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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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Parking LLSW2-3
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Parking Assignment: What to do? L SW2-4

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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Parking Problem in Simple Excel LSW2-5

A C o E F e H J K L M M O
1 Parking Slots Distance Matrix
2 |[S)lots avail Al-2 A3-5 AG-8 AS-29 A30-34 A35-42 A43-49 AS0-52 AS53-59 ABD-62
3 |P1-7 7 33 26 10 18 22 24 25 33 34 72
4 (PB-20 13 23 5 & 29 7 2 O 24 21 40
5 |P21-34 14 42 12 23 43 20 21 g 20 24 36
& |P35-43 g 53 29 38 48 24 B 12 23 50 46
7 | P44-4% [ 36 37 48 57 27 23 10 11 36 39
8 |P50-67 18 19 9 25 45 24 37 21 12 8 31
g |P6E-79 12 9 15 37 57 35 41 25 29 7 24
10 |PBO-97 18 32 35 58 74 4] 35 33 12 20 15
11 |P98-111 14 24 43 50 73 48 32 31 20 20 7
12 |P112-139 28 32 45 61 22 51 4] 40 29 22 12
13 7 & 4 23 10 11 13 o 19 12 Slots needed
14
15 0 0 0 o 0 0 0 0 o 0 Slots Received
16
17 |Parking Slots Parking Assignment Matrix
18 |(S)lots Use - AS-5 AG-E Ao-0T Asl-54 35-42 Ad3-49 ASD-52 AS3-59 AGD-62
19 |P1-7 0 1]. o 0 0 0 0 o 0 0 0
20 |PB-20 il 0 0 o 0 0 0 0 o 0 0 0 | U
21 (P21-34 il 0 0 o 0 0 0 0 o 0 0 0 | Adjustable
22 |P35-43 il 0 0 o 0 0 o 0 o 0 0 o
23 | P44-4% F 0 0 o 0 0 0 0 o 0 0 0
24 |P50-67 F 0 0 o 0 0 0 0 o 0 0 0
25 |P6B-79 F 0 0 o 0 0 0 0 o 0 0 0
26 |PBO-97 F 0 0 o 0 0 0 0 o 0 0 0
27 |P9E-111 F 0 0 o 0 0 0 0 o 0 0 0
28 (P112-139 il 0 0 o 0 0 0 0 o 0 0 0
29 0 Total Distance

What are the decision variables?
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Parking Problem in Simple Excel L SW?2-6

A C D E F G H J K L Il M a
1 |Parking Slots Distance Matrix
2 |[{5)lots avail Al-2 AS-5 AG-8 AD-20 A30-34 A35-42 A43-49 ASD-52 AL53-59 ABD-62
3 |P1-7 r 33 26 10 18 22 24 25 33 34 72
4 |PB-20 13 23 5 & 29 7 g 9 24 21 40
5 |P21-34 14 42 12 23 43 20 21 8 20 24 36
& |P35-43 9 53 29 38 48 24 8 12 25 50 45
7 |P44-49 & 36 37 48 57 27 23 10 11 36 39
B |P50-67 18 19 g 25 49 24 37 21 12 g 31
g |PcB-79 12 g 13 37 57 35 4] 23 29 7 24
10 |PBO-97 18 32 35 58 74 41 35 33 12 20 13
11 |P98-111 14 24 43 50 73 48 32 31 20 20 7
12 |P112-139 28 32 45 61 B2 51 41 40 29 22 12
15 7 & 4 23 10 11 13 9 19 12 Slots needed
14
15 0 o 0 o o 0 o 0 o 0 Slots Received
16
17 |Parking Slots Parking Assignment Matrix
18 |(S)lots Al-2 A3-5 AG-B AD-20 A30-34 A35-42 A43-49 ASD-52 A53-59 ABD-62
19 |p1-7 f 0 0 0 0 o 0 0 0 0 0
20 |PE-20 [1] 0 0 0 0 o 0 o 0 0 0
21 |P21-34 F 0 0 0 0 0 o 0 o 0 0 0
22 |P35-43 F 0 0 0 0 0 o 0 o 0 0 0
23 |P44-49 F 0 0 0 0 0 o 0 o 0 0 0
24 |PS0-67 F 0 0 0 0 0 o 0 o 0 0 0
25 |P6B-79 il 0 0 0 0 0 o 0 o 0 0 0
26 |PBO-97 il 0 0 0 0 0 o 0 o 0 0 0
27 |P98-111 il 0 0 0 o 0 o 0 o o 0 o
28 |P112-139 F 0 0 0 0 0 o 0 o 0 0 0
29 r 0 Total Distance
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o Parking Problem in Simple Excel

| S\WW?2-7

D14 - S| =wB(D13,">=",D15)
A B c | o | e | ¢ [ & | H | [ 1 ] «x L | ™ | N 0

1 |Parking Slots Distance Matrix

2 |[S)lots avail Al-2 AF-5 AB-8 AS-29 A30-34 A35-42 A43-99 ASD-52 AS3-59 ABD-62

3 |P1-7 7 33 26 10 18 22 24 25 33 34 72

4 |(PB-20 13 23 5 & 29 7 B 9 24 21 40

5 |P21-34 14 42 12 23 43 20 21 B 20 24 36

6 |(P35-43 g9 53 29 38 48 24 B 12 23 50 46

7 | P44-49 & 36 37 48 57 27 23 10 11 36 39

B |P50-67 18 19 ] 25 49 24 37 21 12 B 31

9 |PEB-79 12 9 13 37 57 35 41 23 29 7 24

10 | PBO-97Y 18 32 35 58 74 41 35 33 12 20 13

11 |P98-111 14 24 43 50 73 48 32 31 20 20 7

12 |P112-139 28 32 46 6l BEE 51 41 40 29 22 12

13 7 B 4 23 10 11 13 9 19 12 Slots needed
E = = = = = = = T as = =4

15 0 1] 0 1] 1] L1] 1] 0 1] 0 Slots Received
16

17 Parking Slots Constraints e
18 |(S)lots used Al A33 || eft Hand Side (LHS): Right Hand Side (RHS):

19 |P1-7 i 0 0 ]

20 | P8-20 0 0 0 Sheet1l£0&15:EME15 _ = Sheet1l£0&13:6ME13 _
21 |p21-34 " o 0 0 | =l =l | =l
72 | P35-43 " 0 0 g | Storedin:

23 |p44-49 : 0 0 0 s 1aas1d = Help | Cancel | oK

24 | P50-67 0 0 0

25 |PeB-79 i 0 0 0 POSD-50DP

26 PEO-97 i 0 0 0 Specfy any square range for POSD, by using the function WEBPQSD, Define one symmetric range per

27 |pog-111 - 0 0 o WBPOSD function.

28 [P112-139 u 1] 0 0 Range matrix: Place function in cell:

:i | A | ﬂ Insert | Total Dista
4 4 » M| WBI Status | Sheetl . Sheet? ~'Sheet3 . %7 | _

What are the constraints?
M-F@Cus LINDO SHSTEMS INC.

\"vo\idng ICT Soluticns in Manufaciuing and Loglstics




In Simple Excel

Parking Problem

LSW2-8

(= R, I TR R Y
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A B C o E F G H J K L Il M O
Parking Slots Distance Matrix
[S)lots avail Al-2 A5 AB-B AS-25 A30-34 A35-42 A43-49 ASD-52 AS3-59 ABD-62
P1-7 7 33 26 10 1B 22 24 25 33 34 72
PE-20 — 23 3 & | Constraints bt
pP21-34 14 42 12 23
P35-43 9 53 29 38 | LeftHand Side (LHS): Right Hand Side (RHS):
E:J;zi 12 i; 3; :E |Sheet1!9251'3:5£2528| | | <= =] [|sheetuscsa:scsiz =
P&E-79 12 9 13 37 Stored in-
PEO-97 18 32 35 5B
Pog-111 14 24 43 50 |5heet1! $8$19: 5852 I - Help | Cancel | oK
P112-139 28 32 a5 61
7 6 4 POSD-5DP
e S — Spedfy any square range for POSD, by using the function WBPOSD. Define one symmetric range per
WEBPOSD function.
g g g Range matrix: Place function in cell:
Parking Slots P4 | J | A Insert
(sjlots used Al-2 A3-5 AG-B
P1-7 | RS (1] (1] (1] ] ] L] 1] o ] ]|
PB-20 i M 0 0 0 0 0 0 0 [ 0 0
pP21-34 : r 0 0 0 0 0 0 0 1) o 0 0
P35-43 : r L] 0 0 0 0 0 0 1) o 0 0
pa4-4g E i 0 0 0 0 0 0 0 1) o 0 0
P50-67 : "? 0 0 0 0 0 0 0 1) o 0 0
P&E-79 : :r 0 0 0 0 0 0 0 1) o 0 0
PEO-97 : i 0 0 0 0 0 0 0 1) o 0 0
POg-111 | Y o 0 0 0 0 0 0 0 0 0 0
P112-139 o y 0 0 0 0 0 0 0 0 0 0 0

b

0 Total Distance

M-
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What are the constraints?
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Parking Problem in Simple Excel

LSW2-9

WEMIN - f I=SUMPRODUCTI{D3:M12,D19:M28} |

A B C o E F G H J K L ] M o P 0
1 Parking Slots Distance Matrix
2 |[S)lots avail Al-2 A3-5 Ag-B AD-29 A30-34 A35-42 A43-49 A50-52 A53-59 AGD-62
3 P17 7 33 26 10 18 22 24 25 33 34 72
4 | pg-20 13 5 & 29 7 B g 24 21 40
5 |P21-34 14 12 23 43 20 21 B 20 24 36
6 P35-43 9 9 38 48 24 B 12 23 50 46
7 pa4-ag [ 36 48 57 27 23 10 11 36 39
B |P50-67 18 19 25 49 24 37 21 12 B 31
5 PGE-7Q 12 9 13 37 57 35 41 23 29 7 24
10 PEO-97 18 32 35 74 a1 35 33 12 20 13
11 |PDB-111 14 24 43 4B 32 31 20 20 7
12 |P112-139 28 32 46 61 51 41 40 29 22 12
13 7 [ 4 23 10 11 13 9 19 12 Slots needed
14 " Not= " Not= Not= ' Not= = Not = Not = Not= ' MNot=
15 L] L] L] L] L] L] L] 0 Slots Received
16
17 |Parking Slots Parking Assignment Matrix Best x
18 | (5)lots used Al-2 A3-5 AG-B Ag-29 A30-34 A35-4 A43-49 A50-52
19 P1-7 "o 0 0 0 0 0 0 0 0 0 | Minimize| j | shs29 J
20 | P8-20 : = : 0 o 0 0 0 0 0
21 |P21-34 E <= B 0 0 0 0 0 0 0 0 Cancel oK
22 Pp35-43 <= 1] 0 0 0 0 0 0 0
23 p44-4g =8 0 0 0 0 0 0 0 0 L
24 | pP50-67 " = T 0 0 0 0 0 0 0 0 0
25 PgE-70 =3 0 0 0 0 0 0 0 0 0
26 | PBO-97 =8 0 0 0 0 0 0 0 0 0
27 | PoE-111 " = T 0 0 0 0 0 0 0 0 0
28 |P112-139 = 1] 0 0 0 0 0 0 0
EI : U!Tc-tal Distance

M-

. 999
How do we measure “Best™  \ no eueremg ne, [l
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Parking Problem in Simple Excel L SW2-10

A B C ] E F G H 1 K L I M O
1 |Parking Slots Distance Matrix
2 [[S)lots avail Al-2 A3-5 AG-B AG-24 A30-34 A35-42 A43-49 A50-52 A53-59 ABD-62
3 |P1-7 7 33 26 10 18 22 24 25 33 34 72
4 |PE-20 13 23 5 & 29 7 B 9 24 21 40
5 |P21-34 14 42 12 23 43 20 21 B 20 24 36
6 |P35-43 9 55 29 38 48 24 B 12 23 50 46
7 | Pad-ag & 36 37 48 57 27 23 10 11 36 39
8 |PS0-67 18 19 9 25 4g 24 37 21 12 B 31
9 |P&B-T9 12 9 15 37 57 35 41 23 29 7 24
10 | PBO-97 18 32 35 58 74 41 35 33 12 20 15
11 |P9E-111 14 24 43 50 73 48 32 31 20 20 7
12 |p112-139 28 32 46 61 BE 51 41 40 29 22 12
13 7 [ 4 23 10 11 13 9 19 12 Slots needed
14 r _ r _ r _ r _ r _ r _ r _ r _ r _ r _
15 7 & 4 23 10 11 13 9 19 12 Slots Received
16
17 |Parking Slots Parking Assignment Matrix
18 | (S)lots used Al-2 A3-5 AG-B AG-28 A3D-34 A35-42 A43-45 AS50-52 A53-59 ABD-62
19 |p1-7 === 7 o o o 7 o o 1} 1} 1} 1}
20 |P8-20 F = a3 o o 4 9 o o 1} 1} 1} 1}
21 P21-34 "= 7 1a o o o 7 o o 7 1} 1} 1}
22 | P35-45 = 9 o o o o o 9 1} 1} 1} 1}
23 Pp44-4g F = § & o o o o o o & 1} 1} 1}
24 | P50-67 " == " 18 o & o o 10 o 1} 1} 2 1}
25 |P6B-T9 F = NS 7 o o o o o 1} 1} 5 1}
26 | PBO-97 " == " 18 o o o o o o 1} 9 9 1}
27 |POE-111 "= 7 1a o o o o o 2 o 1} 1} 12
28 |P112-139 F = § 3 0 0 0 0 0 0 0 0 3 0

8]

lﬂlﬂ!Tc-taI Distance

A) Adjustable cells, D19:M28,

B) Best cell (Min) N29, Solution shown is optimal.
C) Constraints in D14:M14, and B19:B28
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o Spreadsheets vs. LINGO LSW2-11

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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ICT Soluticns in W luing and Loglstics

Thank you for your attention.

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