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Abstract

This thesis aims to determine the optimal location of Bike-sharing stations. The

network of  stations to be design will  serve as a connection between metro stations

and demand points in its coverage area. Bike stations near a Metro station are

known as Bike-and-Ride facilities. Locating bike-share schemes was tackled with a

Fixed-Charged Facility Location Model, which produces optimal decisions with respect

to the considered costs. The model is developed and tested in the Athens network of

metro stations. The outcomes of the model are: the optimal set of stations to

operate, the connection among them and the number of bikes per station, per time

period. A sensitivity analysis was performed by testing different scenarios.

Key words: bike-sharing, bike and ride, facility location models, optimization, land
use
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1.2

.  bike-sharing system (BSS), 
public  bicycle  system,   bike  share  scheme  ,  Smart  Bikes
(DeMaio, 2009). . 

: «To 
 (bike sharing system-BSS) 

(self-service) , 
, 

. 

, , , 
»  (OBIS

HANDBOOK, 2011). 
 Wikipedia:  «

. 
, 

».

 1965 
. 

, , , 
, ,  Hangzhou . , , 

 “Bike  Sharing  World  Map”,   2016  
 Bike Sharing  1029. , 

 Larsen  (2013),  

.

.  Velib 
 20.000

 1.800  (http://www.velib.paris/).
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 1:  (2000-2010)
 MIDGLEY,2011).

1.2.1

,  ,  
, . 

.  

, . , ,

. ,  BSS
 (point-to-

point).

.  ,  

.  
 bike-sharing systems 

. , 
.

,  ,  
. , 

. , :
, 
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, . 
, 

 Velib  (http://www.velib.paris/).  
,  .  

,  
. , 

, , 
, 

.

, :

. 

 BSS, 
. 

. , 

. 
’ 

. 

.

. 
. 

:

.

.

.
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 Bike-sharing
system 

. 
. , 

,  200-300 .
. 

, 
 14.000 . (Bicycle Parking Manual- the

Danish Cyclist Federation).

. , 
 150€

(DeMaio, 2011).

 BSS .

 1:  BIKE-SHARING SYSTEM, BICING 
: OBIS HANDBOOK, 2011)



6

 2:  BIKE-SHARING SYSTEM, BICING 
: OBIS HANDBOOK, 2011)

1.2.3 ,

. , 
, 

. 
 bike-share schemes 

.

, 

 ( ): ,
, 

real time  smartphones
(Cyclopolis.gr).

 1960. , 
, 

. 

 bike-share.  « » 
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, , 
.

 1: -VELIB, PARIS.

, , 

.  Bike-Sharing , 
.

.
, 

, 
. 

.

, 
. 

. , 
, . , 

. ,
, , .

 BS
. ,
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. 
.

, 
. , 

. 
 Fishman  et  al  (2016),  

,  500 
.   Li  et  al.  (2009) 

 2  4 
. 

.

, 
Bike-and-Share, 

. 
 De  Maio  (2011)  

. 

, , , 
. 

.
, 

.
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 2: 
 ( : FISHMAN ET AL.,2016)

, 

 (DeMaio, 2011). 

. 
.

1.2.4

 bike-sharing systems 
. , 

.  ,   ( -
, ) 

. , ,
, .

,  
.  30€, 

. , 
 BSS 

.

, 
,

.  BSS .

, .

, , , 
. , 

,
. 

.
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,  (2012), 

 « »  

, .

 3: 
-  VASSI AND VLASTOS (2014)

1.3 «BIKE&RIDE»

 bike&ride 
. 

M.M.M.  
. 

, 
.

, , 
, . 
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,  access trip, . 
 egress trip, . 

,
.  

, 

). , 
. 

 (Keijer and Rietveld, 2000; Brunsing, 1997).

 2:  BIKE&RIDE- 

 bike&ride 
. 
, 

. 
.

 Martens et  al.  (2004) 
, 

 bike&ride.
 B&R, 
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, 
.  

, 

. 
 2-4  .  

, 
. 

. , 
, , 

bike&ride .

1.4

,  2010, 
. 

. , 
.  ,   BSS ,  

.

,  bike-
share schemes, . 

, 
,   EasyBike   Cyclopolis.  

.

 EasyBike  
. 

. 
,  ,  

 (  easybike.gr). T

, . 
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,
 390€.

,  
, ,

,  ,  ,  
. 

, , 
, 

.
, 

.  ,  ,  

. -
,

, , 
.

, 
. ,  bikes schemes

. , 

: 

.  Bike
Stations  ’  ,  

.

 BS  ( ), 
. . 

.

, 
, . 

, 
. , 
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.

,  
,  

. 
, 

. , 

’ .
.  ,  

 (commuters)  
, ,

 (Palomares,
2013).

. 
, 

. 
,  .  ,  

, 

 ( , 2006). 
, 

 ( ,2016) 
. , ,

, 
.

, 
. , 

.  

. 
 bike & ride, , 

.
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, ’ 
, 

.

1.5

, . 
 Bike&Ride 

, 
 (egress  trip)  
. ,

.

 Bike-sharing, , 
. 

.  
. , 

3  ( ) -
. 

.

1.6

:

 1: 

 Bike&Ride. , 
.

 2: 
. , 
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. 
.

 3: 
. 

.

 4: 
,
.

, 
, . ,

.

 5: 
. 

.

 6: , 

. , 
.
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2

2.1

Facility Location Problems (FLP).

 (facility location) 
, , 

. 
, 

. 

 facility location models.  ReVelle and Eiselt
(2008), Daskin (2008, 1995), o

, , 
,  bike-sharing.

, , 
 ( Klose and Drexl, 2005). , 

,

 (facility layout), 

.  ,
,

, , 

 (Plastria, 1995). 

,  (location-allocation
problems). 
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, 
.

, 
,

,  

. , 
.

, , 
. 

, .
, 

, .

, 

. , 
.

 Rahman  and  Smith  (2000),  
’ 

(location-allocation models) . 
, 

:

, 
. , 

. , ,
, , 

. 
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, 
. 

.

2.1.1

.  (Laporte et al.,
2015):  set covering location problem ( ), maximal
covering location problem ( ), p-center location problem

 p- ),  p-dispersion location problem (  p-
),  .  

: p-median location problem (
),  fixed  charge  location  problem  ( ),  hub

location problem ( ) ,  maxisum location
problem. 

, 
,  

.

.

M (MAXIMUM DISTANCE MODELS)

.   a  priori
 « » , 

 « » (Hamacher&Drezner, 2002). 

, .

(SCLP- SET COVERING LOCATION PROBLEM)

To 
(Toregas et al. 1971). 

. 

.
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=  i,

J=  j,

Dij =  ij,

Dc =

Ni = { J|dij<dc }
 i

 0  1

Xj= 1  j,  0.

,  
:

Minimize: j
j J

x
(1)

s.t.:

1
i

j
j N

x i I
(2)

0,1jx j J (3)

 (1) 
.  (2) 

, 
 (3)  .  

,  

.

 Carey&Johnson (1979) 
 NP-hard (not deterministic polynomial time-hard), 

 « » .
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 (verifiable).

. ,

, . , 

 (Daskin,  1995).  
 (1)-(3), 

. 

.

 Church&Meadows (1979) 
, 

, 
 (1)-(3). 

, 
.

(MCLP- MAXIMAL COVERING LOCATION PROBLEM)

, 
. , 

.  
,  Church&ReVelle (1974), 

..   p.  ,  

.
, , 

.

 set covering problem, :

hi=  i,

p= 
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zi = 1  i , 0 

Maximize: i i
i I

z h (4)

s.t.:

0
i

j i
j N

x z i I
(5)

j
j J

x p (6)

0,1jx j J (7)

0,1iz i I (8)

 (4)  
 i  ,  

.  (5)  i 

 i.  (6) 
,  (7),(8) 

, .
,  (5)  (7) 

 (8) i 1, .

 (MCLP) 
, 

 (SCLP).  
Church&Meadows,  (4)-(8) 

.  MCLP -hard (Megiddo et al. 1983),
.
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.  
Church&ReVelle  MCLP 

. :

Dm = 
, 

Mi = { j|dij<Dc }
 i

 (4)-(8) :

1
i

j
j M

x i I (9)

 MCLP  SCLP 
 Dc . 

, 
. , 

. , 

. 
.

P- (P-CENTER PROBLEM)

 (Hakimi,  1964)  

, 
 ( ).  NP-hard 

. 

. 
, . ,

.
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. 
 “vertex”   “absolute”  p-center  problem,  

, 
. 

. , 
. , .

:

W= 

Yij = 1  i  j, 0

 p-center problem :

Minimize: W (10)

s.t.: j
j J

x p (11)

1ij
j J

y i I (12)

0, ,ij jy x i I j J (13)

1

0
n

i ij ij
i

W h d y i I (14)

0,1jx j J (15)

0,1 ,ijy i I j J (16)
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 (10) 

. 
(11)  .   (12)

, 
. 

 (13), 
 « ».  (14) 

, 
.  (15) 

 (16) 
.  Yij 1,  i,j, 

 (13)  Yij 1.  Yij , 
 i  j, 

 i 
.

,  NP-hard  (Garey &
Johnson, 1979).

( THE P-DISPERSION PROBLEM- PDP)

, 

. , , 
 (Kuby, 1987). , 

, 
.

,  D.

M= 

D= 

, :

Maximize D (17)
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s.t.:

j
j J

x p (18)

( ) ( ) 2ij i ij j ijD M d x M d x M d ,i j J  i<j (19)

1
i

j
j M

x i I (20)

 (17) 
.  (18) 

.  (19) 
,  (20) 

.  xi  xj , 
(19) , , 

 D  dij. , 
 D 

.

(TOTAL OR AVERAGE DISTANCE

MODELS)

, 
. 

. 
.

(P-MEDIAN PROBLEM)

,  
 Hakimi (1964). 

, 
, 
.

:
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Minimize i ij ij
i I j J

h d y (21)

s.t.:

j
j J

x p (22)

1ij
j J

y i I (23)

0, ,ij jy x i I j J (24)

0,1jx j J (25)

0,1 ,ijy i I j J (26)

,  (21) 
.  (22),

(23),  (24)   (11),  (12),  (13)  
,  (25),(26) 

(15),(16).

 Toregas&ReVelle (1972) 
. 

. , 
 p-center problem,  p-median 

,  NP-hard 
.

(FIXED CHARGE LOCATION PROBLEM)

 p-median problem  Hamacher &
Drezner (2002) . ,
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. , 

. , 
“uncapacitated problems”, . 

 “capacitated problems”, 
. ,  p-median problem, 

 “p-“,  p
.

,  ,  
 « »  .  

. 
FCLP 

.

 FCLP :

Minimize j j ij ij
j J i I j J

f x a d y (27)

s.t.:

1ij
j J

y i I (28)

0, ,ij jy x i I j J (29)

i ij j j
j J

h y C x i I (30)
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0,1jx j J (31)

0,1 ,ijy i I j J (32)

:

Fj=  i

Qj=  i

a= 

. O 

,  hidijYij.

 (28) , 
 ( ) 

,  (29) 
.  (31),(32) 

 (32) 
 Single Allocation, 

. ,  (30) 
, 

. 
,  uncapacitated.  (30)

 (29), 
» .

(HUB LOCATION PROBLEM)

,  (hub) 
 (

). , -hub 

. ,  Goldman (1969)  hub 
».  hub, 
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, 
 hubs.

.  Hub and Spoke Network, 
 spoke 

hub. 
 Logistics. 

.

 Hub&Spoke. 

 (O’Kelly  1986a-b,  Campell  1990,  1994).  
, 

.

 4: A  HUB AND SPOKE – 

-Hub , 
:

hij =  i,j

cij =  i,j

j= 1  j  hub,  0

Yij= 1  i  j, :
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Minimize

( )i ik ik jm jm km ik jm
i I j J k N m N k N k N

h c y c y c y y
(33)

S.t.:

j
j J

x p (34)

1ij
j J

y i I (35)

0, ,ij jy x i I j J (36)

0,1jx j J (37)

0,1 ,ijy i I j J (38)

 ik, kl, lj  k,l 
 hubs,  i,j 

.  (34)-(38)  (22)-(26) -median
problem.

Ernst  &  Krishnamoorthy  (1996)  
.

,  p-Hub problem. O Campell (1992) 

, 
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. 
, 

. :

THE MAXISUM LOCATION PROBLEM

, 
. , 

.

:

Maximize i ij ij
i I j J

hd y (39)

S.t.:

j
j J

x p (40)

1ij
j J

y i I (41)

0, ,ij jy x i I j J (42)
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1
0 , 1,2..., 1

m

i k i m
k

y x i I m N (43)

0,1jx j J (44)

0,1 ,ijy i I j J (45)

 maxisum location problem 
p-median problem, . 
(39) ,  p-median problem 

. 
. , 

 (43) 
.  (43) ,  m

 i ,
 i .

2.2

. 
, 

:  ,  
, 

. 
,  P-median problem 

,   (Frade  and  Rebeiro,  2015).  
, 

uncapacitated  capacitated models.

, 

 (FLP).
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 Lin and Yang (2010) 
.

, 
 (Facility Location Problems)

 bike-sharing ’ 
. 

 Lin and Yang (2011)  Facility Location,
. , 

bike-sharing.

H  Hub and Spoke Network.
,  i,j 

BS  k,l  k  i,  l  j.

, . 
, , 

, 
.  ,  

. , 
 i,j.

, 

,  
. , 

, 
.   Lin  et  al.

(2011) . 

. ,  BS 
, 

.  
 Hub Location Problem, 

, , 
,  « » 

. ,
, , 
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. 
 (Greedy Heuristic)  (near

optimal solution).

 Martinez et al (2012) 

, 
.

, 

. , , 
, 

. 
, 

, 
 Bike Share Scemes .

, 

,  Frade & Ribeiro (2012) 
 Maximal Covering Problem (MCP). 

. 

, . , 
, , 

. 

.  

, 
. 

, 
 BSS.

 Facility
Location Models. 

.
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 Romero  et  al.  (2012)  

. 
, 

.

 Palomares et al. (2012),
 (GIS-approach). 

 location-allocation .

, 
BSS 

. 

,  .  
, 

. , 

, 
. 

.

2.3

, 
. 

, 
, :

)  ,  )  )  
. 

,  
,  

, 
.  ,  

.
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, 
, . 

 BSS 
,

 (Fixed Charge Location Problem).  
.

,  
, 

.  ,  .  ,  
,  

 Bike  Share,  
. ,

.

 BSS. , 
. , 

. 

.
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3

3.1

 Bike-and-Ride 
. 

, 

.

. 
,

, 
.

,  

. 

. 
.

3.2

3.2.1

, 
 Bike&Ride. 

.
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 3: 

. , 
,  

. , 
, , ,

.  
 3.

. 

. 

, 
 ArcGIS ( ) 

Google Maps.
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, 
j, 

,  
j .

3.2.2

 (  3) 

,   BS.  
, 

 BS  
.  ,  

, , 
.  ,  

 BS.

, 

. 
 , 

 6% . , 
, .

, 
. 

 « », 
 BS. 

 Google.

, 
/ 

.   BS  
.  

. 
, 
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. 
. , 
, 

, . 

.  ArcGIS 
, 

.

 4:  ( : BICYCLE PARKING
MANUAL/ THE DANISH CYCLIST FEDERATION)

, ,

, . , 
. 

: , 
,  

. 
,  

, 
, 

.

 3:  BS 

j

1

2
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3

4

5

6

7 PIU VERDE 

8

9

10

11

12

13

14

15

16

17  ( )

18  ( )

19  ( )

20

21

22

23

 3. 

j.  j  1  23,
,

.

3.2.3

 (3), 
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. 
. 

. , 
. 

, 

, 
.

: 
,

. , 
 i  j. 

 j . 
,  

.

 400  .  

, 
. 

 18  65 . 
, , , 

. 

. 
 , 

.  Bike Share
,  18  55 . , 

,

 3% (http://www.ibike.org/). 
, 

.

.
,   18   55  .
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 18-55 . ,  3% 
.

j

j. 
, . 

, , , 
, , 

(Institute of Transportation Engineers. Trip Generation. 9th Edition, Washington, DC,
2012).   3%  j

. 

.

 BS  4. 

. , 

1)  130 .

 .
,

 docks . 
, . ,

. 
. 

 j .
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 5:  2016 ,
:POPULATIONPYRAMID.NET

.  5-6. 
 5, 

j t. , 
6, 

j t.
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 4: 

j

1 130
2 160
3 130
4 120
5 135
6 110
7 PIU VERDE 120
8 130
9 150
10 190
11 150
12 150

13 140
14 130
15 155
16 170
17 200
18 150
19 150
20 130
21 160
22 170
23 150
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 5: 

 6: 

T1 T2 T3 T4 T5 T6
1 20 15 10 10 10 15
2 20 12 15 12 12 10
3 20 15 15 10 5 10
4 10 10 10 10 10 10
5 15 15 10 10 5 10
6 15 10 5 5 10 10
7 10 10 5 10 10 15
8 20 15 15 10 5 10
9 25 15 15 10 10 5
10 20 18 10 20 16 10
11 20 15 10 10 20 5
12 20 10 10 10 15 10
13 20 15 15 10 10 10
14 20 10 10 10 15 10
15 15 15 10 15 15 10
16 20 15 15 10 5 10
17 0 5 20 30 10 5
18 20 15 15 10 10 10
19 15 20 10 10 10 5
20 20 15 10 10 10 15
21 10 15 20 15 10 5
22 15 15 10 15 15 10
23 15 15 10 10 10 10

T1 T2 T3 T4 T5 T6
1 0 5 10 15 10 10
2 15 15 15 12 12 10
3 10 10 10 15 5 5
4 0 5 10 25 10 10
5 5 10 10 20 10 15
6 0 0 15 15 10 15
7 0 5 15 10 15 15
8 10 10 10 15 5 5
9 5 5 10 20 10 20
10 12 18 10 20 16 20
11 5 15 15 20 10 5
12 15 15 10 10 20 5
13 10 10 10 15 10 5
14 15 15 10 10 20 10
15 15 15 15 20 10 15
16 10 10 10 15 5 5
17 35 35 25 15 10 10
18 15 15 10 15 10 5
19 10 15 15 15 5 20
20 0 5 10 15 10 10
21 20 20 20.0 10 10 5
22 15 15 15 20 10 15
23 15 15 15 15 5 15
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3.2.4

.

. , 
, 

. 

’ .

, 
. , 

 6%, 
. .

:

 30 
 6%

.
,

.

, 
. , 

. , 
, 

.  7
. , 
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j 
, .

 7: 

DIST.ij 1 2 3 4 5 6 7 8 9 10 11
1 2.5 3.5 2.3 2.8 4.4 5.1 5.8 6.6 7.1 7.6 8.4
2 1.9 1.5 1 1.6 2.7 3.6 5 5.8 6.3 6.9 7.5
3 1.4 3.1 2.4 2.6 4.2 5.2 6.7 7.3 8.8 8.6 9.3
4 1.5 2.1 2.6 3.2 5.2 5.9 7.1 7.9 8.7 8.5 9.3
5 3.6 2.4 1.5 0.9 2.5 3.4 4.8 6.2 6.3 7.2 8.6
6 4.2 3.1 2.4 1.1 2.5 3.4 4.7 5.8 6.9 7.1 8.9
7 5.2 4.5 3.6 2.2 1.6 1.1 1.3 4.8 4.9 5.5 6.7
8 1.3 1.1 1.2 2.6 3.3 4.7 5.6 7.8 8.3 8.9 9.4
9 1.9 1.3 1.8 3.1 4.6 5.2 5.9 6.9 6.9 7.5 8.2

10 3.3 2.1 1.4 2.2 2.3 3.3 4.6 5.7 5.9 6.5 7.2
11 4.5 3.1 2.2 2 1.7 2.4 3.1 5.3 6.7 7.3 8.2
12 5.3 3.9 3.2 2.6 1.6 1.7 2.2 3.7 5.7 6.4 7.1
13 5 3.6 2.8 2.3 1.3 2.1 2.3 4.8 5 5.5 7
14 4.9 3.2 2.4 1.5 1.7 2.1 2.9 4.4 5.3 5.7 6.3
15 5 4.6 3.4 3.2 1.9 1.2 1.3 2.7 3.8 4.6 5.5
16 5.9 5.2 4.3 3.4 2.2 1.8 1.6 3.7 3.9 4.4 5.3
17 7 6.7 6.1 4.5 3.6 2.9 1.2 2.7 2.8 3.4 5.5
18 9.1 7.5 6.7 5.2 4.3 3.3 2.1 1.3 1.3 1.9 2.4
19 11.6 9.6 8.7 7.9 1.2 6.4 5.6 4.7 1.4 1.1 1.5
20 10.5 9.3 8.4 7.7 7.1 6.7 5.6 4.5 1.1 1.1 2.1
21 9.6 8.6 8 7.2 6.4 5.8 5.1 2.3 3.6 2.6 1.8
22 12.3 11.6 10.8 9.2 7.7 6.2 5.4 4.1 3.2 2.4 1.6
23 11.9 11.2 10.7 9.9 7.8 6.4 5.8 4.7 3.7 2.9 1.7
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4

4.1

 (Fixed Charge Location Problem), 

. 
,

 FCLP (  2) . 
:

:

i i ij ij ij j
i I i I j J i I j J

X F Y d Y D (0)

Subject to:

1ij
i I

Y
j J

(1)

ij iY X j J , i I (2)
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maxj ij i
j J

D Y S S i I (3)

Fleet size= (4)

0,1ijY j J , i I (5)

0,1iX
i I (6)

,dest jt
it i ij

jt ij
j J

D
m S Y

D Y

j J , i I , t T

(7)

,or jt
jt i ij

jt ij
j J

D
m S Y

D Y

j J , i I , t T

(8)

:

Xi, Yij =  0  1.  Xi

 1  i, 
0.  ,   i=1,   Yij  1   j

 i.

Fi =  
 i.   Fi
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 docks 
.

Dj =  ( j).

Djt =  t  ( j).

Dor, jt Ddest, jt =  ,  ,  

j  t.

Smax = .  S
.

mit, mjt =  i  j 
t.

, 
 Bike and Ride, 

.

 (0)  .  
.

 i,j, . 

. 
, 

.

.   (5)   (6)

 0   1.   (1)  
. , 

. , 

.  ,  
. 

 j  i (single allocation). O  (2) 
,  i.
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 (3)  (4) .
. 

, .
, 

 i  j , 

. , 
 bike&ride 

, 
,   Smax .  Smax

, 
.

, 

 Bike Share.
, 

, 
. ,  (1)

 FCLP, .

. , 
.

4.2

, 
 (multi-

objective  optimization).  
 (normalization) .

 Proos et al. (2001):

i,norm = ,
,

k
k norm

k Max

ZZ
Z  (9)
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.  

, . 
 Marler and Arora (2004), k,max

, , , 
 (engineering intuition). 

 [0,1] (

k,max 0).

:

)  [0, 1], 
.

,  [0, 1] 
. , 

).

) . ,
,  

. 
 ( . €/ ), 

.

) . 

,
1

n

k norm
k

Z , 

k,max , 
 Zk.

) . ,  0,05

 95%.

,  Zk

 (9)). , 
. ,

:
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1.  i- :  Zi,max

2.  ij:  Zi,max

3.  j:  Zi,max

4.3

:

1)  (  3)  
i

2) 
 j 

j

3)  j 

4)  i,j

5)  N 
Smax

6)   docks  
Capacity(i)

7) 

, 
.

j, . 
, 

, 
.

, 
, 

. , 

.  
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 –
- 
.

.  
. , 

. 
. 

. , 
.

.  
. 

 4 ,  

.  ,   Smax ,
. 

.

. 
,  

, 
. 

 3000 . 
 350 . , 

.

 (docks), 
. 

, 
.  3o ,  dock 

1,4  .  
, 

.  8 

. , 
, 
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, . 

 Bike Share 
 (Frade et al., 2015).

. 
, 

. , 
 Bike Share 

.

 8:  DOCKS ANA 

, 
 5,9%  ,  ,  

. , .
,  10.800€ 

. 
.

4.4

, 
 Bike Share. , 

 Bike  and  Ride  

Mi
1 25
2 30
3 30
4 30
5 25
6 25
7 25
8 20
9 25
10 30
11 30
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. , , 
 « » .

 « » 
. 

,  relocating. 
 « »

.

 9 
. , 

.  

.  ,  
1,  1 3  15 . 

1. 
. 

.  ,  1

3 .

 9: 1.

T1 1 2 3 4 5 6 7 8 9 10
15 0 15 0 0 0 0 0 0 0
0 0 7 0 0 0 0 0 0 0
0 0 0 0 0 0 0 12 15 0
0 0 0 0 0 0 0 6 3 0
0 15 0 0 11 0 0 0 0 0
0 11 0 0 4 0 0 0 0 0
0 0 0 14 0 21 14 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 17
0 0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

M11

M6

M7

M8

M9

M10

M1

M2

M3

M4

M5



60

 « » 
, .

, , 
,  

, . 
,  

: 
, 

,  .  
,  ,

 BS. 
, 

.

4.5

OpenSolver. , 
 (add-in tool) Solver  Microsoft Excel.

 Solver   Excel  
 Excel. 

, , . 
 Solver 

,   (Mason,
2010).  Solver 

,  OpenSolver.

O OpenSolver 
 CBC.  CBC 

 COIN-OR (Computational Infrastructure for OR) 
.

, 
 Microsoft Excel , 

, 
OpenSolver.   6,  

.  
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 (variables cells) 
, 

.  Solver 
 (Left Hand Side), 

,  
 (Right Hand Side).

 (  5) . 
, 

, 
 Solver .

.  100  100

. ,  (tolerance), 
,  0.00001.

, 
 600 

. 
, . 

 300 
. , , 
.



62

 5: 

 6   Solver   OpenSolver
,  Task Bar.  «Model» 

 5,  «Solve» 
. , 

, 
. , 

, 
.

, 
. 

«Show Model».

 OpenSolver  «Quick Solve». 
, , 

, 
. , , ,

.

, , 
. , 
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. , 
 OpenSolver.

 6:MENU OPEN SOLVER
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5

5.1

. , 

, . , 

.

.
, 

i , 

j .  i,j . ,
 Smax

. i

i.

, 
 BS , 

. 
. 

, 
, 

.

:  300
. 

 (Midgley, 2011). 



66

,   (dock).  
 3000€  350€, . 

 BS  10 
 11. 

.

 10: 

 11: 

Mi
1 25
2 30
3 30
4 30
5 25
6 25
7 25
8 20
9 25
10 30
11 30

j % 
1 130 3,8
2 160 4,7
3 130 3,8
4 120 3,6
5 135 4,0
6 110 3,3
7 PIU VERDE 120 3,6
8 130 3,8
9 150 4,4
10 190 5,6
11 150 4,4
12 150 4,4

13 140 4,1
14 130 3,8
15 155 4,6
16 170 5,0
17 200 5,9
18 150 4,4
19 150 4,4
20 130 3,8
21 160 4,7
22 170 5,0
23 150 4,4
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, Smax, 
. 

. 
.  300 

.  Smax  50. 
 Smax=50, .

,  Smax=40  Smax=60. 
. 

Smax , 
, 

.

 Smax=60 
. 
.   50   40,   12,  

 « »  ,  
. ,  Smax=50

, 
.

 12:  BIKE&RIDE  SMAX

 Smax , 
,  .  ,  

 50, 
. , , 

 Smax.

 ( .) 
 (  13)   Smax=40  50, 

. Smax=40 Smax=50

1 + +
2 +
3 +
4 + +
5 + +
6 +
7 + +
8 +
9 +

10
11 + +
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. , 
 Smax=50  

.  
, 

.  j
 i. , 

, .

 7:  B&R  SMAX=40

 8:  B&R  SMAX=50

,  Smax=50. 

. 
.
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 13: 
 SMAX

:

i. : 
 20%  50%. , 

,   dock.  
 50%  75%.

ii. : 
.  

, 
 20%.

iii. : 
 100  500.

iv. : 
.

5.2

5.2.1

,  
 Bike&Ride 

, , , , , 
. 

. , 
.   14,  
 7, 8.

Smax=40 Smax=50

. -6,612 -7,765
7,027778 6,352
3,260163 2,780

16,9 16,9
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 14:  BS 

 9: 

 j
1 1,3,4 34
2 8,9,10 42
3
4 2,5,6,14 46
5 7,11,12,13 50
6
7 15,16,17 47
8
9 18,19,20 38
10
11 21,22,23 43
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 7: 

 15  
.

 Bike&Ride. , , 
 50  300, 

.  

.

. , 
, 14-

. , 

.

 BS , 
. 

, 
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, 
.

, 
,  

. , 
, 

.

 (  3), 
 300 . ,  53% .

,  16. 
. 

.  0.56,  56% 
 56% .



73

 15:  300 

T1 T2 T3 T4 T5 T6
1 11 8 5 4 7 8
2 9 7 7 6 8 6
3 11 8 8 4 3 6
4 6 6 5 4 7 6
5 7 8 5 5 3 6
6 7 5 2 2 7 6
7 5 5 3 5 7 11
8 7 8 9 4 3 6
9 9 8 9 4 7 3
10 7 9 6 9 11 6
11 10 8 6 5 9 4
12 10 5 6 5 7 7
13 10 8 8 5 5 7
14 9 7 8 5 3 8
15 0 5 5 5 10 6
16 7 7 5 7 9 8
17 0 2 10 14 6 4
18 10 7 8 5 7 6
19 7 9 9 5 7 3
20 9 7 7 5 7 9
21 5 7 7 8 7 4
22 7 7 7 8 11 7
23 7 7 7 5 7 7

M1 6 11 16 22 17 14
M2 10 17 18 24 21 27
M4 17 22 25 27 36 28
M5 15 24 28 29 25 21
M7 28 29 26 23 15 23
M9 12 16 19 23 17 21
M11 24 22 24 23 18 25
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 16: - 

5.1.2

 300€, 350€ 
.

, . 
 20%   [1]  

, [2],  50%. 

T1 T2 T3 T4 T5 T6
1 0.56 0.53 0.50 0.40 0.70 0.53
2 0.45 0.58 0.47 0.50 0.67 0.60
3 0.56 0.53 0.53 0.40 0.60 0.60
4 0.56 0.60 0.50 0.40 0.70 0.60
5 0.47 0.53 0.50 0.50 0.60 0.60
6 0.47 0.50 0.40 0.40 0.70 0.60
7 0.50 0.50 0.60 0.50 0.70 0.73
8 0.37 0.53 0.60 0.40 0.60 0.60
9 0.37 0.53 0.60 0.40 0.70 0.60
10 0.37 0.50 0.60 0.45 0.69 0.60
11 0.50 0.53 0.60 0.50 0.45 0.80
12 0.50 0.50 0.60 0.50 0.47 0.70
13 0.50 0.53 0.53 0.50 0.50 0.70
14 0.45 0.70 0.80 0.50 0.20 0.80
15 0.00 0.33 0.50 0.33 0.67 0.60
16 0.35 0.47 0.33 0.70 1.80 0.80
17 - 0.40 0.50 0.47 0.60 0.80
18 0.50 0.47 0.53 0.50 0.70 0.60
19 0.47 0.45 0.90 0.50 0.70 0.60
20 0.45 0.47 0.70 0.50 0.70 0.60
21 0.50 0.47 0.35 0.53 0.70 0.80
22 0.47 0.47 0.70 0.53 0.73 0.70
23 0.47 0.47 0.70 0.50 0.70 0.70

M1 0.60 0.55 0.53 0.40 0.68 0.56
M2 0.37 0.40 0.60 0.44 0.68 0.60
M4 0.49 0.55 0.50 0.47 0.69 0.56
M5 0.50 0.53 0.56 0.53 0.45 0.70
M7 0.47 0.48 0.52 0.46 0.60 0.77
M9 0.48 0.46 0.54 0.51 0.68 0.60
M11 0.48 0.44 0.48 0.51 0.72 0.71

N=300
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 17.

.  ,  
. . 

 4
.  

, 

.

 17: - 

, . 
 18 

.  docks  50%
 75%,  [3], [4] . 
 50% .

 18:  ANA DOCK

.  75%, 
 4%. , ,

,  i,j.  j 
 i. , 

.= -7,77 -7,77 0% -7,77 0%
= 6,35 6,35 0% 6,35 0%

= 2,78 2,78 0% 2,78 0%
= 16,9 16,9 0% 16,9 0%

[1] +20% [2]  +50%

.= -7,77 -7,77 0% -7,83 (-)0,75%

= 6,35 6,35 0% 6,18 (-)2,7%

= 2,78 2,79 (+)0,3% 2,89 (+)4%

= 16,9 16,9 0% 16,9 0%

[3]+50%  dock [4]+75%  dock
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,  .  
,  

, .

 19,  
 Bike-sharing.  

.

 19: 
 DOCKS

 docks 
 « » . , 

, . 
[4],  « » , 

.

,  ,  j
. 

.

5.1.3

: , 
,  25  30  (  20). 

, 
,  (  21).

[3] [4]

. . 25 1 M1 M1
30 2 M2 M2

. 30 3 M3 M3
. 30 4 M4 M4

25 5 M5 M5
25 6 6 M6
25 7 M7 M7

. 20 8 8 8
25 9 9 M9

. 30 10 10 10
30 11 11 M11

" 
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 20: - .  4 

 21: - .

, 
, . 

 [1]-[2], 
.,  i,j. ,  ij

. ,
 1,17% 

, , 
10%.

. , , 
, .

, 
 20%  .  
 20% 

. ,  80%
, .  1%. 

,   j   i  
.

[1] Cap=25 [2] Cap=30 [3] Cap+20% [4] Cap-20%

.= -7,77 -7,15 -7,15 -7,75 -7,78

= 6,35 7 7 6,19 6,36

= 2,78 2,75 2,75 2,96 2,76

= 16,9 16,9 16,9 16,9 16,9

- .

- % 

[1] Cap=25 [2] Cap=30 [3] Cap+20% [4] Cap-20%

.= -7,93 -7,93 -0,17 0,15
= 10,20 10,20 -2,61 0,07

= -1,17 -1,17 6,43 -0,58
= 0 0 0 0
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5.3.4

, 
 300. 

,  « » . 
 Bike&Ride 

. , , , 
. 

.

 22, 
 100, 200, 400, 480. ,

, 
,  300 , 

,  B&R.

.  450 
 100 

.

 22: 

, 

. , , 
. ,

, 
. , 

. . 

300 -7.77 6.35 2.78 16.9 7

100 -10.66 2.84 3.41 16.9 3
% . 27.1 -55.3 22.5 0 -57.1

200 -9.40 4.51 2.98 16.9 5
% . 21.04 -28.94 7.31 0 -28.6

400 -5.88 7.87 3.15 16.9 9
% . -24.3 23.8 13.5 0 28.6

450 -4.04 9.87 2.99 16.9 11
% . -48.0 55.3 7.6 0 57.1

480 -3.65 9.87 3.38 16.9 11
% . -53.0 55.3 21.6 0 57.1
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. 
 100  200 , 

 j .
, 

.

 «
Smax,  Smax = 40  50. 

, 
 B&R, .  Smax

 « » 
.

. 
, 

, 
.  23 .

 23: - 

 BS. , 

.

5.1.5

, 
. , . 

, 
(1)  (  4).

, 
BS . ,

.
100 10.65%
200 26.60%
300 53%
480 72.40%
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.  100%.

.
 4, 

. , 
, , 

. 
, .

 147 .
,  150

. 
 5.19 . 

, 
100% [1]  50% [2] 

.  50%
.

 24 
. , 

.  
, 

. 
,  [1],

[2]. 
 [1], [2] , 

 90%. 
, 

. , 
,   [1]   [2]  

.

 24: - . 

. -7.77 -0.57 92.66 -0.5 93.56
6.35 6.03 -5.07 5.9 -7.11
2.78 1.9 -31.67 2.1 -24.47
16.9 8.5 -49.70 8.5 -49.70

[2]+50% [1]+100% 
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 25 
. , 

, 
. , 

, . 
, 

, 
. , 

,  64% ,  [2]
 80% . , 

,  « » . 
 3,2-5,9%.

 [1]   2-8%,  
. ,  [2]  2,4-6,7%. 

, .

 25: - 

 24),  
 j  i. 

 i  j 
.  26 

. , 
.

 23  17  15, .

 26: - 

 27 
 BS  [1], [2]., 

[1] [2]
3380 5485 4432
3380 3535 3380

1 .64 0.8

i j i j i j
7 23 7 15 7 17

[1] [2]
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, , 
.

 27: - 

, , 
. , 
,  

. , 
. 

 2,3-4,3%. 

.

5.2

,  
,  ,  

. 

[1] [2]
1 +
2 +
3 + +
4
5 + +
6 +
7 +
8 + +
9 +
10 + +
11 +
12 +
13 +
14 +
15 + +
16 + +
17 + +
18 + +
19 + +
20 + +
21 +
22 +
23 +
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.

. 
 50, 

.  Smax

, . 
 Smax  50.

dock ( ) 
,  .   docks,

.   75% 
 dock  0.75% ,

3%  4% , . , 
,  

. 
.

, , 
. 

 20%.

.  ,  
. 

.

,   Smax

.  100, 200, 300, 400 
.

, 
, .

. , 
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, 
. ,

. 
, 

. , 
. , 

.
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6

6.1

. 
 Bike-and-Ride. 

, 
. 

,
.

, 
, 

. , 

.

,  

. 
, , 

.   ArcGIS  
 Bike Sharing. 

.

,  ( ?) 
 OpenSolver. 

 Fixed  Charged  L.P.,  
, .
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, 
.

, 
OpenSolver .

. , , 
, 

, .

6.2

, , 

 Bike-and-Ride. 
 Bike-and-Ride, 

. 

. 
, .

. 
. , , 

, 
, . 

, . 
,  

, . , 
.

 OpenSolver ,
. 

, 
. , 

.
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6.3

,  

.

, 
, 

. 
. 

, 

. , 
. 

.

 Bike-sharing. , 
. 

 « » .
, .

, 
. , 

 300 . 

.

, 
.  

, 
. , 

relocating , 
. 
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. , , 
.

. 

. 
.  

,  
.

,  
. . 

 (under uncertainty
models) . 

, , . 
.
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