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Abstract:

The presentation includes the concept of algorithmization and main
algorithm of the process 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.

Algorithmization 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
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Introduction

» The Main Goal of the study is to present the Key Factors shaping the
Process of Algorithmization of Transport Analyzes for Urban Areas.

<~

Algorithmization

v' Process of convertion an informal description
of a process or a procedure
into an Algorithm.

~

Algorithm

v' 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.

v’ An algorithm is thus a sequence of computational steps
that transform the input into the output (1990, Cormen,
Leiserson, and Rivest, Introduction to Algorithms: page 1.
Cambridge, MA, The MIT Press, 1999 (23rd printing)).
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Introduction

» The Main Goal of the study is to present the Key Factors shaping the
Process of Algorithmization of Transport Analyzes for Urban Areas.

~

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 Modeling of Transport Systems and Processes,
treated of course as a methodology, into an algorithm.

NS

In the Algorithmization Process presented in this study, a new approach |:>
was used to represent the Transport Project in the Mathematical
Modeling of Transport Systems and Processes.
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Introduction

» The new approach in the presented algorithmization process is the distinction in
the formal description of the Transport Project, the so-called
Functional-Operational Configuration of Tasks in a Transport Project (FOCT),
which includes:

*

¢ set of task in the field of Mobility Management,
ﬁ: % set of task in the field of Intelligent Transport System:s,

% set of task in the field of Other Transport Services.

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.

The result of transport analysis to solving transport problems using

b 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-criteria Assessment,
e.g. according to known criteria: efficiency, cost, time,

resources, stakeholder aspirations, etc.
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Introduction

» 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 Analyzes 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
Q description of activity of residents
[ description of transport needs
O and the use of adequately accurate:
d models
d methods

Q tools 1[0]67.
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Introduction

» This approach highlights the need to use
Systems Engineering Methods in the algorimization proces with
Functional-Operational Configuration of Tasks in Transport Project (FOCT).

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.

(The International Council on Systems Engineering
(INCOSE))

Such a system approach makes it possible to take
into account interdisciplinary issues and forces the
involvement of a multidisciplinary design team,
which improves the quality of the transport project
and its variants.
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Introduction

» This approach improves the Algorithmization Process, the result of which will
be the target Algorithm — more precisely, several detailed algorithms that are
still in the development phase and will be partial algorithms within the Main
Algorithm of Transport Analyzes for Urban Areas.

»The form of presentation of the content on the next slides
also corresponds to the process of Formalization and Algorithmization,
because the graphic was used to present the important 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 procedure
into an algorithm".
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Main Conditions
for the Process of Algorithmization
of Transport Analyzes for Urban Areas
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Dynamic Relationships Between

the Urban Area and the Transport System — aspects of Demand Traffic for Transport System

=>Optional
activities & purposes,
-trips in spare time
(ie leisure, recreation)

- Scattered&Irregular trips:
-various destinations

- spatialy scattered
-various dates and times,

- incidental mass-character
- relative regularity

Time of day

LEGEND:

38 - Generators/attractors of trips
> - Parking availability

< - TRAM-stop availability

— - Displacement
]
| -Time spent

\i inorigin ¢ or destination d

e T

. - Travel time

A -Wwalking, waiting

Hﬁ]ﬁ - Ride by tramway
@ty ffg - Ride by bike, car
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rposes,

- trips in social aﬁd living
cases (ie shoping, offices,
health)

s &

- Relatively specified trips:
- scattered destinations
(ie local shops)

- grouped destinations
(ie shopping centers,
offices, health care)

- various dates and times

- relatively concentration in
spatial and daytime (ie local
shops)

-regularity, mass character

5 (ie shopping centres)

- Obligatory
activities & purposes,
- trips to work and education

- Strictly specified trips:

- specific destinations

- specific dates and times

- bigest concentration in
spatial and daytime,
-regularity, mass character.
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Dynamic Relationships Between
the Urban Area and the Transport System — aspects of Actions, Tasks and Services of Transportation Systems

I Mobility Education Advertising Travel | Telework |
& Other - Awareness - -

I School Bus .| Promotion ‘\_\:_ Campaign I Flexible Working Hours l
Actions c < &Events

I Walking Bus

Multimodal Information &
Trip Advice

Site-based Parking
-, / Management
;&*\‘5—-—— I Car Parking Management I

'
I
'

Mobility Consultant/

Mobility Manager Car/Van Pooling |
. Car Sharing |

| Cycling Bus | -
| Cycling Training I Eco-driving I

Cycling Facilities

Parking Guidance
Improvements

Systems

Dynamic Navigation

Level-of-Services
Variable Message Signs
(VMS)

| Pool Bikes

Special Ticket Offers for
Pupils

Offering Integrated Fares

Job Public Transport ticket Park and Ride

/Rebated Seasonal PT tickets

On-Demand Public
Transport Services

Personalised Travel
Assistance (PTA)

Integration of Transport
P&R, B&R, Kiss&R

General Improvements for
Public Transport Accessibility

Reorganisation of Public
Transport Schedules

Mobile Applications —
Route Guidance

Public Transport (Transit)
Dynamic Passenger

Priority Systems:
Information System (DPI) - signalling on
Trip Planning intersections,
Applications - BUS / PAT lanes, IOCA
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Dynamic Relationships Between

the Urban Area and the Transport System — aspects of Travel Time in Services of Transportation Systems

o

—maodal penalty
parameter in model

—weighted fee

for parking
—weighted fee

for ride (ticket or fuel)

— weigted walking time

from stop to destination

—weigted Interchange

walking time ‘

—weigted Ime:change
waiting time ‘

—weigted in—vehlcbe

travel time

— weigted Waiting time
at first stop

Transport Project
Functional and
Physical
Configuration

t“'l —weigted Walking time
al i from origin to first stop
Generalized cost of travel l_" between
origin i and destlnatlonj
¢, =al) +ait, +ap +at? +at? +at)’ +ak, +ap, +ao
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Dynamic Relationships Between
the Urban Area and the Transport System — aspects of Changes and Forecasts

Transport Project
Functional and Physical
Configuration
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Main assumptions of the Methodology
with the use of Systems Engineering
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Main Assumptions of the Methodology with the use of Systems Engineering

QUASI-CYCLE OF MODIFICATION PROCEDURE
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Main Assumptions of the Transport Project
Formalization
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

Functional-Operational Configuration of Tasks in Transport Project (FOCT)
will be determined as follows:
— set of Tasks in the field of Mobility Management (mobility management as
services) — ToMM,

— aset of Tasks in the field of traffic control and management using Intelligent
Transport Systems (ITS services) — ToITS,

— aset of other Tasks in transport activities — related to improvement in the field
of Other Tramnsport Services, which include, among others with the
modernization and development of infrastructure and means of transport
(transport services) — ToOTS.

Individual tasks within each of these collections have been numbered accordingly.
Therefore, sets of task numbers can be represented as:

ToMM = {0,1, ..., to_mm, ..., ToMM}, (1)

ToITS = {0,1, ..., to_its, ..., ToITS}, (2)

ToOTS = {0,1, ..., to_ots, ..., ToOTS}, (3)
where:
ToMM,TolTS, ToOTS — numbers of tasks 1n  sets  respectively:
ToMM,TolITS, ToOTS.
At the same time. it was assumed that to_mm = 0, to_its = 0, to_ots = 0 means that
no tasks from the specified sets are used. IOCA
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

Within the mentioned sets it is possible to indicate partial task configurations,
which can be mapped specified subsets:
CToMM, CToITS . CToOTS of the sets: ToMM, ToITS , ToOTS, respectively:

CToMM(c_mm) c ToMM, (4)
CToITS(c_its) € TolTS. (5)
CToOTS(c_ots)  ToOTS, (6)
CToMM = {CToMM (c_mm): ¢c.mm € C_MM }, (7)
CToITS = {CToITS(c its): c its € C_ITS) (8)
CToOTS = {CToOTS(c_ots): c_ots € C_OTS} (9)

where:
c_mm, c_its, c_ots — task configuration numbers,
C_MM,C_ITS, C_OTS — sets of configuration numbers.
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

For each subset of the task configurations: CToMM, CToITS, CToOTS 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.
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

Therefore, i1t was assumed that on sets: CToMM, CTolITS, CToOTS mapping
transforming elements of these sets into a set of real numbers is given as follows:

fctamm"f““mm: CToMM - R, ifctomm=1,..IFCToMM, (10)
fctoits'fetoits. CToITS - R, ifctoits = 1,...IFCToITS, (11)
fctootsi/€toots. CToOTS — R, ifctoots = 1,...IFCToOTS, (12)

where:

IFCToMM, IFCToITS, IFCToITS — numbers of elements in sets respectively:
IFCToMM, IFCToITS, IFCTo_OTS; these sets contain numbers of various functions
(with different interpretations) specified on the sets, respectively: CToMM, CTolITS,
CToOTS,

fetommetom™m(CToMM (c_mm)) € R, fctoits/!s(CToITS(c_its)) € R,
fctootsifetoots (C TnOTS(c_ots)) € R — should be interpreted as the function values

of the following ftypes, respectively: ifctomm. ifctoits, ifctoots for task
configuration numbers, respectively: (c_mm), (c_its), (c_ots).
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

The values of functions specified for individual sets of task configurations can be
presented in the form of the following matrices:

fctommifetomm( cToMM (c_mm)): CToMM(c_mm) € CToMM,
FCToMM
o = -
cmme€CMM, ifctomm=1,..IFCToMM
(13)
FCToITS fctoitsifetoits(CToITS(c_its)): CToITS(c_its) € CTolITS, (14)
0 = -
c_its € C_ITS, ifctoits =1,...IFCTolITS
fctootsifetoots(CToOTS(c_ots)): CToOTS(c_ots) € CToOTS,
FCToOTS
0 = R
c_ots € C_OTS, ifctoots =1,..IFCToOTS

(15)
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

The set of all functions describing all characteristics for all analyzed task
configurations can be written as
Functional-Operational Configuration of Tasks in Transport Project:

FOCT = FCToMM U FCToITS U FCToOTS (16)
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Transport Project
— formalization of Functional-Operational Configuration of Tasks in Transport Project (FOCT)

By comparing individual configurations from the presented sets of tasks, it is
possible to build various variants of task configuration.
Therefore, variants of task configuration can be numbered and compiled as a set:

VFOCT = {VFOCT(ivfoct): ivfoct =1,..,IVOCT}, (17)
where:

ivfoct is the task configuration variant number, and [VOCT indicates the number of
elements of the set IVOCT, that contains the numbers of different variants.

A single ivfoct-th task configuration variant can be presented as:

VFOCT(ivfoct) = (CToMM(c_mm), CToITS(c_its), CToOTS(c_ots)):
CToMM (c_mm) € CToMM, CTolITS(c_its) € CTolTS,
CToOTS(c_ots) € CToOTS, c_mm € C_MM,
c_its € C_ITS, c_ots € C_OTS,
ivfoct = 1,...,IVOCT (18)
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Main Block Diagram (Algorithm) of Transport Analyzes
for Urban Areas
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Main Block Diagram (Algorithm)
of Transport Analyzes for Urban Areas
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Structure of Data Sources
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Structure of Data Sources — Categories of Trips and Traffic Flows in Relation to the Urban Area

A Internal-only

trips and traffic flows
| origin and destination

inzide study area

B External-origin
trips and traffic flows
origin in the study area

and destination outside
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Case Studies
— Selected Components of Transport Analyzes
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Case studies — Example of Impedance Function Modeling for Upper-Silesia Urban Agglomeration in Poland
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Case studies — Example of Volume Delay Function Modeling for Upper-Silesia Urban Agglomeration in Poland
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Case studies — Example of Public Transport Services Modeling for Upper-Silesia Urban Agglomeration in Poland
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Case studies — Example of Four-Steges Transport Modeling for Upper-Silesia Urban Agglomeration in Poland
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Case studies — Example of Forecasts Transport Modeling for Evaluation/Assessment of Transportation Projects
for Upper-Silesia Urban Agglomeration in Poland
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Case studies — Example of Results of Transport Modelling (Traffic Flows Assignment in Transport Network)
for Transportation Projects in Upper-Silesia Urban Agglomeration in Poland

Time period
[ AM peak hour,
PM peak hour,

day]
User class \ //

[ worker in industrial, Time period [AM peak hour] Source of results [model]
worker in service, \

worker in private, = B
worker in public, . _ : b . ) el
student of primary school, o : A / )7
student of university,
retiree,

and others ]

v

Purpose
[ home-work,
work-home,
home-school,
school-home, . {
home-other, g
other-home, TN A
non-home based, | 7 Purpose [home-work] { w2 . Technical Variant [WO0]

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

g ;

Source of resuits
[ survey. model ]

Technical Variants

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

Flows in mode

[ pedestrians, [ walk biTOC(:: Base yaer [2015]
bus-passengers. s DICYC'e, and
tram-passengers, bug&;ﬁ?' rall, car, Forecast horizon
rail-passengers, mal]" € = e . - _ — [ 2020, 2025. 2030,
car, 52 _ = : : ey e = .| 2035, 2040]

total ] = .

Source: based on Karon G.: Travel Demand and Transportation Supply Modeling for Agglomeration without Transportation Model.
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Results and Discussion

v' The presented main algorithm is the concept and the basis for further work on
detailed algorithms for particular key issues of transport analyzes

v The main algorithm was created and verified during many transport projects
implemented in Poland

v' Detailed algorithms 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

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

> The complexity of transport problems, transport services and methods of
designing and optimizing these issues requires the use of systems engineering
methods for a systemic and holistic approach in the algorithmization process IOCA
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