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TREUT is available within VISUM, the network model
within the planning software PTV-Vision [3,4]. TRIBUT-
VISUM is the result of a wvo year software development pe-

riod performed by INRETS, the French Institute for Transport

Research, together with the German software company PTV.
TRIBUT is originally a result of French research [L,2] and

since the early 1"990's, it had been used by French transport

engineers in nurnerous toll projects throughout the world.

The paper firstly wili describe the general probiem of as-

signrnent with time and cost. Then the main features of bicri-
terion path choice are presented, i.e. random distributed

value of time and 'efficient' paths. The whole assignment al-
gorithm is briefly presented. Finally, the main aspects of the

TRIBUT application in practice will be discussed.
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For toll assignments, the criteria for choosing path p consist

of time tp and cost cp. The obiective function or the gener-

alised path choice criterion Crito can be formuiated as

follows:
Cr,rtp=\, * co /VT = )- tr* [2 .rl lw

Lcp 
L.on )

with:

tL travel time on a network objea L as a function of
traffic voiume tL = t(Ys1;,
L may represent a link, a,node or a turning movemen!

vol, volume of link L - depending on link volume,
cL toll for using link L - invariant of link volume,
VT value of time in [e.g. Euro/h] .

It is assumed, that each individual trip tries to minirnise
this criterion Critp in its path choice within a road network.
So far the conventional monocriterion toll assignment and
TRIBUT can be described by the same objective function.
However, they differ in modeliing the vaiue of time VT:

. In the monocriteion case the value of time VT is assumed
to be constant for all trips, or at least for all trips within
one demand class, Therefore the expression coiVT in the
obiective function Crito represents a constant supplement
to time \ for each path p. As a consequetlce the value of
Critp is identical for all tips.
. In the bioiterion case of TRIBUT the vaiue of time VT is
randomly distributed. That way each trip within a mahix
can apply a specific value of time and the fact that each in-
dividual traveller has his own preferences about,spending
time and money is taken into account .

The time-cost diagram in Figure L illustrates some aspects of
the bictiterioo approach: alternative paths for one o-d pair
are rcpresented as a set of points, each characterised by time
and cost, e.g. path 4 = (to,cJ. A specific value of time VT can
be represmted by any straight line with the siope -VT. If two
paths fit the same W-staight-Une , they are considered indif-
ferent, i.e. 'equally good' foi a user who has this particular
VT. On the other hand, the V!, which is determined by two
alternative pattrs, is called "critical value of time" for the two
alternatives in question. In Figure L the straight line repre-
senting the critical VT for A and B (vtoi,,r-s) is drawn as a dot-
ted line. The point where the VI-Iine fits the cost-axis repre-
sents the total cost equivalent of both paths A and B, for the
specific value of time. The corresponding point on the time-
axis represents the general criterion (i.e. the time equivalent).
It is obvious that path A will be preferred to X for any value
of time, i,e. A dominates X. With VT = ft.,u,A-B each path 1o-
cated on the right side of the VTline is dominated by A and B
(so is Y;, because it is assumed that all trips prefer paths that
minimise the generai criterion as well as the cost equivalent.

Figure L:
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this complexity by identifying the efficient pattrs for
each o-d pair.

Figure 3 shows a path search with six paths, where paths A,
B, C and D represent the set of efficient paths. It can easily be
demonstrated either graphically or analytically that there is
no VT for which paths X or Y would be preferred over A, B, C
or D. Generally speaking, the convex curve formed by the
three critical VT-straightlines A-8, B-C and C-D limits the
range of relevant cost-time combinations to the right side.
This convex curve is called efficient frontier. Therefore the al-
ternatives X and Y can be discarded in the example, because
no traveller will choose them, if he minimises time and cost.

The introduction of the efficient frontier has important
consequences:

. Only the efficient paths need to be stored during path
search and path choice. As a consequence the maiority of
the various possible paths for one o-d pair can be discarded
thus limiting computing time and memory.
. Nevertheless TRIBUT needs to perforrn a multi-path
search that is more complex than a best-path-search in
conventional monocriterion assignments.
. The set of efficient paths of any o-d pair is unique for one
state of the network, meaning that it does not depend on
the kind of W-distribution which has been defined. Hence
in the case of a multi-class assignment, only one search
step has to be performed in each equilibrium iteration, al-
though the subsequent demand allocation will be deter-
mined specifically for each demand class.

Path Choice for a Given Set of Alternatives
The path choice aims to allocate travel demand of an o-d pair
onto the set of efficient paths. This allocation depends on the
cdtical values of time between pairs of adjacent paths along
the efficient frontier. In our example, there are three critical
VTs defined by the pairs A-8, B-C and C-D. The demand
share of each efficient path is deduced from the given proba-
bility distribution function.

In Figure 4 the distribution function is evaluated for the
three values VT=vt.n,,o-s, VT=vt.1,,s-. and VT=vt.rit,c_o. -Th€

share P(A) of alternative A on the lowest cost level is :

P(A) = G (VT=frcrit.e-s).
The shares of B, C and D are:
P(B) = G (VT = ff*it,n.c) - P(A),
P(C) = G (VT = *sit,c-o) - G(VT=fi"n,,e.d and
P(D) = 1 - G (VT = fr*it,c-p)

This allocation states that trips, performed by travellers
who are not at all willing to spend money on travel (VT==0),
up to tdps with a VT <= ff.,rt,e_B will definitely choose the
cheapest path A. Trips on the more 'wealthy' side of the
travel demand with VT >= fi.,it,c.D will choose the fastest and
most expensive path D,

The Equilibrium lteration in TRTBUT
Within the TRIBUT assignment the direct path choice given
in Figure 4. is applied only once to provide an initial loading.
But as travel time on network objects (links, nodes) is flow-
dependent, the path choice for one specific o-d pair depends
on the path choice of all other o-d pairs. This Ieads to an iter-
ative procedure attempting to find a solution, where all o-d
pairs are in equiiibrium state.

TRIBUT in VISUM ftrlfils the Wardrop-Law. Where most
other assignment software attempt an Wardrop-equilibrium
for the whole network system, TRIBUT-VISUM determines it
for each o-d. An o-d pair is in an equilibrium state, if the fol-
lowing conditions are accomplished:
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Random Distributed Value of Time
As mentioned before, TRIBUT assumes that each vehicle ap-
plies its individual value of time VL This assumption is re-
flected in the model by defining the value of time VT as a
random variable with a distribution of the log-normal type:

VT = log N (w, o)
with the following distribution parameters:

w the median of W = log N (w, o)

o the standard deviation of the associated random vari-
able Y=lo&Orf), where Y is normally distributed.

The logN-distribution is wiclely used in income statistics.
One important property of the logN-distribution for income
or toll modelling is that the probability equais zero for nega-
tive values, which is an essential assumption for values of
time. The use of the median as positioning parameter may
appear strange, but this corresponds to a convention in in-
come statistics to publish quantils rather that mean values.
Nevertheless the logN-distribution could as well be defined
by the mean F,=Iog"(vt) and standard deviation o both of the
associated normal distribution Y=log.(VI).

Using TRIBUT in a planning profect, the definition of the
VT distribution, i.e. of the two parameters, is one of the most
crucial steps. Later on, empirical methods to determine the
distribution parameters will be discussed.

Determining the Efficient Alternatives in Path Search
In monocriterion methods one unique best path (shortest
path) can be determined for each o-d pair. In the bicriterion
case of TRIBUT however - due to the random distribution of
VT - a unique 'best' path does not exist and numerous 'best

paths' must be determined and stored in memory not only
during path search but during the entire assignment proce-
dure. That is the reason for the high complexity of
muiticriterion methods. Nevertheless, it is possible to reduce

Figure 2:
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tain a new equilibrium state. This is achieved in two steps: an

INTM-level-Balancing (reallocation of demand among the

paths of the same cost level) and lNTER-Level'Balancing (real-

iocation of demand between the paths of two adiacent cost

levels).
The demand allocation (inter- and intra-level-balance)

shifts demand from one efficient path to another. lach shift

changes paths' travel times, as they depend on the traffic vol-

o*.rl mut way, the shape of the efficient frontier is iontinu-

ously modifi"d. rigrrre 6 illustrates an efficient frontier with

three paths (A, B, C). The new path N is found, lying on the

same iost level as B. So demand is shifted from B to N (intra-

level-balance). As a conseguence travel time ts and tNchange'

That way both paths will move to a point in the middle of

their initial positions. As a result the slopes vt-qa-o and vtsrit"Fc
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Figure 4:
Path choice for
initial loading
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Figurre 6:
Adiustrnent of the
efficient front
during lF.lTRA-
l-eve!-Balancing
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r path search does not find other efficient paths for the o-d

pair,
. flow-dependent travel time is identical for all efficient

paths on the same cost level,
. the shares of demand on the different cost leveis corre-

spond to the W-distribution.
Figure 5 (see overleaf) presenls a simptified flow chart of the

TRIBUT assignment. Note, that flow-dependent travel times

on links and on paths are calculated at several points in this

procedure. A inutd-path-search is performed at the beginning

of eactr new assignment iteration. If new efficient paths are

found, they are added to the set of existing efficient path:'

VISUM stores all path-information (itinerary, used network

objects, allocated demand), so that complete path informa-

tion is available during the whole assignment process as well

as after assignment for post-assignment analysis- If new paths

have been found for a specific o-d pau, the o-d demand must

be reallocated within the resulting new efficient ftontier to ob-
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.Figure 7: change. So demand must be reallocated again among all effi-
Multi-class W- cient paths and between the different cost levels (inter-Ievel-

-,-*#.m,"ff..?;*plexityofthebicriterionassignmentishigher
than in conventional assignments, because of the multi-
path-search and the total number of paths to be stored. Addi-
tionaliy both criteria to and c^ need to be accessible and to be
stored for each path. But during first applications of VISUM-
TRIBUT for French and German toll road planning the use of
computing time and memory space could be optimised, such
that TRIBUT runs well for large network models on personal
computers.

T}.IE APPLICATION OF'TR!ts{JT IT{
PRACTICE
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Toll schemes: VISIJM allows to define linear and non-linear
road pricing schemes. Linear toll is modelled as a toll value
per road segment (link). To model classical toll schemes,
where toll is paid for the nsxt road section at stations which
are located at entry or exit points, a linear toll rnodet is suffi-
cient. ln modern toll proiects, more sophisticated systems of
pricing are applied. Especially telematic techniques allow to
design price schemes, where the price to drive ftom A to C
via B may not be equal to the sum of A-B and B-C. These
non-linear toII schemes can be modelled within VISUM as a
price matrix between motorway entries and exits.

Multi-class models: VISUM provides multi-class assign-

0,00

ment, where several demand classes with specific o-d matri-
ces can be assigned simultaneously. The intoduction of de-
mand classes to the model is helpful in the case of group spe-
cific pricing for different vehicle tlpes or travellers with dif-
ferent types of tickets (single riders, commuter pass holders).
Additionally specific W-distributions can be defined for each
dernand class thus leading to a more realistic composition of
the entire demand and of its elasticity to pricing policies. An
example of user classes for home-work-commuters, other pri-
vate demand and professional demand is shown in Figure 7.

Finding the VT parameters: \Mhen TRIBTII is applied in a
planning project, there are three ways to determine the para-
meters VT and o: revealed-preference surveys, stated-prefer-
ence surveys or macroeconomic calculus. The weakest but
cheapest method is macroeconomic calculus, which for in-
stance divides the total work income of a society by the total
work time in order to obtain a mean value of time for trips to
work. This approach doesn't reflect behavioural differences
e.g. between commuters in urban areas and long distance
travellers. Secondly, this approach determines a mean value
of time, which is less appropriate than quantils (medians).

When a toll is inhoduced into a society without revealed
toll experience, usually stated-preference methods are ap-
plied. In the stated-preference interview different hwotheti-
cal situations with variation of time and cost are simulated to
find the critical cost-time combination (,transfer price,),
where the traveller changes his behaviour. Then, maximum
likelihood estimation determines the two parameters. It has
been found that people find it hard to imagine a toll situa-
tion if they are not used to tolls inreal iife. Consequently, the
standard deviation o is mostly overestimated by the stated
preference method.

The best method is to estimate the value of time on the
basis of revealed preferences. This requires a toll road and pric-
ing system, whictr operates at least three or four years prior to
the survey, to ensure that the qystem has come to an equiiib-
rium. Recently a revealed preference study has been carried
out in the area of Marseille/France [6]. The method consisted,
first of an o-d survey, measuring the shares of cars using the
toll road or the altemative non-priced infrastructurc, and sec-
ondly the measurement of real-travel time for each o-d at dif-
ferent day periods. The most important results are:

' Time saving was found to be the most explicable variable
of the use of toll roads, no statistical effect was found for
travel time deviations or road comfort.
. The median of the value of time is a very significant and sta-
ble value, even if different types of distributions are esti-
mated.
. The logN paramete$ for the global demand were esti-

'mated by Vt = 9 Euro/h and o = 0,66.
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" *  lN lT lAL  LOADING:  " *

FOR origins o := 1 ... N D0

Perform MULTI-PATH-SEARCH to all destinaiions d := 1 ... N
FOR all destinations d := 1 ... N DO

Compute flow dependent travel times for all network objects of ihe efficient path set

Allocate o-d-trip-demand to the efficient paths of o-d
Store the efficient paths of o-d

* *  EQUIL IBRIUM ITERATION:  * *

WHILE NOT al l -od- in-equi l ibr ium D0
al l -od- in-equi l ibr ium := TR U E

Ferform MULTI-PATH-SEARCH to all destinations d := 1 ... N
lF new efficient path are found THEN o-in-equilibrium := FALSE
Store paths
WHILE NOT o- in-equi l ibr ium DO

o-in-equi l ibr ium := TRUE

FOR all destinations d := 1 ..: N DO

pod-in-equilibrium D0
od- in-equi l ibr ium := TRUE

FOR all cost-levels of o-d D0
INTRA-Level-Balance
Compute travel times for all network objects

FOR all neighbour-cost-levels of o-d DO
INTER-Level-Balance
Compute travel times for all network objects

lF flow has been changed on any network object THEN
od-in-equilibrium := FALSE
o-in-equilibrium := FALSE
all-od-in-equilibrium := FALSE
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Different trip purposes show a less significant influence on the
value of time pammeters than the fact whether a traveller must pay
the toll 'out of his own pocket' or whether he gets it refunded, for
instance by his company.

Tiavel time modelling: As cost is not flow-dependent, it is a
given model input. On the other hand, time is modelled by the
help of flow-dependent functions and therefore represents a less
certain input of the assignment model. But the quality of the fore-
casted volumes in toll proiects depends on travel time aswell as on
cost. Therefore the modelling of the flow-dependent time on links
and nodes requires more attention than in ordinary planning pro-

iects without toll:
For trips which originate or terminate outside the model area

(e.g. transit), the total travel time can't be evaluated by the network
model and thus it is not recommended to apply the same value of
time distribution as for internal trips.

Link and node flows that exceed capacjty should be avoided, as
in this case capacity restraint functions do not produce reaiistic
travel times. Especially if peak hours are modelled, the capacities of
higtrly charged links need to be defined very carefully.

CSNC[-USNON

TRIBUT has been used for several road toll studies especially within
urban areas throughout Europe, America a5id Australia. With its
impiementation in VISUM, TRIBLTI is available for practitioners on
a nulti-language platform under a Windows interface. Based on
the experience of successfirl studies, TRIBUT is widely accepted by
road financing companies as a basis for establishing realistic rev-
enue forecasts and by planning authorities to estimate the impacts
on the complementary network. The advantages of the TRIBLI-f
method become obvious when different pdcing policies need to be
tested. The conventional-monocriterion approach tumed out to be
inappropriate to model real price elasticity. Recent empirical re-
search in France confirms the bicriterion approach and the log-
normal-distributed value of tirne.
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