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„Unit“ of the 
service fleet:

YellowYellow AngelAngel

gelber Engelgelber Engel
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~1,700 Yellow Angels

~1,200 road service partners with ~5,000 vehicles

On average: ~10,000 requests a day

Peak:           ~45,000 requests in 4 hours
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Frankfurter Rundschau
17.7.2002
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Help center

Dispatch:
human operator

Wireless data transmission

Yellow Angel
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All mobile workshops are equipped with GPS for satellite positioning
which makes it possible for the operators in the help centers to 
exactly locate each single service unit and to dispatch the 
assignment order via radio. 

As soon as the help request comes in the service unit nearestnearest toto the 
scene can advance. Besides the ADAC owned vehicles, there are
some 5,000 service vehicles of 1,130 subcontracted road service
partners available.  

Five ADAC help centers control the assignments of the Yellow
Angels day and night. 

These centers are at Landsberg/Lech, Gross-Gerau, 
Hamburg, GenshagenGenshagen (near Berlin), and Dormagen (near Köln).
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No request can be rejected.
Each request must be served by exactly one
service unit.
Service units must drive „tours“, i.e., have to 
return „home“ in the evening.
Structure of the cost function is  
„more complex“ than linear (e.g., EV5).

Goal: minimizing total costs for this service

What is good service? What are the criteria?
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events

units
contractors

constraints
costs

dispatch

Task: Find a solution of lowest possible cost!
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An online algorithm is a method making a decision
as soon as new pieces of information become known. 
Any decision made is irrevocable.

Remarks:

The running time is irrelevant: The key issue is the 
difficulty arising through the lack of data.

If running time is important: real-time algorithms!

Models of analysis: sequence model, time-stamp model,...

Variants: limited intermediate storage, repacking,...
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Optimal:

10 min

10 min

Requests are not known in advance

Decisions are based on incomplete information

Suboptimal results

How to evaluate an online algorithm?
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Online Aspect: We do not know future events.

Real-time Aspect: We have to provide an answer quickly
(5-60 seconds)
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Every request has to be served

Each job has to be executed by exactly one „unit“. 

All units travel „tours“

cost structure „more complex“ than linear 
(z.B. EV5)

Goal: Minimize cost incured by the units.

Customer satisfaction!!!???
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Set R of requests

Set K of units

K consists of groups of units, each with different cost structure g 

Find:
Feasible subset of units

Tours for the units

Minimize costs

{ }( ) , , 5, ,...g k G tax ews ev swa∈ =
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driving time 0

driving time 0

Home
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„Vehicle Dispatching Problem“ VDP
subject to sketched (and other) side constraints

Offline Model
Requests

Tours

Set partitioning

Polyhedral description of tours
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Release time t(r) 

Time window T(r) = [e(r), l(r)]

Tswa(r) = [t(r), t(r)+38]

timed request Tswa(r) = [5:00, 5:15]

Set of admissible units for r: K(r)

K(r)

t(r) e(r) l(r)



Martin
Grötschel

24

CO at
Work Tours

A tour represents the sequenced processing of a subset M 
of the requests R by a unit k.

Every (feasible) tour satisfies all side constraints such as:
Time windows

Working hours

Rules for rests

etc.

Set of all feasible tours: F



Martin
Grötschel

25

CO at
Work Basic Idea: Set Partitioning

costs

costs

costs

costs
costs
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request c

request d
request b

request a

request e
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Inplicit (algorithmic) enumeration of all tours

Xf =1 if and only if tour f is chosen

Complex cost structures can be handled

Separation of optimization and tour generation

f
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Each unit can be chosen at most once

Bkf = 1 if and only if tour f uses unit k
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Given:
Subset M of requests

Unit k

Question: Is there a feasible processing sequence for k 
to serve all requests in M? 

Equivalent: Does the tuple (k,M) define a colum of the
ILP?
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Set of vertices of G 

{ }∪ ∪ 0pVMV =

Arc (v,p), (p,w) iff
time window ok

Arc (v,w) in G iff
time window ok

v

w

Variable za = 1 
iff a is on the tour
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za

zc

zb

zd

3≤++ + dcba zzzz
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za
zc

zb

2≤++ cba zzz
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R: set of requests, M subset of R
K: set of units, k element of K



Martin
Grötschel

35

CO at
Work Solution Method (Offline)

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

•

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

1
1
1
1
1

1101010
1110001
1000011
0111101
1101010

2

1

#

……
……
……
……
……

x
x

Explicit enumeration of all tours is impossible.
Optimal solution uses only a few tours. 
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ff xc ⋅∑min ff xc ⋅∑min ff xc ⋅∑min

Run various primal heuristics to get starting solution
Start with the heuristically generated small subset of 
feaible tours (represented as columns)
Generate new columns via pricing
Branch & Cut & Price
LP-based Rounding heuristics
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It took a long time to develop a „good“ service model –
jointly with ADAC.

Our dispatching software provides a significant
improvement.

Dispatching software is in use all of the 5 dispatching
centers. 

Problem with the software: 
Running time estimation for a yellow angel is not precise
enough. About 50% of the estimates are questionable
(bad data is always a problem).
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