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Studying the influence of raw materials constrain on Maximize the revenue
of products mix using simplex linear programming method

“Applied study in Heavy Engineering Equipment State Company”

Dr.Luma Adnan Hameed Amal Sadiqg Atta Salman Hussen Umran
Senior Chief Engineer Lecturer Lecturer assistance
/HEESCO/ Ministry of Oil Institute of technology Institute of technology
Baghdad Baghdad Baghdad
Abstract:

In this research simplex method as a linear programming was applied for maximizing
the revenue of the products in the heavy engineering equipment state company. Linear
programming is one of the important mathematical modeling used in operation research for
decision making to solve some of the problems in the industrial fields. The studying of the
influence of raw material constraint to maximize the revenue was performed. The products
that assigned in this research include:

). Heat exchangers. f. Storage tanks. . Steam boilers. ¢ Pressure vessels. ¢. Steel
structure.

According to the actual data in the company for the period from */1/Y«1«to £/ 1 F/F+ 1),
the average price of each (Ton) per product was calculated; the objective function for
maximizing revenue was adopted taking into consideration the following constraints:

). Available capacity. *. Raw Materials and *. Available time or working hours. The
influence of increasing the raw material constraint on maximizing revenue according to the
product mix was studied.

Mathematical model was formulated to study and analyze according to the data of the
current situation in the company using WinQSB software, for the objective function and the
constraints. Solving the problem using WinQSB was performed; the solution started from the
table for the basic solution toward the final simplex table. Fifteen cases was applied to study
the effect of increasing raw material constraint on the revenue of products mix. The results
showed considerable revenue increasing that reached '4 9.7 e¥+. «.. ID, i.e. ¢%Z more
than the revenue of ¥+« and !+ !Zmore than the revenue of ¥« 'as current situation. The
optimum product mix by manufacturing storage tanks, steam boilers and pressure vessels; by
fixing the constraints of the available capacity, working hours and increasing the raw
materials constraint.
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Slack C4| D ] 0 0 1.0000  1.0000 0 0 0 1.0000 0 ] 0 0 4.355.0000 ]
Slack C5] 0 40.0000 0 30,0000 0 ] 0 0 ] 0 1.0000 ] 0 0/ 10.400.0000 3466667
Slack C6| 0 200000 50000 120000 18.0000 150000 0 0 ] 0 0 1.0000 0 0 41.600.0000 3,466.6670
Slack 7] 0 20000 150000 40000  8.0000  10.0000 0 0 ] 0 0 0 1.0000 0 £.000.0000 1.500.0000
Slack_C8] 0 36.0000 o ELXII] 20000 0 0 0 0 0 0 0 0 1.0000 3,000.0000 150.0000
CGFZ() | 5.202.0000 4,363.0000 5.478.0000 4.512.0000 4,655,000 0 0 ] 0 0 ] 0 0 0

[ Linear and Integer Programming !En
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o.00] A

=] ]
—| [
X4 X5

M Simplex Tableau -- Iteration 1 -|Ox

X1 %2 %3 lack CTilack Clilack Ciilack C{ilack Cfilack Cfilack Clilack C{

Basis | Cfj) |5.202.0000]4.359.0000 |5.478.0000(5.2120000[465500000 0 [ o [ o | 0o [ o [ ® 0 [ 0 [RHS | Ratio
Slack C1| © 1.0000 0 0 0 0 1.0000 0 0 0 0 0/1.200.0000 ]
Slack C2| © o 1.0000 o 1.0000 ] 0/ 1.0000 0 ] 0 0/ 3,700.0000 ]
Slack C3| 0 0 0 10000 0 0 0 0 1.0000 0 0 0/ 2.100.0000 *.100.0000)
Slack C4| © [] 0 0 1.0000  1.0000 0 0 0 1.0000 0 0/ 5,000.0000 M
——— P —— — - - - - - — ]
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N Simplex Tabl teration 2

%5 [Slack_C1][Slack_C2]Slack_C3]Slack_C4[Slack_C5]Slack_CG|Slack_C7| Slack_C8

Basis [51] 5,zu "['IEIEIJ 4 355 uuuu | 5, 473 uuuu [4. 512 uuuu \ 46550000 0 [ o [ o [ o | o [ o [ o | 0o | RHS | Ratio
Slack C1] 0 10000 [ 0 1.0000 [ 0 ] [ 0 ] 0 1.180.0000 [
Slack C2] 0 0 1.uuuu 0 1.uuuu 0 0 10000 0 ] 0 0 ] 0 2.700.0000 [
Slack €3] 0 -1.8000 0 0 01000 0 ] 0 1.0000 ] 0 0 0 -0.0500 16150000 [
Slack C4| 0 0 0 0 1.0000  1.0000 ] 0 0 1.0000 0 0 ] 0 43550000 4,355.0000
Slack 5] 0 -14.0000 0 0 -3.0000 ] ] 0 0 0 1.0000 0 0 -1.5000 5.300.0000 [
Slack C6| 0 -.6000 50000  0.0000 16.8000 150000 ] 0 0 ] 0 1.0000 0 -0.6000 39.800.0000 2.653.3330)
Slack C7] 0 -5.2000  15.0000 0 7.6000 0 [ 0 0 [ 0 10000 -0.2000 5.400.0000 540.0000)

%3 [5470.0000)  1.6000 0 10000 01000 0 ] 0 0 ] 0 0 0 00500 1500000 M

C1-Z0) | -4.658.4000 4,369.0000 0 3.964.2000 4,655.0000 ] 0 0 ] 0 0 0 -273.9000 821,700.0000

() il Jgan g A8 Jlally (A Jad) g2 SLELE (1) pd) o

Fle Simplex Iteration Format  Window  Help
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M Simplex Tableau -- lteration 3
X1 %2 X3 X4 Slack_C1[Slack_C2][Slack_C3]Slack_C4]Slack_C5[Slack_CE| Slack_C7 [ Slack_CB

Basis Ci__[5202.00004,369.0000 |5 4761 uuuu|4 512. uuuu|4 65500000 0 | o [ o [ o [ o [ o | 0o [ o [ RHS [ Rato
Slack_C1 0 7.0000; 0 1.0000 0 ] 0 0 0 0 0 1.180.0000 M
Slack C2| 0 0 1.uuuu u 1.uuuu 0 0 1.0000 0 0 0 0 0 0 2.700.0000 2.700.0000
Slack C3] 0 -1.8000 0 0 01000 0 0 0 1.0000 0 0 0 0 -0.0500  1.515.0000 M
Slack C4[ 0 05200  -1.5000  0.0000  0.2400 0 0 0 0 1.0000 0 0 01000 00200 38150000 15,895.8300
Slack C5[ 0 -14.0000 0 0 -30000 0 0 0 0 0 1.0000 0 0 -1.5000  5300.0000 M
Slack C6| 0 62000 -175000  0.0000  5.4000 0 0 0 0 0 0 1.0000 -1.5000 -0.3000 31.700.0000 5.870.3710)

X5 [4655.0000] -0.5200  1.5000  0.0000 ]  1.0000 0 0 0 0 0 0 01000 -0.0200 540.0000  710.5263

X3 [5.476.0000 1.8000 0 10000 01000 0 0 0 0 0 0 0 0 0.0500 150.0000 1.500.0000

C(i)-Z(j) | -2.237.8000 -2.613.5000 0 426.4000 0 0 0 0 0 0 0 -465.5000 -180.8000 3.335,400.0000

inear and Integer Programming

Fie Simplex Tteration Format  Window  Help

|u.uu| A

M Simplex Tableau -- Iteration 4

Basis | R.H.S. [Ratio
Slack_C1 0 0 0 1.180.0000
Slack_C2 0 | -0.9737 0.0000 -1.3158 0  1.0000 ] 0 0 0 01316 0.0263 1.989.4740
Slack_C3 o 1.8684 0.1974 0.0000 0.0000 0.1316 0 0 1.0000 0 0 o 00132 -0.0526 1.686.0530
Slack C4| 0 06042  -1.9737  0.0000  0.0000  -0.3158 0 0 0 1.0000 0 0 01316 0.0263  3,644.4740
Slack €5 0 16.0526 59211 0.0000  0.0000  3.9474 0 0 0 0 1.0000 0 03947 15789  6,031.5790
Slack_CEB 0 9.8947 -28.1579 0.0000 0.0000 -7.1053 0 0 ] 0 0 10000 -22105 -D.1579 27.863.1600

X4 4.512.0000 0.6842 1.9737 0.0000 1.0000 1.3158 0 o o 0 0 o 01316 -0.0263 710.5263
X3 |5,476.0000 16684  -0.1974  1.0000  0.0000  -0.1316 0 0 0 ] 0 0 -0.0132  0.0526 78.9474
CiXZG) | -1.946.0530  -3.455.0790 0 0 -561.0526 0 [ [ 0 0 0/ -521.6053 -169.5769 3,638,369.0000

A
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Decision Solution | Unit Cost or Total Reduced Basis Allowable Allowable

Wariable Value Profit cfj) Contribution Cost Status Min_ c[j) Max. cfj)
A = 1] 5,202.0000 o -1,946.0530 | at bound -M 7.148.0530
2 X2 1] 4,369.0000 1] -3,455.0790 | at bound -M 7.824.0790
3 X3 70.9474 | 5. 478.0000 432 4737000 1] basic = 4.436.4510 9.742.0000
4 X4 7105263  4.512.0000 3.205.835.0000 1] basic = 4.085.6000 7 356.2310
5 X5 1] 4,655.0000 o -561.0526 | at bound -M 5,216.0530
] Objective Funclion [Max.) = | 3.638.368.0000
] Left Hand Right Hand Slack Shadow | Allowable Allowable

Constraint Side Direction Side or Surplus Price Min. RHS Max. RHS
] c1 1] <= 1.180.0000  1.180.0000 1] 1] M
2 cz 710.5263 <= 2.700.0000  1.989.4740 1] 710.5264 M
3 C3 78.9474 <= 1,765.0000  1.686.0530 1] 78.9474 M
4 C4 #10.5263 <= 4,355.0000 @ 3.644.4740 1] 710.5264 M
5 Ch 2.368.4210 <= 10.400.0000 = 8.031.5730 1] 2.368.4210 M
] C6 13,736.8400 <= 41,600.0000  27,863.1600 1] 13.736.8400 M
i [or) 6.000.0000 <= 6.000.0000 1] 521.6053 600.0000 12,000.0000
8 %] 3.000.0000 <= 3.000.0000 1] 169.5789  1.500.0000 8.086 6670

s e 405V o) sall AeaS) V) anill L5 4 50 5 Cun odle) 23 saill Gkl sale ) JDA (e 1l Al
by Jedl) 8 dind) s jal LA Jglaall w3l s CY-CY 0 e Alla Y 0 Gadaty sl g all 5 Caagl)

\Al

el (V)
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03-12:2012 Solution | Unit Cost o Total Reduced | Basis 03-12-2012] Decision | Solution |Unit Cost or Total Reduced | Basis
12:35:57 Value | ProfitCi) | C Cost Status 14:15:27 | Variable | Value | Profit CG) ibuti Cost Status
1 0 5.202.0000 0 -1.467.1050 at bound 1 X1 0 5,202.0000 0 -1,467.1050 at bound
2 0 4.369.0000 0 -4,836.6580  at bound 2 X2 0 4.369.0000 0 -4,836.6580 at bound
3 197.3684 | 5.478.0000 1.081.184.0000 0 basic 3 X3 315.7895 5,478.0000 1,729,895.0000 0 basic
4 1.026.3160 5.212.0000 5,349.158.0000 0 basic [ X4 1.342.1050 5.212.0000 6.995.053.0000 0 basic
5 0 4.655.0000 0 -1.482.1050  at bound 5 X5 ] 4.655.0000 0 -1.482.1050 at bound
Objective Function  [Max.) =  6.430.342.0000 Objective Function = [Max.)=  8,724.947.0000
= = = = 03-12-2012| Decision | Solution |Unit Cost or Total Reduced | Basis
03-12-2012 | Decision | Solution |Unit Cost or Total | Reduced Basis 14:21:37 | Variable Value Profit C(j) ibuti Cost Status
14:18:34 | Variable | Value | Profit C(j) Cost Status : % | 2600000 |5.202.0000] 1,352,520.0000 D e
1 X1 163.6066  5.202.0000 851,081.3000 0 basic
2 X2 0 4.369.0000 0 -5.403.5000 at bound
2 X2 0 4.369.0000 (] -5,377.8030 at bound = 25 o T s o 5 00 | atoca
3 X3 1285246 5.478.0000 704.057.8000 [0 basic - | T e e < ab s
1 X4 1.769.8360 5.212.0000 9.224.386.0000 0 basic = =14 SRR R l:’"’d
5 X5 0 4.655.0000 ] -1,842.8690 at bound Lo Lo Lot
Objective Function  (Max)= 10,779,530.0000 Dbisctvel Funclign: | JMax)= {10.766.241.0000
03-12-2012] Decision | Solution |Unit Cost or Total Reduced | Basis 03-12-2012] Decision | Solution |Unit Cost or Total Reduced | Basis
14:24:34 | Variable | Value | Profit C() | Contributi Cost Status 14:27:00 | Variable | Value | Profit C(j) ibuti Cost Status
1 X1 52174 52020000 27.140.8700 0 basic 1 0 5.,202.0000 0 -2,091.7330 at bound
2 X2 0 4.369.0000 0 -5,229.3340 at bound 2 232.6956  4,369.0000 1,016.647.0000 0 basic
3 X3 339.7101  5,478.0000 1,860.932.0000 0 basic 3 346.6667 5.478.0000 1.899.040.0000 0 basic
4 X4  2,078.8410 5,212.0000 10,834,920.0000 0 basic 1 X4  2.015.3620 5.212.0000 10,504,070.0000 0 basic
5 X5 0 4.655.0000 0 -1.814.5650 at bound 5 X5 0 4,655.0000 0 -450.3913  at bound
Objective  Function (Max.) = 12,722,990.0000 Dbjective  Function (Max.) = 13.419.760.0000
03-12-2012[ Decision | Solution |Unit Cost or Total Reduced | Basis 03-12-2012| Decision | Solution |Unit Cost or Total Reduced | Basis
14:29:14 | Variable | Value Profit C(j) ibuti Cost Status 14:31:36 | Variable | Value Profit C) | Ce Cost Status
] | 5.202.0000 0 2.091.7330 at bound 1 X1 i 0 5.202.0000 0 -2,091.7330 at bound
2 X2 467.4783 | 4.369.0000 2,042.413.0000 0 basic 2 X2 702.2609 | 4.369.0000 3.068.178.0000 0 basic
3 X3 346.6667 5.478.0000 1.899,040.0000 0 basic 3 X3 346.6667  5.478.0000 1,899,040.0000 0 basic
4 X4 1,950.1450 5.212.0000 10,164.160.0000 0 basic 4 X4  1.884.9280 5.212.0000 9.824.242.0000 0 basic
5 X5 0 4.655.0000 0 -450.3913  at bound 5 X5 0 4.655.0000 0 -450.3913 | at bound
Objective  Function = (Max.)= 14,105,610.0000 Objective  Function = [Max.) = 14,791,460.0000
03-12:2012 Solution |Unit Cost or Total Reduced | Basis 03-12-2012[ Decision | Solution |Unit Cost or Total Reduced | Basis
14:33:22 | Variable | Value | Profit Cfj) ibuti Cost Status 14:34:55 | Variable | Value | Profit CG) | Contributi Cost Status
1 X 0 5,202.0000 0 -2,091.7330 at bound 1 Xi 0 5,202.0000 0 -2,091.7330 at bound
2 X2 937.0435  4,369.0000 4,093,943.0000 0 basi 2 X2 1.171.8260 4.369.0000 5.119.708.0000 0 basic
3 X3 346.6667  5.478.0000 1.899.040.0000 0 b 3 X3 346.6667 5.478.0000 1,899,040.0000 0 basic
4 X4 1.819.7100 5.212.0000 9.484,330.0000 0 basic ] X4 1.754.4930 5212.0000 9.144.416.0000 0 basic
5 X5 0 4.655.0000 0 -450.3913  at bound 5 X5 0 4,655.0000 0 -450.3913  at bound
Objective Function  [Max.) = 15,477.310.0000 Objective Function = (Max.)=  16.163,160.0000
03-12-2012 Decision | Solution | Unit Cost or Total Reduced | Basis o312 e fon | Unit Cost Total Reduced | Basi
14:36:41 | Variable | Value | ProfitCG) | Contibuti ost | Status s e bati Tt || sans
1 X1 5.202.0000 0 -2,091.7330 at bound 1 %] 5.202.0000 0 2.091.7330 at bound
2 X2 1.406.6090  4.369.0000 | 6.145.473.0000 0 basic 2 X2 1,641.3910 4,369.0000 7.171.239.0000 0 basic
3 X3 346.6667 5.478.0000 1.899.040.0000 0 basic 3 %3 346.6667  5.478.0000 1.899.040.0000 0 basic
4 X4 16892750 5.212.0000 8,804.503.0000 0 basic i X4  1.624.0580 5.212.0000 8.464.590.0000 0 basic
5 X5 9 __ e ) H450-3315) [abound 5 X5 0 4.655.0000 0 -450.3913  at bound
Objective| Function | [Max.) = |16.849.020.0000 Objective Function  (Max.)=  17.534.870.0000
03-12-2012| Decision | Solution |Unit Cost or Total Reduced | Basis 03-12-2012 | Decision | Solution |Unit Cost or Total Reduced Basis
14:40:31 | Variable | Value | Profit C() ibuti Cost Status 14:42:11 | Variable | Value | Profit CG) | Contributi Cost Status
1 X1 1 0 5.,202.0000 0 -2,091.7330  at bound 1 X1 0 5,202.0000 0 -2,091.7330 at bound
2 X2 1,876.1740 4.369.0000 8,197.004.0000 0 basic 2 %2 21109570 4.369.0000 9.222.769.0000 0 basic
3 X3  346.6667 5.478.0000 1.899,040.0000 0 basic 3 X3 346.6667 5.478.0000 1,899,040.0000 0 basic
4 X4  1.558.8410 5.212.0000 8.124.677.0000 0 basic 4 X4 1.493.6230 5.212.0000 7.784.764.0000 0 basic
5 X5 0 4.655.0000 0 -450.3913  at bound 5 X5 0 4,655.0000 0 -450.3913  at bound
Objective Function  (Max.) =  18,220.720.0000 Objective  Function = (Max.) =  18,906,570.0000
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