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Set-based example using LINGO LSL2-1

A more complex LP problem
Parking Assignment
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A More Complex LP Example: Parking Assignment | S| 2-2

A new apartment condominium conversion is almost complete.

City fathers require each apartment to be assigned
at least one parking spot.

How to formulate?
Are there likely to be alternate optimal solutions?

If there are, what should be done about i1t?

Apartments are in purple.

Parking slots are in green.
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Apartments

Parking L SL2-3
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Parking Assignment: Input Data L SL2-4

1

LS B

Parking
(s)lots
P1.7

5 P8-20
7 P21-34
3 P35-43
9 P44-49
10 P50-67
11 P§8-79
12 P80-97
13 P98-111
14 P112-139
15

16

Lm e
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Slots
avail.
7

13

14

18
12
18
14
28

Problem: Which parking slots should be assigned to which apartments, to minimize distance traveled

Apartments
Distance matrix

A1-2 A3-5 AB-8 AS9-29 AJ0-34 A35-42 A43-49A50-52 A53-59 AB0-62
3 26 10 18 22 24 25 33 M4 72
23 5 6 29 7 8 9 24 2 40
42 12 22 4 20 21 g8 20 24 36
53 29 38 48 A4 g 12 22 50 46
3 37 48 57 21 22 10 11 36 39
19 9 25 49 24 37T 21 12 8 31

9 18 337 & ¥ 41 B 2 7 24
32 3B 58 74 4 ¥ W 12 2 21
24 43 50 73 48 2 AN 20 20 13
32 46 61 88 51 41 40 29 22 7

7 6 4 22 10 11 13 9 19  12[:8
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Parking Assignment: What to do? LS 2-5

A) What are the decision variables?
What sort of aggregation/approximation should we do?

B) How do we measure “Best”?
Simple total distance?

C) What are the constraints?

Other questions?

How difficult would it be to minimize squared distance traveled?
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Modeling with LINGO Modeling Lanquage
o > ™ T LSL2-7

LINGO, like What’sBest! supports all problem types:
Linear, Quadratic, Second Order Cone, Nonlinear, Stochastic,
and Integer, Global solver with all.

Three levels of sophistication in LINGO:
1) Simple scalar models as with Astro-Cosmo problem,
2) Set-based models: Use subscripted variables + more,
3) Program control + more:
1/0O with spreadsheets and databases,
Solve several different models in a single run,
Produce customized solution reports.
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o Set Based Models in LINGO LSL2-8

Why LINGQO?

Scalability: The big (overwhelming?) advantage of set based models
IS that they are scalable. The same model works for a
4 by 7 parking problem and for a 40 by 700 parking problem.

Typical Set-Based Formulation has three sections:
1) SETS: Describes types of objects making up the model, or
the “shape” of the data
without saying anything about the size of the problem.
2) Constraints: Describes the mathematical relations among
variables and parameters,
without saying anything about the size of the problem.
3) DATA: Specifies the data for a specific instant, e.g.,
“today’s problem”.
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Parking Assignment Problem L SL2-6

X;; = number of slots at parking lot i assigned to apartment |

m__n
min E E Cii X Total distances traveled
i—1 j—1

S.1.

n
E Xij < Si f()r | — 1 ..., M Parking lot constraints
j=1

m
E Xij = dj for J =1,...,Nn Demand constraints
=1

X; =0fori1=1,...,m,j=1,...,n
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Parking Problem Formulated in LINGO with SETS

! Generic set-based LINGO model of parking problem(parkinga) ;
SETS:

SPOT: CAP; ! Each group of spots has a capacity;

APT: DEM; ! Each apartment group has a demand;

SXP( SPOT, APT): COST, X; ! Each combination has a cost

and number assigned;

ENDSETS
DATA:

! Give names for parking spots;

SPOT = P1_7 P8 20 P21 34 P35_43 P44_49 P50_67 P68_79 P80_97 P98 111 P112 139;

APT = ! Names for apartment groups;
Al 2 A3 5 A6_8 A9 29 A30_34 A35 42 A43_49 A50_52 A53 59 A60_62;
COST =
33 26 10 18 22 24 25 33 34 72
23 5 6 29 7 8 9 24 21 40
42 12 23 43 20 21 8 20 24 36
53 29 38 48 24 8 12 23 50 46
36 37 48 57 27 23 10 11 36 39
19 9 25 49 24 37 21 12 8 31
9 13 37 57 35 41 23 29 7 24
32 35 58 74 41 35 33 12 20 21
24 43 50 73 48 32 31 20 20 13
32 46 61 88 51 41 40 29 22 7;
DEM =
7 6 4 23 10 11 13 9 19 12;
CAP = 7 13 14 9 6 18 12 18 14 28;

ENDDATA

Fvo\idng
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Parking Model: Constraints and Objective
LSL2-10

! Minimize total distance travelled;
MIN = @SUM(SXP(i,j): COST(i,3) * X(i,3));

! Capacity constraints for each group of spots;
@FOR( SPOT( 1i):

@SUM( APT( j): X( i, j)) <= CAP( i);

) ;

! Demand constraints for each group of apartments;
@FOR( APT( j):

@suM( SPOT( i): X( i, J)) = DEM( 3J);

)
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Parking Problem: Default Solution Report

Global optimal solution found.
Objective value:
Infeasibilities:

Total solver iterations:

Variable

X( P1 7, A9 29)
X( P8 20, A6_8)
X( P8 20, A9 29)
X( P21 _34, A9 29)

X( P21 34,
X( P35 43,
X( P44 _49,

A43 49)
A35_42)
A43 49)

X( P50 67, A3_5)

X( P50 67,
X( P50 67,

A30 34)
A53 59)

X( P68 79, Al 2)

X( P68_79,
X( P80 97,
X( P80 97,

X( P98 111,
X( P98 111,
X( P112 139,
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A53 59)
A50_52)
A53 59)
A35 42)
A53 59)
A60_62)

1804.
0.

26

R WNOUOUUdMNMNEPOO VI OBJ

000
000000

Value
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.00000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
2.00000

LSL2-11
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° Spreadsheets with LINGO LSL2-12

It is very easy In LINGO to
retrieve input data from and return results to a spreadsheet.
The only change needed is to the DATA section, e.g.,

DATA:

SPOT = (@ole("parkings.xls"); ! Get data from spreadsheet;
APT = (dole("parkings.xls'"); ! from corresponding range;
COST = (@ole("parkings.xls");

DEM = (@ole("parkings.xls");

CAP = (@ole(); ! Will use open spreadsheet if no name;
ENDDATA

DATA:

! Send the results back;
@ole ("parkings.xls")
@ole ("parkings.xls")

ENDDATA

obj;
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o Spreadsheets vs. LINGO L SL2-13

Spreadsheet advantages:
1) Large audience of users familiar with spreadsheets
2) Excellent report formatting, graphing, etc.
3) Good for two dimensional problems, e.g., suppliers & customers.

LINGO Advantages:
1) Scalability and flexibility. \Very easy to solve a
3 supplier, 5 customer, 2 period problem today, and a
10 supplier, 50 customer, 4 period problem tomorrow.
No tedious copying of formulae.
2) Auditability: Very easy to see all the formulae in one place.
3) Multiple dimensions are not a problem, e.g.
10 suppliers, 50 customers, 12 periods, 60 products.
4) Sparse sets are easily handled, e.g., not all suppliers carry all
products, do not serve all customers, etc.
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Thank you for your attention.

For more information,
please visit www.m-focus.co.th
or
Call 02-513-9892
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