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® The en’rlre se’r of traints is called the constraint set. It must be j
O

comprised of linear combinations of the decision variables (for an
/ LP solution).
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RStudio
Ql- - B BB & || A Gotofile/function B3 &) Project: (None) ~

@] MyLP.R % (@7 ConstructionManagementProblem.R = Environment = History = ]

° ] 41 [ WsourceonSave G A+ i~ ~#Run %% | % Source =~ <4 [l _f"Import Dataset ~
e WI II need ll-l‘]e 1 # Construction Management Model p292 Ossenbrugen "} Global Environment » .
#######1.############################## constr num [1:4, 1:2.. [
# R script set-up
# deallocate the workspace Values
rm(list=1s0)) constr.. chr [1:4] "<=" ..
# load the linear programming library @ constr.. List of 28
library(lpSolve) HowMan... 2L
R nstall Packages i aL

#LP §et—up o . obj.fun num [1:2] 394 1..
# Define the Objective Function Install from: ? Configuring Repositories rhs num [1:4] 10000
. ...

obj.ﬂ.m <- ¢c(39%4, 11]..@) Repository (CRAN) s
# Define the constraint set Plots | Packages | Helg(V

. Files
L S o IveA P I constr <- matrix(c(200, 1000, 200, € p, | ages (separate multiple with space or comma): ~
14 constr.dir <- c("<=", ">=", ">=", "< ) New Folder | @ | Delete (4] Renar

4

packages:

4
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15 rhs <- c(10000, 1600, 3000, 12) IpSolve IpSolveAPl T 4 Home )
R T —
17 # Solve the LP

o In R S-l-Udio Sim I run 18 construction.sol <- 1p("min", obj.fu
p y 19 #accessing to R output

20 # Get some constants to make readabl

21 HowManyDecision <- length(constructi

.I-he q q k e insnl-q I Ie r 22 message("Daily Operation Cost = $",c

p g g 23~ for (i in 1:HowManyDecision) { ( Install ) | Cancel |
24 message("Workers Assigned to Backhuepmyuy uLwongiyy =1 Downloads
s} = Library

q n d i‘I' Wi I I g e‘I' 'I'h e 26 v HHR R : .

27 1 Movies

Install to Library: A Name
/Users/theodore/Library/R/3.1/library [Default] ©7 .Rhistory
= Applications

) U U 0O 004

Install dependencies

(=1 Applications (Parallels)
= Desktop

(1l Documents

24:39  E3 (Untitled) = R Script * " ] Music

p O C k d g eS f rO m Th e f‘::z?_'fe:/ = —_t O l:ﬂ Parallels

~/ UESKLUP/ LUINS LI'UC L LUNMUTNIUYENENLFTIOU LENTL. N ) l_1| Pictures
Daily Operation Cost = $6482
Workers Assigned to Backhoe 1

C RAN Workers Assigned to Backhoe 2

>

izl Public




an input file
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TRANSLATING THE LINEAR PROGRAM TO THE R
SCRIPT

® First, clear the R workspace and load the library

1 # Construction Management Model
e e T e
# R script set-up
# deallocate the workspace

rm(list=1s())

# load the 1linear programming library
library(lpSolve)
T T T




8 ~ I
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, =
200x, + Ox,
Ox, +1000x,

7

# Define tpf constraint set /
constr <- matr1x(c(200 10" 200 0 @, 1000, 1, 1), ncol = 2, byrow=TRUE)

constr.dir <- c("<=", ">=",




/ the

BBehingd the

16 ~ ######################################
17 # Solve the LP

18 construction.sol <- 1p("min", obj.fun, constr, constr.dir, rhs, compute.sens = TRUE)
19 ~ I R

%




SCRIPT

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

\\; TRANSLATING THE LINEAR PROGRAM TO THE R /

some meaningful output for the analyst to interpret

19 ~ #HHHHHHHHHH R

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 ~ HHHHH RS

o1, " ,construction.sol$solution[i])




MANAGEMENT EXAMPLE

RStudlo

K LP SOLUTION TO THE CONSTRUCTION

' - - H @ &)  Go to file/function

. Run ’rhe R SCI’IpT Clnd | 37 MyLP.R * @ ConstructionManagementProblem.R |
- 41 [ W SourceonSave @ & /v -

1 # Construction Management Model

2 v HHHHHHHH R
3 # R script set-up

4 # deallocate the workspace

5

6

7

5

examine the results!

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

22:53 EJ (Untitled) =

Console ~/ =

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

Workers Assigned to Backhoe 1 =

Workers Assigned to Backhoe 2 =

>







BOD=200ppm \

Effluent (BOD<=30ppm)
= P



Effluent (BOD <= 30ppm)




Plant 1

Effluent (BOD<=30ppm)




Plant 1

Effluent(BOD <= 30ppm)




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

Xy X5 X3 X4
Plant
| 7

Effluent(BOD <= 30ppm)



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

20x, +40x, +20x. +40x, =150
(BOD*FLOW after treatment)

%



WASTEWATER TREATMENT PLANT ALLOCATION /

Write the objective function g

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

O

®* Water quality constraint

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

® Treatment Plant Capacity

Ix, +0x, +1x; +0x, <3
Ox, +1x, +0x, +1x, <4



O

WASTEWATER TREATMENT PLANT ALLOCATION

Write the objective function

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

®* Water quality constraint

20x, +40x, +20x, +40x, <150
(BOD*FLOW after 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

y
4
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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 ~ HHHHHHHH
# R script set-up
# deallocate the workspace
rm(list=1s())

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

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




emmmRT P
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("<=", "<=", "<=", ">=", ">=")

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

16 ~ HHAAHHHHRHHHH AR R R R R




WASTEWATER TREATMENT PLANT ALLOCATION

/1 ® Solve the LP and write results

T

# Solve the LP

wastewater.sol <- 1lp("min", obj.fun, constr, constr.dir, rhs, compute.sens = TRUE)
I L

# Generate meaningful output

# Get some constants to make readable output

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

message("Flow In Pipeline ",1i," = ",wastewater.sol$solution[i])

}
e e
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WASTEWATER TREATMENT PLANT ALLOCATION

® Run the script

@77 MyLP.R » @7 ConstructionManagementProblem.R » (2| WastewaterTreatmentAllocation.R *

4

=
A WNPFPOCOWOONOOULLE WN -
4

15
23:63

&l [ JSourceonSave @& S/ - i = =% Run | ®% | | # Sourc
# Wastewater Treatment Plant Allocation
HIH U
# R script set-up
# deallocate the workspace
rm(list=1s())
# load the linear programming library
library(lpSolve)
e i
# LP Set-up
# Define the Objective Function
obj.fun <- c(46,50,55,490)
# Define the constraint set
constr <- matrix(c(20,49,20,40,1,0,1,0,0,1,0,1,1,1,0,0,0,0,1,1), ncol

n n n__nmn

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 =







