 X)) - K& <= 3al
THVHANL Nl + X2 - X5 <= T
[HYFRAME ) X} - K& <= 12
ASSYOT) Xy £= 120 L— [ [\Q-‘D O
ITNVHDOT ) X5 «= 60
INVFROT] X6 €= 2% R'Jﬂ -;ﬁ:- 2.
Fl} 0.3 X1 €= 34
F21 Debh K2 + 0.8 X3 <= 20
F2CENT) Oab X2 €= Lo
DE®AND) 20 X1 + 48 X2 + 756 X} >»= 3000
END
GIN X1
GIN X2
GIMN L ]

LP OPTIMUM FOUND AT STEP

Q

O4JECTIVE FUNCTION WALUE

1) 166931375
VAR TANLE VALUE REODUCED COST
X1 52.A5T132 0+ 000000
x2 Ihebbbb56 0000000
X3 LLF04THZ 0000000
Lt 120000000 0. 000000
X5 0000000 B. Q00000
Ko 0000000 24« 000000 -
Q0w SLACK OR SURPLUS DUAL PRICES
ASS5YI 0000000 411427734
[TNVHAND] D4TELIS Ja 000000
INVFRAME) 0095238 0« 000000
ASSYOT) 0. 000000 403 42TT34
INVHOOT) 60000009 0. 000000
INVFROTI] 2%« 00000 0« 000000
Fll 1R+142853 O e 00000
F2}) DetTHELIL 0. 0000040
F2ZLENT) 0« 000000 ZBbR. 5612680
NEMAND) 0. 000000 =130.7L4LEB
NOs ITERAT[ONS= o
BRAMCHES= G DETFRMe=-6T 2k G
SET K2 10 <= 16 AT le PND= -1&6R09L%0 TWIN==-0a100000D0E+3L
SET X} YO <= 11 ar Zv END= ~16956%9.50 TWIN==0 L1 O000000E+3L
SET X1 TO >= 57 AT 3¢ BND= -=16F637.9% THIN==-0. LO000000E+3L
SET K2 TO >= 1 AT 4y BND= -169665a31 THIN= - 16963%9.%%
SET 3 TO >= 11 AT Se BNO= =-169852.00 THIN= = 169665.31
MFW INTEGFAR SOLUTION OF 169852, 000 AT BRANCH 5 PIVOT 8

]

PAGE

auool



FILF: FILF

FTT&FNDL A

LuJECTIVE FUNMCTION WALUE

LAST INTEGER SOLUTION

Ly 1649852000
VAR [ARLS VAL LI
Xl 59 . 000000
xz 16.000000
X3 11000000
X4 117000000
X5 5« 000000
Xt N« Q00000
AW SLACK NR SURPLUS
ASSY) 0000000
INVHAND) 0«000000
THVFRAME) 1000000
ASSYNT) 3000000
[NVYHOUT) 5%« 000000
INVFROT) 2%, 000000
F11 16300003
F21 1600001
FACENT) 04500001
NEYaN)) & 000000
Nl. [TERATIONS= a
BRAMNCHE 5= 5 DETERM.= —1+000F
BOUND ON OPTIMUM: 1&69639.9
FLIP X3} TO <= 10 AT
DELETE X3 AT LEVEL 5
FLIP X2 TO <= 13 AT
DELETE X2 AT LEVEL &
DELETE X1 AT LEVEL 3
DELETE X3 AT LEVEL F4
" DELF TE X2 AT LEVEL 1
ENUMFRATION COMPLETF. PRANCHES:=

RE=TNSTALLING REST SOLUTIOM..s

NMUICCTIVE FUNCTION WALLL

11

vaRTaliLc
Xl
X2
K3
L L]
X5
K6

KW
A55Y1)

169852.000

VALUE

59. 000000
16000000
11000000

L1T-.000000
5« 000030
0« 000000

SLACK OR SURTLUS

0. 000000

VM/5P LONYERSATIONAL MONTTOR SYSTEM

RcOUCED COST
1412000000
2544 . 000000
44A80.000000

0000000
C« 000000
2%« 000000

DUAL PRICES
8. 000000
8..000000
Oa Q00000
s Q00000
0.CO0000
0« 000000
0000000 .
0. 000000
0« CO0000
0« 000000

li]
5 WITH BNUL=

4 WITH BND=

5 PIVOTS=

IS THE BEST FOUND

ALOUCEC COST
1412.000000
2544, 000000
4480, 000000

0. 000000
0« 000000
2% 000000

NUAL PRICES
8o 0U0un0

=166 31

~leF63%. 9%

21

PAGE

oudod



i FILF: FIL"

FTTeFuUDL A

INVHAMNDY 0« 0GO0O00
INVFRAME) 1« 000000
ASSYOT) 3000000
INVHDOT 55« 000000
INVFROT} 24000000
Fl} 16« 3000013
F2) l«600001
F2CENT) 0400001
DEMAND) 4% . 000000

Nide ITERATINNS= 21

PRAMCHE 5=

S DETERM.= =1 .000F

YMSSP CONVEHSATIONAL MOW

0. OUOU00
0« 000000
0. 000000
0000000
0000000
0. 0000uUD
0000000
0+ 000000
0« 000000

% SYSTEM

PALE OUDO03



FILE: + 11 FTALFL 1 A VHASP LONVES SATINNAL
MIN L3NG ML # 2696 X2 + SLT4 X3 + A X4 ¢ A X5 + £4 Xo
SURPJFLCT TN

AS55Y1] TAL # 5 X2 + 20 X3 = K& <= kL8]
TRWHANIDD Kl # X2 - XS €=
[NVFRAME ) K1 = X4 <= L2
ASSYOT) Ky €= L2u
INVHDOT X5 €= L]
INVFROT XhH <= Fe
Fl} O« X1 €= ELT
FZ) Caeth N2 # (.8 X3 <= L%
F2CEMNT Dath K2 <= 10
OEHaANDY 20 X1 + &9 KX + 96 K} >= yoao

END

LP OPTIMUM FOUND AT STEP

O CTINE FUNCTIUN VALUT

1) 1A5624. 4529
VAR [AHLE VALUE
Xl T3 T&I985
Lr 10625000
L& F.531250
X 120.000000C
L] L?=3T49ARG
Kt 0. 0000200
RO4W SLACK DR SURPLLIS
AS5Y) 0. 000000
INVHAND) 0 00I0Ld
INVFRAHED 2a46RTHY
ASSYOT) U 000070
INVHOOTY b )ahIS000
INVFROT 2%« 300020
Fi 10: 375005
F1 J« 00000
FZCENT) 3624999
NEMaARNT 0. 000000
NA. I[TERATIONS= T

ALDUCED COST

N 000000
U 300000
0000000
0. 000000
0 0Q0OO00
24 £ LOODOL

AL PRICES

45 LTLT99
8. Q00000
0200000

ATLTLTOY
N« UCDULY
e GOOODY
D& A00U00D

1544+ 29T 364

0000000
~Taa LT5THIL

RANGES [N WHICH THE RASIS [5 UNCHANGLO:

VAR TANLF

L9
L%
LE
X4
L &1
Xt

D8 COEFFLCIENT RAMGES

CURRENT
COEF
13800320020
a6 LIN0000
5174000000
8.000000C
AL 000000
24000000

ALLUWAPLE
INCREASE
INFINITY
1411928960
ILTl994063
ATolT1T99
IMEINITY
INFINITY

ALLOWARLIT
DECHREASL
19A- 2569588
2178996089
INFINLTY
INFINITY
A e 000
24« LOUnnNg

HMUON® TR SYSLTEM

LINDO
Qur\ﬁta

PAGE Q0001



FILFz FIL FTHOFODL A WH/ 0 CUNVERSATIONAL PONTTUHR S¥STLM PAGE Quonz

RUGHTHAND SIDE RANGES

Pillm CURPENT ALLOWARNLE ALLOWABLE

AMS IMCREASF DECKEASE

B55Y a0 I I0D0 Zlalbbabh LT
I My HAND T UUDG] | 7a JTHAAS et SL D
IRVFHRAME 12.J00000 INFINITY Laty BTy
ASSYNT 120.000000 Cle0ABAASL IHehbbLT2
INVHLOT HUL ANDOL0 IMFINITY &0 b 25000
INVFEQT 2% .000000 INFINITY 2 4 DVOLD
" Fl 34 00NN INFIMITY IWe 3T30J5%
F2 1%« 200900 £a37129% T-4T110b
F2CENT 13000000 INFINITY Jabb 24979
DFMAND WED.200000 25T 117588 LeDatihinty L2

THE TASLTaU

W IAASTS) X1 X2 X3 X4

L apr Qedul Je0Id DD Geliliid

ASSY X3 0.G00 0.000 1000 O=000
ITNVHAND X5 0.000 110040 DeU00 0a000
[NVFRAME SLK & D.CO0 0000 D000 0,000
ASSYAT L L% 0«00 0110 0000 1.Ut0
[NVHDMOT SLK & 0= Ja 000 D000 Q=000
INVFAOT SLEKE T Dai G D .000 0wl DU
Fl1 SLK fn Ce 090 Jaid0 0 alul Ualud

Fe X2 Oa 00D 1000 Ue 000 0.000
FZLFMNT 5L 10 D.COC J«000 0000 a0
NEMANT Xl 1a5a0 Ja L0 1) wna Jid Ja ik
HW x5 6 S5LK 2 SLK 1 SLK &

1 Ca00 ka0 45172 delilid O=0u0

ASSY Ve OO0 N«0J0 117 0200 U000
INVHAMNI 1. 000 D.0a0 =Jadhh =1 aiiud UaL0ul
TYVEUAMS N« 0Ud =1 «000 =d=117 Lstida | Y
ASSYDT =100 D.000 L] 0«L0U Ua040
INVHDOT e300 0200 Dadbsy lauwbo (i
INVFROT . 000 1200 U«0CD 0000 0000
Fl Dad0U0 0eld0 U056 U s ldndid 0=000

E2 Ne 0DD De) =Jal5h N+ 030 0000
F2CENT MaGiN P gelity) Mal9h Jeliu Oalith
e WA ND P HT Jetsd -delRH Dalills Jallu
W LK 3 SLK & SLK T Suk B SLK 3

1 3TL1T2 U I3 ds030 Dl 1564297

ASSY Cell? 1] T 4] D000 L wi3104) Dy i)
[NV AN =MNa 3k O e ddd Ja0030 0w lsuid - 12504
INVFRAME -JallT [V ST 1 R 0G0 Jaldiu =da% 30
ASSYAT 1«20 0«04} J= 000 e Dul PV IN ]
INYHDOT MNa it i l.000 0000 0«00 Janih
TNV FROT falli) Det" 50 launt Ualdu Qe
Fi CaUSH Ga 2 DL0C0 1a 00U Lebun

Eg ~lalBb Da0u e d L C3030) LeOi



FILF: FTL®

FICENT
Nk MFAND

HOW

1

ASSY
THNVYHAND
INVFRAME
ASSYOT
[NV HNOT
[MVFROT
Fl

F2
F2CENT
DFMAND

FTADFNL A

ey
~0«1808

SLKE 11
e OF 431
Neun0n
0-000
0a000
0700
00010
D.000
F=000
0000
1«00
0.000

C 000
0w 200

SLK Ll

The
D.219
=102
-0s718
0«000
0102
0w 0bid
=223
=0023
DaCil%
-07TH

YLu00
Jadi

= sl IE+L
7531
17375
2ahb?
120.000
4t 2B
2% «000
10375
10625
Tet625
Td=T50

VH/SP CONVER SATIUNMAL MJIN®

Meluls
Oatuu

~Jabab
~4-GAA

"4 S¥STcM

PAGE Oudul



FILE: FTI

FTITZFOOL A

VM5 CONVERSATINNAL MON-

FIN L3BO XL + 2496 X2 + 4320 X3 + 8 X& & 0 X5 + 24 M6

SURJECT TOD

% SYSTEM

LINDO

ASSY) 3 X1 # 5 X2 + 20 X3 - X& <= 38D g
INVHANDI XL + X2 - X% €= 1D
INVFRAME) X3 - X6 <= 12 fEAJf\ A%
ASSYOT) X €= 120
INVHDOT) X5 <= &0
INVFROTI  X& <= 24
Fl} D3 X1 «= EL)
F2l Debh X2 # 0.8 X3 «£= (R ]
FZCENT)  Dub X2 €= 10
DEMAND) 20 A1 ¢ 4A K2 + 96 K3 »= LoO0
END
LP OPTIMUM FOUNMD AT STEP 10
IHJECTIVE FUNCTION VALUE
1) 44999.9961
VAR [ABLE VALUE REDUCED COST
X1 0000000 A0, 000000
X2 04000000 134 .000000
Xl 10416686 0. 000000
ne 0000000 B.000000
XS 0000000 B.000000
ib 0000000 24000000
ROM  SLACK DR SURPLUS DUAL PRICES
AS5Y] 1516606656 04000000
INVYHAND) T0 . 000000 0000000
IHNVFRAME ) 1.581333 0.000000
ASSYOT) 120.000000 0.000000
ITHYHOOT) &0 000000 O 000000
INVFROT 2% .000000 0. 000000
Fll A% . 000000 0000000
F2) 5. 666667 0000000
FZCENT) L0, 000000 0.000000
DEMAMNTT) Q000003 -4 5. 000000
NOes ITERATIONS= LD

RANGES IN WHICH THE RASIS 15 UNCHANGED:

VARIABLE

Xl
X2
X3
K&
X5
K&

08J COEFFICTENT RAMGES

CURRENT ALLOWAELE ALLUWABLE
COEF INCREASE DECREASE

1380.000000 INFINITY 480,000000
2496,000000 INFINITY 336.,000000
4320000000 &T2. 000000 4320000000
3000000 INFINITY 8.0200000
8000000 INFINITY B.300000
24000000 IMNFINITY 2%« 0000D

PALE ODOOL



FILE: FILE FTTZFONL A VH/S5P CONVEASATIONAL HMONITOR S5YSTEM PAGE QuOO2

RIGHTHAND SIDE RANGES

ROW CURRENT ALLOWABLE ALLOWABLE
RHS INCREASE DECREASE
ASSY 360000000 INFINITY [0 Y. 1T 1.0 1)
INVHAND 10200000 INFINITY 10000000
INVF RAME 12.000000 INFINITY la5383333
ASSYOT 120000000 INFINITY 120,000000
INVHOOT 60000000 INFINITY G0 000000
INVFROT 25000000 INFINITY 2% 000000
Fl 3% .000000 INFINITY 345000000
F? 14000000 INFINITY Sebibfibn T
F2CENT 10000000 INFINLTY L 0000000
DFEAND 1000000000 152.000000 1000.000000
VAR VAR PIVOT RHS DUAL PRICE oBJd
our IN ROW VAL REFORE PIvVOT VAL
100000 =45.0000 45000 .0
SLK & Xbs & 115200 =45, 0000 518&0.0
SLK 9 Xl 9 168000 =45 2500 T5T3L-7
SLK 2 Xy 2 LTatatT =69 0000 U3l
SLK 5 X 5 254661 =T0« 2000 136492
SLE 3 K 3 2809213 =89.9531 160110«
X&  SLK 4 L] 285956 -0 T656 1646TH. ¥
S5LK 10 5Lk 9 10 325778 -31.LBTS 200971
SLKE &6 ART & 3338.6T =l32.1%3 211680
3500.00 =INFINITY INFEASTBLE



FILE: FILF FTTIFOOL A VM 5P CONVERSATLONAL
MIN 1380 X1 + 2496 X2 + 4320 X3 + 8 X4 + B K5 + 24 MNb
SUBJECT TN

ASS5Y) I XL +# 5 X2 + 20 X3 - K& «= As0
THVYHAND) XL + X2 - K5 <= To
ITNVFRAME ) X3 - X& «= 12
ASSYOT) Ay <= 120
TNVHDOT) iS5 L= &0
INVEROTH b €= FL
Fl11 0.3 Xl <= 1%
F21 Dat X2 + 0.8 K3 <= 1%
F2CENT) 0.6 X2 <= L0
DEMANDD 20 X1 # &8 X2 + 96 X3 >= 1000
END

LP OPTIMUM FOUND AT STEP

1

OYJECTIVE FUNCTION VALUE

1 44999.9961

VAR ITABLE VALUE
xl 0. 000000
L 0. 000000
X3 10.% 16866
xh 0« 000000
xS 0000000
Xt 0. 000000
RW SLACK OR SURPL
ASSY) 151 . 666656
[NVHANDI T0. 000000
ITNYFRAMED L-583333
ASSYOT) 120.,000000
ITNVHDOT) 60. 000000
INVFROT) 24.000000
Fl) 342000000
F2) SabbheAT
FZ2CENT) 10000000
DEMANDY 0.000000

HUs [TERATIONS= 1

REDUCED COST
400000000
3Vé. 000000

0= 000000
B« 000000
8000000
2% . 000000

us DUJAL PRICES
0. 000000
0« Q00000
0000000
0.000000
G« 000000
0« 000000
0« 000000
0« 000000

0 000000
=45 000000

RANGES [N WHICH THE BASTS IS5 UNCHANGED:

VARTABLE

Xl
x2
x3
K&
K5
K&

CURRENT
COEF
1380.000000
2496000000
4£3120.000000
8.000000
B.000000
2% 000000

OfJ COEFFICIENT RANGES

ALLOWABLE
INCREASE
INFINITY
INFINITY
6T2.000000
INFINITY
INFINITY
INFINITY

ALLUWABLE
DECREASE
480000000
316000000
4320.000000
B« 0ONO00L
B.000000
24000000

HONF™7R S5YSTEM

LNl B
ﬁlL)r\Txt*E;

PAGE 00001



FILE: FILY

ROW

ASSY
INVHAND
IMVFRAME
ASSYOT
INVHDOT
INVFROT
Fl

F2
F2CENT
DE MAND

FTT9F001 A

CURRENT
RHS

360000000
T0=000000
12.000000
120.000000
60000000
24000000
3% .000000
14000000
10000000
1000000000

RIGHTHAND SIDE RANGES

ALLOWABLE
INCREASE
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINLTY
INFINTTY
[INFINITY
INFINITY
152000000

VNSSP CONVERSATIONAL MON' "R S¥YSTEM

ALLOWABLE
DECREASE
151 atbbsbta 5
T0 000000

1583333
L20.000000
60000000
24000000
14.,000000
SebbbG6T
10000000
1000000000

PAGE DODDZ



VMASP CONVERSATIONAL MONT "R SYSTEM

FILE: EIL' FTS&4FNOL A
MIN 130 X1 + 2496 N2 + 4320 X3 & 8 X& + A X5 + 24 X&
SURJECT T
ASSY) I X1+ 5 X2 + 20 X3} - X4 <= 360
INVHAND) Kl + X2 - K5 «= To
INYFRAME } Xy = X& £= 12
ASSYOTH Ry «£= 120
INVHDOT) kS <= &0
INVFROT) X6 «= 2%
FL) D3 X1 <= 34
F21 Qefh X2 # 0.0 X3 <= L4
F2CFENT) Deth X2 €= 12
DE®ANDY 20 KL + 4B XZ + 96 N3 >»= 11513
END
LP D®TIMUM FOUMD AT STEP i

OFJECTIVE FUNCTION VALUE

L 518085.2461
VAR TABLE YALUE REDUCED COST
Xl 0. 0N0000 475000000
L 0000000 32%.000000
LE 12010416 0000000
X4 0.000000 8« 000000
x5 0.000000 A.000000
X& 0«01041T 0. 000000
ROW SLACK OR SURPLUS DuUAL PRICES
ASSY) 119, 7?1656 0.000000
INVHAND) T0« 000000 0. 000000
INVFRAME]) 0. 000000 2%.000000
ASSYNT) 127000000 0« 000000
INVHDOT) 60000000 G- 000000
INVFROT) 23989578 Ue QOO0
Fl) 34 . 000000 0.000000
F21 371666 0. 000000
FZCENT) 10000000 Qe 000000
DEFANDY 000200 =45 250000

HOD. ITERATIONS= 1

RANGFS I[N WHICH THE BASIS [5 UNCHANGED:

VARTARLF

X1
X2
X3
X
x5
Kb

CURRENT
COFEF
130000000
2896, 000000
4320000000
R.000000
B.00C000
Sha 000000

08J COEFFICIENT RAMGES

ALLOWABLE
INCREASE
INFINITY
INFINITY
648000000
INFINITY
INFINITY
b4l 000000

ALLUWABLE
DECREASE
4T 5. 000000
324, 000000
4 34 4. 000000
BedDOOUD
Ba DOUOUD
24000000

LIND D
QUr\ o

PhE OO0O0L



FILE: FI}

ROW

ASSY
INVHAND
INYFRAME
ASSYOT
INVHOOT
INYFROT
Fl

F2
FEZCENT
DE=AND

FT5&FO0DL A

CURRENT
RH3

IH0.0000040
10.000000
12.000000
120.000000
50. 000000
24.000000
34 0NO000
L& = OOO000
10000000
1153000000

RIGHTHAMD SIDE

ALLOWABLE
INCREASE
THNFINITY
INFINITY
DadLl0&LT
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
52T-000000

YH/S5P CONVERSATIONAL RmO*

RANGES

ALLOWABLE
DECREASE
LIF« 91658
70000000
23.989578
120.000000
60000000
23.989578
34.000000
B A9 1606
10000000
1000000

R SYSTEM

PAGE 00002



FILE: FIL FTS6FNOL A VH/SP CONVERSATINNAL MONITOR SYSTEM PAGE 00001
MIN L3B0 K1 + 2496 X2 + 320 X3 + 8 N4 + B X5 + 24 X&
SUBJECT TO
ASSYl 3 ML + 5 X2 + 20 K3 - Kb <= 340
[HNVHAND) X1 + X2 - X5 <= 10 !__! ﬁJ t} ()
INVFRAMET X3 - X& €= 12
ASSYOTY X4 <= 120

[NVHDOT) X% <= &0 Quﬂ —#-7
INVFROT) X6 <= 24

Fl} 0«3 X1 <= 34

F20 Dot X2 # 0.8 X3 <= L%
FZCENTY) D6 X2 <= o
DEMANDY 20 Nl + 49 X2 + 96 K} »>= 168l
END
LF OPTIMUM FOUND AT STEP L
OBJECTIVE FUNCTION VALUE
1 TSAOD93T5S
VARIABLE VALUE REDUCED COST
Kl OeO049995 0= 000000
X O« 000000 A3 999754
X3 LT=500000 0«000000
X4 0000000 8-000000
x5 0000000 A« 000000
L1+ 5.500001 0000000
ROW SLACK OR SURPLUS DUAL PRICES e
AS5YD P 04797% 0= 000000
ITHVHANDY B 49997 0= 000000 "
INVFRAME) ' 0000000 2%.000000 A
ASSYODT) 120.000000 U 000000
INVHOOT) L0 000000 e 000000
INVFROT) LBa 499905 0« 000000
Fl1 33985001 0a 000000
F2) 0000000 2050000000
F2ZCENT) 10000000 0. 000000
DEMAND) 0000000 =69 000000
NO. I[TERATIONS= 1

RANMGES [N WHICH THE MASIS 15 WNLCHANGED?

08Jd COEFFICIENT RANGES

VARTARLE CURRENT ALLOWABLE ALLOWABLE
CDEF INCREASE DECREASE
xl 1380.000000 IMFINITY 475000000
xz 2496.000000 INFINITY A9 3.999756
x3i 4320.,000000 1191999 To0 INFINITY
LE 8. 0N000 THFINLTY B. 000000
X5 AL 000000 INFINITY A.000000
Xt 24000000 1191999760 24000000



FILE: FIL! FIS&FOOL A YM/SP COMVERSATIONAL MON® TR SYSTEM PAGE 00002

RIGHTHAND SIDE RAMGES

ROW CURRENT ALLOWABLE ALLOWABLE

RHS INCREASE DECREASE

ASSY 360000000 INFINITY FB4T994
TNVHAND TO.000000 INFINITY 6T T4999T
INVFRAME 12000000 S5«500001 LBa4%999H5
"ASSYOT 120.000000 INFINITY 120000000
ITHNVHDOT 60000000 INFINITY &0. 000000
INYFROT 242000000 INFINITY 18499985
Fl 34000000 INFINITY 33.9085001

Fe 14000000 N.008332 ha% 00001
F2CENT 10000000 INFINITY 10000000
DEMAND 1681 .000000 G5 666626 0999900



VH/ 5P CONVEASATIONAL HONM!P ™78 SYSTEM

FILE: FIL’ FTSAFOOL A
MIMN 13680 M1 + 24946 K2 + 6320 M3 + B X& + B X5 + 24 Xb
SUBJECT TO
ASSY) 3 X1+ 5 X2 + 29 X3 - M4 K= 360
[HVHAND ) XL + X2 - K% €= 10
INVFRAME) XY = K& <= L2
ASSYOT) i <= 120
INVHDOT) X5 <= &0
INVFROT) Xh <= 2%
Fli 0.3 X1 <= 3%
F21 Oeh X2 + DB X3 <= L&
FZICENT) Dub X2 €= 10
DEMAND} 20 X1 # 48 X2 + 96 K} >= LT47
END

LP OPTIMUM FOUND AT STEP

NAJECTIVE FUNCTION VALUE

1 B0355.3T50
VAR TARBLE VALUE

L 3 ¥4 I95
Xz 0« 00200U2
X3 17500000
Xh 0050006
X5 0. 000000
Xb 54500001
ROW SLACK OR SURPL
AS5Y) 0000000
INVHAND D bha 689994
INVFRAME) 0« 000000
ASSYOTY 119947902
INVHDOT ) 60 . 000000
INYFROT) 18 499985
Fl} 32994995
FZ2l 0000000
F2LENTY 10000000
DEMAND } 0000000

Ns ITERATIONS= 1

REDUCED COST
0000000
B42:TI7316
0000000
0000000
8000000

0« 000000

us MJAL PRICES
A. 000000

0. 000000
2%« 000000
0. 000000
NeLDO0D0

0. 000000
0000000
2T93.999020
0=000000
=70 199997

RANGES IM WHICH THE BASIS IS5 UNCHANGED:

VARTAGBLE

X1
X2
X3
x4
xS
%6

CURRENT
CDEF

1380000000
24T76.000000
&3120.000000
B.000000

He 000000
ZHa 000000

ORd COEFFICIENT RAMGES
ALLOWABLE
INCREASE

INFINITY
INFINITY
1123732420
L3l.6AT3I93
INFINITY
1123732429

ALLIWABLE
DECREASE
465 666505
A42.TF9316
INFINITY
B.000000
B UDOOND
24 L W TUULD

LINDO
Qk.ﬁln :#6

PAGE uOOO1



FILE: FIL®

ROW

ASSY
[MVHAND
IMVF RAME
ASSYOT
INVHDOT
INVFROT
Fl

¥,
FZLENT
DEFAND

FTSRFNOL A

CURRENT
RHS

a0 000000
TOL 00000
L2.000000
120.000000
60000000
24000000
Y&, 0U0000
14000000
10000000
1747000000

RIGHTHAND SIDE RANGES

ALLOWABLE
IHLREASE
C«050008
INFINITY
5«500001
INFINITY
INFINITY
INFINITY
INFINITY
D.5%08332
INFINITY

T3 7.b66504%

VM 5P CONVERSATIUNAL MON®

ALLUWABLE
DECREASE
LL9949992
bbb Vi34
LBeu99995
119949982
b0« 000000
1699995
EFPL BT A
D.C0TL%%
LU200020
Ue3333T2

‘W SYSTEM

PAGE OULDOZ



VHESSP CONVEASATIONAL MON' 7R SYLTEH

FILE: FII FT&OFDDL A
MIN 1380 X1 + 24%9& N2 + 4320 X3 « B X& + 8 X9 + 24 A&
SUBJECT TOD
ASSY) I XL+ 5 K2 + 20 XY - K4 £= as0
ITHVHAND) KL & X2 - K5 «= 1o
INVFRAME) X3 = X <= 12
ASSYOT) Xg £= 120
INVHODT) x5 «£= 60
INVFROT) xhH <= 24
FiL} D3 X1 <= 1%
F2) Oeb X2 + 0.8 X3 <= 14
F2ZCENTI D.fh X2 €= 10
DEMAND) 20 X1 # &9 X2 + 94 K3 >= 2ohk
END

LP OPTIMUM FOUND AT STEP

1]

NYJECTIVE FUNCTION WALUE

1} 136304 TS50
VARTABLE VALUE

%1l 41.199902
M 0= 000000
X3 17500000
K LL7.599991
x5 O 000000
L1 S5 500001
204 SLACK OR SURPL
AS5Y) 0000000
INVHAND) Lha.B00003
INVFRAME } 0000000
ASSYOT) Qe 399994
ITNVHDOT ) &0« 000000
INVFROTI 12479985
F1} 21039993
Fil 0000000
FZCENT) 10« 000000
DEMANDD 00200070

NDe« ITERATIONS= 0

RANMGES TN WHICH THE BASIS

VARTATLE

CURRENT
COEF

1380.000000
Z4Tha. 000000
4320000000
B.O0O00D
A.000000
24000000

REDUCED COST
0. 000000
B4%2.T39316
0000000

0. 000000
8000000

0= 000000

us TUAL PRICES
8.000000

0. 000000

24 . 000000
0000000
0000000
0eCOO0UD

O« 000000
2793.999020
0. 000000
=T0: 199997

IS5 UNCHANGED:

Nud COESFICIENT
ALLOWATLE
INCREASE

INFINITY
INFINITY
L123«T32420
L3l.68T393
INFINITY
1L23aT32420

RANGES

ALLUWABLE
DNECHEASE
hE5. 6650
Bh2.T99316
INFINITY
B.000000
B D000D0
2% JU00UD

L INDO

Ron ¥ 9

PAGE 00001



D FILE: FILS

ROW

ASSY
IHNVHAND
INVERAME
ASSYOT
[MVYHDOT
LNVFROT
Fl

F2
FZCENT
DEMAND

FT&OFODOL A

CURRENT
RHS

360.000000
10000000
12.000000
120.000000
60000000
2%.000000
3000000
14000000
10000000
2544 000000

YH/SP CONVEHSATIONAL MOM™ "R SYSTEM

RIGHTHAND SIDE RANGES
ALLOWABLE
INCREASE

119.5999%91
TNFINITY
5500001
INFINITY
IMFINLTY
INFINITY
INFINITY
0057142
INFINITY
-1 1-1. T4

ALLOWABLE
DECREASE
0s 399994
26800003
LB<%99945
0=39999%
60000000
LB499905
21039993
4500001
10000000
T9T-333252

PAGE OODOO2



VMASP CONVEASATIONAL MUOMI TR SYSTEM

FILE: FTL! FT&H2ZFOOL A
MIN 1330 X1 + 2496 X2 + 43720 X3 + 8 X4 + B X5 + 24 Xb
SUBJECT TO
ASSY) I XKL # 5 X2 # 20 X} - N& «= ET ]
INVHAND) Xt + X2 - K% «= 0
ITNYFRAMED X} - Xb& €= 12
ASSYOT) Ky <= 120
INYHDOT) x5 «= &0
INVFROT) X4 <= 2%
FlL) 0.3 X1 <= EL
F2i O«b X2 + D8 X3 &= 1%
FZCENT) Nebh X2 <= 14
DEMANDD 20 X1 + &8 X2 % 94 X3 »= 2410
END

LP OPTIMUM FOUND AT STEP

2

O3JECTIVE FUNCTION VALUE

L) 160180250
VARTARBLE VALUE REDUCED COST
Xl 539062135 = 000000
X2 e LTLATS 0« 200000
X3 LZ-BTLOTY 0.000000
Ky 120.000000 0.000000
K5 D.0TALZZ 0000000
Xb D«BTLO9% 0. 000000
ROW SLACK OR SURPLUS JUAL PRICES
ASS5YD 0. 000000 L&2-43T7393
THVHANDD 0000000 B« 000000
INVFRAME} 0« 030000 24=000000
ASSYT) 0.000000 1 ¥4.43T7393
INVHDOT 59721875 0.000000
INYFROT) 2l. 128891 0« 000000
Fl}) Ih.B20129 0.000000
F2l 0« 000000 1900932130
F2CENTY ba2P6ATS 0=000000
NS rFANDY Ja 1070000 =90 THSLH 1Y

HO. [TERATIOMS= 2

RANGES I[N WHICH THE RASIS 15 UNCHANGED:

VARTARLE

L]
X2
x3
K4
5
Ké

CURRENT
CDEF
1380.000000
2496.000000
4320.000000
A.000000
9000000
2%.000000

OB COEFFICTENT RANGES
ALLOWARALE
IHNCREASE

INFINITY
LT¥T 994870
L14T.200200

13%.%3T73723

TNFINITY
1147.200200

ALLUWABLE
DECREASE
405.531942
Aa0.399902

INFINITY
INFINITY
B« 000000
24000000

LLINDO
{ZLJ‘V‘\ #10
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FILE: FIL*

LAl

ASSY
[NVHAND
INVFHAME
ASSyOT
INVHDOOT
INVFROT
Fl

F2
FECENT
DEMAND

FT&2FOGL A

CURPENT
RHS5

3I460.000000
70000000
12.000000
120.000000
60000000
£%-000000
A&, DUGO00
14000000
10.003000

Z2810.700000

RIGHTHAND SIDE RANGES

ALLOWABLE
INCREASE
Ual2lT 264
G.O0TAYI22
JeBTLO9%
Da227204%
INFINITY
INFINITY
INFINITY
0.021738
INFINITY
57555573

VM/S5PF CONVEARSATIONAL MONT"TH SYSTEM

ALLUOWABLE
DECREASE
Tab 33340
59721875
23e1288%1
Ted13340
5921875
23=128871
la+H2B81£9
2a01ZTETA
GalPHBTH
OaTH9201
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VM/ 5P COMVERSATIONAL MONT ™R SYSTEM

FILE: FILT FTH&FDODL A
HIN 1300 XL & 2896 X2 + 4320 X3 + B X4 & B X5 + 24 X&
SURJFCT TO
AS5Y) I XL+ 5 X2 ¢+ 20 X3 - X4 <= Jod
INYHAND) Xl + X2 - S5 «= T
INVFRAME } X3 - X& «£= 12
ASSYQTH Xy L= 120
INVHODOT) X5 «= &0
INVFROTY L - 4 2%
FLI 0.3 K1 <= E L]
F20 Oath X2 # (a9 X3 <= 14
F2CENTD Dat X2 <= 10
DEMAND) 20 XL + 48 X2 + 96 X3 >= 2del
END

LP OPTIMUM FOUND AT STEP

OBJeCTIVE FUNCTIOM YALUE

11 164T718.468T
VARTABLE YALUE
L1 6T-AL2435
LT T<343750
K3 11-792188
X& 120000000
x5 S5 156246
Kb 0000000
ROW SLACK OR SURPLUS
ASSYD 0.000000
TNVHANDY) 0.000000
INVFRAME ) 0.007TAL2
ASSYOT) 0000000
INVHDOT) 5443750
INVFROT) 24000000
Fll} 13.65625%%
F2h 0000000
FZCENT) 5573749
+ DEMANDY) 0000000
ND+ ITERATIOMNS= 1

REDUWCED COST
0. 000000
0000000
0« 000000
0. 000000
0. 000000

24000000

DUAL PRICES
L45 2%9063
8. 000000
0.000000
L3T= 269061
0« D0O000

0= 000000
0-000000
L9Ll=244630
0« 000000
=3 1BTHE?

RANGES IN WHICH THE BASIS [5 UNCHANGED:

VARTARLE

X1
X2

anJ

CURRENT
COEF
1380000000
2496.000000
4320.000000
9.,000000
B=000000
2%-000000

COEFFICTENT RAMNGES

ALLOWABL E
TMCREASE
INFINITY
IT&T-4235B0
LLTL«199950
LiT<249863
INFINITY
INFINITY

ALLUWABLE
DECREASE
40TaT32178
BTHe 399658
INFINITY
INFINITY
8000000
24-000000

LINDO

QUH :&:”
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FILE:z FILS#

ROW

A5S5Y
THVHAND
INVFRAME
ASSYOT
INVHDOT
INVFROT
F1

Fz
F2CENT
DEMAND

FTa4FOOL A

CURRENT
RHS
360000000
10000000
12.000000
120000000
60000000
2%-000000
000000
1%.000000
10000000
2860000000

VM/5P CUNVERSATIONAL MOMTTOR SYSTEM

RIGHTHAND SIDE RANGES
ALLOWABLE
INCREASE

Da0bbb0Y
S« 1586246
INFINITY
NaDbbbbs
INFINITY
INFINITY
INFINITY
Na018181
INFINITY
9T TTTSHE

ALLOWABLE
DECREASE
59 bb600T
ShaA4ITSO
O.0078L2
596066687
ShaB43T50
24.000000
L3.659625%
LaTlHZBS
5593749
Dath bbb
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YM/SP CONVERSATIONAL MONI TOR SYSTEM

FILE: FILF FIaaFOOL A
MIN L3A0 X1 + 2496 N2 + 4320 X3.+ 0 X4 + B X5 + 24 Kb
SUBJECT T0O
A5S5Y] 3 XL+ 5 X2 % 20 X} - N4 £= a0
[NVHANDI Kl + X2 - X5 «<= L]
INVFRAME) K} - K& «£= 12
ASSYOT) X4 «£= 120
INYHDOT A5 «= &0
[NYFROT) X6 <= 2%
Flb 043 X1 <= 34
Fab D.6 X2 + D.8 X3 <= L&
F2ZCENT) Outs X2 €= 10
DEFAND) 20 K1 + 48 X2 + 96 X3 >= az58
END

LP OPTIMUM FOUND AT STEP

1

ORJECTIVE FUNCTION WALUE

L) 201020.%17
YARTABLE VALUE
X1 9. 928558
L ¥4 lbatifibibio
X3 L TV504T
X 120000000
x5 45595230
3 1 0.000000
ROW SLACK OR SURPLUS
AS5Y) 0000000
INVHANDD 0-000000
INVFRAME) T«005952
ASSYOTD 0.000002
"THNYHDOT 15404THS
INVFROTY 2% 000000
Fl1 ha 321434
F2l De 004 THE
FZCENT) 0000000
NEMANDD 0000000
NO« ITERATIDNS= 1

REDUCED COST
0« 000000
0000000
0« 000000
0.+ 000000
0« CO000D

2%+ 000000

DUAL PRICES
418.28588%
A . 000000
0000000
4102859899
0.000000
0.000000
0«000000
0« 000000
2912.382810
=132+ 1%291%

RANGFS IM WHICH THE BASIS [5 UNCHANGED:

VARIAALE

Xl
Xz
X3
L
X5
X&

0BJ CO:EFFICIENT RANGES

CURREMNT
COEF
1380000000
2696.000000
4320.000000
3.000000
B=000000
24000000

ALLOWABLE
IHCREASE
INFINLTY
1T4T<430L180
229T6010T0
H1N.285889
INFINITY
INFINLTY

ALLOWASLE
DECHEASE
40T-T733398

INFINITY
INFINITY
INFINITY
B. 000000
24000000

L INDo
on #17
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FILE: FIL:

ROW

ASSY
[HVYHAND
INVFRAME
ASSYOT
[NVHDOT
TNVFROT
Fl

F2
F2CENT
DEFAND

FT&LFOO1 A

CURRENT
RHS
3ed.000000
T0.000000
12003000
120.000000
60000000
242000000
34000000
14000000
10000000
3258.000000

VH/S5P CONYERSATIONAL MONITOR SYSTEM

RIGHTHAND SIDE RANGES
ALLOWABLE
INCREASE

D.033331
45.595230
INFINITY
N.0333313
INFINITY
INFINITY
INFINITY
INFINITY
0003125
A0 66668T

ALLOWABLE
DECREASE
16805557
Lo 05TES
T-005952
16.d05557
14404765
24000000
LTErALEL]
Da004To2
LalllBBAET
0222219

PALE

ooow2



FILE: FIL' FT&aAFOOL A
MIN 1380 X1 + 2496 X2 + 4320 X3 + A X& + 8 X5 + 2% Xb
SURJECT TO
AS5Y) 3 AL+ 5 M2 + 20 X3 - N4 «£= 3a0
INVHANDD KL # X2 - K5 «£= Ta
INVFRAME) X3 - X& «= 12
ASSYOT) Xy <= 120
INVHDOT) X5 <= &0
INVFROT) b €= 24
F10 0«3 X1 <= a4
F2) O« X2 4+ DA X3 <= 14&
F2CENTH Nath X2 £= 10
DEMANL 20 KL + 48 X2 + 96 X} >= 3334
END
LP OPTIMUM FOUND AT STEP 1]

OBJECTIVE FUNCTION VALUE

L Z11591. 875
VAR TABLE YALUE REDUCED COST
Xl L13.2142T9 0- 000000
X2 L bhbEASE 0. 000000
X3 2851191 0=000000
X 120000000 0. 000000
X5 59880936 0.000000
X6 0. 000000 2%« 000000
ROW SLACK OR SURPLUS DUAL PRICES
ASS5Y) 0.000000 418.2858489
TNYHAND} 0000000 8. 000000
INVFRAME) . 140808 0000000
T ASSYOT) 0000000 510, 285889
INYHDROTD D-1190%51 0. 0000u0
INYFROT) 24000000 0000000
Fl) 0.035T21 0.000000
Fz) LaTL04T 0.000000
FZCENT} 0000000 2912.382810
NErEANDY 0. 000000 =132+14%291%

N0« ITERATIONS= Q

RANGFS I[N WHICH THE BASTS IS5 UNCHANGED:

VAR[AHLE

xl
x2
x3
X4
X5
Kb

CURRENT
COEF

130000000
24946.000000
%320.000000
AL000000

B« 000000

2% .000000

LN

COEFFICTENT RANGES

ALLOWABLE
INCREASE

INFINITY
LT4T«%30180
L29T«B010TO
410.295R89
TNFINITY
INFINITY

ALLOWABLE
DECREASE
40T.T33398

INFINITY
INFINITY
INFINITY
8.000000
24.000000

VM/SP CONVERSATIONAL MONT "R S¥YSTEM

[ INDO

Run #1323
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FILE: FIL®

BOW

ASSY
[MYHAND
INYFRAME
ASSYOT
THNVHDOT
INVFROT
Fl

F2
F2CENT
DE FAND

LP OPTIMUH

FTHRAFODOL A

CURRENT
RHS

360.000007
T0=000000
12.000000
120000000
60000000
24 000000
34000000
14000000
10000000
3338.000000

FOUND AT STEP

NEJECTIVE FUNCTION

1)

VARLABLE
Xl

Xz

X3

xh

xS

K&

ARUW

ASSY]
fTNYHAND)
INVFRAME)
AS3YOTH
THVHDOT)
INVFRAOTY
Fl)

F2l
FZCENT}
DEMAMDI

44999,9961

VALUE
0000000
0= 000000

L1044 L6864
0. 000000
0« 000000
0=000000

RIGHTHAND S1DE RANGES

10

YALUE

SLACK OR SURPLUS

151« 66HLLS5S
T0 . 000000
1583333
120.700000
60, 000000
2% .000000
34 . 000000
SeGbGOHT
10.000000
0000000

NO. ITERATIOMS= 10

VH/SP CONVEHSATIONAL HMONTTOR SYSTEM

ALLOWABLE
INCREASE
12.033332
57«AB0936
INFINITY
12033332
INFINITY
INFINITY
INFINITY
INFINITY
LelZ2BL2%
DabibbbHaS

REDUCED COST
480, 000000
36000000

0=000000
8.000000
8.000000
24« 000000

DouaL PRICES
0000000
0. 000000
0« 000000
O« Q000GCH
0« 000000
Oe Q00000
0. 000000
0« 000000
0« 000000

=45 o 000000

ALLOWABLE

DECREASE
0138893
OaL19051
F« 148808
J«138873
0« 119051

‘2 4.000000

V035721
La T1204T
DOl &6TO
Bl=222183
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