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Problem Definition (1)

e Shift: a set of routes that will be
performed by a bus and its driver in one
day

e Shifts must be legal according to a
complex set of rules

e The solution of the problem is a set of
shifts that cover all the work with the
minimum cost
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Problem Definition (2)

e Bus
* Type
o Kilometers
e Driver
e Base, current position
e Starting hour of work
e Available days before the scheduled days-off
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Problem Definition (3)

e Trip segment
e Departure and Arrival time and place
e Required bus type (fleet requirement)
e Distance in km

e Shift

e Set of trip segments and rest-time assigned
to a specific bus and driver
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Problem Definition (4)

e The solution of the problem is a set of
shifts that must satisfy the following

e All shifts should be legal
e All required trip segments must be covered
e Minimum cost

e Attempt to balance monthly total overtime &
kilometer parameters
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Integer Program P (1)
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Integer Program P (2)

e Minimize JZlcjxj
e Subject to 23 <1

Shx =l X =G i08 KO

e B is the set of busses

e T is the set of trip segments

e n is the number of generated shifts
e C; isthe cost of a shift j=1...n
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Minimum Cost Matching Problem

’ QWQ .

(O
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c; cost of edge (7, j) U E

b,- cost of vertex i [J V

M is a matching

V1 the set of vertices [ M
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A Problem Specific Heuristic (QS)

e Make initial shifts
e Minimum cost matching

e Apply shifts improvement
e 2-0pt
e 3-opt, Set Partitioning (SPP)
e Shortest path
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Partition of Trip Segments Into Levels

Level 1 Level 2 Level 3 Level L
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Initial Shifts

e Assign trip segments of level 1 to buses
e Enlargement of shifts with trip segments of level k+1

Shifts with trip segments until level k Trip segments of level k+1

bi
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2-opt Improvement of Shifts

e Combine 2 shifts and find the best combinations to apply
by solving a matching problem

e b, b; costs of shifts j, j

* ¢;the cost of the best interconnection between shifts J, j
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Level Cutting Improvement of Shifts

Shifts with trip segments until level k Pieces with trips of level greater than k
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Shifts for Uncovered Trip Segments

e k-shortest path

Buses
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Quick Shift (QS) detailed Algorithm

e 1. Partition all trip segments into levels
For a number of times

e 2. Make initial shifts by matching the trip segments between
consecutive levels

Repeat
Repeat
e 3. Shifts improvement (2-opt search, level cutting)
Until no more improvements can be made

e 4, Shifts improvement 3-opt search (set partitioning)
Until no more improvements can be made

e 5. Find shifts for the uncovered trip segments (k-shortest path)
e 6. Keep some connections between trip segments from the solution
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The Column Generation Algorithm
(CGQS)

e First Phase
e 1. Generate an initial solution (QS)

e Second Phase

e Repeat
e 2. Solve the linear relaxation of the complete model P
e 3. Use QS to get an integer solution

e 4, Generate additional columns in order to improve the
quality of the linear program

e Until stopping rules are satisfied
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Generate Additional Columns (Shifts)

Sink
node

Bus

C-Yk

e Legal shifts
* Negative reduced cost IC; =C; —V, _Zyk
kLS

e DFS, Shortest paths
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Computational Results

No. of
busses

24
46

60

48

58

89

No. of
trip
segments

57
134

158

175

264

337

Total
drive
time
(Min)
9855

21130
30750
26120
20940

34020

Min
105
3210

5055

2890

4160

9745

QS

%
1.1
13.2

14.1

10.0

16.6

22.3

AMORE Patra, 2001

Idle time
CGQS
Min %
105 1.1
2685  11.3
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Progress of the CGQS Algorithm
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Conclusions

e QS is an application specific IP heuristic
e Good solution (in production by itself!)
e Extremely fast with minimal computer
requirements (original design goal)
e CGQS a column generation approach
e Significantly better solution
e Use of the QS algorithm as the IP solver
e Effective generation of additional shifts
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Linear Program (1)

e Primal

e Min CX

e Subject to Ax=b,x=0
e Dual

e Max yb

e Subject to YA<cC
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Linear Program (2)

e Duality Theorem

e Complementary Slackness Theorem
eavx; >0 = ycol(A) = ¢
eavx,=0 = ycolj(A) <G
* rc; = ¢ - ycoli(A)

e Simplex, Interior Point

AMORE Patra, 2001
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Auvapikn Anuioupyia MetaAnTwy
(Column Generation)

MpedBANpa emAoyng METARBANTWY MpedBANua dnuioupyiag HeTaBANTWYV
—»
min cx . VOUIUEG METABANTEC
ME TOUG TTEPIOPIOOUG: Ax>=b < . METABANTEC TTOU BEATILOVOULV TNV
O<=x<=1 Auon Tou TTPOBARPOTOG ETTIAOYAG
MNMpedéBANpa aképaiag AUoNg
. Elcaywyn Trepiopiouwy
. EupeTikoi aAyopiBuol
. AAYOPIBOI aKEPQIOU TTPOYP/CUOU
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YTroouoTtnua EAcyxou Nopiuotntacg

e Nopiun Bapdia, KOoToC

e 'Eva dpopoAoyio Tunua Bapdiac
AEWPOPEIOU

e AUO OpONOAOYIa CuvexOopEeva o€ Papdia
e 'Eva dpopoAoyio cuvexilel pyia Bapdia

e EniBupiec
e AvaBeon dpopoloyiou ae 0dnyo
e AUO dpopoAoyia va eival 01adoyIKa
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TeAikn ETiAoyn
NAew@opeiwv Kal Odnywv

o OIKOVOUIKN Kal €PIKTN Auon
(AAO /) ANOAAM)

e IoTOPIKA OTOIXEIA YIa €EI0WON
* UNEPWPIWV
* KEUKOAWV» Kal «OUCTKOAWV>» OPOUOAOYIWV
 XINIOUETPWV

e [1pOBANUA «TAIPIAOPATOC» PE TO EAAXIOTO
KOOTOC METAEU AEW@POPEIWV-00NYWV Kal
Bapdiwv
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BeATiwon Bapodiwv ava-3

e 2UVOUAOHOC TPIWV Bapdiwv Kal EAEYXOC YiIa
aA\ayec

e MikpO unonpofAnua, SPP

o [pappec Aew@opeia, dOpouoAoyIa

o >TNAEC VOUIUEC veEEC Bapdiec

e EniAuon SPP (unovoouuevn anapibunon)

e TO OUVOAIKO KOOTOC HIKPOTEPO TWV APXIKWV
Bapdiwv
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BeATiwon

Bapdiwv ava-2 (mpwrn eaon)

e 2UvOUAOMOC OUO BapdiwVv Kal EAeyXOC yia aAAayEC
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EtiAoyn 2uvdeoewyv
ApopoAoyiwy aTtro TN Auon

o ApxIKn Auon kaBopilel TNV Noi0TNTA TNG
TENIKNG AuonC

e EniAoyn ouvdeoswv dpopoAoyiwv ano TIC
KaAuTePEC Bapdiec

e Kata tn dnuioupyia apxikwv Bapdiwv
a&lonoieital nAnpoPopia yia Kain Auon
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