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¢ Feedback on Tutorial 2 Exercises
¢ Facility location
O Network design

¢ A test your skills exercise
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Information on Exercise 1 / S IEES

Location Factor Weight Scores Scores Scores Scores
(w,) Amsterdam The Hague Utrecht Rotterdam

1. Warehouse utilization 20 8 6 4 7

2. Average time per trip from 15 7 5 7/ 5
warehouse to retailers

3. Employee preferences 15 1 7 8 3

4. Accessibility to major highways 10 7 4 9 5

5. Land costs 10 2 3 1 4

6. Quality of life 15 5 6 9 5

7. Taxes 15 3 5 5 4

a) Which is the best site?

¢ Assume that a higher score is more desirable than a lower one
¢ Support your answer with calculations
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Answer to Exercise 1a /" groningen

Location Factor Weight Scores Scores Scores Scores
(w,) Amsterdam The Hague Utrecht Rotterdam

1. Warehouse utilization 20 8 6 4 7

2. Average time per trip from 15 7 5 7/ 5
warehouse to retailers

3. Employee preferences 15 1 7 8 3

4. Accessibility to major highways 10 7 4 9 5

5. Land costs 10 2 3 1 4

6. Quality of life 15 5 6 9 5

7. Taxes 15 3 5 5 4

490 535 615 485
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. university of
Answer to Exercise 1a /" groningen

Location Factor Weight Scores Scores Scores Scores
(w,) Amsterdam The Hague Utrecht Rotterdam

1. Warehouse utilization 20 8 6 4 7

2. Average time per trip from 15 7 5 7/ 5
warehouse to retailers

3. Employee preferences 15 1 7 8 3

4. Accessibility to major highways 10 7 4 9 5

5. Land costs 10 2 3 1 4

6. Quality of life 15 5 6 9 5

7. Taxes 15 3 5 5 4

490 535 615 485
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Information on Exercise 1b / groningen

Location Factor Weight Scores Scores Scores Scores
(w,) Amsterdam The Hague Utrecht Rotterdam

1. Warehouse utilization 20 8 6 4 7

2. Average time per trip from 15 7 5 7/ 5
warehouse to retailers

3. Employee preferences 15 1 7 8 3

4. Accessibility to major highways 10 7 4 9 5

5. Land costs 10 2 3 1 4

6. Quality of life 15 5 6 9 5

7. Taxes 15 3 5 5 4

b) Range of values for w, such that the site from Exercise 1a remains the best
O Assume that all other weights and all scores keep their current values
¢ Support your answer with calculations
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Answer to Exercise 1b ¢/ groningen

¢ Weight of warehouse utilization = w,

O Amsterdam: w; X8+ 15X 7+15Xx1+10Xx7+10Xx2+15Xx5+ 15X 3
= 330 + 8w,

0 The Hague: 6w, + 415
O Rotterdam: 7w, + 345
O Utrecht: 4w, + 535 (best site in Exercise 1a)

¢ 4w, + 535 needs to be larger than all values for other cities, so:
O 4w, + 535 > 330 + 8w; w; < 51.25
O 4w, + 535 > 6w, + 415; w; < 60
O 4w, + 535 > 7w, + 345; w; < 63.3

¢ If range of values for this weight: 0 < w, < 51.25 then Utrecht remains the
best site
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Answer to Exercise 1b
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¢ If 0 < w; < 51.25 then Utrecht remains the best site.

0 Note that even if the weight w, changes, the other weights do not. So it may happen
that the sum of all weights may not be 100 anymore.

¢ But this is not an issue. As long as all options are considered with the same weight
composition, the comparison of total scores is fair.
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Information on Exercise 2
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¢ Matrix Manufacturing Inc. services four stores located in four Ohio cities

Store Location |Coordinates (x, y) Load volumes
Cleveland (11, 22) 15

Columbus (10, 7) 10

Cincinnati (4, 1) 12

Dayton (3, 6) 4

Total 41

¢ It considers two warehouse locations:
O Mansfield, Ohio (coordinates: x=11, y=14)
¢ Springfield, Ohio (coordinates: x=6, y=6.5)

¢ Which of the two locations is the most suitable location?
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Answer to Exercise 2
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Cleveland
11, 22
Columbus
Dayton
10, 7
3,6 Cincinnati
4,1
4 10 12
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Answer to Exercise 2

¢ Use center-of-gravity method

/

university of
groningen

Store Location |Coordinates (x, y) Load volumes |d;W; d;,W;
Cleveland (11, 22) 15 165 330
Columbus (10, 7) 10 100 70
Cincinnati (4, 1) 12 48 12
Dayton (3, 6) 4 12 24
Total 41 325 436
i dixWi 325
¢ C, =2l 22 _ 79
2 Wi 41
2. AiyW;i 436
¢C, =22 1=""=106
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30

25

11, 22
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15

(7.9, 10.6)
10 °

10,7
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30
25
11, 22
20
15 X Mansfield (11, 14)
?(7.9, 10.6)
10 o
Springfield (6, 6.
5 . X pringfield ( 5) 10,7
0 4,1
0 2 4 6 8 10 12 14
5
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¢ Optimal location seems to be in the middle of Mansfield and Springfield
(candidate locations). How to continue?

¢ For example, compute the (Euclidean) distances between optimal location
and candidate locations

0 (2 = %1)2+ (2 — ¥1)?
0 Distance between optimal (7.9, 10.6) and Springfield (6, 6.5) = 4.52
¢ Distance between optimal (7.9, 10.6) and Mansfield (11, 14) = 4.60

¢ So, Springfield is the most suitable option

O With very close margin. If any other aspects play a role, those should probably be
more decisive.
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Information from Exercise 3a / groningen

¢ 4 potential locations for a warehouse to serve demand in 5 cities
¢ Fixed costs for opening a new distribution centre at each of the candidate locations known

¢ Variable distribution costs associated with supplying one unit of demand of a city from that
location is known

Potential warehouse Fixed cost City 1 City 2 City 3 City 4 City 5
location

1 175 5 4.5 8 2.5 5

2 410 3 4 6 6 7

3 200 5.5 9 3 5 4

4 160 2 10 5 7 6
Demand 15 22 11 25 22

¢ Formulate this as an uncapacitated facility location problem
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¢ Read the problem; then read it again!

¢ Step 1: Definition of decision variables

¢ 1a: Decision needs to be made on?
= Express this by using, for example, x,, x, (clearly explaining each variable)

¢ 1b: Indicate valid range of all variables

= Binary, integer, real; positive, (non-)negative

¢ Step 2: Define objective function
¢ 2a: What do you want to achieve? Choose between minimize and maximize
O 2b: Express this mathematically using variables and parameters

¢ Step 3: Formulate all constraints
O Develop mathematical relationships to describe constraints (using either <, >, =, < or 2)
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Step 1: Definition of variables </ sroningen

Sets:

I set of 5 cities (customers) I ={1,2,3,4,5}
Ji set of 4 potential locations ] =1{1,2,3,4}

Parameters:
F; Fixed costs for opening facility at location j

c;j  The (variable) distribution cost for supplying 1 unit of customer i ’s

demand from the facility at j
D; Demand of customer i
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Step 1: Definition of variables < / groningen

¢ Step 1la: What are the variables?
O yj : Whether or not to open a warehouse at location j

O xi; : Volume of demand of customer i served from location j

¢ Step 1b: Indicate the valid range of all variables
O y; €{0,1}vj (binary: y; values are 0 or 1 for all j)

O Xij = 0,Vij (xl-j non-negative for all i and j)

dr. I. Bakir Supply Chain Network Design 21



university of
/ groningen

Step 2: Define objective

> Step 2a: What do you want to achieve?

0 Minimize the total distribution costs of this network

¢ Step 2b: Express mathematically
0 The total costs include a fixed cost and the variable distribution costs associated with a certain location

= Fixed costs: 175y, + 410y, + 200y5; + 160y,

= Variable distribution costs: 5x;1 + 3x1, + 5.5x13 + 2x74 + 4.5%x,1 + 4X55 + 9x,3 + 10x,4 + 8x31 + 6x3, +
3x33 + 5x34 + 2.5x41 + 6x42 + 5x43 + 7x44 + 5x51 + 7x52 + 4‘x53 + 6x54

0 Min 175y, + 410y, + 200y3 + 160y, + 5x11 + 3x15 + 5.5x13 + 2x14 + 4.5%51 + 4Xx55 + 9xy3 +
10x,54 + 8x31 + 6Xx35 + 3x33 + 5x34 + 2.5x41 + 6X45 + 5x43 + 7X44 + 5x51 + 7X55 + 4X53 + 6Xcy
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Step 2: Define objective

> Step 2a: What do you want to achieve?

0 Minimize the total distribution costs of this network

¢ Step 2b: Express mathematically
0 The total costs include a fixed cost and the variable distribution costs associated with a certain location

= Fixed costs: szYj

J€J
= Variable distribution costs: Z Z CijXij
€l je]J
O Overall: z z Cijxij + z Fiy;
i€l jej J€EJ
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Step 3: Formulate all constraints
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¢ Satisfy all demand from all customers

O (For customerl1,i = 1)
O (For customer 2,i = 2)
O (For customer 3,i = 3)
O (For customer 4,i = 4)
)

O (For customer5,i =5

X111+ X1, + x13 + x14 =15
Xp1 + Xoo + Xo3 + Xou = 22
X31 + X392 + X33 + X3, =11 inszi Viel
Xa1 + X4p + Xa3 + X0 = 25 JEI

X51 + X592 + X53 + Xcg = 22

J

¢ Customer can only be served from facility that is opened (M = }.;; D; = 95)

O (For facility 1, j = 1)
O (For facility 2, j = 2)
O (For facility 3, j = 3)
O (For facility 4, j = 4)

dr. I. Bakir

X11 + X21 + X31 + X41 + X51 < 95y1 )

X12 + X292 + X392 + X42 + X592 < 95y2
> injSM)’j Vj €]

X13 ~+ X273 ~+ X33 ~+ X43 ~+ X53 < 95y3 =1

X14 + X24 + X34 + X44 + X5 4 < 95y4
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SAnswer to Exercise 3a=

Min 175y; + 410y, + 200y3 + 160y, + 5x11 + 3x15 + 5.5x13 + 2x14 + 4.5x51
+ 4‘x22 + 9x23 + 10x24 + 8x31 + 6.7(32 + 3x33 + 5x34 + 2.5x41 + 6.7(4,2 + 5x43 > z z Cijxij + z P']y]
el jej J€E]J

+ 7x44 + 5x51 + 7x52 + 4‘x53 + 6x54
s.t.

X11 + X12 + X13 + X14 = 15

X21 +x22 +x23 +x24 =22
X31 T X3z + X33 + X34 = 11 [ ) zxij=Di Viel

Xg1 + X2 + X43 + X4q = 25 JEJ

X51 + Xs52 + Xs53 + Xggq = 22

X141+ X1 + X317 + X4q + X517 < 95y,

X172 + X9p + X32 + X4o + Xs52 < 95y2 ||| > Z xij < My] v] € ]
X13 + X33 + X33 + X43 + Xs53 < 95y3 el

X14 + X224 + X34 + X44 + Xs54 < 95y4

|[jl> yj=00rl1Vje]
- =0o0r1lVje dx;; =20, Viel,Vje€ - :
Yj orlvjejandx; =0,vi J €] x;j=0 VieLVje]

dr. I. Bakir Supply Chain Network Design 25



. . university of
Information on Exercises 3b & 3c / groningen

¢ Required data for capacitated versus uncapacitated?

Location Fixed cost Capacity City 1 City 2 City 3 City 4 City 5
1 175 30 5 4.5 8 2.5 5
2 410 50 3 4 6 6 7
3 200 40 5.5 9 3 5 4
4 160 30 2 10 5 7 6
Demand 15 22 11 25 22

¢ The table now shows:

O K;: Capacity of facility at location j
O F;: Fixed costs for opening facility at location j
O ¢;;: The distribution cost per unit demand for supplying customer i from the facility at j

¢ D;: Demand of customer i
dr. I. Bakir Supply Chain Network Design 26
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Step 1: Definition of variables < / groningen

¢ Step 1la: What are the variables?
O yj : Whether or not to open a warehouse at location j

O xi; : Volume of demand of customer i served from location j

¢ Step 1b: Indicate the valid range of all variables
O y; €{0,1}vj (binary: y; values are 0 or 1 for all j)

O Xij = 0,Vij (xl-j non-negative for all i and j)
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Answer Exercise 3c

¢ Satisfy all demand from all customers

O (For customerl1,i =1)
O (For customer 2,i = 2)
O (For customer 3,i = 3)
O (For customer 4,i = 4)
O (For customer5,i =15)

X111+ X1, + X133 + x14 =15
Xp1 + Xoo + Xo3 + Xou = 22
X371 + X392 + X33 + X34 = 11
Xg1 + X4 + Xg3 + X440 = 25
Xgq + Xgo + X3 + Xgq = 22

¢ Two-purpose constraints:

= The quantity of demand of customers served from location j must meet capacity limits
= |f a facility is not opened, it cannot serve any customers.

O (Forfacility1,j =1
¢ (For facility 2, j = 2
¢ (For facility3,j =3
O (For facility4,j = 4

dr. I. Bakir
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X11 + Xp1 + X371 + X414 + X517 < 30y,
X1p + Xoo + X35 + X4 + X50 < 50y,
X13 + X3 + X33 + X43 + X53 < 40y5
X14 + X4 + X34 + Xg4 + X504 < 30y,
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> inj:Di Viel

JEJ

. zxi,- = Kjy; vjej
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¢ ErikNok seeks a good location for its distribution center:
¢ Supply mobile phones once a week to stores in Amsterdam, Utrecht, Maastricht and Assen
O Expected return flow from a recycling station in Apeldoorn.

City Number of trucks X-coordinate Y-coordinate
Amsterdam 10 -10 10
Utrecht 7 0 0
Maastricht 2 15 -75
Assen 2 30 20
Apeldoorn ? 10 10

¢ Determine the number of trucks with recycled phones that are to be returned from
Apeldoorn to make Amersfoort the best distribution center location?

O Assume the x- and y-coordinates of Amersfoort are (5, 5).

dr. I. Bakir Supply Chain Network Design 30
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¢ Consider the coordinates of Amersfoort (C, =5, C, = 5)

university of
/ groningen

¢ No. of trucks to the cities is fixed, except the number of trucks from Apeldoorn

O z =the number of trucks from Apeldoorn

City Number of trucks X-coordinate Y-coordinate
Amsterdam 10 -10 10
Utrecht 7 0 0
Maastricht 2 15 -75
Assen 2 30 20
Apeldoorn 4 10 10

¢ x-coordinate

o C. = LidixWi _ 5 — (10%(—=10))+(7%0)+(2%15)+(2%30)+(z*10)
x ZiWi - B 21+z

dr. I. Bakir Supply Chain Network Design
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¢ Xx-coordinate
O 5 = (10x(—=10))+(7x0)+(2x15)+(2X%30)+(zx10)
- 214z

¢ —100+ 30+ 60+ 10z = 105 + 5z
0 —10+4+ 10z = 105 + 5z
0 5z=115
O z=23
¢ 23 trucks from Apeldoorn would render Amersfoort (5, 5) the best location.

¢ Would work with the y-coordinate as well:
(10x10)+(7%x0)+(2%x(=75))+(2%20)+(zx10)

0 5= 21+z

¢ 100 —150+4+40+ 10z =105 + 5z
0 5z =115

O z=23
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Information on Exercise 4 / groningen

¢ Consider the following network: e 2 3 a4 s

¢ Single commodity, uncapacitated arcs 1 0 3 11 5 8

0 Nodes 1,2, 3,4,5 2 3 0 8 3 6

= Demand nodes: 4 and 5 3 11 8 0 6 6

= Supply nodes: 1, 2,and 3 4 5 3,6 0 7

¢ Fixed cost of opening an arc =20 2 8 88 7 b
Node Demand Supply

Quantity Quantity

@ b, (S)

1 2
2 5
3 3
4 4
5 6

dr. I. Bakir Supply Chain Network Design 34



Answer to Exercise 4a:
Variables and Parameters
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¢ Decision Variables

0 yi; = {1, if arc (ifj) is opened

0, otherwise
O x;;: Quantity transported on arc (i, j)
= No commodity index k, since there is only one commodity

¢ Parameters

0D ={4,5} (Set of demand nodes)

08§ =1{1,2,3} (Set of supply nodes)

0N ={1,2,3,4,5} (Set of all nodes)
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Uncapacitated Network Design Problem / groningen

minz z fijyij + z Z CijXij

iEN jEN ieN jEN
s.t.

(S, ifi€s |
Zx"f_z:xﬁ_{—Di ifiep  VLEN
TEN JEN
xijSMyij» ViEN,VjEN
Yij E{O;l}, Vi EN,VjEN
xi; = 0, Vi€ N,VjEN
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Answer to Exercise 4a: Objective ¢ ,/ groningen

¢ Objective
min E E fl]yl]+ E E Cijxij
IEN jJEN IEN jJEN
¢ Write term-by-term:
min  20y1z + 20413 + 20419 + 20415 + 20y + 20y + 20029 + 200425 + 2y31 + 2y3;
+ 2yyg + yy5 + 20047 + 20yg7 + 20y43 + 20ys5 + 20y51 + 20y5: + 2ys53 + 20ys4

+ 3x17 + Tlx3 + Dxqg + x5 + 3x + 8xy + 3509 + f]J{gﬁ + 11x31 + 8x32 + EIJ{:H + EIJ{:E
+ Hxqq + 3x2 + El:'-f.q;g_ + Fxq5 + s + El:'-fﬁg + El:'-fﬁ;; + [ x54
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Answer to Exercise 4a: Constraints / groningen

¢ Balance Constraints

(S, ifi€Ss |
Exij—Ein— —Dl' lflED VieN

JEN JEN

O Write foralli € N (where D = {4,5}and S = {1, 2, 3}):

= (Fornodel,i = 1) X12 + X13 + X94 + X915 — (X1 + X371 + X49 + X51) = 2
= (Fornode 2,i = 2) X21 t X3 + X4 + X5 — (X12 + X33 + X4p + X52) =5
= (Fornode 3,i = 3) X31 t X33 + X34 + X35 — (X33 + X3 + X43 + X53) = 3
= (Fornode 4, i = 4) X41 + X4 + X43 + X45 — (X714 + X4 + X34 + X54) = —4
= (Fornode5,i = 5) Xs51 + X5 + Xs53 + X54 — (X15 + X5 + X35 + X45) = —6
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Answer to Exercise 4a: Constraints / groningen

¢ What should the big-M value be for the arc capacity constraints?
(The arcs are uncapacitated in this problem!)

Oxij SMle V(l,]) eA

Node Demand Quantity Supply Quantity
() (D;) (S:)
1 - 2
5
3
4

6

i A W N

0 M must be at least 10, since the total demand quantity (and the total supply quantity)
is 10.
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Answer to Exercise 4a: Constraints

¢ If an arc is not opened, it cannot transport anything.
Vie NVJEN

O Write for all arcs (i, j)

Arc (1,2), (i,j) = (1,2):
Arc (1,3), (i,j) = (1,3):
Arc (1,4), (i,j) = (1,4):
Arc (1,5), (i,j) = (1,5):
Arc (2,1), (i,j) = (2,1):
Arc (2,3), (i,)) = (2,3):
Arc (2,4), (i,)) = (2,4):
Arc (2,5), (i,j) = (2,5):
Arc (3,1), (i,j) = (3,1):
Arc (3,2), (i,j) = (3,2):

dr. I. Bakir

Xij < My;;,

X12 < 10y
X13 < 1013
X14 < 10y14
X15 < 10y45
X21 < 10y,4
x23 < 10y23
X24 < 10y54
X25 < 10y35
x31 < 10y34
x32 < 10y3;

Supply Chain Network Design

Arc (3,4), (i,j) = (3,4):
Arc (3,5), (i,j) = (3,5):
Arc (4,1), (i,j) = (4,1):
Arc (4,2), (i,)) = (4,2):
Arc (4,3), (i,)) = (4,3):
Arc (4,5), (i,)) = (4,5):
Arc (5,1), (i,j) = (5,1):
Arc (5,2), (i,)) = (5,2):
Arc (5,3), (i,j) = (5,3):
Arc (5,4), (i,j) = (5,4):

X34 < 10y34
X35 < 10y35
X41 < 10y44
X42 < 10yy,
X43 < 10y43
X45 < 10Y45
x51 < 10ys54
Xs52 < 10y5,
X53 < 10ys53
X54 < 10ys54

university of
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Answer to Exercise 4a %o ,/ sroningen

¢ Formulation

dr. I. Bakir

mLn

5.t

20u12 + 20413 + 20414 + 200415 + 20y + 20423 + 20429 + 20425 + 20y31 + 20432

+ Wy3q + 0y35 + 20yq1 + 20447 + 20443 + 20y45 + 20ys51 + 0ys; + 20ys53 + 20454
+ 3x2 + T + Dy + Bxqs + 3oy + Baoy + 3x0g + bxos + 11xgy + 8x30 + bxyg + bxgs
+ By + 3xgp + bxgy + Txgs + Bx51 + Bxgy + Oxgy + 7 x5y

X12 +Xx13 + X1 + X5 — X21 — X31 — X471 — X51 = 2

X721 + X23 + X24 + X25 — X12 — X32 — X42 — X527 = 3

X31 + X32 + X33 + X35 —X13— X213 — X43 — X53 = D

x40 + X472 + x43 + Xg5 — X194 — X24 — X34 — X54 = —4

x51 + X52 + X53 + X54 — X15 — X35 — X35 — X45 = —0

xi2 <102, xi3 < W0yi30 x99 < Wya, x5 < 10495

x1 < 10yn, x3 < Wy, x4 < W0y, x5 < 10435

xn < 10g3, x32 < 10432, x4 < 10y3a, x5 < 10y3s

xqr < 10yga1, xa2 < Wysz, x3 < Wyaa, x5 < 10yas

x51 < 10ys51, x50 < 10ysz,  x53 < 10ys3,  x59 < 10y54

X12, X13, X14, X15, X21, X23, X24, X25, X31, X32, X34, X35, X41, X42, X43, X45, X51, X52, X53, X534 => ()
Y12, Y13, Y14, Y15, Y21, Y23, Y24, Y25, Y30 Y32, Y34, Y35, Yan, Yaz, Ya3, Yas, Ysi, Ysa, Yss, yse € {001}

Supply Chain Network Design 41
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¢ First, enter the data:

(Fixed) Arc Opening Costs (Variable) Transportation Costs Arc Capacities
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 Demand Supply
1 = 20 20 20 20 1 = 3 11 5 8 1 = 10 10 10 10 1 = 2
2 20 = 20 20 20 2 3 = 8 3 ] 2 10 = 10 10 10 2 = 5
3 20 20 = 20 20 3 11 a = 6 ] 3 10 10 = 10 10 2 = 3
4 20 20 20 = 20 4 5 3 B = 7 4 10 10 10 = 10 4 4 =
5 20 20 20 20 = 5 8 i} ] 7 = 5 10 10 10 10 = & i} =
¢ Set up the decision variables:
Yi X

1 2 3 4 5 1 2 3 4 5

1 0 0 0 0 1 1 0 0 0 0 2

2 0 0 0 1 1 2 0 0 0 4 1

3 0 0 0 0 1 3 0 0 0 0 3

4 0 0 0 0 0 4 0 0 0 0 0

= 0 0 0 0 0 =Y 0 0 0 0 0

dr. I. Bakir Supply Chain Network Design 42



....

. . university of
Answer to Exercise 4b %< ,/ groningen

¢ Set up the objective:

Objective =SUMPRODUCT(B3:F7, B11:F15) + SUMPRODUCT(I3:M7, 111:M15)

¢ Set up the balance constraints:

Balance Constraints

Node LHS Sign RHS

1 "=SUM(I111:M11) - SUM({I11:115) = =X3

2 "=SUM(112:M12) - SUM{J11:J15) = =X4

3 "=SUM(113:M13) - SUM{K11:K15) = =X5

a4 "=SUM(114:M14) - SUM({L11:L15) = = W6

5 "=SUM(115:M15) - SUM{M11:M15) = =W7

¢ Set up the capacity constraints:
Capacity Constraints
LHS Sign RHS
1 2 3 4 5 1 2 3 4 &

1 o =111 =K11 =111 =M11 <= 1 o =03 * C11 =R3 * D11 =53 *E11 =T3 *F11
2 =112 0 =K12 =112 =M12 <= 2 =P4 *B12 0 =R4 * D12 =54 *E12 =T4 *F12
3 =113 =J13 0 =L13 =13 <= 3 =P3 * B13 =05 * C13 0 =55 *E13 =T5 *F13
4 =114 =14 =K14 (i} =M14 <= 4 =P6 * B14 =06 * C14 =R6 * D14 o =T6 *F14
5 =115 =115 =K15 =L15 0 <= 5 =P7 * B15 =07 * C15 =R7 * D15 =57 *E15 0
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¢ Build the LP in Excel Solver:

Set Objective: SC817

]
H

(=]

To: () Max (® Min () Value Of:

By Changing Wariable Cells:
§B811:5F5315,51511:5M515

]
1}

Subject to the Constraints:

%B%11:3F515 = binary Add
$B521:5B525 = 5D521:5D525 -
$B330:5F534 <= 51530:5M534
Change
Delete
Beset All
Load/Save
Make Unconstrained Variables Non-MNegative
Select a Solving Simplex LP ~ Options
Method:

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth,

¢ See Excel file “Tutorial 2 Calculations.xlsx” for more details.
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¢ Use “Simplex LP” solving

N method first. You can try the
: AIIM-EthDdSlGRGNchinear]E\.rcrluticmarvl Other mEthOdS to

Constraint Precision: 0,000001

B

Set Objective: 5C517

To: () Max (® Min () Value Of:

By Changing Variable Cells: b Use Automatic Scaling C h e C k/CO m p a re .

$B%11:5F515,51511:3MS15

fef

[ show Iteration Results

Subject to the Constraints: Solving with Integer Constraints

: : | “ . ” . .
e - ¢ In “Options” dialog box:

$BS30:5F534 <= SIS30:SMS34

Change

Solving Limits

| Integer Optimality (%): | . . .
| @ | ¢ If you're using integer variables,

Reset All

Max Time (seconds): : = Make sure the “Ignore Integer

Load/Save R
- Iterations:

Make Unconstrained Variables Non-Negative | Const ra i nt” bOX iS U nCheCked .

:‘%l:rftzso'\fiﬂg ~ Options [ Evolutionary and Integer Constraints:
ethod: N | 1 o . .

| Mexsubproblems - = Make sure “Integer Optimality
Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP | Max Eeasible Solutions: 1 0/ ” is Set to 0
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver 0 .

problems that are non-smooth

o See the Excel Solver video for
the potential errors you can
encounter here.
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¢ The open arcs in the optimal ¢ The transported quantities in the
solution optimal solution

o
00

2

© —©O
¢ Total cost in the optimal solution = 132

O Fixed cost=4x20=80
O Transportationcost=2x8+4x3+1x6+3x6=52

dr. I. Bakir Supply Chain Network Design 46



Oy

Ey university of
gfi@é groningen

Exercise 5

dr. I. Bakir

Supply Chain Network Design

47




. . university of
Information on Exercise 5 / groningen

¢ Consider the given network

@ @ @
) ® ®
©) ® ©

0 Each demand node has a demand of 1 unit, to be met from any of the facilities.
O Facility opening cost, F;, is 5 for each candidate location.
O Link opening cost, f;;, is equal to d;;.

" d;j is the Euclidean distance.

O Routing (transportation) cost per 1 unit transported, ¢;;, is 0.

¢ Calculate the total cost of 5 given solutions, and decide which one is best.
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¢ Solution S1
O Facility opening cost =5 7
¢ Link openingcost=1X64+2%x2 =10 E T %
¢ Routing (transportation) cost =0
O TOTAL =15

¢ Solution S2
¢ Facility opening cost =5
O Link opening cost=4 X V22 + 12 +2x 2+ 2 x 1 = 14.94 @ ®

¢ Routing cost=0
O TOTAL =19.94 Solution S2

®

Solution S1
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¢ Solution S3

¢ Facility opening cost=3 X 5 =15 @ %
[6) ®

¢ Link openingcost=6X1 =6

O Routing cost =0 © °
O TOTAL =21 Solution S3 Solution S4
¢ Solution S4

¢ Facility opening cost=2 x5 =10

O Link opening cost=4 X V22 + 12 + 2 X V42 +1242x2+4x 1 = 25.19
¢ Routing cost=0

¢ TOTAL = 35.19
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Answer to Exercise 5

¢ Solution S5
¢ Facility opening cost=3 x5 =15
O Link opening cost=8 X V22 +12+2x2+6x1=27.89

¢ Routing cost=0
O TOTAL =42.89 Solution S5

¢ Solution S1 has the lowest cost, and therefore is the most preferable.
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¢ Consider the given network

@ @ @
) ® ®
©) ® ©

0 Each demand node has a demand of 1 unit, to be met from any of the facilities.
O Facility opening cost, F;, is 5 for each candidate location.

O Link opening cost, f;;, is O.

O Routing (transportation) cost per 1 unit transported, ¢;;, is equal to d;;.

" d;; is the Euclidean distance.

¢ Calculate the total cost of 5 given solutions, and decide which one is best.
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¢ Solution S1
¢ Facility opening cost =5
¢ Link opening cost =0
¢ Routing (transportation) cost = 18

= Node 1 (Route 52>221)=2+1=3 @

= Node 2 (Route 52>2)=2

= Node 3 (Route 52>22>3)=2+1=3 -+ ?
= Node 4 (Route 52>4) =1 ®

" Node5=0 Solution S1

= Node 6 (Route 526) =1
= Node 7 (Route 52>82>7)=2+1=3
= Node 8 (Route 52>8) =2
= Node 9 (Route 5>82>9)=2+1=3

O TOTAL =23
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¢ Solution S2

¢ Facility opening cost =5

¢ Link opening cost =0

¢ Routing (transportation) cost = 14.96
= Node 1 (Route 52>1)=2.24
= Node 2 (Route 52>2)=2
= Node 3 (Route 52>3) =2.24
= Node 4 (Route 52>4) =1
= Node5=0 Solution S2
= Node 6 (Route 526) =1
= Node 7 (Route 52>7) =2.24
= Node 8 (Route 52>8) =2
= Node 9 (Route 5>9) =2.24

O TOTAL =19.96
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¢ Solution S3
¢ Facility opening cost=3 X5 =15
¢ Link opening cost =0

¢ Routing (transportation) cost = 6
= Node 1 (Route2—2>1)=1 @
" Node2=0
= Node 3 (Route 223) =1 ®
= Node 4 (Route 52>4) =1 ®
" Node5=0 .
Solution S3

= Node 6 (Route 526) =1

= Node 7 (Route 827) =1

= Node8=0

= Node 9 (Route 829) =1
O TOTAL =21
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¢ Solution S4
¢ Facility opening cost=2 X 5 =10
¢ Link opening cost =0
¢ Routing (transportation) cost = 10.48
= Node 1 (Route2—2>1)=1
= Node2=0
= Node 3 (Route 223)=1
= Node 4 (Route 52>4) =1
= Node5=0
= Node 6 (Route 526) =1
= Node 7 (Route 52>7) =2.24
= Node 8 (Route 52>8) =2
= Node 9 (Route 5>9) =2.24

0 TOTAL =20.48

Solution S4
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¢ Solution S5
¢ Facility opening cost=3 X5 =15
¢ Link opening cost =0
¢ Routing (transportation) cost = 6
= Node 1 (Route2—2>1)=1
= Node2=0
= Node 3 (Route 223)=1
= Node 4 (Route 52>4) =1
= Node5=0
= Node 6 (Route 526) =1 Solution S5
= Node 7 (Route 827) =1
= Node8=0
= Node 9 (Route 829) =1
O TOTAL=21
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¢ 51=23

¢ 52=19.96

¢ 53=21

¢ 54 =20.48

¢ 55=21

¢ Solution S2 has the lowest cost, and therefore is the most preferable.
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¢ Consider the given network @ @ @
@ ® ®
® ® ©)

0 Each demand node has a demand of 1 unit, to be met from any of the facilities.
O Facility opening cost, F;, is 5 for each candidate location.
O Link opening cost, f;;, is 3 for each link.

O Routing (transportation) cost per 1 unit transported, ¢;;, is equal to d;;.

¢ Consider solutions S1, S2, S3, S4, and S5

¢ Are there redundant open links? If so, how would you improve the solution (and how
much would the proposed improvement reduce total cost)?
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¢ Solution S1, S2, and S3 @
O There are no redundant links, all links are used for % Z %
transportation! '
Solution S1
4
Solution S2
@
%—I %
®
Solution S3
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¢ Solution S4

¢ Routes:

= Node 1 (Route 2-2>1)
= Node 2

= Node 3 (Route 2> 3)
= Node 4 (Route 5>4)
= Node 5

= Node 6 (Route 52>6)
= Node 7 (Route 52>7)
= Node 8 (Route 52> 8)
= Node 9 (Route 5->9)

O Links (2,4), (2,5), (2,6), (2,7), (2,9) are redundant!
¢ Closing them would save 5 X 3 = 15, in link opening costs.

Solution S4
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¢ Solution S5

¢ Routes:
= Node 1 (Route 2-2>1)
= Node 2
= Node 3 (Route 2> 3)
= Node 4 (Route 5>4)
= Node 5
= Node 6 (Route 52>6)
= Node 7 (Route 82>7)
= Node 8 Solution S5
= Node 9 (Route 8—>9)

O Links (2,4), (2,5), (2,6), (1,5), (3,5), (4,8), (6,8), (5,7), (5,8), (5,9) are redundant!

¢ Closing them would save 10 X 3 = 30, in link opening costs.
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¢ Consider the given network @ @ @
@ ® ®
€ ® ©)

0 Each demand node has a demand of 1 unit, to be met from any of the facilities.

¢ Consider solutions S1, S2, S3, S4, S5, and S6.

¢ Each link has a capacity of 1 unit.
O Are all solutions S1, ..., S6 feasible with respect to link capacities?
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Solution S1 Solution S2 Solution S3

¢ Solutions S2 and S3 are feasible, since no link exceeds its capacity.
¢ Solution S1 is infeasible, since links (5,2) and (5,8) exceed their capacity.
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¢ The number of units transported on each link are given in red.
O Some links in solutions S4 and S5 has no red number on them, because these links are

not being used for transportation (they are redundant).

Solution S4

Solution S5

o=gte

Solution S6

¢ Solutions S4 and S5 are feasible, since no link exceeds its capacity.

¢ Solution S6 is infeasible, since link capacity of link (5,7) is exceeded.
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