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Abstract: The problem of the city's public transportation network with several operating
centers is an integer programming problem, if the number of variables is large enough, it
is an NP-hard problem. It is not possible to find an exact solution to this problem in
practice. In this paper, we propose a solution to the problem of the city's public
transportation network with several operating centers by "simplifying" the problem step by
step, after each step the problem becomes easier to solve. Finally, bring the problem to the
group of optimal problems with solutions in polynomial time. Then, it can be applied to
solve the problem of the public transportation network in Hanoi as well as other cities.
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1. INTRODUCTION

The goal of a city public transportation network is to meet the passenger transportation
requirements set forth by the urban transportation authority, based on a survey of actual
travel demand. This requirement is usually expressed in the form of a set of itineraries
connecting basic intersections in the city. In the process of making these itineraries, the
vehicles often have to make some other itineraries that are not included in the requirements.
This is the unprofitable cost, and one of the important goals in the transportation industry is
to reduce these costs, based on the rational arrangement of schedules and the allocation of
routes to the operating centers. In fact, the bus network of a city is formed and developed
through many stages, besides the development of the city itself. Although it may be designed
"optimal” from the beginning, in the process of operating, with the expansion of the urban
area and the continuous growth of the forces participating in traffic, the network will cannot
keep the original "optimal” structure, due to the need to add new itineraries. Then, a
requirement is raised that the schedule needs to be restructured in order to continue to have
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the optimality at a reasonable level. This paper is intended to propose a solution for finding
such solutions. The model of urban traffic with many operating centers we have introduced
and initially studied (see [5]). In this article, we will give the solution and after that, it can
be applied to the public transportation network of Hanoi city as well as other cities.

2. CONTENT
2.1. Mathematical models
2.1.1. Several concepts and symbols

An operating center or bus station (depot) is a gathering place for vehicles, from which
the vehicles depart to carry out the specified itineraries, and after finishing the day's
itineraries, the vehicles must return to center. In the operating center, there is usually a garage
for repairing and maintenance routine. The operating center (later often abbreviated as the
center when there is no possibility of confusion) is denoted by d, and each d has departure
point is d*, entry pointis d~ .

The set of all service centers for the city bus network is denoted by D, and the set of all
departure and arrival points of these centers is denoted respectively by.

DY = d*/deD , D = d /deD .

As mentioned, based on the survey results of the population's travel needs in reality, city
traffic management agencies define service requirements for the public transportation
network in the form of a set of passenger itineraries required to be made within the city
(later also known as mandatory itineraries). Each such itinerary, denoted by ¢, has a starting
point ¢~ (first stop) with a departure time of , s; and a final stop with an ¢* arrival time of

e, . We denote 7T the set of all required itineraries, and 7~ ( 7", respectively) the set of all
starting points (end stops) of the itineraries ¢t € T'. So,
- Berth arc connecting berth point d— with the final stop ¢ of a certain mandatory

itinerary. Similar to the above, we have the concept of berth itinerary and accompanied by
the assumption of the existence of suitable berth itineraries for each required itinerary.

- The linked arc connects the end point of one itinerary p € T (ie p™) with the
starting point of another itinerary ¢ € T (ie ¢~ ). On this road, one needs to make a
"transitional itinerary" if one wants to make the itinerary q after the itinerary has been made
p, by the car that made this itinerary. This is possible when the two-stroke pair p, ¢ € T'is

compatible. Specifically, we denote A,, > Othe time required to go from p™to ¢. If
A, , <s, —e,then we say that two itineraries pand ¢ are compatible , and then we can
create a connected itinerary (between the two) whose starting point is p* (with a starting
time of ¢,) and an ending point. to be¢~ (with an end time of s, ). For the convenience of
later arguments, the associated itinerary between the two itineraries is compatible pand ¢ is
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always considered to exist, evenif p™ = p~ (atapossible cost of zero). The quantity s, — e,
considered to be the transition timeout between two itineraries pand ¢. When this time is

large enough, compatibility is likely to occur. However, in practice, when this quantity is too
large, the connection will be inefficient (because the waiting time to connect is too long,
which means too much idle time for the vehicle and the driver). In order to avoid having to
consider "compatible” itinerary pairs for which it is not practical to join them, it is common
to consider only those pairs whose transition timeout does not exceed some pre-determined
limit (depending on the destination in real situations, one can choose this limit between 40
and 120 minutes). If this limit is exceeded, one assumes A, , = coand considers the two

itineraries to be unconnectable (compatibility condition not satisfied).

- The arc connecting the berth point of the operating center 4 with its departure point,
i.e. d,d" , used to return the vehicle to the departure point after completing a schedule

and returning to the station, is often called is the reverse arc . Itineraries on the retrograde
arc will be called internal itineraries .

Each itinerary is assigned a weight (or cost) depending on the distance, travel time,
vehicle type,... The weight of the linked itinerary can also include waiting time of the vehicle,
driver's breaking time. The weight of the departure itinerary often has an additional cost of
using the vehicle, while the weight of the internal itinerary is usually given as 0. Based on
the weights of the itineraries, the cost of the whole schedule is calculated.

2.1.2. Graph of public transportation network

For each operating center d € D we define the following sets:

AP = e tt ‘ t € T, is the collection of all roads to be implemented (set out in the
plan of the traffic management agency), which can be serviced by the center d.

- At = 4Tt ‘ t € T, isthe set of all departure arcs (from the center d). The set
of possible itineraries on these arcs (corresponding to different times) is called the set of
departures (of the center ¢) and is denoted by A}~

- A — 4t ‘ t € T, is the set of all berth arcs (to the center 4). The set of
possible itineraries on these arcs (corresponding to different times) is called the set of landing
itineraries (of the center ¢) and is denoted by A",

- AV = ptg ‘ p,q € Tye, +A,, <s, isthe set of all transition arcs between
compatible pairs of itineraries in the set 7;. The set of linked itineraries (which can be
performed on these arcs) will be denoted by A"~ Thus, the set of no-load trips that the
hub dcan make is A" == Al=" U AJ U AR U
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Combined with the set of mandatory itineraries, 7; we have a set of itineraries denoted
by A . Thanks to linked itineraries, the set A is "locally contiguous" in the sense that each
itinerary p has at least one ¢ successive itinerary both geographically and in time, in
particular p~ = ¢"and ¢, = s,. Such a pair of itineraries is said to be adjacent , and then
we can say it pis the predecessor of g or ¢ a successor of p. The set of all pairs of
contiguous itineraries in AJ" will be denoted by K, (a subset of A x A¥). For each
itinerary p € A}, we denote K,(p)the set of adjacent paths of p.

To visualize the traffic network structure, we can construct its graph based on the sets
of roads defined above. First, we draw a graph of the network managed by the center 4,
which is a directed graph D, = V,;,4; , with

Vo= dtd UT; UTS is the set of vertices ,
Ay = AP U Azt g Aer g AR U dm,d* s the set of arcs of the graph.

The graph of the entire network will be the union of all the above graphs, more
specifically D = V., A4 ,

where V = D" UD~ UT' U T is the set of vertices and 4 = U,cp 4, the set of arcs .

Here Ois the notation of the disjoint union, according to which if there is an arc belonging
to many sets, when "merged" it will form many separate arcs (like adding an index indicating
the set containing it).

Each required itinerary ¢ that can be served by several centers (eg (a ,a™)) will be
represented by multiple parallel arcs on the entire network graph D = V, A (with the
number of arcs exactly equal to the number of hubs that can be serviced it, ie |G(t)]).

2.2. The problem of setting up a traffic schedule in a transportation network with
several operating centers

2.2.1. Objective function

The objective function (cost function) is established on the basis of the followings. For
each no-load trip a € A"~*  we give a weight corresponding to it ¢! € R, which is the

operating cost of the itinerary a« when performed by the center's vehicle 4. In addition, we
add to the weight of each departure itinerary a A7 sufficiently large number, representing the
investment cost per locomotive (the number M is usually greater than the operating cost per
trip). The costs on the required paths and inverse arcs are fixed, so they can be ignored in the
optimization problem, that is, they can be zero.
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2.2.2. Mathetical model

Assume there is an acceptable solution. For each d € D and 4,5 € A", a decision
variable X} is used to denote that the two itineraries 1, j are on the same central deployment
schedule dand jare successors of ;. Thus, we have ij =1lif and only if 4,7 € K;and
these two itineraries are on the same schedule, and we have X;} = 0in all other cases. The
symbol Cj is the cost of making the itinerary j immediately following the itinerary i . With

the concept of cost weighting mentioned above, it is possible to see ij =c! + cf, but note

that then the weight of each itinerary is calculated twice because in the cycle there are always
2 adjacent itineraries to one already. for, so to make it more reasonable, it is recommended
to multiply by a factor of 1/2. The goal of minimizing total costs is

minz Z ij]ij] (1)

deD i,j €K,

Provided that the variables X} can only take one of two values, 0 or 1, we see that the
necessary and sufficient condition for a itinerary to ¢ € T be executed exactly once would
be:

3 x¢=1,VieT. (2)
deD,je Al
We know that when a required route jis executed (within a schedule) there will be
exactly one predecessor and one adjacent itineraries executed (within the same schedule).
This condition is mathematically expressed by the following statements.
LEMMA 1. In terms of constraints (2), the following two conditions are equivalent:

(*) Each mandatory itinerary j that is executed will always have exactly one
predecessor and a successor to it that is also executed in the same schedule as it;
M) S xg - > x4 =0,Y €T, VdeD.(3)

ke Al keAl
Proof . From (*) we have ™ X = > x4 =1, and from here we can deduce (3).
keAlt keAlt

We only have to prove the opposite sign. Due to condition (2), for one j € T;there are only
2 possibilities:

() > xg =o0,3) > Xj =

keAl keAl
Case (i) means that the itinerary is j not executed on the same schedule as any of its

adjacent routes (which belong to the center d). From (i) and condition (3) alo we can deduce

> X4 =0, and this means that none of the predecessors of j (which are in the service
ke Al



SCIENTIFIC JOURNAL OF HANOI METROPOLITAN UNIVERSITY —VOL.56/2022 | 31

domain of d) can be executed on the same schedule as it. Thus the itinerary itself j cannot

be executed (by the center d) because otherwise, at least one of its adjacent itineraries must
be executed. (Note that jnot being enforced by the center dis not inconsistent with that

J € T;and must be enforced once, because 7 it is only the set of itineraries that d can serve,
not the set of routes that 4 force must execute.)

Case (i) means that there exists only one itinerary that kjis the successor of to j be
executed with it, and then condition (3) entails > Xj =1, i.e. there will be only one
ke Ajt
itinerary that %, is the predecessor of jand is executed with it. The statement has been
proven. O

The number of vehicles used at the center is exactly equal to the number of departures

made, i.e. equal to Y~ X .. Therefore, the constraint on the number of vehicles used at
JEAI

each center is shown as follows: ), < >~ X{ <, Vd€D. (4)
jEAii;,t—.v
The integer condition 0 or 1 of the decision variable is rewritten as
Xie 01, VdeD, VijeAl. (5)

Thus, for an implementation to be acceptable, conditions (2)-(5) must be satisfied.
The problem of finding the optimal solution is the problem of finding an acceptable solution
with the smallest (1) cost function, that is, it can be described by (1)-(5). Later, for brevity,
we will call it problem (MD).

As we can see above, for each possible solution, by using the decision variable, we can
create a vector X = (X)), Dy et satisfying the constraints (2)-(5). The reverse is also true,

thanks to the following lemma.

LEMMA 2 . From the vector of decision variable values satisfying the conditions (2)-
(5) we can establish an acceptable implementation plan (that is, an acceptable schedule set).

Proof. The set of itineraries executed in the schedule will be determined through a set
of vector coordinates that take the value of 1. This set of itineraries is distributed to the
centers based on the index 4. From the set of itineraries of each center, we will determine
the schedules for that center, uniquely by conditions (2), (3) and (5). Indeed, taking a forced
itinerary a € T and, according to condition (2), we find only one center 4 and one path
j € Al such that Xglj = 1. This also means j that the successor of aand is executed on the
same schedule as a. As said, Condition (3) means that there is only one itinerary is the

predecessor of aand is executed on the same schedule as a. Repeat the same process for
both 7 and j you will find your predecessor [ and successor's itineraries on the j same

schedule a. .Keep going with this process until you come across a berth and a departure
itinerary. This means that we have found a schedule containing the stated itinerary a . We
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denote this schedule as L, . Continue, take another itinerary »in the volume T (outside the
L, aforementioned schedule), and do the same as above we will find another schedule 7, .

Condition (2) shows that these itineraries cannot share the same itinerary. Since the set T is
finited, after a finite number of times we will exhaust the set 7 and that is, find all the
schedules. The lemma is proven.

2.2.3. Use another decision variable

Since the set of routes A is many times larger than the set of required itineraries 7,
the problem size will be much smaller if the variable 4, 5 runs only on the set 7}, rather than

on the set A} . The fact that an associated itinerary & is performed after the required itinerary
i always entails some required itinerary j that will be performed immediately after the
itinerary %. In essence, this can be seen as the imperative that j is performed following the

required passage ithrough the association path %, and thus can be viewedkas born as a
consequence of performing two consecutive imperatives i, j (when considering only the set

T, ). Since the associated itinerary k is uniquely determined from a pair of compatible
itineraries i, j € T, , we can convent that when we say "two itineraries i, j € T, are executed

consecutively on the same schedule” to mean the the link between them is also done within
the framework of that schedule. As mentioned, the departure (or arrival) itinerary can also
be seen as a link between the required and internal itineraries d, and is therefore also

determined from the pair of a mandatory and an internal itinerary.

The above analysis shows that we have the basis to "ignore" the set of linked itineraries
as well as the departure and arrival itineraries, but only put the decision variable on the
remaining set of itineraries, ie. set 7, .= T, U d, . Specifically, for a given implementation
and for 4,j € T;, we have X; = Lif and only if the pair of (i, j) routes are compatible and
are on the same central schedule d in this implementation. Similar to the pair of contiguous
itineraries, for the pair of compatible itineraries (4, j) we also call ithe predecessor of jand
j the neighbor of ;. According to the convention on the existence of departure and arrival

arcs, the internal itinerary is considered the ancestor of all mandatory itineraries and also the
successor of each of these. In the new view, excluding internal itineraries, a schedule is a
sequence of consecutive mandatory itineraries, which is essentially the same set of
mandatory itineraries in a schedule in the sense of before, so we'll sometimes call it a
compact schedule. Adding an internal itinerary to a collapsed schedule results in a collapsed
cycle. Thus, in a reduced cycle, every mandatory itinerary has its predecessor and successor.

The cost of making a itinerary j following the itinerary i can be considered as the cost of
the associated itinerary on the arc connecting the two itineraries i, jand will be denoted by

C{j As mentioned above, it can include the cost of the itinerary 7 (when we want to transfer

the cost from the mandatory itinerary to the no-load itinerary). Then it is C:i’(')j the i = d,cost



SCIENTIFIC JOURNAL OF HANOI METROPOLITAN UNIVERSITY —VOL.56/2022 | 33

of the departure itinerary. As mentioned, it usually includes both the actual cost on the
departure supply and the weight of the vehicle used (to regulate the number of vehicles used
at the center under consideration: the larger this weight is, the number of the cars used is
less). Now, the goal of minimizing the total deployment cost would be

minz Z ClxXg. (6)

deD i jeTy

Provided that the variables X! can only take one of two values, 0 or 1, we see that the
necessary and sufficient condition for a itinerary to 7 € T be executed exactly once would
be:

> Xt=1,1€T. (7

deD,jeTy

As mentioned above, every mandatory itinerary in a certain (reduced) cycle has an
adjacent itinerary and the predecessor in this cycle. In terms of constraint (7), the argument
as in Proposition 1, we know this is expressed as follows

Xt -> x4 =0,Y€T;,VdeD.(8)

keTy keTy

Note that, the number of vehicles serving at a center must be equal to the number of

departures made, which is equal to >" X, , and must also be equal to the number of
keA{];t*I

arrivals made, i.e. equal " X, to, so this condition (8) is also satisfied at d, , i.e. for
keAj-n

all j €Ty,
The constraint on the number of vehicles used at each center is shown as follows:
M <Y Xi <k, VdeED. (9)

jedl

In summary, the problem of finding the optimal schedule set with the given constraints
can be described by (6) - (9) in combination with the integer condition 0 or 1 of the decision
variable, i.e.

Xje 01, VdeD, Vijel,. (10)

Then, for brevity, we will call it Problem (MD1).

LEMMA 3. For each acceptable implementation, we have a vector of decision variable
values X = (Xg)deDMETd satisfying the conditions (7)-(10) . Conversely, from each decision

variable value vector X = (ngl)demjefd satisfying the conditions (7)-(10) we can establish
an acceptable implementation .
Proof. (Similar to the proof of Lemma 2)
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Note. From Lemma 2-3 we see that finding the optimal implementation is referred to as
problem solving (MD) or (MD1).

Initial solution

As mentioned above, finding an exact solution to the integer programming problem is
not feasible in practice. In a situation like this one can think of one of a number of
hypersensitive solutions that are increasingly proving effective in practice (see [3],... and the
docs therein), or find a way to simplify problem (based on practical conditions), to hope to
get a good enough solution instead of looking for a theoretically exact optimal solution that
is computationally infeasible.

Here, we propose a way to "simplify" the problem, making it easier to solve, and at the
same time the resulting solution still has a clear practical meaning.

2.3. Remove constraints on vehicle types

The fact that there are many types of vehicles participating in the operating of the same
public transportation network is a reality, and even inevitable. However, adding the set G(t)
and its associated constraint sets 7;; will make the problem much more complicated. We can

"untie” this constraint by reducing the problem with many types of vehicles to the problem
of only one type of vehicle, according to the solution below.

A simple yet practical solution is to convert. In this way, we temporarily assume that
only one standard class of vehicles is used (take the most common among usable vehicles).
After solving the problem with this assumption, the manager can use the conversion of
vehicles to other existing categories, based on their transportation capacity and based on
permissible road conditions on a number of vehicles on specific routes. Thus, on wide roads,
standard vehicles will be converted for larger vehicles (actually available in original
conditions) and on narrow roads they will be converted for smaller vehicles (actually present
in the initial conditions), accompanied by an increase or decrease in the driving frequency
to suit the volume of passengers to be served. Usually, the "conversion™ is not "equivalent"
mathematically, so this solution does not preserve the "theoretical optimality" of the solution.
However, this solution is realistical, with the stated goal of finding a viable solution at a
significantly improved cost.

Thus, the problem solving with mixed vehicle types can be reduced to solving a number
of problems with a single vehicle type. The following will consider only this problem.

2.4. Problem with homogeneous conditions on vehicle types

Under the condition of homogeneity of vehicle types, the cost on the itineraries no longer
depends on the technical characteristics at the control center, but only depends on the driving
distance, or equivalently converted into time. Cars run on itineraries. Thus, it can be seen

that the cost C,g-will no longer depend on d but only on the travel time from the end of the
itinerary ito the beginning of the itinerary j, and in a way that moves the cost out of the
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required itineraries. C;; will include the time the car runs on the itinerary i, denoted by ;.
Thus, the pair of two mandatory itineraries i, j would be compatible if s; + h; < s;. The set

of such pairs of itineraries will be called the set of compatible itinerary pairs, no longer
depending on the operator center, and also the set of associated itineraries between
compatible pairs of itineraries (of course we still reserves the right to remove "useless
compatible™ pairs with a sub-condition as commented above). Since the vehicles are the
same, the set 7T} is also the same (and coincides with 7'), and the sets G(t)also no longer

depend on ¢ (and are always equal to D). Now, for each control center d € D, we have the
following sets:

- Av}izt—lk — Aht—lk vd e D ] A(]ilt—kt — Aélt—l? U A{?t—n U Aht—lk U d(] ’
Al = T U AR

The graph of the center has dthe D, = V,, 4, following V;, = d*,d- uT - UT"
sets of vertices and arcs , A4, = A¥ U d~,d* .

Now Problem (MD) is rewritten as the following problem
deD i, je Al

Constraints

Xi=1VieT,
deD,je Al
MD{ Y x{- N Xh -0, VjeT, vieD.
o ic Al ke Al
M < Y, Xij <k YdeD,
JEAN

Xte 01, VijeAl, vdeD,

\

where, with i,j € A}* the decision variable X;j» indicates whether the itinerary j is
adjacent to the route :and is in the same central schedule d.

Similarly, with the notation 7, = T U d, , we can rewrite Problem (MD1) as follows
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deD i jeT,

Constraints
> Xxi=1, i€T.

deD,jeT,

M 3
DoXG =Y X =0 )
keTy keTy

Vje T, vdeD.

M< D>, Xi <k VdeED.
\ jedl

where, with i,j € T}, the decision variable X{ﬁ indicating whether the required pair of

itineraries (4, j) is compatible and executed on the same central schedule d.

The above problem will be solved by the decomposition solution in the next section.
1) Decomposition and iterative algorithms
2) Decomposition solution and initialization plan

We know that unprofitable costs are incurred only on the set of no-load itineraries,
which are of two types: associative itineraries (between required itineraries) and inbound
and outbound itineraries (which we sometimes call as the berth-departure itineraries). We
can "simplify" by treating the two costs as less interdependent, and thus can be considered
independently. First, we consider the problem of cost minimization on interconnected
itineraries, and cost minimization on inbound and outbound itineraries will be discussed
later.

While considering the costs on linked itineraries, we temporarily assume that the cost
on all entry and exit itineraries is zero. Then, the cost of a travel schedule will not depend on
the its departs and berths at any center. That is, we can consider multiple centers as the same
one, and so we can use a 1-centre network scheduling algorithm to solve this problem. This
problem is much easier than the original problem, which can be solved algorithmically with
polynomial time. The result of this process will give us a set of schedules across the network,
in which the itineraries are linked together into feasible schedules with minimal "link costs".
We call this set of schedules the initial set of schedules. With these schedules, the arrival and
departure information is meaningless, so we can cut it out and call the rest the free schedule.
In the next step, we "restore™ the information about the actual costs on the input and output
arcs and then proceed to optimally allocate the set of free schedules (from the initialization
schedule set) to the executive center, according to the algorithm presented in [3]. The output
will be a possible alternative, and is called the initialization plan.

The initialization method received above is generally not the optimal one, so we can
improve it by the following steps.
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We consider each operating center with the set of schedules allocated to it (from the
initialization scheme) as a transportation network independent of an operating center. Since
the set of existing schedules (from the initialization plan) is not optimal for this network, we
can "optimize" it by "disassemble” these schedules into itineraries independently, extract the
set of required itineraries, and then solve the problem of setting up optimal schedules,
"covering" these mandatory itineraries, for a network with one operating center, according
to the presented algorithm. in [4] . The result will be a set of optimal schedules, which is
better than the original set of schedules. Since there are all | D |operating centers, in this

step, we need to solve | D |such a problem, and the result will be a set of possible schedules
for the entire network. The obtained result is considered an acceptable solution .

2.5. The ability to get better through iterative process
2.5.1. Description of the iterative process

In the acceptable solution, the set of schedules of each operating center is generally
much different from what was available after the above process. This also means that the set
of required itineraries belonging to each operating center has also been changed. That is, if
we take out the set of required itineraries included in these schedules, we will have new data
for the problem of setting up the optimal schedule set (for each network of each separate
center). Thus, with solving this problem, we will get a better solution than the previous one
(in general). After solving the above problem (for each operating center), we have a new set
of schedules that are better than the accepted solution mentioned. If we cut out the entry and
exit routes for each of these schedules, we get a new set of free schedules. After reallocating
this set of free schedules to the centers (according to the algorithm in [3]), we will get an
even better solution. The above procedure can be repeated many times, and after each
iteration the results will be improved. However, as stated at the outset, doing an extra loop
only makes sense when the result of the latter is actually significantly better than the previous
one (in practical terms). The implementation of multiple iterative process in succession
should only be applied when setting up a new network or when carrying out a comprehensive
"reform™ of the transportation network .

2.5.2. Create a new initialization plan

Obviously, in the above iteration process, the result obtained in the last loop depends a
lot on the initialization plan (ie the initialization plan if we set up a new network, or the
existing plan if we renovate an existing network). A poorer initial solution can still lead to a
better final solution. Therefore, using many different initial alternatives will lead to many
different final solutions, and thus we are more likely to choose the best possible alternative.
One question is that how to create different initial plan. Our procedure allows to do this quite
simply as follows. Let's take any possible solution (possibly the last one), and swap some
schedules between operatings centers (so as not to violate constraints, which are not
complicated for the operator). in the case of only one type of vehicle). After this swap, we
"peeled" out the set of required itineraries from the schedules of each operating center, and
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then used it as input for the optimal scheduling problem on the center's own network, and
this is the new beginning.

2.6. Problem for a traffic network with an operating center

When there is only one operating center, the index d can be eliminated and from
Problem (MD*) we have the following problem

i,je AM
Constraints
Z XU == 1, VZ E T y

(S < jeAt
Z X” - Z Xﬂf: - O, VZ € Aht,
jeatt ’ reArt

A< Do Xy <k,

jeAhtfw

X, e 01, Vi, j e AM,

where A" is the set of all itineraries, A" " is the set of departures, is also X;; the
decision variable, and takes the value of 1 if and only if the pair of itineraries (i, j) are
adjacent and executed on the same schedule.

Similarly, with the notation 7 = T U d, , from the problem (MD1*) we have the
following problem:
i,jeT
Constraints

jeT

s < ~
ZXk?_ZXJkZO’ VieT.

keT keT

A< Z Xdujg'%

]‘eAht*LI‘r

X;€ 01, VijeT.

where X; is the decision variable and takes the value 1 if and only if the pair of (i, j)
trips are compatible and executed on the same schedule.
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This problem has been completely solved by algorithms with polynomial time, through
converting it to an allocation problem, or a network-minimum flow problem, and then
solving it by a Hungarian algorithm or an auction algorithm (Auction Algorithm). Details
can be found in works [1], [2] and the references therein.

3. CONCLUSION

In this paper, we have analyzed the practical conditions to come up with a solution to
partially handle the complex constraint conditions, thereby converting the original problem
to a group of problems with simpler constraints ( though still in the NP-hard class). To solve
each of these problems, we will use the combined solution of the two processes of iteration
and decay. The decomposition aims to convert the original problem into two solvable (in
polynomial time) optimal problems. During the iteration, at each step we get an improvement
in the objective function. Therefore, it is possible to stop the algorithm at any time to get an
acceptable solution that is better than the original starting one. Along with the current strong
development of information technology, we can solve the problem of public transportation
for Hanoi and other cities.
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VE MOT LOI GIAI BAI TOAN MANG GIAO THONG CONG
CONG CUA THANH PHO VOI NHIEU TRUNG TAM PIEU HANH

T6m tdt: Bai toan mang giao théng cong céng cua thanh phd véi nhiéu trung tim diéu
hanh 1& mét bai toan quy hogch nguyén, néu sé bién dii 1én thi né 1a mét bai toan NP- khé.
Viéc tim loi giai chinh xé&c cho bai toan nay trong thuc té 12 khdng kha thi. Trong bai béo
nay ching t6i dé xuat mét loi gigi cho bai toan mang giao théng céng céng cua thanh phé
V6i nhiéu trung tam diéu hanh bang cach "don gian hda" bai toan theo timg buéc, sau moi
buéc bai toan trg nén dé gidi hon. Cudi ciing diea bai todn vé nhdm cac bai toan toi wu o
l6i gidi trong thoi gian da thirc. Tir do ¢6 thé ap dung dé gidi quyét bai toan cho mang giao
thong cong cong cuia thanh phé Ha ngi va céc thanh pho khéac.

Tar khoa: Lich trinh giao thong, giao thdng cong cong, Ha Ngi.



