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Abstract: The presentation includes the concept of algorithmization and main algorithm of the pro-
cess of creating transport analyzes for urban areas. The need to develop the algorithmization proces
and main algorithm results from the formation of key elements of transport analyzes as well as new
possibilities of obtaining data describing both transport processes and urbanization processes. Al-
gorithmization covers the various stages of creating a transport analysis in a systemic perspective.
The presented concept uses systems engineering methods adapted to the specifics of the description
of transport systems and processes in urban areas.

Keywords: algorithmization process; transport analyzes; transport modelling, urban areas

1. Introduction

The main goal of this study is to present the key factors shaping the process of algo-
rithmization of transport analyzes for urban areas. In the algorithmization process pre-
sented in this study, a new approach was used to represent the transport project in the
mathematical modeling of transport systems and processes. The new approach is the dis-
tinction in the formal description of the transport project, the so-called Functional-Opera-
tional Configuration of Tasks in a Transport Project (FOCT). This approach emphasizes the
need for a holistic approach when creating transport projects, which is often forgotten in
practical transport analyzes [1]. This holistic approach highlights the need to use systems
engineering methods, because Systems Engineering is a transdisciplinary and integrative
approach to enable the successful realization, use, and retirement of engineered systems,
using systems principles and concepts, and scientific, technological, and management
methods [2].

In transport, algorithms are a core feature for services from public transport sched-
uling to routing apps, bicycle sharing to self-driving technology, parcel delivery to the
dispatching of ride services [3]. A review of the literature reveals that in the field of de-
scription of transport systems and processes there is a wide range of methods and algo-
rithms for solving individual transport problems in an urban area [4], [5], [6]. In particular,
it is possible to indicate methods and algorithms in the analysis of traffic conditions in
transport networks, in particular, methods of estimating the capacity of intersections and
sections of roads and streets in an urban area [7], methods and algorithms of searching for
the shortest route in the network [8], methods and algorithms traffic assignment in
transport network [4], [9], methods of estimating the demand for transport [5], [10], meth-
ods of data collection — carrying out research on transport needs and traffic measurements
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in transport networks [4], [5], and many other methods and algorithms for detailed ana-
lyzes of the functioning of transport systems and processes [11-14].

However, there are no methods and algorithms that holistically relate to the prepa-
ration and execution of a transport analysis for a transport project using mathematical
modeling methods. In particular, there are no algorithms that could automate the perfor-
mance of a transport analysis for a specific Transport Project. These are algorithms that
include the analysis at the framework level, i.e. taking into account the key factors that
determine the manner and detail of the analysis, and thus the type and scope of use of
known domain methods and algorithms - used to solve specific problems within such an
analysis. A review of the literature indicates that known systems engineering methods
can be used for this purpose and that the methods and algorithms that are used in the
design of intelligent transportation systems (ITS) — known as ITS architecture [15-18]. Al-
gorithmization of transport analyzes is also expected within the program Governing
transport in the algorithmic age [3]. However, attention is drawn to the fact that the expected
benefits of algorithmic decision systems may be offset by the variety of risks for individ-
uals (discrimination, unfair practices, loss of autonomy, etc.), the economy (unfair prac-
tices, limited access to markets, etc.) and society as a whole (manipulation, threat to de-
mocracy, etc.) [19].

Taking the above-mentioned issues into account, the concept of such an algorithm
was prepared in the form of the concept of the algorithmization process. The principles of
systems engineering and the extension of the approach used in the design of ITS systems
based on the concept of architecture were used. This paper presents the basic assumptions
of the methodology for carrying out the algorithmization process, the aim of which is to
develop a framework algorithm and several detailed algorithms that will enable the au-
tomation of the process of carrying out transport analysis for urban area. The rest of the
paper covers methodological assumptions (section 2), a synthetic presentation of the re-
sults (section 3), and discussion and conclusions (sections 4 and 5).

2. Materials and Methods

Algorithmization is the process of convertion an informal description of a process or a
procedure into an algorithm. Informally, an algorithm is any well-defined computational
procedure that takes some value, or set of values, as input and produces some value, or
set of values, as output. An algorithm is thus a sequence of computational steps that trans-
form the input into the output [20].

In the case of transport analyzes for urban areas algorithmization is the process of
transforming the informal description of the transport project and the mathematical mod-
eling of transport systems and processes, treated of course as a methodology, into an al-
gorithm. The new approach in the presented algorithmization process is the distinction in
the formal description of the Transport Project, the so-called Functional-Operational Con-
figuration of Tasks in a Transport Project (FOCT), which includes three following sets [1]:

J set of task in the field of Mobility Management ToMM,
J set of task in the field of Intelligent Transport Systems ToITS,
. set of task in the field of Other Transport Services ToOTS.

The distinction of these three sets of tasks is for the purpose of preliminary domain
classification for detailed interdisciplinary methods of transport project modeling in these
three areas. Within the mentioned sets it is possible to select partial task configurations,

which can be mapped specified subsets: CToMM, CToITS, CToOTS. For each subset of
the task configurations the characteristics of these configurations are specified, including
among others characteristics of individual tasks that are part of the configuration: start
date, duration, end date, priority and order of tasks, necessary resources (time, personnel,
financial, etc.). The number of functions describing these characteristics for each group of
tasks may be different because it depends on the complexity and type of tasks. The values
of functions specified for individual sets of task configurations can be presented as:
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FCToMM, FCToITS , FCToOTS. And then the set of all functions describing all character-
istics for all analyzed task configurations can be written as FOCT = FCToMM U
FCToITS U FCToOTS. By comparing individual configurations from the presented sets of
tasks, it is possible to build various variants of task configuration VFOCT.

The result of transport analysis to solving transport problems using an appropriate
algorithm is the selection of activities and tasks and the creation of the Set of Variants of
Task Configuration (VFOCT). VFOCT includes variants, which are then subject to multi-cri-
teria assessment, e.g. according to known criteria: efficiency, cost, time, resources, stake-
holder aspirations, etc.

The presented issues of transport analyzes with Functional-Operational Configuration
of Tasks in a Transport Project (FOCT) are multidisciplinary, so this new approach is just in
order to use Systems Engineering methods in the algorithmization process for transport an-
alyzes for urban areas. This approach emphasizes the need for a holistic approach when
creating transport projects, which is often forgotten in practical transport analyzes.

The holistic approach in this case concerns taking into account the multidisciplinary
interdependencies between: description of transport systems, description of urban areas,
description of activity of residents, description of transport needs, and the use of ade-
quately accurate: models, methods, tools. This approach highlights the need to use systems
engineering methods, because Systems Engineering is a transdisciplinary and integrative
approach to enable the successful realization, use, and retirement of engineered systems,
using systems principles and concepts, and scientific, technological, and management
methods [2]. Such a system approach makes it possible to take into account interdiscipli-
nary issues and forces the involvement of a multidisciplinary design team, which improves
the quality of the transport project and its variants — VFOCT. Systems engineering with
FOCT and VFOCT improves the algorithmization process, the result of which will be the
target algorithm — more precisely, several detailed algorithms that are still in the develop-
ment phase and will be partial algorithms within the main algorithm of transport analyzes
for urban areas.

3. Results

The form of presentation of the content on the figures also corresponds to the process
of formalization and algorithmization, because the graphic was used to present the im-
portant issues in the form of problem blocks and the links between them. It is an element
of the algorithmization process, i.e. “convertion an informal description of a process or a proce-
dure into an algorithm”.

Figure 1 shows the main assumptions for algorihmization with the use of systems
engineering in the quasi-cycle of modification procedure that can be presented as follows:
J the following systems take part in the quasi-cycle:

o Tests&Research Transport Project,

o Design System (Designing Transport Project, Design process, Designed
Transport Project),

o Production System (Producing Transport Project, Production process, Pro-
duced Transport Project),

o Operating System (Exploitation Transport Project, Exploitation process,
Transport Project Handled),

o Usage System (User Transport Project, Process of Use, Transport Project in

use),
J the Usage System generates a Need formulated as the question "How to instrumen-
talise an action to achieve the goal?",
o the Need is transformed by the Interpreter into a design problem, which in its general
form is written as the question "What and How to use to achieve the goal?",
. the Design System generates a cognitive need and a cognitive problem for the system

Tests&Research Transport Project, because solving the problem requires getting to know
reality and knowing the criteria for evaluating actions,
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J the cognitive need concerns both substantive issues and procedural issues concern-
ing the entire Design System, therefore an appropriate research methodology directed at
this system may be necessary,

o during design, problems formulated in the form of questions "What and How to
use?" "How to make it?" and "How to exploit it?",
. the result of solving the design problem is a Transport Project containing, among

others the following directives concerning the subject of the project, i.e. "This is what can
be created", "This is what can be exploited", "This is what can be use", and directives on the
design process, i.e. "This is how to make it", "This is how to exploit it", "This is how to use
it",

. on the basis of the system design, tasks and activities are performed consisting in the
production of the system — static implementation of the Transport Project, i.e. a ready sys-
tem, but not yet functional, e.g. a new tram line is built,

. dynamic implementation is the operation of the system in accordance with the prin-
ciples of operation specified in the Transport Project — it is a system operating in a ready-
for-use condition, e.g. starting tram journeys on a constructed tram line,

. the last stage of the cycle consists in the fact that the generator of the need — the Usage
System — starts the use of the transport system (Transport Project), carrying out activities
that achieve the goal and thus satisfies the need, e.g. transporting passengers by trams on
a constructed tram line.
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Figure 1. The main assumptions of the methodology with the use of systems engi-
neering.
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The Transport Project should take into account traffic forecasts prepared for specific
forecast horizons (Fig. 2) taking into account internal changes in the existing transport
systems, internal changes in urban area, changes resulting from interactions between ur-
ban area and transport systems, as well as the date of completion of construction and the
beginning of the planned use transport system and subsequent horizons at appropriate
intervals. The number of forecast horizons depends on the scope of the Transport Project,
and it is assumed that the first forecast horizon takes into account the period, e.g. a year,
in which users, under the influence of the new transport system services, change and con-
solidate their transport behavior and preferences. Such an assumption is related to the
need to assess the effectiveness of the Transport Project in terms of its impact on the sus-
tainable use of transport systems - evaluation in the forecasting process, i.e. ex-ante eval-
uation.

Transport Project
Functional and Physical
Configuration

1 Forecast Horizon 1, | iForecast Horizon t;.;! iForecast Horizon t,.,,!
! (actual state) | | | | |
: 1 Changes in : 1 Changes in ! 1
\ TRANSPORT T3 TRANSPORT | TRANSPORT :— 3 TRANSPORT | TRANSPORT :
: SYSTEM | : SYSTEM e e - - : SYSTEM |
! | | | | |
I E ! 3 1 E ! El | E 1
1 [ : e | 4 : 2 l 4 :
: Iz LOEE z | ! 2 0 zk !
1 mw|9 =la 1 o |9 =la 1 o |9
1 el B I o | o & I ] | or | I
5|2 ! als S |2 ! als | = !
| HE [ H ER =|3 [ s = [
| S| SR B SE L s
. Y ! cle \ el ! cla ! S|e '
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Figure 2. Dynamic relationships between the urban area and the transport system —
aspects of changes and forecasts.

Figure 3 shows the main block diagram (algorithm) of transport analyzes for urban
areas — in the form of a block diagram, which consists of the following blocks:
J Block 1. “Comprehensive Traffic and Transportation Studies for Transportation
Modelling with Evaluation of Transport Project” — it is the basic component of the algo-
rithm, as it is a set of methods, models and tools used for the mathematical representation
of the Urban Area and Transport Systems,
o Block 2., Proposal of Transport Project” — it is an input component of the algorithm,
which includes the system description of the target Transport Project in the form of pre-
liminary assumptions, which are the basis for the development of several variants of task
configuration VFOCT,
o Block 3 covers the baseline transport analyzes, i.e. ,Delimitation of Study Area in
TAZs — Transport Analyzes Zones”, ,Inventory Studies of Transportation Systems”,
, Transport Model Assumptions and Procesures”, ,Horizons of Forecasts Assumptions”,
. Blocks 4a, 4b, 4c, 4d., and 5. include selected basic criteria for Urban Area delimita-
tion, the proper application of which affects the complexity and detail of the Transport
Models, which should be appropriate to the needs of the Transport Project contained in
block 4d,
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J Block 6. ,Results of Survey and Measurement” contains all the necessary input data
that enables the mathematical representation of the Transport Project in the process “Mod-
elling of Transport Models with Transport Project and Horizons of Forecasts” — Block 7,

o Block 7. “Modelling of Transport Models with Transport Project and Horizons of
Forecasts” makes it possible to calculate the necessary results (see Fig. 4) describing the
effectiveness of the Urban Area transport systems in successive Forecast Horizons for the
base variant (V0), in which the transport systems operate without the assessed Transport
Project, and for several variants of the Transport Project (V1, V2, ... Vn) corresponding to
the respective variants of task configuration VFOCT,

o Block 8. ,, Transportation & Cost-Benefit Analysis” is a set of methods and analytical
tools suitable for the evaluation of a Transport Project,
o Block 9. , Evaluations ex-ante and ex-post of Transport Project” —is a set of appropri-

ate methods of assessing the effectiveness of a Transport Project, the results of which are
measures and indicators that are decisive (the decision is made in Block 10.) about the
usefulness of the Transport Project in variants of task configuration VFOCT,

J Block 10. ,Is the Evaluation of Transport Project acceptable?” — a positive decision
ends the transport analysis of the project, and if the decision is negative, the appropriate
"Indicators for Changes in Transport Project” are passed on to the corrective process
“Transport Project Concept & Assumptions”,

. Block 11. contains procedures for determining the appropriate "Indicators for
Changes in Transport Project”, which correct the "Transport Project Concept & Assump-
tions", and in particular the following aspects: "Structure of Transport Project”, na ktéra to
strukture skladaja si¢ m.in. , Transport Project Stakeholder Aspirations”, , Transport Pro-
ject Architectures Functional, Phusical & Others”, “Transport Project Functional Subsys-
tems” and “Transport Project User Services”.

J Block 12. “Transport Project Accepted” completes the modeling and evaluation pro-
cess of the Transport Project in several variants of task configuration VFOCT.

1] c Ive Traffic and T fon Studies 2. | Proposal of Cs1or >
for Transportation Modelling Transport
with Evaluation of Transport Project Project [i2] Transpon
I ‘L Project
¥ 2 ¥ ¥ 3 Accepted
Delimitation of Inventery Studies Transport Model Horizons of L Transport
Study Area of i i Fe Project -
in TAZs Systems and Procedures || Assumptions Concept [11.] indicators
1 I T ; &A i for Is the Evaluation
v ‘Er':gussl:zr"" of Transport Project
Acceptable
Structure: ms}:';f“:; " Project ge
of Transport Model Project
Zrpeas Transport Model Transport Models ‘L i’ ‘J’ ‘l’
" for for Transport Project Transport Transport Project Transport Transport
Macroregion H . P P ! L P
g Actual State Technical Variants Project Architectures Project Project
Microregion Stakehold: Fi Physical F User
0 Aspirations & Others Subsystems Services
4c¢ | Delimitation | |
subcriteria 4d o =
Organizational criteria ology -
le| of Functional and 9. Evaluations
of Transport 4a | Administrative Methodology of Transport Project
Technical Project criteria of and i
& Technological Delimitati of Measurement
National
Regional 8. | Transportation
9 Schedule of & Cost-Benefit
- Survey and Measurements ‘Analysis
4b Delimitation criteria . ¥ 7. Modelling
i Suby 1l - g
of Settlement units ubregions’ 6.] Resulis ‘of Transport Models
i number of i i i of Survey with Transport Project
and Measurements and
spatial size || number of workplaces Agglomeration Horizons of Forecasts
type of land use H custom [ special Local

Figure 3. Main block diagram (algorithm) of transport analyzes for urban areas.

Figure 4 shows the example of results of transport modelling (traffic flows assign-
ment in transport network) for transportation projects. This is an example of a structure
for modeling the impact of a Transport Project in a metropolitan area on a macroscopic
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scale. The presented structure includes the following system components of data and re-
sults of transport analysis, which are the basic factors that are subject to the algorithmiza-
tion process:

o Time period [AM peak hour, PM peak hour, day],

. User class [worker in industrial, worker in service, worker in private, worker in pub-
lic, student of primary school, student of university, retiree, others],

. Purpose [home-work, work-home, home-school, school-home, home-other, other-
home, non-home based, total],

o Flows in mode [pedestrians, bus-passengers, tram-passengers, rail-passengers, car,
total],

. Mode [walk, bicycle, bus, tram, rail, car, parké&ride, total],

. Source of results [survey, model],

. Technical Variants [V0, V1, V2, V3, V4, V5] — these variants are associated with vari-
ants of task configuration VFOCT, these are the technical aspects of the Transport Project
that shape the VFOCT,

. Base Year and Forecast Horizons.

Time period
[ AM peak hour,

PM peak hour, Source of results
day] [ survey. model ]
User class \1 /

[ worker in industrial, Time period [AM peak hour] Source of results [model]
worker in service,
worker in private,
worker in public,
student of primary school,
student of university,
retiree,

and others ] X\ o

Purpose X J
[ home-work,
work-home, { T
home-school, Z y B
school-home, =
home-other,
other-home, [ X
non-home based, L7 Purpose [home-work] A | . Technical Variant [W0]

total ] Flows in mode [bus-passengers] — Forecast horizon [2020]

Technical Variants

[VO0,V1.,V2,V3,V4, V5]

Flows in mode
[ pedestrians,
bus-passengers,
tram-passengers,
rail-passengers,
car,
total ]

Mode
[ walk, bicycle,
bus, tram, rail, car,
park&ride,
-| total]

Base yaer [2015]
and
Forecasthorizon
[ 2020, 2025, 2030,

2035, 2040]

Figure 4. Example of results of transport modelling (traffic flows assignment in
transport network) for transportation projects.

4. Discussion

The presented main algorithm is the concept and the basis for further work on de-
tailed algorithms for particular key issues of transport analyzes. This algorithm was cre-
ated and verified during many transport projects implemented in Poland. Detailed algo-
rithms related to key issues are currently in the generalization phase, and because there is
a large variation in the methods of solving key issues, the creation of these algorithms are
iterative processes.

5. Conclusions

The development of the concept of the main algorithm required the identification of
key determinants related to urban area and transportation systems, which will change as
a result of changes in IT technologies, especially in connection with the Internet of Things.
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The complexity of transport problems, transport services and methods of designing
and optimizing these issues requires the use of systems engineering methods for a sys-
temic and holistic approach in the algorithmization process.
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