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®* The en’rlre set of co 1straints is called the constraint set. It must be

comprised of linear combmahons of the decision variables (for an
LP solution).







iny must
cC wch and at
qus’r 3 000

-



tr at a
xcavate 1,000

of o1, 10 per machine day







X, is the number of operators assigned to a Type 1 machine

X, is the number of operators assigned to a Type 2 machine.



















S (Type 1 Available)
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* Here we will use R a solve the LP and find the decision

variable values and the associated cost of the decision(s).




OBTAIN THE REQUIRED PACKAGES

-~ B B & || A Gotofile/function g Addins ~ & Project: (None) ~

@7 MyLP.R * @7 ConstructionManagementProblem.R Environment = History =
'

$ .II d h - 41 [ WsourceonSave @G S -+ i - “#Run % | “Source = <% [ #Import Dataset ~ | ¥
e WI nee 1- e 1 # Construction Management Model p292 Ossenbrugen

% Global Environment ~ = .
B e e constr num [1:4, 1:2.. ||
# R script set-up = e
# deallocate the workspace Values
rm(list=1s0)) constr.. chr [1:4] "<=" ..
# load the linear programming library @ constr.. List of 28
library(1lpSolve) HowMan... 2L
TR nstall Packages 1 2L

# LP Set-up ; .
# Define the Objective Function Install from: ::i.fun ::: Eiﬁ i:;o’;"

obj.fun <- c(394, 1110)

4

packages:

4
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® LpSolve, and

? Configuring Repositories
Repository (CRAN) o

# Define the constraint set
. Files Plots Packages Heln[ |V
L ps (o) IveA P I constr <- matrix(c(200, 1000, 200, @ p,yages (separate multiple with space or comma):

constr.dir <- c("<=", ">=", ">=", |I Solve IoSolveAP! & New Folder & | Delete |+ Renar
rhs <- c(10000, 1600, 3000, 12) poolve lpoolve O 4} Home
16 ~ #HHHHHHHIHH
. C Q B ¢ Solve the LP /Users/theodore/Library/R/3.1/library [Default]
In R S‘l‘Ud Io SI m p I y run 18 construction.sol <- 1p("min", obj.fu LACEL v
19 #accessing to R output
20 # Get some constants to make readabl ¥/Install dependencies
h k - II 21 HowManyDecision <- length(constructi
'l' e png ge InS'I'q er 22 message("Daily Operation Cost = $",c ( — ] (TCancal )

23~ for (i in 1:HowManyDecision) {

24 message("Wor‘ker‘s Assigned to chkhm
25 }

an d i‘l‘ Wi I I g et 'l'h e 26~ M Library

27 — 1l Movies
24:39  E3 (Untitled) * RScript =+ [ [l Music

packages from the T T G panaens

2 dSuurce ~/UESKLUps LUINISLIucLLunMunuyenmernurroviemn. n Jj O | Plctures

Daily Operation Cost = $6482

Workers Assigned to Backhoe 1
C RAN Workers Assigned to Backhoe 2

>

Install to Library: A Name
©7 .Rhistory
=l Applications

) () () 0O 0O 00

=l Applications (Parallels)
=l Desktop

(=] Documents

| Downloads

| Public
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# Construction Management Model
=

# R script set-up

# deallocate the workspace

rm(list=1s())

# load the linear programming library

library(lpSolve)
=




8 ~ BRI R
9 # LP Set-up

10 # Define the Objective Function

11 obj.fun <- c(394, 1110)




SCRIPT

®* Then construct the constraint set — the constraint coefficient matrix,

\O TRANSLATING THE LINEAR PROGRAM TO THE R 4

inequalities, and right-hand-side are entered as separate objects

200x, +1000x, =
A 200x, + Ox,
Ox, +1000x,

/

# Define tpf constraint set /  /
constr <- matrlx(c(ZOO 1004, 200 9/ 0, 1000, 1, 1), ncol = 2, byrow=TRUE)
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# Solve the LP

construction.sol <- 1p("min", obj.fun, constr, constr.dir, rhs, compute.sens = TRUE)
HURHGHERL R G R R GRS E R g

%




SCRIPT

O ® Lastly, interrogate the solution object (construction.sol) and generate

\\; TRANSLATING THE LINEAR PROGRAM TO THE R 4

some meaningful output for the analyst to interpret

IR R S S
5 20 # Generate meaningful output
21 # Get some constants to make readable output
22 HowManyDecision <- length(construction.sol$solution)

23 message("Daily Operation Cost = $",construction.sol$objval) #objective function value
24~ for (1 in 1:HowManyDecision) {

25 message("Workers Assigned to Backhoe
26 }

27 ~ HHHHHHH R

,i," = ",construction.sol$solution[i])




MANAGEMENT EXAMPLE

RStudio
i 2~ H BB & || # Go tofile/function -~ =+ Addins -

. Run the R Scrlpf and | 37 MyLP.R * 7 ConstructionManagementProblem.R
5 41 [ W SourceonSave @& /v i

1 # Construction Management Model

W
3 # R script set-up

4 # deallocate the workspace

5

6

7

5

K LP SOLUTION TO THE CONSTRUCTION

examine the results!

rm(list=1s())
# load the linear programming library
library(lpSolve)

22:53 E3 (Untitled) =

Console ~/

> source('~/Desktop/ConstructionManagementProblem.R")
Daily Operation Cost = $6482

Workers Assigned to Backhoe 1

Workers Assigned to Backhoe 2

>







Plant 1

Effluent (BOD<=30ppm)




Plant 1

Effluent (BOD <= 30ppm)




Plant 1

Effluent (BOD<=30ppm)




Plant 1

Effluent(BOD <= 30ppm)




C(x)=46x +50x, +55x, +40x,

'X2

X3 X4
- Q

Effluent(BOD <= 30ppm)
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C(x)=46x,+50x, +55x, +40x,

L xl +40x, +20x, +40x, <150
(BOD*FLOW after treatment)

%



- C(x)=46x, +50x, +55x; +40x,

©

2()1 +40x, +20x, +40x, <150
 (BOD*FLOW after treatment)

® Treatment Plant Capacity

Ix, +0x, +1x; +0x, <3

Ox, +1x, +0x; +1x, <4



WASTEWATER TREATMENT PLANT ALLOCATION O/

Wri’re the objective function ((

- C(x)=46x,+50x, +55x, +40x,

O

®* Water quality constraint

20x, +40x, +20x, +40x, <150

) (BOD*FLOW atfter treatment)

® Treatment Plant Capacity * All water must be treated

Ix, +0x, +1x,+0x, =3 Ix, +1x, +0x,+0x, =3

Ox, +1x,+0x; +1x, <4 Ox, +0x, +1x; +1x, =2




WASTEWATER TREATMENT PLANT ALLOCATION

®* The next step is to translate the Linear Program model into

R Script

® First the objective function

1 # Wastewater Treatment Plant Allocation
2 ~ WU
# R script set-up
# deallocate the workspace
rm(list=1s())

# load the linear programming library
library(lpSolve)
e
# LP Set-up

# Define the Objective Function
obj.fun <- ¢(46,50,55,40)




—_—— -——g s s = —_—. = =y == =

12 # Define the constraint set

13 constr <- matrix(c(20,40,20,40,1,0,1,0,0,1,0,1,1,1,0,0,0,0,1,1), ncol = 4, byrow=TRUE)
14 Constr‘_dir' <_ C(ll<="’ "<=Il’ l1<=|l, ">="’ |I>=ll)

15 rhs <- c(150, 3, 4, 3, 2)

16 ~ #EH#HAHAHHHBRBHARAH AR R H A AR AR R R HHH
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\\;\)WASTEWATER TREATMENT PLANT ALLOCATION

® Solve the LP and write results

g T T
# Solve the LP
wastewater.sol <- 1lp("min", obj.fun, constr, constr.dir, rhs, compute.sens = TRUE)
U R
W # Generate meaningful output
# Get some constants to make readable output

O

HowManyDecision <- length(wastewater.sol$solution)
message("Daily Operation Cost = $",wastewater.sol$objval) #objective function value
for (1 in 1:HowManyDecision) {

message("Flow In Pipeline ",i," = ",wastewater.sol$solution[i])

}
T
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WASTEWATER TREATMENT PLANT ALLOCATION

® Run the script

@7 MyLP.R » @7 ConstructionManagementProblem.R » (| WastewaterTreatmentAllocation.R *

4

el el
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4

15
23:63

.

& [ JSourceonSave @& /- i | = % Run %%  “ Sourc
# Wastewater Treatment Plant Allocation
e B o e

# R script set-up

# deallocate the workspace

rm(list=1s())

# load the linear programming library

library(lpSolve)

B e

# LP Set-up

# Define the Objective Function

obj.fun <- c(46,50,55,40)

# Define the constraint set

constr <- matrix(c(20,40,20,40,1,0,1,0,0,1,0,1,1,1,0,0,0,0,1,1), ncol
constr.dir <- c("<=", "<=", "<=", ">=",; ">=")

E3 (Untitled) =

Console ~/ =

> source('~/Desktop/WastewaterTreatmentAllocation.R")
Annual Operation Cost = $218000

Flow In Pipeline 1

Flow In Pipeline 2

Flow In Pipeline 3

Flow In Pipeline 4







