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TWO-FINGER TOUCH INTERFACE
FOR WEARABLE DEVICES PROTOTYPE MODEL

Yuri Dimitrov

Abstract: Due to the wearable devices’ small form factors (display size and controls) device interfaces
development is challenging. Research in this paper proves that it is possible basic interface actions to be
recognized using two-finger touch on the touch sensitive device bezel (the surface which is around the
display) approach. The device interface algorithm based on the study results has been designed. An
experimental model including hardware and software which performs these interface actions has been also
build in the scope of the described in to the paper research.

Keywords: Wearable, Smartwatch, Touch, Interface

1. Introduction

Despite the fact that wearable devices are becoming very popular during the last few years [1],
the user-device interaction techniques remain the same as those in the classic electronic watches -
buttons, and in the smartphones - touch screen gestures. Touch based interfaces, being efficient and
intuitive used in smartphones, when performed over a small surface like a smartwatch display, often
face the problem that, due to the small sized interface controls, for the user is difficult to aim and
push them correctly. This is defined by the researchers like “fat finger” problem [2]. Additionally,
due to the line of sight obstacle caused by their own finger, they can’t see what they push and the
visual confirmation of the taken action.

Trying to solve these issues some of the leading vendors in the smartwatch area, and to make
their devices more usable, have implemented in their recent models interfaces like rotating digital
crown [3], touch sensitive rim in the outer part of the circle display [4], rotating and pushing bezel
[5]. All of them are implemented in attempts the above mentioned “fat finger” problem to be solved.
We consider that the alternative interfaces of wearable devices and specifically those which allow
interfacing without user sight interruption have to be further researched.

2. Related work

There are related researches as [6] where the authors evaluates the interaction at the outer side
of round wearable devices. The major difference between this research and the current one is that
here have been evaluated the finger movement range while the other authors evaluate how precise is
the aiming of the touches. There are also differences in the experimental model - the used in this
research is 44 mm in diameter and is much more close the standard smartwatches while the other
model is relatively bigger - 60 mm in diameter. Also the sensors’ position place is not the same - in
the model used for this research they are on the bezel, which is a much more accessible part of
wearable devices, while on the mentioned model they are on the edge.

3. Study

The goal of the Study is to collect data what are the user finger movement ranges, when they
execute “down” and “up” menu selection actions (scrolls) over the touch sensitive device bezel. For
successful results from the study will be counted results where at least 2 new touched or untouched
consecutive sensors in the finger movement direction while “down” and “up” actions are
performed.

Kommiorspuu Hayku u TexHonorun 1 2018  Computer Science and Technologies 11



Equipment:

For the Study a 3D model of a Smartwatch, which was designed and printed for previous
research, was used. On the bezel of the model 12 capacitive sensors mounted. The distance between
each two sensors was also 6 mm. The experimental model was driven by an Arduino Mega 2560
computer with a 12 capacitive ports MPR121 extension board connected to it. The 12 capacitive
sensors were connected to the MPR121 extension board sensors’ ports. To each sensor was
assigned an ID from 1 to 12 corresponding to the 12-hour standard watch hour mark place of each
sensor. Specially developed for the research purposes software in the Arduino language was used
for the experiment. The software detected the starts (touching contact) and the ends (releasing) of
the touches made by the participant’s fingers independently for each sensor. The Arduino Mega
2560 computer was connected to a notebook via USB interface and sent the data to the Arduino
IDE Serial Monitor. The raw data was then transferred to MS Excel for further processing.

Group:

The test group consisted of 10 people (male 8, female 2), aged 26-48 (average 33.9), all right
handed, all volunteers.

The process:

The instructions, given to each participant, were to wear the model on his left hand. After that
to raise his/her left hand in position allowing him/her to see the device display. To touch the bezel
of the device with two fingers - thumb and one of the other fingers on his/her leading hand. After
that to scroll three times down and three times up over the device bezel with his/her pointing (or
other finger) while remain the touch by his/her thumb. After each attempt the participant was
instructed to go back to a relaxed sitting position. Each participant made three consequential
attempts for both “down” and “up” scrolls. On Fig.1 is shown the study process and the
experimental model. The data from all three attempts / six sets of movements was recorded in a file.

Fig. 1. Experimental model and study process

Study data:

A sample of the collected raw experiment data is shown in Table 1, where is represented a
data set for one User for one performed action - User 2, action “down”. The “1” in rows “Touched”
shows if the particular sensor has been touched during the user finger scroll over device bezel, and
in rows “Released” shows if the already touched sensor during to action perform has been released.

Kommorspru Hayku u Texnoorun 1 2018 ~ Computer Science and Technologies 12



Table 1. Sample of Study raw data per User 2 per one Operation - “down”

User Sensors 1 2 3 4 5 6 7 8 9 (10 | 11 | 12
1 Touched 1 1
Released | 1 1
1 Touched 1 1 1
Released 1 1
1 Touched 1 1 1
Released 1 1 1

The summary data from all experiments were for each recorded “down” and “up” where the
number of touched next sensor in the scroll/gesture movement direction as well as the number of
the released sensors during the same finger movement.

Table 2. Summary data of number of touched and released sensors during the “down” and “up”
operations perform during the study experiment

User/ Sensors Number | Number | User/ Sensors Number | Number
Attempt DOWN UP Attempt DOWN UP
Y | Released |55 | " Released | 1|1
Y2 | Reased| 33| % [Reessed| 3 |
U3 fRelsased| 32 | %% [Resased| 2 |2
2 | Reicesed |2 |2 | " |Relessed| 2 | 1
2 reisased| 2 12| " [Relsased| 5 |2
2 | Released | 32| " Released | 3|
| Reteased | 25| % Released | 2|
2 IReisssed] 2 T 1| %2 [Reeased| 2 |2
| Releesed| 1|1 | %8 |Relewed| 3 | 2
N Reieased |32 | O |Released| 2 | 2
9 | Resed] 1T 1| % [Releaed| 2 |
3 | Reled 22 % Rl 2 |
N | Reteased | 42| " Released | 1|1
2 IReisased] 5T 5 2 Resased| 2 |2
B | Reteased | 215 % Released | 2
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Study results:

The Average and Mode values of the study summary data for both “down” and “up” user
cases are presented in Table 3.

Table 3. Average and Mode values from the Study data

Minimal
Direction Sensors Average Mode number
(T orR)
Touched 2.50 3
PO Released 2.67 2 2
Touched 2.23 2
uP Released 1.90 2 2

These results confirm that it is possible “down” and “up” scrolls over the touch sensitive
device bezel with 12 touch sensors to be recognized as the Minimal number of the touched or
released sensors in each of all 60 attempts have been made is 2. It is expected that the model, which
IS going to be built following this approach, to work stable as the Mode value is at least 2 and the
Average values are higher than 2 (excluding 1.90 for released in “up” scroll).

>

Two-finger
touch detected

Yes

Interface
is activated

Set released finger
as Active finger

Set remained finger
as Support finger

Support finger
remains touched
(+/- 1 sensor)

Interface
is deactivated

Lead finger
activates 2+
consecutive
sensors

Lead finger
makes
single tap

Lead finger
makes
double tap

ouched sensors
have been with
incremented

numbers

Lead finger
is on left
hand side

Lead finger
is on right
hand side

Fig. 2. Block diagram of the software part of the model
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4. Prototype model

The goal is a prototype model of wearable device interface to be developed, based on the
results from the paper study. The inputs of the model are user’s two-finger touches over the device
touch sensitive bezel, which have to activate the interface, to perform some set of the four different
actions and to deactivate the interface. The output of the model are four commands based on user
touches: “down” and “up” scrolls for menu item selection, “confirm” tap (confirmation/enter
action) and “cancel” double tap (escape to the previous menu action).

The prototype model has two parts - hardware one and software one. The used hardware
equipment for the prototype model development is exactly the same as the used one during the
paper study experimental process. The software part has to operate following the process shown on
diagram on Fig. 2.

Results:

In order the prototype model to be tested a sets of actions have been executed and the results
have been compared with the input set. After the tests it has been proven that the prototype model
works as it supposed. A sample from test process output when the input had been set to “down”-
“down”-“up” is presented on Fig. 3

€8 com3 - O X

Send

Pin l:Touch &
Pin 2:Touch

Pin l:Belease
Pin 2:Belease
Pin 3:Touch
Pin 4:Touch

Fin 3:Release
Fin 4:Release
Fin 4:Touch

Fin 4:Release
Fin 2:Touch
Pin 3:Belease
Pin 2:Belease
Pin 7:Belease
Pin Z:Release
W

Autoscrall Mo line ending -~ | | 9600 baud - Clear output

Fig. 3. Model output

5. Conclusion

The paper results from the experimental study clearly show that interfaces, based on
movement of one finger over the touch sensitive device bezel, and single and double taps, while the
other finger is used for interface activation, deactivation and gesture support, are possible and
applicable for wearable device interface development.
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The achieved functionalities of the prototype model prove that the experimentally obtained
results could be used for the development of a fully functional prototype model, both using one and
the same hardware model.

6. Further work

Based on the paper results and conclusions, in order the efficiency and robustness of the two-
finger touch interface over the wearable device touch sensitive bezel to be measured and evaluated,
a comparative analyse between this interface and tradition touch screen and push buttons interfaces
should be performed.

The software part of the prototype model could be improved by the algorithm further
development in order more actions/commands to be executed (more gestures to be recognized by
the software) and by adding of the management of the time delays and cycles periods of reading
data from the capacitive sensors.

The hardware part of the prototype model could be also improved by increasing the number of
used sensors in order a higher movement resolution to be achieved as well as experimenting with
different sensors’ sizes or touch technologies for better gesture recognition.
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CUCTEMA 3A CUMYJIUPAHE HA MEXAHU3MA HA
N3I'PA'KIAHE HA HAU-TIPEAITIOYUTAHUSA BT ITPU
6LOWPAN TEXHOJIOT'USA

AiiabsH M. XbKb, Pycen B. Bacunes

Pe3tome: B To31 nokian ce mpejuiara CHMYJIalliOHEH MOJIEN 3a aHAM3UpaHe e()eKTUBHOCTTAa Ha MEXaHN3Ma
3a u3rpaxaane Ha Hail-moObp MapmpyT npu 6LoWPAN mpexu. [IpeactaBeH e MexaHU3bM 33 U3TPaXKIaHe
Ha Hal-moOBp MapIIpyT, KOWTO MPOCIEsIBa ChCTOSHHUETO HAa BCEKH W3rPAJICH MaplIpyT, 3a Ja TapaHTupa
MperaBaHeTo Ha CIieNTHa HHGOpMAIs U yBellndaBa Oposi Ha OIUTHTE 32 TIOBTOPHO ITpe/laBaHe Ha MaKeTH.
KmrouoBu nymu: 5G, loT, 6LoWPAN, cumymanus

System for simulating the construction of the best route in 6LoWPAN technology
Aydan M. Haka, Rusen V. Vasilev

Abstract: This paper proposes a simulation model which analyses the best route construction mechanism for
6LoWPAN networks. The mechanism is for building the best route and tracking the status of every available
option to ensure the transmission of emergency information as well as recording the number of attempts to
retransmit packets.

Keywords: 5G, IoT, 6LoWPAN, simulation

1. YBoa

B noknama cu Ericsson [1] cbobmaBa, ye g0 2023 r. ce mpeasuwxkaar Hang 30 munuapna
CBBP3aHU YCTPOWCTBA, OT kouto 20 Mumimapza e Owvaat cBwp3anu ¢ Internet of Things (loT).
Mpexwure ot loT ycTpoiicTBa BKIIOUYBAT CBBP3aHU aBTOMOOMIIN, MAIlIMHU, CEH30PH, TOTPeOUTENCKA
eJIEKTPOHNKA, TEPMHUHAIN, MOOMIIHU YCTPOMCTBA U JIp. B 3aBUCHMOCT OT TOBa KakBU yCTPOICTBa ca
BkutoueHu B loT mpexaTa W kakBa € TsaxHaTa (PyHKIIMOHAIHOCT, KOMYHUKAIIUATA MEXIY TAX CE
OCBIIIECTBSIBA Ha 0a3zara Ha CHOTBETHHS NpoToKoyu. M3BectHu ca penuna loT mporokxomu [2] 3a
KomyHuKaius karo Z-Wave, Thread, ZigBee, Bluetooth u np., KouTo omnpenensr M3NOI3BaHUTE
MEXaHU3MH 32 KOMYHHKAIHS, TOIbP)KaHU CKOPOCTH, MOIYJIAIIHOHHH cXeMH U T.H. CBbp3aHOCTTa
Ha TE3U YCTPOMCTBa He ce OrpaHMyYaBa B JIOKAJIHATA MpeXka, TS € 4acT OT IiiobaHaTa Mpexa, KaTo
KJIEThYHATa CBBP3aHOCT ce 04aKBa Jia ce ocurypu ocHoBHO OT LTE (onexorenara Bepcust LTE-M1,
kosTo ¢ yact ot 3GPP release 12 u 13) [3] u 5G (SDR-based Base Stations) [4].

Konnenmmusita [oT mpeacraBisiBa Oe3kuuHa Mpexa OT CBBP3aHU YCTPOWCTBA - TJIABHO
0€3’)KUYHU CEH30pH C Pa3IMyHU BB3MOXKHOCTU. EnHa oT Texnomoruure, m3rpaxaamu loT, e IPv6
over Low-Power Wireless Personal Area Networks (6LOWPAN), 6a3upana Ha KOMYHUKAIUOHHHS
crangapt IEEE 802.15.4 [5]. Ts npemocraBsi aanTUBEH CJIOW, KOWTO MO3BOJISBA MPEAaBaHETO Ha
IPv6 makeru upe3 manku Link Layer ¢peiimose [6]. 6LOWPAN cen3zopuute ycrpoiicTBa Morar jaa
ObIaT M3MOJ3BAHU 32 MPOCIEIIBaHe Ha TeMIIepaTypa, BIAXKHOCT, alapMU IIPU MOXKap, U3MEpBaHE
Ha BOJHO HHWBO, W3MEpBaHE Ha BHOpANWH, JOMAlIHA CUTYPHOCT, KOHTPOJI M aBTOMATHU3WPAHU
cutemH [7]. B 3aBuCHMOCT OT cpefiata v CUTyanusTa, B KOSTO CE€ U3IOI3BAT TE3W CEH30PH, MOXKE Ja
ObJIc HATIOKHUTEITHO MPOCIIEASBAHETO Ha BayKHA WIIM KU3HEHO HeoOXxoanMa nHpopmanus. Hyxmara
OT ClieiecHe Ha TaKMBa KPUTUYHHM MapaMeTpH Hajara M3IMO0JI3BaHE HAa MEXaHU3MH 33 YCKOPEHO
npenaBaHe Ha MHGOPMAIMOHHUTE JTaHHU 10 MpeXaTa U OCUTypsIBaHE MPEJUMCTBO Ha CIEIIHaTa
uHpopmanus. ToBa MoXke J1a ce MOCTUTHE Ype3 MPUOPUTH3UPAHE HA CIEIIHUS TpapuK, H3TpaKIaHe
Ha Hail-moOBp MapuIPyT 3a MpelaBaHe Ha MAKETUTE U ClIEJIeHE ChbCTOSHUETO Ha T€3U MapIIPyTH.
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Ta3u cratus npeacrass pa3paboTeHa cpefia, Ype3 KOSTO MOXKE Jja ce CUMYJIMpPa U3TPaX1aHeTo
Ha 6LoWPAN wmpexa, B KOSTO ce peaqu3upa MPUOPUTU3UpPAHE HA MpelaBaHus Tpaduk cropen
M3MCKBAHUATA HA Mpexara, U3rpakaaHe U M300p Ha Hail-1oOBbp MapHIpyT OT TOYKa JI0 TOYKa U
IIOCTOSIHHO IIPOCJIEIIBAHE ChCTOSHUETO HA U3IPAJCHUTE MAPLIPYTH.

2. CpmHoct Ha u3no3Banusi Emergent Direct Mode

B [8] ca onucanu nBe ocHOBHH cxemu 3a Mapuipytuzupane npu 6LoWPAN — Mesh Under u
Route Over, karo ca onucaHu NpeIuMCTBaTa U HeAOCTaTbUUTe UM. Tyk ce npeanara 1 Emergent
Direct Mode pexum 3a CBBp3BaHE, KOWTO MpPEOJONIsBa HEIOCTATBIMTE Ha pa3IJICAaHHUTE
MapUIPyTU3HPAILN CXEMH.

Ha ©Oa3ara Ha ToBa M3cielBaHE NPEJIOKEHHUAT CUMYJIATOp HMIUIEMEHTHpa B cebe cu
Emergent Direct Mode pexxum 3a cBbp3Bane, cherosiny ce oT Hassle Free Route mexanussMm 3a
Mmapuipytuzupane u Adaptive Retry mexanu3sbm 3a mofo0psiBaHe Ha MOBTOPHOTO u3mnpaiiane. To3u
MEXaHU3bM 32 MApIIPYTU3UPAHE TIO3BOJISIBA MPHOPUTUZUPAHETO HA TTAKETH, IPEHACSIIN BaKHA WIIH
KHU3HEHO HeoOxonuma mHpopManus cropen usrpaaenara 6LoWPAN mpexa. Cnopen Emergent
Direct Mode cxemara Bceku makeT mojy4aBa HoBa dispatch xeasp croiiHocT 32 6LoWPAN xeabpa
Ha aKeTa, KOSATO WISHTU(UIMpa cXeMaTa 3a MaplipyTuupasHe. Korato npucTUrHe CreueH Mnaker,
Toii ce pparmenTupa c dispatch xenbpa, 3a 1a Ob/Ie TPETHPAH KATO CIICIHAJICH.

Cnen xato e uaentuduuupan Emergent Direct Mode pexuMbT, NpeANOUYUTaHUAT MapLIPYT
ce m3rpaxna upe3 Hassle Free Route mexaHu3pM M MEXaHU3MBT 3a KOHTPOJ Ha MOBTOPHOTO
npenaBane ce oonossiBa ¢ Adaptive Retry Mechanism.

Cnopen Hassle Free Route mexanusma B 6LoWPAN wmyntuxon mpexxuTe Hal-go00pusrt
MapuipyT ce u30upa cropes ToBa A € Hall-KpaTKUAT U ce 100aBsl aBTEHTUYHA CTOMHOCT 3a BCEKU
MapuIpyT, KOETO OIpeeNs MPHOpuTeTa My. ABTEHTHYHATa CTOMHOCT Ce€ 3ala3Ba B MapIIpyTHATa
TabIUIa HA BB3JIUTE U TSI MOXKeE /1a Obje:

- OTpMLATENIHO YUCIO — MH(OpPMHUpA 3a TOBa, Y€ MO MapLIpyTa ca peaJu3upaHd TBBPAE
MHOI'O HCYCIICIIHU MMpECAaBaHus;

- CTOMHOCT ,,0% — MoKa3Ba, 4e MaplIPyTHT BCE OIIIE HE € OLIEHEH;

- TOJOXHTEIHA YUCIIO — MApKUpa, 4e MapIIPYyThT € Oe3npobiemen. Ilo-rosimMaTta cTOIHOCT
O3HauyaBa, 4Ye MapuIpyThT € MO-yCHelleH OT JPYTUTe, KaTo Mo TO3M HauuH ce 0003HavyaBa
Opos Ha yCHEIIHO NpeAaeHuTe GparMeHTH 10 ONpeieIeH MapIIpyT.

[Ipu Besiko ycmemrHo npejaBaHe aBTEHTUYHATa CTOMHOCT ce yBennvana C ,,1%, a B ciydail Ha
HEYCIICITHO TMpeaBaHe ce HamaisBa ¢ ,,1°. Koraro npucturae ¢parment ¢ Emergent dispatch
XeIbp, TOM ce Mpemnpala 1o Mapuipyra ¢ Hail-BUCOKa aBTEeHTUYHA cTOMHOCT. Te3u parmenTu ca ¢
MO-BUCOK MPHOPUTET U CE MPEJaBar Mo Hai-NpeImoYuTaHus MapIIpyT.

Emergent Direct Mode cxemara u3nonsBa u Adaptive Retry Mechanism 3a ocurypsiBane Ha
MOBTOPHO TIpe/IaBaHe, TapaHTUPAIIO, Y€ CHEeIHUTe (pparMeHTH HiIMa J1a OTIAJHAT MO MapIIpyTa.
IIpu TO3M MeXaHM3BM CTOHHOCTTA 3a MOBTOPHO INpElaBaHE ce pas3zess Ha JBE YacTH: OCHOBHA
CTOMHOCT M MPOMEHJIMBA CTOMHOCT B CbOTHOLIEHHUE 2:1. AKO KOHTpOJIHATa CTOMHOCT 3a MEXaHU3Ma
Ha MOBTOPHO NpeaaBaHe € 15, To ocHoBHara croiiHOCT mie € 10, a mpoMeHyinBaTa CTOMHOCT 5.
OcHOBHaTa CTOMHOCT IIPEACTABIISIBA CTOMHOCTTA 3a KOHTPOJI Ha IIpemnpenaBaHeTo. Bunaru, korato
ce otkpue Emergent Direct Mode, ce oTynTaT KakToO OCHOBHATa CTOMHOCT, Taka M IMPOMEHIINBATa
croiiHocT. [lo TO3M HaAuWMH Morar Ja ce peaju3upaT IAOMBIHUTEITHH IpenpenaBaHus, KOETO
OCUTypsiBa, Y€ B paMKHTE Ha NpeToBapeHa Mpexa ¢parmentute ¢ Emergent dispatch xembp mie
OBIaT mpeaaneHn ChC CUTYPHOCT.

3a eKCepuMEHTAIHU IeJId OCHOBHATa CTOMHOCT 3a MOBTOPHO INpenaBaHe Rconst ce mpuema
3a 10. Adaptive Retry Mechanism (Rnew) ce mpeanara xaro:

Rnew = Rconst + SF mod 5 1)
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kbnero SF (Significant Factor) ce ompenens or Bb3HUKBAIIUS MPUOPUTET HA JAHHOBUTE IMaKETH.
To3u MexaHU3bM OCHUTYPSIBa CTOWHOCTTA 3a MOBTOPHO MPEAaBaHe Ja € MeXKIAy 5 u 15 onmra, KbIeTO

15 e MakCUMaTHUAT OpOl ONHTH.

3. CuMyJauMOHHA cpeJa M eKCIIePUMEHTAJTHH U3CcJIeABaHUs

3a aHaNM3MpaHe HA MperyieJaHus B HACTOALIOTO M3CIEABaHE AIrOPUTHM 32 IPUOPUTHU3HPAHE
Ha TpaduKa, M3TpaXAaHE W TMPOCIEIIBAHE CHCTOSIHHETO HAa BB3MOXKHHUTE MAapIIPYTH NpU
6LoWPAN wmpexu, ce cb3gaBa mojaen Ha 6LoWPAN mMpexa ¢ HIKOJIKO CBbP3aHU KOOPAWHATOPA.
[IpouechT Ha cwh3naBane Ha 6LOWPAN mpexa u cumynupaHeTo Ha paboTara Ha H3MOJ3BaHATA
Emergent Direct Mode cxema e mpeacraBeHO MOCTHIIKOBO Ha purypa 1.

h
N

[JobGaBsAiHe HA KpalHU
YCTPOWCTBA B MpeXuTte

Cumynauma Ha Tpacpuk

MeXay KpalHuTe
YCTPOMCTBA

ObpaboTka Ha
pesynratute

Bpon onutn =0;

Wma nu cnewHn
nakeTn?

Heé CnelHW nakeTn

W3npawaHe Ha ocTaHanuTe -

AxTyanusupaHe
aBTEHTU4HaTa
CTOMHOCT Ha

WsnpawaHe Ha cneweH naker.
BEpoit onutn +=1;

——

MaplupyTa.

MakeTsT He
u3npaTeH

He

Bpon onutn ?=15

He

W36op Ha mapwpyT ¢ Hai-
BUCOKA aBTEHTMYHA
CTOWNHOCT.

f

HamupaHe Ha BCUMKN
BBb3MOMXHN MapwpyTh 1
TEXHWUTE aBTEHTHYHN
CTONHOCTH.

AKTyanusupaHe aBTeHTHYHaTa
CTOMHOCT Ha MaplpyTa.

TbpceHe Ha no-go6bp MapLLpyT.

@ur. 1. Crenku npu usrpaxgane Ha 6LoWPAN mpexa

[ Hosse Free Route Srctotam M s S |

—
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I PAN roopmesatopn
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®@ur. 2. Cp3gaBane Ha 6LoWPAN mpexa
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W31n013BaHOTO MpOrpaMHO CPEICTBO 3a Ch3[aBaHE Ha CUMYJIALMOHHMS MPOAYKT € Microsoft
Visual Studio 2012 u e3uxbT 3a mporpamupane C#, 3am0TO TMO3BOJIIBA M3MOJI3BAHETO Ha
CHOUTHUHHO-OpPUEHTHPaHA cpefa 3a pa3paborka. M3rpaneHa e 6a3a oT JaHHHM 3a CbXpaHEHHE Ha
JTAHHUTE OT OTJENHUTE eKcriepuMeHTH 3a Bceku 6LoWPAN koopauHaTOp M CBBP3aHUTE KbM TSIX
KpallHu ycTpoicTBa. Peanu3upaHusiT cUMylaTop HMILIEMEHTHpa B cebe cu MyJITHe3HYeH
uHTEepdeiic, Karo 10 MOMEHTa ca BKJIIOYEHH AaHIIMACKA W Obarapcku e3uk. Cb3naBaHETO Ha
6LoWPAN wmpexara ce ochlecTBsBa upe3 uHrepdeiica, npeacraBeH Ha ¢urypa 2. Mexnay PAN
KOOPJIMHATOPUTE U TEXHUTE MPEKU CE Ch3JaBaT BPB3KH, 10 KOUTO CE MPENABAT MaKETUTE, JOKATO

JIOCTUTHAT *keJylaHata fectuHauus (durypa 3). Msrpagenure Bpb3KU ca ABYCTPAHHU U C€ Ch3/aBar
€ITHOKPATHO.

%9 PAN Links

—

07 PAN From PAN ToPAN = Channel
K

1

M PAN
2
4
dBAHE

—
| en | en | s | a | R
—
(%)

g

v JL N

®@ur. 3. Cp3naBane Ha Bpb3kU Mex 1y 6LOWPAN kKoopAarHATOpUTE M TEXHUTE MPEXKH

3a BCAKO KpalHO YCTPOMCTBO WM KOOPJAMHATOP MMa BB3MOXKHOCT 3a aKTyalu3alus Ha
JTAHHUTE, KaKTO € TI0Ka3aHo Ha Gurypa 4.

Available
Connections

PAN Distance MAX Emergency
[m] Distance [m] Traffic
10 YES

5
k] 15 NO
4
1

10 YES
15 YES
NO

Kom PAN

Kanan 19

MAX
il PasCTORHME

Fascrosmne

Criswe Tpadwic

@ur. 4. AkryaM3upaHe Ha JJAaHHUTE 32 KOOPUHATOPUTE M KpaHHUTE yCTPOUCTBA
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Cren xato e BbBe/ieHa HHPOPMAIUATA 32 KOOPIMHATOPUTE, BPB3KUTE MEXKIY TAX M KpaHHUTE
YCTPOMCTBA KBM BCEKH KOOPIMHATOP, CIOPEN MpeACTaBeHaTa TOMOJOorus Ha ¢urypa 5, ce
peanusupa cuMyiMpaHeTo Ha pasrienanus Emergent Direct Mode. CumynaTtopsT IpHOPUTH3HpA
crienrHus Tpaduk, ako UMa TaKbB, U IO MPeaaBa Mo Hal-7o0pust MapupyT, u3dpan cropen Hassle
Free MexaHum3ma, Karo 3a BCEKM MapIIPyT C€ MpPOCIEAsBa aBTCHTUYHATA MY CTOMHOCT H CE
npereHsIBa KoJIKo ¢ HaaexaeH (durypa 6). [Ipenu peanusupaHe Ha MpeaBaHETO BCHUKU MAKETH CE
M00aBAT KbM OIAIIKaTa 3a H3MpaliaHe, KbIETO C€ NMPUOPUTHU3MPAT W TpelaBarT Mo H30paHus
MapuipyT.

Name: A —
Channet: 13 @
MAX Distance: 10m

Distance: Sm
Emergency traffic: YES
—— PANID: 1
Channel: 13
/ Range: 10m
Supported devices: 5

PANID:3 —— // —— PANID:2
Channel: 13 ( Channel: 13 — PAM ID: 4
Range: 10m Range: 20m o Channel: 13
Supported devices: 5 Supported devices: 15 e Range: 20m

Supported devices: 15

Name: C —-

To PAN: 3 - B Mame: E
Channel: 13 @ T To PAN: 2
MAX Distance: 10m Channel: 13
Distance: 4m — PANID:S MaAX Distance: 20m
Emergency traffic: YES Channe-l' 13 Distance: 19m
y : Range: 1-5m Emergency traffic: NO
Mame:B — ;’J A Supported devices: 10
To PAN: 5 h ; !
Channel: 13 \® @
MaX Distance: 15m
Distance: 9m !
Emergency traffic: NO .a’l
L Name: D
To PAN: 5
Channel: 13

MAX Distance: 15m
Distance: 1m
Emergency traffic: YES

®@ur. 5. Tononorus Ha 6LoWPAN mpexa

WSTOUHMK W AECTHALMA Bu3ModkHIA MapLpy T
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O+ yerpoficrao Device Device IS Value
T E PAN3 > PANT > PANZ 0
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ER—
C E PAN3 -» PANG - PAN4 == PANT -» PAN2 0
3 E PAN3 -» PANG -> PANZ 0
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[

|
|
|
|
[l l [loBasane Ha NakeTa KbM I
\ Omcas va an Hait-npegnounTan neT
| [ Teouns ustop ] PAN3 > PANT > PAN2
|| Onawka ¢ nakem
Emergency From To From To Authentic
| Packet Device Device PAN PAN ERrE Value s
f Yes & E 3 z PAN3 > PAN1 -> PAN2 0
| Mo B A 5 1 PANS5 -> PAN4 - PAN1 0
! D 0
[l Yes E A 2 1 PANZ -» PANS > PAN3 -> PAN1 1
|
|

mEeHeroEwE

®@wur. 6. 1360p Ha HA-TO00BP MapHIPYT
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Ha ¢urypa 7 ca mnokasaHu pe3yiaTaTUTe OT NPWIOKEHUETO Ha pas3riielaHuTe I[0-rope
MEXaHU3MHU 3a u300p Ha Hail-npenmouutan MapuryT npu 6LoWPAN rtexnonorus. I'paduxara
npeacraBs obmus Opoil makeTw 3a IpeJaBaHe MO BCEKM MapIIPYT, CbOTBETHO KOJIKO ca OWin
IPEeJaZCHU YCICIIHO M KOJKO - HE, CIIOpPel KOETO C€ OLEHsABA aBTEHTUYHATA CTOMHOCT Ha
CBhOTBETHUS MapuUIpyT.

Results
| Bmmmmaemem-e|€nawunuem Peaynam | Mpacwca

from o Best Foute okt Jmbecd Successil  Unsuccesshu
» T : PAN1 -» PANZ 1 1 1 0
2 1 PANZ > PAN1 E 1 0 1 |
2 1 PANZ > PANS - PAN3 > PAN1 2 2 2 0
2 1 PAN2 - PANS -> PANS -> PAN1 1 1 0 1
3 2 PAN3 - PAN1 -» PANZ A 1 0 1
3 2 PAN3 -> PANS > PANZ 1 1 1 0
3 5 PAN3 -» PANS 1 1 1 0

e ———— -~
Bcureon e 38 npeganame | Chewsss nanem | Peayarams | Mposwea

25 IR Oy fpod naneTy 28 npenssme

Yenewno npessanen nake
] 1 R P | v | o
_ :I :'
05 - - —_—
0 A - B T T

Hsyjnaues npATSS nEETH
1

PANZ > PANS > PANY = PANI BAM > BAMI = BIE P
>

PAMD o PANI PANZ - PANS - PANG - PAN PAND > PANS > PAMND

Bpoil naketn

|
|

Mapuwpyt

@ur. 7. TabnuueH u rpadudeH BUI Ha H30paHUTE MApIIPYTH U TIPEAaICHUTE MTAKETH
4. 3akaoueHue

B noknana e mpenctaBeH MeXaHUM3bM 3a MPUOPUTU3HMpAHE Ha crelleH Tpaduk U u300p Ha
Hai-npeanountad MapmpyT B 6LoWPAN mpeka. 3a uscinenBaHe Ha pasriieJaHUsl MEXaHU3bM €
pa3paboTeHa cuMyJIallMOHHA cpeAa. HacTosmusaT Moznen Moxe Aa ce MoJs3Ba B y4eOHHUs IpoleC B
JTMCLUIUIMHYU, CBbP3aHU C U3CJIEJBAHE Ha METO/a 3a U300p Ha Hai-700bp MapuipyT B OE3KUYHU
CEH30pHU Mpexu, 0azupanu Ha 6LoWPAN texHomnorusra.

Len Ha Obaemmara padoTta € 1a ce pa3mupH GYHKIMOHATHOCTTA Ha Ch3JaICHUSAT CUMYJIATOp,
Taka 4ye J]a 03BOJIsIBAa BU3yaIM3UpaHe Ha MaTpHliaTa Ha MpeAaBaHe U pealn3upaHe Ha MOOWIHOCT
Ha KpaiiHure ycrpoiictBa Mexay O6LoWPAN koopaunaropure ¢ nen wusciensaHe Ha QoS
IapaMeTPUTE MPU TE3U MPEKHU.
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CPABHUTEJIEH AHAJIN3 HA MEXAHU3MMU 3A
IMMPUOPUTU3AIUA B LTE SCHEDULER

AnnpH M. XBKb

Pe3rome: B 1031 nokiazn e peannusupaH CpaBHUTENEH aHAIU3 Ha TPU NPUOPUTU3ALIMOHHU MexaHu3Mma 3a LTE
Scheduler, pa3paboten ot aBropa, Myo n Akyildiz. CpaBHeHHeTO € peann3mpaHo Ha 0a3za Ha pe3yiTaTure,
MOJIY4YeHH cIpsiMo Tpute anroputbMa 3a VolP u nonGBR ycnyra. CpaBusBanute napamerpu ca Throughput,
Packet Delivery Ratio u Delay. PesynraTute OT WM3BBPUICHHS aHAIW3 BOIST A0 3aKIIOYEHUETO, Y€ TI0
OTHOLICHNE Ha CPaBHSIBAHUTE IapaMeTpH, NPEIJIOKCHUAT OT aBTOpa MPUOPUTHU3ALMOHEH MEXaHHW3bM HMa
MPEeIUMCTBO TIpH 00CTyXKBaHe Ha MOOMIIHA aOOHATH, ABIKEIIH C€ C BUCOKH CKOPOCTH.

KurouoBu gymu: LTE, Scheduler, [Tpuoputuzamnmus

Comparative analysis of prioritization mechanisms in LTE Scheduler
Aydan M. Haka

Abstract: This paper represents a comparative analysis of three prioritization mechanisms for the Scheduler
of LTE, developed by the author, Myo and Akyildiz. The comparison is based on the results obtained with
the three algorithms for VolIP and nonGBR service. Compare parameters are Throughput, Packet Delivery
Ratio, and Delay. The results of the analysis lead to the conclusion that, with respect to the parameters being
compared, the prioritization mechanism of the author has the advantage of servicing mobile subscribers with
high speeds.

Keywords: LTE, Scheduler, Prioritization

1. YBoa

Cuctemara 3a kierbuHa kKomyHukauus, Long Term Evolution (LTE), ce namara xato
npeoOagaBaiia TeXHOJIOTHs Ha cBeToBHUsA na3ap [1]. Ts e wact ot Evolved Packet System (EPS),
paspaborena or 3GPP. EPS BkiouBa HSKOJKO TEXHOJOrMH, YacT OT kouto ca Orthogonal
Frequency Division Multiplex (OFDM) cxema 3a moctsn B Downlink mocoka u Multiple Inputs
Multiple Outputs (MIMO) TexHoIOTHS HA AHTEHUTE 32 KOMYHUKaus [2].

upokoro pasrpeiane Ha LTE Mpexxute 1o cBeTa € npearnocTaBka 3a yBelnyaBaHe Opost Ha
KiIeTbyHUTe aboHameHTH [3, 4], kaTo ToBa mie yBenuuu obOeMa Ha Tpaduka, MpeaaBaH MEXIY
6azoBute craniuu (eNodeB) m abonature (User Equipment - UE). C yBennuaBane obema Ha
npeaBaHus TpaduK I1e ce yBeITu4aT U U3MCKBAHUATA 32 KAYeCTBOTO Ha.

O6cmyxBanero Ha UEs ce peanmusupa ot Scheduler-a B eNodeB. Toit Tpsiba na paznpenenu
panuopecypcute e(eKTUBHO, KaTo MO TO3M HAuyMH Ja rapaHTHpa MOJIbp)KaHE Ha TOJIIMO
pasHooOpa3ue OT YCIYTH W yBeJIHYaBaHEe MPOM3BOJMTEIHOCTTA Ha cUcTeMaTa. ToBa MOXe la ce
nocturHe ot Scheduler-a upe3 npuoputuzupane 3asBKUTe Ha oOcHyxkBaHuTe OT eNodeB aboHaTH.

Ta3u cratus mpeacTaBsi CTAaBHUTENIEH aHAIN3 MEXy alTOPUTHMA 332 IPUOpUTH3AIHA B [5] ¢
npeuiokeHTe B [7] u [8] MeXaHU3MHU C IIeJ M3ClIeABaHE KAyecTBOTO Ha YCIYrMTe OOCIyXKBaHe
(Quality of Service - Q0S) 3a cBbp3aHuTEe a0OHATH.

2. IInannpane na LTE pecypcure

[InanupaneTo € MeTod 3a JUHAMUYHO pas3lpellelieHHe Ha paguopecypcuTe mo aboHATH,
0a3upaHO Ha anropuThbma 3a IUIaHupaHe W npuoputusanus B LTE 6asoBara cranmms. 3a
pasnpenensHe Ha pecypceutre B Downlink mocoka mpu LTE ce wusmomsBa TtexHomorusira
OFDM/OFDMA [9], mpu KOsATO HaluM4HAaTa 4YECTOTHA JIGHTa € pa3JelicHa Ha IapajeiHu
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TECHOJICHTOBH TIOJTHOCEIIN 4eCcTOTH ¢ pascrosHue ot 15 KHz, He3aBucumo oT obimiara mmpoynHa
Ha 4YecToTHara JeHTa. Pagmopecypcure ce aepuHuUpaT BBB BPEMEBO-YECTOTHHUS AOMEHH. BbB
BpeMEBHS JIOMEH BpeMeTo € pasneneHo no ¢peiimoBe u Bceku LTE dpeiim ce cberom oT aecer
nocienoBarennu noadpeiima wiu 1. Hap. TTI (Transmission Time Interval), Bceku oT KouTO € C
npoabkUTEHOCT 1 ms, T. €. Bceku LTE ¢peiim e ¢ npoabmkutennoct 10 ms. Beeku nmoadpeiim
ce cherou ot Ba Timeslot-a, kato Beceku ciot e ¢ npoabikutenanoct 0.5 ms. Otnenaure Timeslot
ce cecrosaT oT 7 OFDM cumBona mpu KpaTbk IUKIWYEH Mpedukc (6 cCMMBOJIA 33 YIBJDKEH
IUKIMYeH mnpedukc). B yecToTHHS JOMEWH IsuiaTa HaIM4YHA YECTOTHA JIEHTAa € pasjefieHa Ha
noakaHanu. Bcekum mnojkaHan ce cbcToM OT 12 mocienoBaTeTHU M €JHAKBO Pa3MOJIOKEHU
nojHoceny ¢ padcrosuue mexay Tsax oT 15 KHz, 1. e. Bceku noakanan e ¢ mupouynHa 180 KHz
(12*15 KHz). BpeMeBo-4eCTOTHUAT pecypcM OOXBallail €IWH MOoJKaHal OT 12 TOJHOCENd B
YecTOTHHS JoMeiH u eauH Timeslot ot 0.5 ms BB BpeMeBHsI JOMEHHM € U3BECTEH KaTO PeCypceH
omok (Resource Block - RB). Haii-mankata equnumna or RB, kosito chorBercTBa Ha eqna OFDM
MOJIHOCEIIIa IO BpEME Ha €TUH CUMBOJICH MHTEPBAJ, € U3BECTEHa KaTo pecypceH enemeHT (Resource
Element - RE). Ilpu ruianupaneTo pecypcure ce pa3npeessaT 10 JBOWKH, u3BecTHH KaTo Physical
Resource Block (PRB). PRB moske ia ce onpenenu KaTo MUHUMAaIHHS OpOil pecypcH, KOUTO MOTaT
na 0baat npenocraBenn Ha UE 3a npenaBane Ha nannu BB Beceku TT1.

[Tpu LTE nmnanupaneTo u pa3npeneneHuero Ha pecypcure ce peanusupa ot eNodeB. 3a ga ce
nonodbpu QoS 3a aboHaTtuTe € HEOOXOAMMO Ja C€ pasrielaT pa3iuyHU MPUOPUTH3ALUOHHU
Mexanu3mu 3a Scheduler-a na eNodeB. Tyk ce pasriexxnar aBa alropuTbma 3a MPUOPUTH3AMUS HA
Tpaduka 1mo abOHATH:

- Ilpemnoxenust B [5] anropuThM cCha3Ba H3IEUI0O H3MCKBAHMWATA Ha CTaHgapTa 3a
npuoputHzamus, onucanu B [6]. OcBeH cTaHAapTHUTE W3HCKBAHUSA TPAPHUKBT CE
MPUOPUTH3UPA U CIOpPEN IOMBIHUTEIHU MapaMeTpu KaTo 3allialllaHe 3a TapaHTHpaHa
yciyra, KoeTo mo3BojsiBa Ha ISP na mpenpuoputusupa TpadukbT, a aDOHATUTE OT CBOS
CTpaHa J1a MPELEHST 3a KOs yClyra MMaTr HyXJa OT rapaHTHUpaH A0CThI. TO3M anroputrbm
olle MPEeAOoCTaBs MPEIUMCTBO MPHU OOCIyKBaHETO Ha MOOWJIHHM abOHATH, ThH KaTo Te ca
YyBCTBUTEIHH CIPSMO KaueCTBOTO Ha oOcCiyxBaHe. Pa3npeneneHuero Ha paaropecypcure
no aboHATH 3aBUCHU OT MPUOPUTETA - TE3U C IMO-BHCOK MPUOPUTET MOJIy4yaBaT IOBEUE
pecypeu ot HuckonpuoputetHute UE. Te3u 3as1Bku, 3a KOUTO HAMA AOCTATBYHO PECYpC, CEe
oTjarar 3a oOCiIyBaHe B clieABall Gpeim.

L 4

PRB

assignment
> > —

®@ur. 1. briok-cxema Ha mpeaIokeHaTa MPUOPUTH3AINS
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[MpencraBenust B [7] QoS-Aware Proportional Fair (QAPF) Scheduler peamusupa
OPUOPUTH3AIMATA, CIa3Baiiku YacTHMYHO CcraHiapra, omnmcan B [6]. Tpaduksr ce
npuoputnsupa cropen tuma Ha Bearer: GBR (Guaranteed Bit Rate) — ¢ mo-Bucok
npuopuret 3a yciyru Voice over IP (VolP) u Live Video Streaming; non-GBR (non-
Guaranteed Bit Rate) — ¢ mo-uucek npuopurer 3a ycayru Video Streaming for buffer u
Background traffic. 3a GBR npuoputusanusta ochoBHo ce 6asupa va Head of Line (HolL)
3abaBsiHEeTO, ako HOL 3a0aBsHeTO HaAXBBPIIS MAKCUMAIHUA OO/KET 3a 3a0aBsiHE, TAKETUTE
ce OTXBBPIAT, J0oKaro npu non-GBR 3aBucH OT npuopuTeTa Ha W3UCKAHMS THIT YCIyra Mo
cragiapt. Pasnpenenennero Ha pecypcHUTE OJI0KOBE CTaBa 110 PaBHO 3a BCEKH abOHAT, KaToO
ce 3arouHe ¢ Te3u, u3uckaia GBR ycnyra;

Mac-QoS GBR
class 1 Candidate
list
Mac-QoS

class 2

Time- Frequency

Domain -Domain

Mac-QoS Scheduling Scheduling
class 3

nonGBR
Candidate
list

Mac-QoS
class 4

®wur. 2. biok-cxema Ha QAPF npuopuruzanms

[IpemnioxkenustT B [8] anroputrsm He ce Oasupa Ha craHaapra B [6]. Toil mo3BossiBa
npuoputreTHo oOciyxBaHe Ha GBR ycmyrmre. Behpekn ToBa, mpu MO-TOJISIM TMPOIICHT
m3uckanu non-GBR ycayru, Tte ce oOcmyxBaT ¢ mpuopuTeT (NP PaBHO MPOIEHTHO
crotHOomeHue GBR ca ¢ npuoputet). Pecypcurte ce pasnpenensir mo paBHO MEXAY BCUUYKH
UE. 3asBkuTe, 32 KOUTO HsIMA IOCTaTBYHO PECYPC, CE OTIAraT BbB BPEMETO.

UDP Traffic
Flow for GBR
Service

Time- Prioritized Frequency assignment

Domain . -Domain
Scheduli St Seheduli
TCP Traffic e Scheduling

Flow for non-
GBR Service

®@ur. 3. biiok-cxema Ha Akyildiz npuoputu3zamnus
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CpaBHHUTEIHUSAT aHATIH3 € PEaTU3UPaH MEXKY MPEUIOKEHUS MEXaHU3bM 33 IPUOPUTH3AINS B
[5] cbe [7] u [8]. CpaBHeHHeTO € peanu3upaHo Ha Oa3aTta Ha croitHocTHTe 3a Throughput, Packet
Delivery Ratio u Delay 3a VoIP ycayra 3a cratuunu u moounau UE u 3a non-GBR ycnyru 3a

CTATUYHU U MOOWJIHU a0OHATH.
Taﬁﬂnua 1. CpaBHI/ITeHCH aHaJIn3 Ha pa3FHC)KI[aHI/ITe MCXAaHU3MHU 3a HpI/IOpI/ITI/I3aHI/IH

TalMCcJI0T

IIpuopuTU3alOHEH
AJITOPUTHM Ipenno:xen QAPF Akyildiz
ITapamerbp
Ba3upan Ha crangapra B [6] Ha Yactuuno He
PaBHOMEpHO PaBHOMEpHO
IToseue pecypc 3a UEs ¢ p p
Pasnpeneiienne Ha pecypcure pasnpenencuue Ha RB | pasnpenenchue Ha RB
MO-BHCOK IIPUOPHUTET
mo aboHaTH mo aboHaTH
ITpuopurer ciopen C 10-BHCOK IPHOPUTET
3arUiamaHe 3a yCIuyTH; ca GBR i non-GBR
IMapameTpu 3a npUOpPUTH3ALMS, H YCIYTH, HOL Delay 3a GBR
Pascrostnne 1o eNodeB; B 3aBHCHMOCT OT
Pa3JINYHU OT cTaHAapTa B [6] Cxo YCIIyT
POCT Ha ABWKCHHE Ha IIPOIICHTA Ha
mobunuu UE. HM3UCKAHUTE YCIYTH
OTXBBpJIeHH 3asiBKM NIPH
P P He Ja He
00CcJIy’KBaHe
OTJ10:KeHM 3aIBKH 32
00CJIy:KBaHe B CJIeBAIIL Ha Ja Ja

3.

TecTBaHe N pe3yliTaTi OT CUMYJIausATa

TecToBeTe M moOJyYeHHTE PE3yiTaTH ca peaiu3upaHu Ha Oazata Ha npemioxeHus B [10]
CUMYJIaToOp, KOWTO uMIuieMeHTupa B cebe cu npemnoxkenus, QAPF u Akyildiz mexanusmu 3a

MIPUOPUTH3ALIL HA TpaduKa.

OnuTHaTa MOCTaHOBKA € U3rpaJieHa Ha 0a3ara Ha TOMOJIOTHATA, NIpe/icTaBeHa Ha ¢urypa 4. 3a
Bcuuku TectoBe ce m3non3Ba LTE knerka c¢ mect cekropa, KOSTO pabOTH € YECTOTHA JIEHTa OT
20MHz u npenocrass o6uo 100 PRB BbB Bceku TaiiMcnoT. 3a TECTOBETE ChC CTATUYHH a0OHATH
kbM eNodeB ca cBppzanu 100UE, a 3a TecroBere ¢ MOOMITHM a0OHATH KbM 0a3oBara CTAHIUS Ca
cebp3anu 60 UE. Te ca panonoxeHu Ha pa3nuuHo pascrossHue oT eNodeB, karo mMoOuiHHTE
aboHaTH ce JABMXKAT C pa3jvMyHa CKOPOT B IPOM3BOJIHA MOCOKa Ha ABMkeHue. Ilpu Tectosere
CTaTUYHUTE U MOOWIIHUTE aboHaTH n3nucksar VolP umu non-GBR ycnyra.

®ur. 4. Tomoorust Ha ONMATHATA ITOCTAHOBKA
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HanpaBeHute TecToBe cpaBHSIBAT MOJYYCHHUTE CIIOPE] TPUTE MEXaHW3Ma 3a MPUOPUTH3AIINS
croitHoctH 3a Throughput, Packet Delivery Ratio u Delay 3a VoIP u non-GBR ycinyra 3a cratuyau
u moomtan UE. Ilonyuenure croitHoCTH ca m34yucieHu cnopen ypaBaenus (1), (2) u (3), karo ca
MPEJCTaBEHU CPEIHOAPUTMETUYHUTE UM CTOMHOCTH B PAMKUTE Ha €IUH (Ppeiim.

Number of RB sent in 1 Frame

Throughput = 1
ghp Transmission time ( )
Number of delivered RB in 1 Frame
PDR = ! %100 )
Sent RB
Total time for deliver 1 Frame
Delay = ! 3)
Total RB Sent

Cnopen HampaBenute uscneaBanus 3a VolP ycmyra croiinoctute 3a Throughput u PDR u 3a
TpUTE MEXaHu3Ma 3a npuoputusanus, npu cratndau UE ce mpoMeHAT 00paTHONPOIIOPIIMOHAIHO C
yBelIM4aBaHeTo Ha Opos Ha aboHaTHTe. 32 MOOWJIHUTE a0OHATH MPEUIOKEHUSAT OT aBTopa U Myo
MEXaHHM3MHU TPEJIOCTaBAT BHCOKH CTOWHOCTH 3a BucokockopoctHure UE, a Akyildiz mopmbpxa
MOYTH TOCTOSTHHH CTOMHOCTH, KaTO MPEIUIOKEHUST aTOPUTHM II03BOJISIBA IMO-I00pH pe3ynaTaTu
(burypa 5 u ¢urypa 6). CroiiHoctute 3a Delay ce NpPOMEHST NHPaBOMPOIOPIHOHATIHO C
yBeMUYaBaHe Ha Opost Ha CTAaTHYHUTE a0OHATH. 3a MOOWIHHTE a0OHATH CE BUXK/IA, Y€ CTOMHOCTHUTE
Ha 3a0aBSHETO Ce MPOMEHST OOPATHONPONOPLMOHAIHO C YBEJIMYaBaHE HA CKOPOCTTA Ha JIBU)KCHHE
3a MPEeUIOKEHUsT OT aBTopa anropuTbMm u Myo, nmokaro npu Akyildiz ca moctosauu (®wur. 7). 3a
VoIP yciayrata moiydeHHTE CTOHHOCTH Ha W3CIICABAHHUTE MapaMeTpU 3a CTaTHYHHTE abOHATH ca
CBU3MEPHMH 32 TPUTE MEXaHW3Ma 3a MPHOpUTHU3AIM, JoKaTo 3a MoomnHuTe UE mpemioxeHust
aJITOPUTHM NPEJOCTABS MO-100pU pe3yATaTH 32 BACOKOCKOPOCTHUTE aDOHATH.
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@ur. 5. Throughput croiinoctu 3a VolP yciyra npu crarnunu u Moounan UE
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W3zcnensanusta npu m3uckand nonGBR yciayru nmokassat, e croitHocTute 3a Throughput u
Packet Delivery Ratio ce mpomeHsT oOpaTHONpONOpLHOHATHO ¢ yBenuuaBaHe Opos Ha UE u ca
ChbU3MEPUMH. 32 MOOWIIHHTE a0OHATH 00aue, MPEAJIOKCHUIT MEXaHU3bM TO3BOJISIBA JIOCTHTAHETO
Ha 3HAYUTESHO IMO-BUCOKU CTOMHOCTH 3a Obp3oasmwxkemure ce UE, nokato npu QAPF u Akyildiz
NPUOPUTH3AIMATA T€ OCTaBaT IMOYTH HenmpomeHeHu (durypa 8 um durypa. 9), karo Akyildiz
IpeJocTaBs MaJIKo o-100pu ctoitHocTH oT QAPF, 3ammoTo npu nmo-BUCOK NPOLEHT U3UCKaHU non-
GBR ycnyru Tt obcimyxBa ¢ mpuopurer. CroitHoctuTte Ha Delay ce  mpomeHsT
[IPaBONPONOPLMOHATIHO C YyBelu4aBaHe Ha Opos Ha cratuyHure abonatu. Ilpm 100 UEs
CTOMHOCTHTE IIPHU MPEUIOKEHUS AITOPUTHEM U Ha Myo ca HUCKH, Thi KaTO MMa OTJIOXKEHHU PECYpPCH
3a oOciyxBaHe B cienBaul (peiim, nokato nmpu Akyildiz ornoxeHure pecypcu ca IMO-Malko,
o0CITy’)KCHUTE B pPaMKUTEe Ha ¢peiiMa aOOHATH ca IMOBEYe, a CTOMHOCTUTE HA 3a0aBSHETO ca TO-
BUCOKH. 32 MOOMJIHUTE a0OHATH MPEJIOKEHUAT aJlTOPUTHM NPEOCTaBsl Hall-HUCKU CTOMHOCTH Ha
3abaBsiHeTO 3a BHCOKOockopocTHHTe UE, mokaro mpum ocranamute He ce mpomeHs, a QAPF u
Akyildiz anropur™MuTe NpEIOCTaBAT MOCTOSIHHU CTOMHOCTM Ha 3a0aBsIHETO, HE3aBUCHMO OT
CKOpOCTTa Ha JIBW)XeHUe Ha abonatute (purypa. 10), 3am0TO pasnpenensiT pecypcute paBHOMEPHO
1o aboHaTH, 6e3 J]a OTYUTAT CKOPOCTUTE Ha JIBUKEHUE.
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4., JakaouyeHue

ITpu enHa u cbina Mpexa ¢ eauH U cbill Opoit UE n3non3BaHuAT cuMynaTop JaBa pa3iudyHU
pe3ysITaTH 3a pa3IMuHUTE MEeXaHU3MHM 3a npuopurtusauud. [Ipu ennakss Opoit cratnunu UE u 3a
VoIP, u 3a nonGBR ycayru ¢ yBennuaBane Ha 6post Ha abonatute Throughput u Packet Delivery
Ratio na wpexara HamansBar, a Delay ce yBenmnuaBa, 3amoTo ¢ HapacTBaHe Oposi Ha
NOTPeOUTENUTE pecypcuTe, HE0OX0AUMHU 3a TAXHOTO o0cCIyXBaHe, HaMansBar. [Ipu oOGciyxBaHe Ha
CTaTUYHU a0OHATH U TPUTE AITOPUTHMA JaBaT MOYTH chu3MepuMu pesynratu, Ho QAPF u Akyildiz
UMaT MOo-700pHU CTOWHOCTH OT MPEAJIOKEHHS MEXaHU3bM, 3all0TO Pa3MpelesisiT pecypcure Io
a0oHATH PABHOMEPHO, JOKAaTO MPEUIOKEHUAT alroOpuThbM IpeNoCTaBs IIOBEYE pecypc Ha
MOTPEOUTETTUTE C TO-BUCOK MTPUOPUTET.

IIpu moOuminuTe aboHatu kakto 3a VolP, Ttaka u 3a nonGBR ycnyru npeanoxeHUsT
ANITOPHUTHM TIPEIOCTaBs MO-BUCOKH cToiHOCTH 3a Throughput u PDR 3a 6bp3oasmwxkemure ce UE u
no-HUCKM cToiiHocTH Ha Delay 3a 1ax. ToBa e Taka, 3a10TO NpU €IHAKBU MapaMeTpU 3a IJIaTeH
npuopurer u pascrosHue 10 eNodeB 3a moOunnu UE mpeniokeHusT aaroputrbM 00CTy>KBa
MPUOPUTETHO OBP30JBMKEIIUTE ce a0OHATH, Taka TE€ IOJIyyaBaT IOBEUE pecypc OT OCTAHAIUTE.
IIpu QAPF anroputbma CTOMHOCTUTE 3a CpaBHSBAHHUTE IMapaMeTpd 3a MOOWIHHUTE abOHATU C
yBelIM4aBaHe Ha CKOpOcTTa ca mojodpenu 3a VolP ycnyra m moctosHHM 32 nonGBR yciyra,
3amoTo ¢ mpuoputer ce obciayxkBar GBR ycmyrute, xaro Te3u 3asgBKH, KOWTO HAJBHIIABAT
MaKCUMaJHUs OIO/KEeT 3a 3a0aBsiHe, C€ OTXBBPIAT, a PECYpCUTE 3a BCHUUKH CE PA3MPEACIST
paBHOMepHO, karto 3a nonGBR mpu romsam Opoit UE Moke ga HAMa JOCTaThYHO pECypc 3a
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obocmyxBane. [Ipu Akyildiz mexann3ma cpaBHSBaHUTE TapaMeTpu 3a MOOWUIIHUTE aOOHATH U TIPH
GBR, u npu non-GBR ycnyrure umMar oyt MOCTOSSHHA CTOMHOCTH, HE3aBUCUMO OT CKOPOCTTa UM
Ha nuwxeHue. CroriHoctute 32 GBR u non-GBR ca takuga, 3amoro UE ce npuoputusupar cnopen
IIPOLIEHTA Ha U3UCKAHUs TUIl yCIyra U peCypcUTe ce pasNpeacisaT paBHOMEPHO 110 aboHaTu. Taka,
ako GBR ca ¢ mo-romnsiM mpoueHT, Te3u 3asgBKU ce OOCHyXBaT ¢ MpuoputeT U odparHo. Tosa
MO3BOJISIBA TMOCTOSIHHM CTOMHOCTH 32 BCHYKH a0OHATH, KOETO B HSAKOHM CIIydal MOXKE Ja He
MPEIOCTaBH JIOCTATHYHO AOOPO 0OCITyKBaHe.
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COMPARISON OF PERFORMANCES OF BUILT-IN TOOLS FOR
LOAD AND EXPORT OF DATATO AND FROM POPULAR
DATABASES

Sinisa S. Ilic, Dragisa Miljkovic, Alempije Veljovic, Jasmina Novakovic
Vladimir Veljovic

Abstract: There is often a need to transfer data from one source to another. Almost all modern databases
have built-in tools that enable fast load and un-load of data to and from data tables or queries. In this paper,
the comparison of performances of these tools is performed on popular databases (HP Vertica, MariaDB
Columnstore, Oracle and MS SQL Server) and detailed description of their usage is given.

Keywords: database, data load, data export

1. Introduction

The amount of data that humankind store every day surpass order of several Quintillion (10%)
bytes [1]. There is often a need to transfer data from one source to another; reason may be
transferring from OLTP (that serve for transaction processing data) to OLAP (that serve for data
analysis) databases, migration data from old to modern (new) databases or something else.

In process of transferring data from one to another database, usually ETL (Extract, Transform,
Load) tools are used. It is not quite simple and intuitive to perform ETL process and use ETL tools.
The ETL conceptual model should be developed first, not only to show an overview of the whole
process, but also to map sources, targets and necessary transformations, verify transformation logic,
ensure that requirements are met and the needed structures and content exist [2].

There is also a wide variety of such tools available in market — commercial and open source.
In order to compare their different aspects of some popular ETL and data integration tools some
authors [3-6] have analysed their advantages and disadvantages and dealt with user reviews on
them.

But, sometimes it is just enough to export data from one database to, or import (load) data to
another database from data files, not using online data transfer between databases (although the
comparison of performances of loading data online and through data files is analysed [7]). It may be
due to not existing physical connections or permissions for accessing databases or complicate use of
existing ETL tools.

In this paper we firstly describe built-in commands and statements for batch data import and
export in popular commercial and open source databases like: HP Vertica, Oracle DB, Microsoft
SQL Server and MariaDB and then compared their performances experimentally. Our goal was to
find out the order of time duration needed to load and un-load data to and from data tables and
compare if results are of different order of magnitude. The databases used were prepared for OLAP.

2. Data used in experiment

For the experiments performed and described in the paper, the tables from Vmart scheme [8]
are used. Vmart is data warehouse data mart used as a sample scheme in Vertica database virtual
machine. This data mart consists of 11 dimensions and 4 fact tables. The names of data tables along
with the number of attributes, n-tuples and other characteristics relevant for the goal of this paper
for tables with sizes larger than 1 Mb are given in Table 1.
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Table 1. Data from data tables used

Table name Num. of | Num. of non-char | Number of Table size [MDb]

columns columns records | (in CSV format)
online_sales_fact 18 17 5000 000 361
store_sales_fact 15 13 5000 000 358
store_orders_fact 19 18 300 000 31.3
inventory_fact 5 5 300 000 5.33
product_dimension 21 13 60 000 16.9
customer_dimension 21 10 50 000 6.53
employee_dimension 18 8 10 000 1.29

Some tables in Vmart scheme have varchar columns where a text of variable width can be
found. The CSV format presented in Table 1 is Unix based (with linefeed — LF character as a row
delimiter) and with coma (,) as a column delimiter.

3. Preparation of working environment for data export/import

The experiments were performed on VMware virtual machines — one per database and were
ran on VMware Workstations 14 Player on a single Windows 10 host machine with Intel 17-
6700HQ processor running on 2.60 GHz. The virtual machines were ran from internal sata3 HDD,
and 6GB or RAM memory is allocated to each VM. Virtual Machines were not ran simultaneously.
The VM with pre-installed HP Vertica was downloaded from HP Vertica web page [8] and other
VMs were created from the scratch. The VMware tools were installed on every VM.

For each database, a SQL script with DDL commands (CREATE TABLE, ALTER TABLE)
is prepared to create tables and relations of Vmart scheme. The initial vmart_define_schema.sql
script can be found at pre-configured Vertica VM (in /opt/vertica/examples/VMart_Schema/), but
because of “dialects” of different DBs used, the SQL syntax must be changed accordingly for every
specific database.

Today, data from OLTP are usually transferred to OLAP platforms by using modern ETL
tools. In the ETL tools the processes consist of list of steps for Extracting, Transforming and
Loading where once defined and stored steps remain mainly constant for a long time. One of typical
steps in bulk data loading is temporarily disabling (or removing) data constraints (like: check, FK,
PK) before loading and then after process (load) finishes, the constraints are implemented back
again. For each database used in this study, the scrips for removing and establishing data constraints
are prepared and implemented, so none of the measured time needed for data load is used to check
data constraints.

HP Vertica Analytic Database 9.0.1 Enterprise edition [9] is pre-installed on Centos 7 OS
on Vmware virtual machine. The Vmart scheme is also installed and data in tables are loaded. The
memory parameters are modified compared to the original installation: initial heap size is set to 2Gb
and maximum heap size is set to 4Gb.

In order to export data from tables, the following vsgl command is used from the standard
linux shell:

vsgl -U dbadmin -w password -c "SELECT * from schema.table name" -Atg -
F ',' -o "/home/dbadmin/table name.csv"

In the vsgl command presented -U is switch for username, -w for password, -c for command
(SQL statement), -Atq disables command echo in CSV file (showing SQL statement on beginning
of file), -F for field separator and —o for output filename.

The shown command does not measure the command time duration, so we used standard
linux shell option — we added the following “timestamp” command:
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echo $(($(date +%s%N)/1000000))

that show system timestamp in milliseconds before and after vsql command using linux notation for
separation of multiple commands in one line: “timestamp command && vsql command &&
timestamp command”. In this way the start timestamp is shown twice: immediately before and after
execution of vsgl command. The time duration of vsgl command execution is then achieved by
substraction of two shown timestamps.

Import of data from CSV files is performed after truncating tables. It is done by using the
“COPY” statement from built-in web user interface - Vertica Management Console:

COPY scheme.table name FROM '/opt/vertica/examples/VMart Schema/
table name.tbl' DELIMITER '|' NULL '' DIRECT;

As can be seen in the statement above, tables of vmart scheme can be loaded from already
prepared .tbl files (csv files with “|” delimiters) in /opt/vertica/examples/VMart_Schema/ directory.
The duration of COPY statements running time are obtained using built-in Vertica (log) query table
query_requests by selecting fields: request and request_duration (and by filtering with WHERE
request like ‘COPY%’).

MariaDB columnstore database [10] version 10.2.13 is installed also on Centos 7 OS with
some modifications in initial settings related to RAM memory size. In the file
{usr/local/mariadb/columnstore/mysql/my.cnf the following parameters are set: key buffer_size =
2048M, innodb_buffer_pool_size = 4096M, innodb_log_file_size = 1024M and in [isamchk] and
[myisamchk] sections key and sort buffer sizes are set to 1024M. The MySQL Workbench
application is used to access the database and to run SQL statements. For load of CSV files the
following statement is used within the MySQL workbench:

load data local infile 'table name.csv' into table scheme.table name
fields terminated by ',';

The duration of statement execution time is shown in MySQL Workbench for each statement.
Export of data from tables to CSV files is performed also in MySQL Workbench by using the
following statement:

SELECT * FROM scheme.table name INTO OUTFILE ‘table name.csv' FIELDS
TERMINATED BY ',' LINES TERMINATED BY '\n';

Oracle DB Server 12c release 12.1.0 Enterprise [11] is installed also on Centos OS. After
installation of Oracle DB Server, the following settings are modified: memory_target is set to 4Gb,
sga_max_size and sga_target to 2Gb and inmemory_size parameter is set to 1Gb. During initial
installation the configuration with “pluggable” databases is selected and inmemory size is set also
to 1Gb for pluggable database. All tables from VVmart scheme are created in pluggable database. For
connection to Oracle DB, its standard development tool “SQL Developer” is used. To import data
from CSV files the Sgl Loader command is used from linux command shell using oracle user:

sqlldr userid=orauser@PDB/orapass, control=table name.ctl,
data:path/table_name.csv, direct=TRUE

where orauser is user defined in Oracle DB with permissions to access and insert data into table,
PDB is connection name for pluggable database, orapass is password for Oracle user,
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table name.ctl is name of control file where ‘log’ filename, ‘bad’ filename (with list of bad
records), destination Oracle scheme, table name and format of columns are stated. This file
contains ‘instructions’ for SQL Loader how to read and load data from data file. The format of
control file can be found easy on the Internet.

The time duration needed for SQL Loader to load table is measured as in Vertica DB case by
using Linux command to show timestamps before and after execution of SQL Loader command.

We tried several scenarios of exporting data to CSV files: by using built-in export database
option from SQL Developer and by running script file (we can call it here: table_name_script.sql)
from SQL Plus editor. Using export database option in SQL Developer is very intuitive to use, but
we couldn’t measure the time duration of data export; we could measure only time needed for
Oracle DB to send data from a table to SQL Developer (from column elapsed_time in system view:
v$sql), but not the time needed to write pulled data to a file. So, we created the script file:

SELECT systimestamp from dual; -- show system time

SET heading off

set pagesize O -—- remove header
set termout off -- don’t show query results
spool /home/oracle/inFact.csv -- open file

select x from (
select coll||"',"||col2||","||col3|]|","||cold]||","|]|colN as x

from scheme.table name);

spool off; -- close file
set termout on -- show query results
SELECT systimestamp from dual; -- show system time

and ran it from SQL Plus editor with the following command: @path/table_name_script.sql.
Command “SELECT systimestamp from dual;” from the script is used to print a timestamp in SQL
Plus editor before and after spooling (sending a query results to a file) in order to be measured
execution time of exporting data to csv file. The nested subquery here helps in cutting trailing blank
spaces at the end of rows that would appear if only “Select coll|’,’||colN from scheme.table name”
would exist.

MS SQL 2017 Server (ver. 14.0) Standard edition [12] is installed on MS Windows Server
2016. The default settings for SQL Server related to memory size are remained (maximum memory
set to 2,147,483,647Mb). The SQL Management studio is used to load data into SQL Server tables
in two options: BULK INSERT statement and INSERT INTO SELECT * from OPENROWSET(), and
BCP utility is used to load data from command prompt.

In order to measure time duration of data load, two datetime variables are declared:
@time_start and @time_end and values from system function getdate() are used to assign system
times to these variables before and after execution of INSERT statements. The function datediff is
then used to calculate the time difference. The BULK INSERT statement is formulated as:

DECLARE (@bulk cmd varchar (1000) ;

SET @bulk cmd = 'BULK INSERT scheme.table name FROM ''table name.csv''

WITH (fieldterminator = '','', ROWTERMINATOR = '''+CHAR(10)+'"'")"';

EXEC (@bulk cmd) ;
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Char(10) denotes Linefeed (0x0A) — unix based end of line. Another statement has the format:

INSERT INTO scheme.table name

SELECT * FROM OPENROWSET (BULK 'table_name.csv', FORMATFILE =
'table name bcp.fmt') as T

File table_name_bcp.fmt is format file and has description of number of fields in csv file,
column names and column types, field and row separators, collation types etc. The description of
format file can be found on the Internet. The same file is used also for BCP utility that can be run
from a command prompt:

bcp scheme.table name IN "table name.csv" -f "table name bcp.fmt" -e
"error.log" -T -b 5000000 -a 65535

The key word for data load is IN, -e is switch for the error log file name, -T is switch for
Trusted connection (bcp can connect to the database installed on the same computer without using
username and password), -b is a switch for batch size (maximum number of rows to be loaded at
once) and —a is a switch for a packet size that can be from 4096 to 65535 bytes. BCP utility shows
the elapsed time after successful execution. For last two methods we had to replace LF character
with LF CR characters in CSV files using unix unix2dos command.

To export data from MS SQL server to a CSV file we used only BCP utility from a command
prompt with the following syntax:

bcp scheme.table name OUT "table name.csv" -T -c -t, > export.log

One can see that the key word here is OUT for exporting data, -c switch to export data using a
character data type (.csv is text based file), -t is switch for field delimiter and “>" redirects log from
screen to log file where elapsed time of execution can be found.

4. Results

In Table 2 the time durations needed for load of data from data files to data tables are
presented. It can be seen that Oracle SQL Load tool has the best performances. It loads tables:
online_sales_fact and store_sales_fact with 5 million rows and with more than dozen columns in
13.5 and 12.5 seconds respectively. The second best result is for HP Vertica COPY statement with
durations of 26.5 and 18.3 seconds. MariaDB columnstore “load data” statement imports these
tables for 46.5 and 48.7 seconds and BCP utility loads them into MS SQL for 42.9 and 63.7
seconds. If we compare the bulk load durations of BCP utility, “bulk insert” and “insert into select
* from openrowset” statements, we may see that they are pretty same with slight differences in
favor of the BCP. But, all utilities load data of 5 million rows for less than a minute.

Table 2. Duration of data load from data files to database tables in seconds

MS SQL Server
Table name Vertica | MariaDB | Oracle BULK Open BCP
Insert Rowset
online_sales_fact 26.573 | 46.580 13.455 55.767 78.993 42.906
store_sales_fact 18.321 | 48.712 12.561 68.140 63.740 63.750
store_orders_fact 1.765 28.341 0.968 15.277 11.390 3.797
inventory fact 0.496 6.258 0.696 1.114 1.816 1.485
product_dimension 0.313 4.251 0.887 5.203 5.080 3.422
customer_dimension | 0.254 4.469 1.214 1.677 1.284 0.438
employee _dimension | 0.096 3.230 0.335 0.140 0.140 0.156
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The results are different for exporting data from database tables to files and performances are
shown in Table 3. HP Vertica’s “vsql —0” utility exports aforementioned tables for 13.5 and 14.2
seconds, MariaDB “select * from into outfile” statement exports for 18 and 15.4 seconds while SQL
BCP utility and Oracle spool statement export data for 48.5, 28.5 and 113.4 and 64.1 seconds.

Table 3. Duration of exporting data from database tables to data files in seconds

Table name Vertica | MariaDB | Oracle MS SQL
online_sales_fact 13.553 17.993 113.389 48.547
store_sales_fact 14.239 15.375 64.148 28.594
store_orders_fact 1.446 1.624 5.506 3.203
inventory fact 0.031 0.370 3.174 0.453
product_dimension 0.211 0.969 1.061 0.438
customer_dimension 0.231 0.924 0.850 0.281
employee_dimension 0.070 0.637 0.199 0.063

The visual presentations of times needed to load and export tables of different sizes are shown
in figures Fig. 1 and Fig. 2. The BCP utility performances are used for MS SQL in both figures.
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Fig. 1. Duration of data load Fig. 2. Duration of data export

5. Conclusions

The transfer of data between different information systems is usually performed through ETL
tools that can perform extract, transform and load operations online. But, sometimes ad-hoc transfer
of data can be performed through data files. That is why all commercial and open source databases
have built-in tools for loading and exporting batch data from/to data files.

From performed experiments it can be seen that databases built-in tools can load into tables
and un-load from tables a million of rows very fast from / to data files. There are slight differences
between the speeds of tools of different databases, but not for the order of magnitude. For the
largest tables in the experiment, that contain 5 million of rows and more than dozens of columns,
the load time was less than a minute, while export time was less than two minutes in a worse case.

The best load time for a large table is achieved by Oracle SQL Loader and the best export
time is achieved by HP Vertica “copy” statement.

1 2018

KoMIIoTepHM HayKu ¥ TEXHOJIOTUU

Computer Science and Technologies 37



Acknowledgment

This work has been supported by the Ministry of Science and Technological Development of
the Republic of Serbia under Project No. TR-35026.

References

[1]. Every Day Big Data Statistics, http://www.vcloudnews.com/every-day-big-data-statistics-2-
5-quintillion-bytes-of-data-created-daily/

[2]. Sasa Dupor and Vladan Jovanovi¢, An approach to conceptual modelling of ETL processes,
Proceedings of International Convention on Information and Communication Technology,
Electronics and Microelectronics (MIPRO), 2014, Opatija, Croatia

[3]. Nilesh Mali and SachinBojewar, A Survey of ETL Tools, International Journal of Computer
Techniques, Volume 2 Issue 5, Sep — Oct 2015

[4]. Rajendrani Mukherjee and Pragma Kar, A Comparative Review of Data Warehousing ETL
Tools with New Trends and Industry Insight, Proceedings of the 2017 IEEE 7th International
Advance Computing Conference (IACC), Hyderabad, Telangana, India

[5]. J.P.A. Runtuwene et al., A Comparative Analysis of Extract, Transformation and Loading
(ETL) Process, ICIEVE 2017, IOP Conf. Series: Materials Science and Engineering, 306, (2018)
012066 doi:10.1088/1757-899X/306/1/012066

[6]. Comparing Microsoft, Oracle, https://www.gartner.com/reviews/market/data-integration-
tools/compare/microsoft-vs-oracle

[7]. Just How Fast is ODBC? A “Loaded” Comparison. http://www.iri.com/blog/data-
transformation2/sql-loader-odbc-comparison/

[8]. Vertica Downloads, Community Edition
https://my.vertica.com/download/vertica/community-edition/

[9].  Vertica Documentation, Vertica Analytic Database
https://my.vertica.com/docs/9.0.x/PDF/Vertica_9.0.x_Complete_Documentation.pdf

[10]. MariaDB ColumnStore https://mariadb.com/kb/en/library/mariadb-columnstore/

[11]. Oracle Database Online Documentation 12¢ Release 1 (12.1)
https://docs.oracle.com/database/121/

[12]. SQL Server Documentation https://docs.microsoft.com/en-us/sgl/sql-server/sql-server-
technical-documentation?view=sql-server-2017

For contacts:

Dr Sinisa llic

E-mail: sinisa.ilic@pr.ac.rs

Dragisa Miljkovic

E-mail: dragisa.miljkovic@pr.ac.rs

Department of Computer science and Informatics
University of Pristina in Kosovska Mitrovica, Serbia

Alempije Veljovic

E-mail: alempije@beotel.net

Vladimir Veljovic

E-mail: veljo09@gmail.com

Faculty of Technical Sciences Cacak, University of Kragujevac,
Kragujevac, Serbia

Jasmina Novakovic

E-mail: jnovakovic@sbb.rs

Belgrade Business School, Higher Education Institution for Applied Studies,
Belgrade, Serbia

Kommiorspru Hayku u Texnoorun 1 2018 ~ Computer Science and Technologies 38


mailto:sinisa.ilic@pr.ac.rs
mailto:dragisa.miljkovic@pr.ac.rs
mailto:alempije@beotel.net
mailto:veljo09@gmail.com
mailto:jnovakovic@sbb.rs

JECKTOI MPUJIOKEHUE 3A OBYUYEHME B KOJMPAHE HA
JAHHU U BU3BYAJIM3ALIUSI HA MOAYJIALIUU

Benera I1. AnekcueBa, Binaagucnas I'. JlumutpoB

Pe3srome: Ilpeasok€HOTO HACTOJNHO MNPWIOKEHUE peanu3upa HaU-TIOMYJSIPHUTE AITOPUTMU 32
KOMITpECHpaHe Ha TaHHU Oe3 3aryba. To Bu3yanu3upa KOJAUPaHUTE HU30BE C OCHOBHUTE Moayanuu. Unesta
€ J1a ce MPEJICTAaBU S/IMH U ChIIl TEKCT HA ChOOIIEHUE B IpyTra KOJIOBA CX€Ma U Jia C€ BUJIU KaK TOW U3IIIeK/a
KaTo MOJyJTUPaH HU3 B CHOTBETHATA IIPEHOCHA cpefia. ToBa MpUIIOKEHHE € M3TOTBEHO C I JIa Ce U3I0NI3Ba
3a BU3yaJIU3alluy B YIIPAKHEHUS, CBBP3aHU C KOJUPaHE B IPEHOCHUTE CPEIU IIPU MPEKOBU KOMYHUKAIIUH.
KaouoBu qymmn: AHajIOroBU U IIU(PPOBU MOJyJallMK, KOMIIpecHs Ha daHHU, koaupaHne o Illenon-dano,
KomrpaHe 1mo XahMBbH.

Desktop application for education in data encoding and vizualization of modulations
Veneta P. Aleksieva, Vladislav G. Dimitrov

Abstract: The proposed desktop application realizes most popular lossless data compression algorithms. In
addition, it visualizes coded strings with the basic modulations. The idea is to present the same message text
in different code scheme and see how they looks as modulated string in the network media. This application
is completely useful in labs on subjects, related to network communications.

Keywords: Analog and Digital Modulations, Data Compression, Shannon-fano coding, Huffman coding.

1. BbBeaenue

ExcnepuMeHTaTHUAT ONMHUT HMMa 3HAYUTEICH €(EeKT BbpXYy HHKEHEPHOTO OOydeHHWe Ha
CTY/IGHTUTE U NOJ00psBa TEXHUTE NMpaKTHYeCKH yMeHHus. ExcrnepumeHTuTe 00ade, ca ¢ BHUCOKU
pa3Xxoy, M3MCKBAIM Ja0OpPaTOPUM ChC CKBIO 00OpyJBaHE, KOETO B YCBOSIBAHETO HAa HA4YaJIHU
3HAaHUS HE Ce MOJ3Ba B IIBJIHUSA My KamauuTeT. VIMEHHO B NMOAOOHM CUTyallMM ca MOAXOIAIIN
JECKTON MPHUJIOKEHUsS, KOUTO Ca MKOHOMWUYECKH HM3TOJHU PEIIeHHs, Thii KaTO HE U3UCKBAT HUTO
nabopaTopuy, HUTO EKCIIEPUMEHTAIHO CIIeLUAIN3UPaHO 000pyIBaHE.

B chBpeMeHHHTE KOMYHUKAIIMOHHH TEXHOJIOTHU CE MPHJIAraT yChbBBPIICHCTBAHH METOIH 32
IIPEHACsIHE Ha CIIEKThpa Ha CUTHAIAa-HOCUTEIN Ha HH(pOpMaIHsl BbB BUCOKOYECTOTHATa 001acT, 4pe3
M3MEHEHHE Ha MapaMeTpUTe Ha BUCOKOYECTOTEH CHUTHAJI, MOJI ICHCTBHETO Ha CHUTHAIAa-HOCHTEN Ha
unpopmanusa. Hanpumep B 2G knerbunu cuctemu karo GSM, DECT cranpapt 3a npeHocMMHU
tenegonu, cnbTHUKOBH cucteMu, PON Mpexu ce mpuiara Time division multiple access (TDMA),
B HIPERLAN/2 IEEE 802.16a WiMax, Bluetooth ce mpumara Dynamic TDMA, 3a carenutHa
komyHukanus ce npuisara FDMA, CDMA ce usnonssa B 3G Ha GSM, a OFDMA ce npunara B
802.11a,g,n,ac, HiperLAN/2, Mobile WiMAX, LTE, uudposo paguo u mudposa TV. Ot apyra
CTpaHa, BEPOSITHOCTTA 32 BH3HUKBAaHE HA I'PEIIKM B KOMYHHKAIIMOHHUTE KaHAIH Ha CHbBPEMEHHUTE
KOHBEPTHPAHH MPEXH € OT Topsiabka Ha 1.102* 11 3a 1a Gbe HAG/TIOIaBaHA IPEIIKA, CIHHCTBEHOTO
pelieHne € Ja ce CHMyNnupa IMojJo0Ha cuUTyamus. 3aToBa NHpPH H3MOJI3BAaHE HAa CHBPEMEHHO
o0opy/BaHe 3a JJIeMOHCTpaIlMsl He Morar j1a ObJaT NpsKo HaOJ0JaBaHU HUTO OCHOBHUTE LU(PPOBU
MOJTyJIAIIMA B YHCT BHJI, HUTO METOJIH 3a KOAWPAHE Ha TAaHHHM, SIISIIN TIXHATA KOMIIPECHSL.

3a mocTUraHe Ha MAaKCHUMaJlHO J0OpH pe3ylTaTH ¢ MHUHHUMAjJHO BpeMe C€ TbPCST
NEePCOHATU3UPAHN KOMIIOTBPU3UPAHH PEILICHH 32 00yUeHHE Ype3 BU3yaTn3aLHsl.
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2. AHAJIM3 HA ChIIECTBYBAIIUTE pPellleHHus

Enun ot Hail-noOpute noaxoau 3a o0ydeHue Mo KOMIIOThPHU KOMYHHKAIUHU € U3MOJ3BAHETO
Ha CTCIHAU3UPaHO 000pYyIBaHE 332 JEMOHCTPAIMH - 32 aHAJIOTOBU Moaynanuu [1] u 3a uudpoBu
Moaynauuu [2]. UKOoHOMHUYECKH HENPUIIOKHUMO € MOAO0O0HO perieHue 3a 0a30BU TUCIUILIMHH, B
KOUTO TOBa 00OpY/BaHE III€ CE U3IO0JI3Ba caMo B 1-2 1abopaTopHU yIpaKHEHHUS.

Jpyr MO-MKOHOMHUYEH MOJAXOJ KbM TO3M MOMEHT B OOYYEHHETO IO KOMIIOTHPHU
KOMYHHKAIlMM € W3I0JI3BaHETO Ha CUMYyJAlUMOHHa cpena. Haii-peanucruyHa cumynanus Ha
TEXHUKH 33 aHAJIOTOBH M IU(PpoBU Motynanuu ce peanusupa ¢ momomra Ha MATLAB u Simulink
[3]. 3a cumynanus ¥ BU3yald3alys Ha MO-CI0XKHU MOAYJIAIIMOHHU CXEMH, KaKTO U 3a U3CJIeJIBaHE
Ha ChbBPEMEHHU KOMYHHMKAIIMOHHH TEXHOJIOTHH ce 1oj3Ba ocHoBHO Simulink [4,5]. Ha Ta3u 6a3a ot
peasina jaboparopus ce NpeMHHaBa KbM BHUPTyalHa JlabopaTopus, KOSTO MOXe Ja Obie
IIpeIOCTaBsiHA JIUCTAHIIMOHHO Ha CTYACHTUTE 3a CaMOIOJAIOTOBKAa U 3aTBbp)K/IaBaHE Ha
npunobutute 3HaHusA. Bb3HHKBa 00aue HEOOXOJMMOCTTA OT MOATOTBSHE HAa OOYYUTENEH KypC C
yIpaxHeHus, mogo0eH Ha [6], kbpaero monx (opmara Ha y4eOHHMK ca TMPEACTABEHU AKTYAITHH
peuieHus 3a oOydyeHHE B KOMYHUKAIIMOHHUTE CHUCTEMH, Oa3MpaHO Ha MPUMEPH, H3IMOJI3BAIIH
MATLAB u Simulink, a B [7] oby4enuero 3a mudpoBa 0O6paboTka Ha cHUTHAIM ce Oa3mpa Ha
npumepH, peanusupanu ¢ MATLAB. [lono6Hu pemienus obaue ca NOIXO0IAIIN 32 CaMOOOYUYEHHE U
HE ca NEepCOHAIM3UPAaHU KbM KOHKpPETEH Kypc WiM LeineBa rpyna. [lomobeH moaxon M3MCKBa OT
CTYJICHTHTE II03HABaHE HA TE3U CHUMYIAIMOHHH CPEAM, KOETO MpeArnojara B OChbBPEMEHEHHUTE
y4eOHH TTaHOBE J1a GUTypHpa AUCHUILUIMHA C 1T0100HA HACOUEHOCT, MPEAXOKAaIla TUCIUIIHHNATE,
CBBP3aHH ¢ KOMIIOTHPHU KOMYHUKAIIUH.

B [8] ce mpemiara ye6-6a3upan obpaszoBareieH uarepdeiic AnalogWeb, koliTo € paspadoreH
¢ nomomra Ha MATLAB Builder 3a NE ¢ WebFigures 1 ASP.NET mnardopma. Toif He uzncksa
no3HaBaHe Ha cpenara MATLAB u ocurypsiBa CbBPEMEHHM MHCTPYMEHTH 33 BU3yaJIM3alUsl KaTo
yBeJIMYEHHE, JBIKEIa ce Trpaduka M TPUU3MEPHO H300paKEHUE, HO CaMO 3a aHaJOTOBU
MOJyJIallid, KOETO B 00YUYEHHUETO M0 KOMIMIOTHPHU KOMYHHUKAIIUU € HEJOCTaThYHO.

Hacrosmusar nmoknan mpencTaBs [ECKTON MPHIOKEHHE 3a BUPTyaidHa Jaboparopus,
IpeHa3HauyeHo 3a 00yuyeHue Ha CTYJEHTH B OCHOBHM Ha KOMIIOTbPHUTE KOMYHMKAIMU. Ype3 Hero
Ce OCBHILECTBABA BHU3yanu3alvs Ha 0a30BM MOMAYNALMU U CTYACHTUTE ce 00ydaBaT Ha Pa3IMYHU
METOJIM 32 KOAMpaHE HA JJaHHHU.

3. IIpoexkTHpaHe HA MPUJI0KEHHETO

3a JecKTon MPUJIOKEHHUE 3a KOJUPaHEe HA JaHHW M BU3yadU3allds Ha MOJYJAIUU ¢ m30paHa
cpena Microsoft Visual Studio 2012 u e3uk 3a nporpamupane C#.

OYHKIIMOHAITHUTE U3NCKBAHHS KbM MPHIIOKCHHUETO Ca:

* Ja MO3BOJSIBA Ha MOTpeOHUTeNns ga BbBexkaa cBosra nHpopmanus (mopeauna ot ASCII
CUMBOJIM WJIM 4YKclia) U Ha 0Oaza Ha Hes Ja ce BuU3yalusupa uzOpaHara MoJylnanus -
aMIUTMTY/IHA, 9YeCTOTHA, (ha30Ba;

* J1a TIO3BOJISIBA HA TIOTPEOMTENS Ja BBBEXAa CBOsiTa MH(popMmaius u Ha 0a3a Ha Hes na
JEMOHCTpHpA HEHHOTO KOAHMpaHE MO Pa3lIuYHH AITOPUTMH - KOJA MO YETHOCT, ITUKINYEH
KoJ, koa Ha XeMmuHT u ko Ha [Ilenon-dano;

* J1a MO3BOJISIBA HA MOTPEOUTENS J]a TIPOBEPSIBA K OTKPHUBA C MPUIIOKESHUETO TPEIIKH Ha Bede
KOoApaHa HHPopMaIusl.

HedynkunonamHuTe U3UCKBaHUS ca!

* uHTepQEHCHT Ha MPUIIOKCHNUETO J1a € Ha aHTJIMHCKH 31K, 32 J1a ce /1a/1e Bb3MOXKHOCT J1a e
U3I10J13Ba B Kypca Ha 00y4YeHHe U Ha OBIrapCKu, 1 Ha aHTJIMHCKY €3HK;

* ONPOCTEH M HHTYUTUBEH UHTEp(eEiic;

* aBTOMATHYHA BU3YaJIU3allUs HA MOIYJIALMUTE U PE3YJITATUTE OT KOAUPAHETO.
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Ha ¢urypa 1 e mpencraBeHa use-case auarpaMa Ha TPUIOKEHUETO. BB3MOXKXHOCTHTE 3a
M3BEXKJAHE HA aMIUTUTYJHA, YeCTOTHAa W (Da3oBa MOAyJnalus ca KakKTO 3a BHBEICHU CHMBOIU
(texaust ASCII kon), Taka W 3a 4ymcia, mpeoOpadyBaHn B OuHapeH koxa. OT apyra crpaHa
BBBEJICHUTE JIaHHU MOTaT M Jia C€ KOJUPAT C KOJ| IO YETHOCT, IIUKINYEH KOJI, KOJ Ha XEMUHT U KOJ
Ha lllenon-®aHo.

Parity

Modulation
with Symbols

Modulation

with Numbers Hamming

shannon_Fano

®ur. 1. Use-case nuarpama

C men yHUBEpPCAIHOCT Ha CBH3/aJE€HOTO MPHIOKEHHE M Mopaau (Qaxrta, 4e ce Mpuiara B
oOydeHrne KakTo Ha OBJITapcku, Taka M Ha aHTJUHCKKA €3WK, € W30paH aHIJIMKWCKH e3WK.
ApXHTeKTypaTa Ha MPUIIOKEHUETO € MpecTaBeHa Ha ¢urypa 2.

BBBEXK/aHE Ha
JIaHHH 33 KOAMpPaHe
1 1300p Ha METOx
Ha KOJMpaHe

rpaduueH
uHrepdeiic

rmapaMeTpH 3a
MOAyIauu

BU3yaIU3alus
Ha MOAYJIAIH

A

A 4

U3BEXKAHE Ha
pesynTar

CUMYJIallys Ha TPEIIKH IIPH |

npenaBane

aJITOPUTHM
3a KOJMpaHe

@ur. 2. ApXUTEKTypa Ha MPUIIOKEHUETO

C ormex Ha meneBaTa Tpyma, 3a KOSTO € MpeIHA3HAYEHO MPHIOKEHHETO M CHITIACHO
3aJI0’KEHOTO B Kypca M0 OCHOBM Ha KOMYHHKAIIMHTE, KBIETO C€ TMOJN3Ba, ca M30paHHW CTaHAapTHU
AITOPUTMH 32 pealn3alvs, KaTo 3a peanusalus ca MpPeABUACHH OCHOBHHUTE BHIOBE MOJYJAIUU -
aMIUTUTYyJIHA, YeCTOTHa W (a3oBa Mojynanus, kKaro (aszoBara momynanus € ¢ ¢aza 180°. 3a
peanu3anusi Ha KoAupaHe Ha cuMBoiH, mpenctaBeHu ¢ ASCII ko B ABOWYEH BUA M Ha YHUCIHA,
npeoOpa3yBaHW B JBOWYHA OpOifHA CUCTeMa, ca W30paHW KOJ IO YETHOCT, MATPUYCH KOJ| II0
YETHOCT, IUKJIMYEH KOJI C 5 pa3NuyHH MOJIMHOMA, KOJ Ha XeMUuHT u koJ Ha [llenon- daHo.

4. Peasu3anus

Ha ¢urypa 3 (Bi1s1BO) € mpencTaBeHa BU3yalu3aliis Ha MOTYJIAIH C BCIKaKBH CHMBOIM KaToO
BXO/THU JIAaHHU.

= Madudtion with Symises - o x =

I
|
i
| [—
|

@ Ofmey QR 0 ask @ o @ Amohude Ofmaeny O Fhase 0 AsK N Mars

et

®ur. 3. BHSyaJ’II/I?)aI_II/ISI Ha MOJAyJlalilu Ha CUMBOJIA U C’I)06H_I€HI/IC 3a I'pCLIKU
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ITone 1 e 3a BBBeXKHAaHATa OT MOTpeOUTENss mMmopeauna or cumBond. llome 2 e 3a
MPEJCTaBIHETO HAa BBBEICHUTE CHMBOJM B JIBOMYHA MOCEIOBAaTeIHOCT, monydeHa ot ASCII
KozjoBeTe Ha cumBoiuTe. [lone 3 e 3a n30op Ha Momynanus (Ha ¢puryparta € u30paHa aMILIMTYIHA
MOJyJanus) OT MoTpeduTens. AKO HE Ce BbBEIAT CHMBOJIM, CE BH3yalM3upa IMOKA3aHOTO
cproOmIeHue Ha ¢urypa 3 (BISCHO).

Ha ¢urypa 4 e npeacraBeHa BU3yalin3alys Ha MOYJIAIIMK C YUCIIO, KOETO ce IpeoldpasyBa B
nBondeH kox. ITone 1 e 3a BBBeXKAAHOTO OT motpeduTens uucio. [loye 2 e 3a mpeacTaBsHeTo Ha
BBBEJICHOTO YMCIIO B ABonuHO. [Tone 3 e 3a n36op Ha Momynamus (Ha purypara e n3dbpaHa 4ecToTHa
MOJyJIalus) OT MOTpeduTeNs. AKO He ce BbBeJaT CHMBOJIU, CE€ BU3YyaJIU3Hpa ChOOLICHHE, TT0J00HO
Ha IMOKa3aHOTO Ha ¢urypa 3.

| Modultion with Numbe 8 x

s (T Oem O =

®@ur. 4. Busyanusaius Ha MOTyJIal[UH HA YHCIIa

Ha ¢urypa 5 e mnpeacraBeHO IIYMOYCTOWYMBO KOAMpPAHE C KOHTPOJI IO UETHOCT.
[ToTpeOuTensaT BbBEXkAa MOCIEIOBATEIHOCT OT CUMBOJIM B nosero 1. Busyanusupa ce ABOMYHUAT
UM BUJ B 1ojie 2 U ce npoBepsiBa Opodar Ha 1-uu (mosie 3) u ako TOM € HeyeTeH OpoH, B Kpas Ha
JIBOWYHMSA HHM3 ce J00aBs 1-11a, B mpoTuBeH ciydail ce no6assa 0. B mone 4 ce Busyamusupa
pe3ysTaThT CICA KOHTPOJIA IO YETHOCT. B chinmsa mposopern ce peanusupa M MaTpU4YEH KO I10
YETHOCT, KBJIETO MOCJIEOBATEIHOCTTA OT pa3psAdu ce paslens Ha TIpynu. I'pynure ce 3anucsaT B
MaTpUYE€H BHUJ U CE€ MPOBEPSIBAT 110 YETHOCT CTHJIOOBETE HA IMOJIyueHaTa MaTpula. Pe3ynraTsT ce
BU3YyaJlU3Upa B mojie 5. AKO He ce BbBeJaT CUMOBOJIU, C€ BU3YyalIU3UPa ChOOIIEHHE 3a IPEIKA.

14 parity - o X

Parity 4
1 S @119 ) N016 CCResult  11010001101010111010001101011110010 1
, <11010001101010111010001101011110010
1101000
Main Menu Clear

1110010

0110001

@ur. 5. KoHTpoI 110 4eTHOCT

Ha ¢urypa 6 e npeacraBena peanuzanusata Ha mukindeH koa (CRC). B mone 1 norpeburenst
BBBEX/1A MTOPEUIa OT CUMBOJIH.
[ cre - o X
L 6
!
=T
2 Do Check Check

3 O use O carr O AEs3 QO 1BM

0010011 A
00010111101000000

00010011

00000100101000000

0000010011

0000000001 1000000

0000000001001

00000000001011000

000000000010011

00000000000010100

0000000000001, Main Menu
00000000000 5

@ur. 6. [{ukaudeH Koj
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B nosne 2 ce Bu3yanu3upa ABOMYHUAT BHJI Ha TIOpeAUIIaTa OT CUMBOJIH. B mone 3 ce u3bmpa ¢
KOl mojanHOM /a ObJie KoaupaHa uHpopMmalusTa, KOMTo ce BU3yanusupa B nose 4. B none 5 ce
MpeJICTaBs Pe3yNTarbT OT JEJIICHETO W BH3yaju3alus Ha Koaupamurte OutoBe. B mone 6 ce
MPEJCTaBs AOJESHETO Ha KOAUpAIIuTe OMTOBE KbM OCHOBHATa MH(OPMALIHSI.

Ha ¢urypa 7 e npencraBena mpoBepka Ha Beue komupanaTta mHpopmanus ¢ CRC, kato B
ciryyail, ye nHpopMaIusaTa He € KOPEKTHaA, Ce U3BEXKAa choOIIeHue 3a rpemka (mose 4). B mone 1 e
MIpPeJICTaBeH pe3yiTaT OT JEJICHETO U BU3yalu3alus Ha KoJupauiure outose. B mone 2 ce nasa
BB3MOKHOCT MOTPEOUTENAT J]a MPOMEHU CTOWHOCTTa Ha TOYyHO 1 or Ourtosere. Ilpu m300p Ha
BB3MOXKHOCTTA 3a mpoBepka ( 0yroH "Check") B mosne 3 ce u3Bexaa pe3yaTaTsT. B 1031 ciyyait ce
BIDKJA, Y€ MpHU Tpelllka He ce MojydyaBaT caMmMO HYJIH, KOETO € W IpPHU3HAK, Y€ MMa rpelika Mpu
mpelaBaHeTo Ha HH(POPMAIUSATA.

il ' .
2

1
Divsor: 10011 ToaonaToon

Data: 1110010110100
@ T O usB O coiT O AES3 O BM
4

0010011 ~ 0010011
00010111101000000 a0010111101000101
00010011 00010011
00000100101000000 (DD00100101000101
0000010011 0000010071
0000000001 1000000 (0D0000DOT 1000101
0000000010011 0000000010011
00000000001011000 0DDD000DD0 1011101
(0000000001001 (DDD000D0010011
000000000000 10100 0DDD000DD00010001 T
000000000000 1 0000000000001 00 ain Hend
uunnnuuuunnu&l DDDDDDDDDDD 3

v

®@ur. 7. Cumynanus Ha rpemka npu npegasade ¢ CRC

Ha ¢urypa 8 e npeacraBena mnpoBepka Ha Bede koaupana uapopmamwms mo CRC, B ciyyai,
ye nHpopManuaTa € KOpEeKTHA U HsMa Ipellika [Ipy peJaBaHeTo Ha nHpopmanus (rose 4). B mone
1 e mpeacTaBeH pe3yaTar OT JANCHETO U BU3yallu3alisl Ha Koaupammre ourose. B mone 2 ce Buxkna
Kak OMTOBETE aBTOMAaTMYHO ce 100aBiT Hakpas Ha uHpopMmanusaTa. B mone 3 ce Buxkaa, ue cien
IpoBepKa Ha HHpopMamusaTa U Karo peszynraT uma camo 0 (MHpopmamusaTa € mpenajeHa 0e3
IPEUIKN).

Divisor: 10011 meono@ny 2]
Data: 1110010110100

Do Check x
@ ITUT O use OcemT O AEs3 O BM

ok ¥4

0010011 ~ 010011
00010111101000000 00010111101000111
00010011 00010011
00000100101000000 00000100101000111
0000010011 0000010011

0000000001 1000000 00000000011000111
0000000001011 0000000001001
0000000000T011000 000000000D1011111
000000000010011 000000000D10011
000000D0000010100 00000000000010011
| 0000000000001 ap 0100
000000000 1

Main Menu

®@ur. 8. Kogupane ¢ CRC u npenaBane 0e3 Tpemku

Ha ¢urypa 9 e npencrasen koa Ha XeMuHT. B none 1 ce BbBEX)AAT OT MOTPEOUTENS] CHMBOIIH.
B monera 2, 3, 4, 5 ce BU3yanu3upaT ChOTBETHO JBOWYHHAT BUI Ha BHBEIACHUTE OT IMOTPEOUTEIIS
CUMBOJIM, (opMysara, MO KOSITO ce H34HMciasABa Opos Ha KoJaupaimuTe OWTOBE, JBIDKMHA Ha
npeoOpa3yBaHus B ABOUYEH BUJ CUMBOJIEH HU3, HEOOXOAUMHUST Opoii koaupaiy 6urose. B mome 6
€ NPEICTaBeH HU3BT IPEAM IpWIaraHe Ha alrOpUTbMa, C KOWTO CE€ H3UUCISABAT KOAMpPAILIUTE
OUTOBE, a B 1oJIe 7 € BU3yalH3UupaH Beue KOJAUPAHUSIT HU3.

Ha ¢urypa 10 e npesncraBeHa nmpoBepka Ha Beue KOJMpaHaTa 1Mo Ko Ha XeMHUHT HH(OpMAIHs
JaTi ©Ma OTKpUTa Tpemika. B mone 1 e Bu3yanu3upaHa Beue KoaupaHata nHGopMarus, B moje 2 €
JajieHa Bb3MOYKHOCT MOTPEOUTENAT /a MPOMEHU OUT B KOAMpaHaTa MHGOpMAaLUs, CUMYIUpPaHKu
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rpelika B Impoliieca Ha MpeiaBaHe, a B 1moJie 3 ce MpeCcTaBs B KO OWT € Tperikara ciel| mpuiaraHe
Ha aJIrOPUTHMa 3a TPOBEPKA.

3] Hamming - [m] X
Q= 51 | 2 & Data: 1100100110011
Resut : 1010100010011100011 7 Check

98]

Emorin :
4
P
6 Main Menu

®ur. 9. Kogupane ¢ ko Ha XeMHHT

2
1
Data: 1100100111001 1010100010011101011

Do 1 Result : 1010100010011100011

2T zm++1

! i@ |

r=5

Aray: PP1710021001 107011 e ]

x

®@ur. 10. OTKpuBaHe Ha rpelka ¢ Ko Ha XeMUHT

Ha d¢wurypa 11 e mpeacraen koxa Ha Illenon—®ano. IloTpebutenar BbBexkIa
MOCJICIOBATETHOCT OT CHMBOJIM. AKO HSIMa BBBEJACHH CHMBOJH, CE€ BH3YyaIH3UpPa ITOJKAHBAIIO
ChOOIIIEHHE J1a Cce BbBEIAT TakuBa. AKO HMa BBBEIECHH CHMBOJIH, C€ Ch3IaBa TaOIMIa C
BEPOSTHOCTTA 3a TAXHOTO cpenrane. Ha Ta3u 6a3a ce moiydaBaT KOJOBETE Ha BCEKH OT CHMBOJIUTE.

[] Shannon_Fana = [m] x

Iarsaasrsrsagthgngthgfkogdkhdjkghdkhgdadasd@dsad@dasdasda@l

Do Main Menu

W Ao oo
L )
[
cooo
5222
===
-5=2

®ur. 11. Kog wa lllenon-dano

5. 3akiaouenue

B noknazna e mpeuioskeHo JecKTON NPUIIoKEeHUE 3a BUPTYyaIHa JabopaTopusl, peJHa3HaueHO
3a 00y4yeHHUe Ha CTYIEHTH B OCHOBU Ha KOMIIOTHPHUTE KOMYHHKAIIMU. Upe3 HEro ce ochlIecTBIBA
BU3YyaJIM3alus Ha 6a30BM MOJIyJAIlMM U CTYAEHTUTE c€ 00ydyaBaT Ha pa3IMuyHU METOJH 3a KOJUpaHe
Ha JnaHHU. [IpunoxeHneTo mo3BosisBa /1a ce CUMYyJMpa Bb3HHUKBaHE Ha TPEIIKH MpPU MpeaaBaHe B
KOMYHHUKAI[MOHHUTE KaHaJH, 3a Ja ce IEMOHCTpUpa paboTaTa Ha ChOTBETHATA CXeMa 3a KOJHUpaHe.
KbMm MomeHTa ce mpuiara B aucrurimHata "OCHOBH Ha KOMIIOTHpHUTE KomyHukanuu'" B OKC
"bakanapbp" Ha cnenuanHocT "KOMITIOTBPHH CHCTEMH M TEXHOJOIMH" KakTO B OOy4YeHHETO Ha
OBJITApCKU €3UMK, Taka U B OOYYECHHETO Ha AHTJIMMCKH €3UK. 3a OBJENI0 pa3BUTHE MO YITHATA
CTPYKTypa Ha MPHUIIOKEHHUETO MO3BOJISBA J1a ObJIe PA3IIMPEHO C APYTH KOAOBE M MOYJIAIHH.
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DESIGN AND IMPLEMENTATION OF WEB APPLICATION FOR
ANALYSIS AND COMPARISON OF HYPERTEXT TRANSFER
PROTOCOLS SPDY AND HTTP/2

Vladimir Dimitrov, Georgi Gyurov

Abstract: This article examines the design and the implementation of progressive web application which
purpose is for analysis and comparison of protocols for hypertext transfer — SPDY and HTTP/2. In 2015
Internet Enginnering Task Force (IETF) the HTTP working group developed the second major version of the
protocol in the form of HTTP/2. In May 2015, the HTTP/2 specification is officially standardized in
response to the SPDY protocol from Google.

Keywords: HTTP/2, SPDY, HTTP, Service Workers, Single Page Applications (SPA), Angular]S

1. Introduction

The aim of this work is the design and the implementation of a software system (progressive
web application) which purpose is for analysis and comparison of two protocols used for transfer of
a hypertext — SPDY and HTTP/2. For achieving this aim the work is consisting of a two main parts:

1. Developing of a progressive web application using AngularJS as a framework, offline
support through Service Workers for providing the best user experience and using the
recent CSS code writing trends.

2. Analysis and comparison of SPDY and HTTP/2 by deploying the system onto server,
supporting HTTP/2, monitoring and gathering of a key metrics, which are used in the final
comparison of the two protocols.

2. Designing the architecture of the testing system

The basic principle followed in the design of the system is related to the idea for an
application, developed on a single web page, namely Single Page Applications (SPA). By
definition, this is a web application or web site that fits on a single web page, aiming to provide a
smoother user experience than a desktop application [1]. In SPA all of the necessary code (HTML,
JavaScript, CSS) is invoked when loading the single page, or the needed resources are dynamically
loaded and added to the page when requested, usually in response to user’s interactions with the
application. The SPA is not reloaded at any time in the process, nor does it refer to another page.
For the developing of the SPA is used AngularJS.

AngularJS is a powerful JavaScript framework for developing dynamic web applications [2].
A big plus for AngularJS is that it has a built-in set of ready-to-use modules that make it easy to
develop a SPA. The routing functionality that Angular provides helps to create SPA when multiple
views can be loaded into single page, based only on a URL parameter.

Other important part and conception in the developing of a SPA are the views — in this case is
used ngView module of Angular, which defines what contains each page or part of the app and how
it behaves when the user interacts with it [2].

The ngView directive specifies where in the HTML code of each page will be placed in its
structure [2]. This directive adds the template of the current routing in the main structural file. In
simple words — it takes the file that is mentioned for the current routing (location) and injects it into
the structure of the ngView directive.
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When the HTML is ready, routes must be configured. It is used the service $routeProvider
from ngRoute module. For each path it has to be determined templateUr! (the path to the template
that loads in place of ngView when it enters the given location) and controller (the logic that will
be performed for the particular template).

If a situation comes when the user goes to a different location, thus enter another link, we can
make sure by using otherwise function which serves as the default route. In this case, it is set to "/".

On Fig. 1 is shown the application’s structure:

| |

Fig. 1. Application Structure

3. Program implementation

At the initial opening of the web application the primary goal is to show a meaningful content
to the user as quickly as possible. Generally, the architecture needs to do a few things:

- to prioritize the initial loading by allowing the service worker to cache the application shell

so that subsequent visits do not require the shell to be invocated from the network;

- to “lazy” load everything else or to load it in a background.

The application shell uses minimal HTML, CSS and JavaScript, which creates the user
interface (UI). The shell should:

- Load fast;

- Be cashed,;

- Dynamically display content [3].

The app shell is the secret to good and reliable performance. It’s supports the Ul locally and
dynamically retrieves the content through the API.

— I
Server HTML
Send

Contains all the
content needed for
the initial loading.

Loading of the additional

resources —  (SS through noscript tag

with long-
term HTTP

headers. Contains inline css

h N Y in <head™ tag.

All scripts are
loading
asynchronously.

v

|

Asynchronous loading of
the additional CSS

& _/ Registration of Service

Workers

Fig. 2. Initial page load and Non-Service Worker load of the page [3]
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To achieve this is necessary:

The server sends the HTML content that the client can render and uses long-term HTTP cache
headers for browser without service workers support. Provides files by using hashes to allow
versioning and easy updates for a later period of the cycle of the application.

The pages contain inline CSS styles in one <style> tag in the <head> tag of the document to
provide a quick display of the application’s shell styles. Each page loads asynchronous JavaScript
needed for the current view.

Service Worker keeps a cached version of the application shell so that on a subsequent visit,
the shell itself is fully loaded by the service worker cache unless there is an update available on the
on the network [3].

Server part

The application’s server component processes the content and the presentation layer
separately. The content can be added to the HTML structure that would end up in static page
rendering or in dynamic processing and loading.

This architecture looks like this:

Endpoint Endpoint for Structure View
the user

Structure by

/* @ default

user View r—‘ index
Structure: \
/ application ¢ application
shell shell url-1
service worker
Structure: ! url-2
parts J
/parts * ‘ — |
AJAX

Fig. 3. User and server endpoints [3]

The endpoints are defined in 3 parts: the user who opens particular URL (index, url-1), the
app shell (service worker) and the HTML parts.

Each endpoint has a controller through which the views (which are actually some parts of the
HTML code) are inserted into the final page. In the application, Angular 's data-binding
functionality also plays a big role in making it easier to embed the application shell and synchronize
the individual parts.

Initially, the user sees a static content page. This page registers the service worker if it is
supported by the browser, that caches the application shell and everything it is dependent on (CSS,
JavaScript, etc.).

The application shell itself then plays the role of SPA by using JavaScript to send requests
into the content for a specific URL. Those XHR requests are sent to /parts* which returns small
pieces of HTML, CSS and JavaScript, needed to show this content.

For the browsers which are not supporting service workers should be given the opportunity to
switch to an alternative. In this case, the application will not be cached and will not be available
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offline. Our research system is uploaded and can be found at the following link:
http://georgigyurov.github.io.

4. Main metrics for researching

Request and response headers size

Most web sites already use compression when downloading text content, as it provides
significant productivity improvements. Unfortunately, HTTP/1.1 does not support compression of
the HTTP headers that are attached to each HTTP request and response. SPDY and following
HTTP/2 are designed to address this gap by using different types of compression.

SPDY uses the DEFLATE algorithm for basic purposes where HTTP/2 uses HPACK that is
specifically designed to compress headers. It uses previously defined tokens, dynamic tables and
Huffman encoding [4].

It is possible to see a difference in the size of the generated headers by reviewing a non-
content request.

Response message size
The server response message is consisting of response headers and encoded content from the
response.

Number of TCP connections for page load

The Browsers improve performance in HTTP 1.1 by increasing the maximum number of host
connections from two to six or more. This allows simultaneous downloading of single page at the
cost of additional TCP connections and SSL handshakes. Increasing the concurrent connections
allows network bandwidth to be used more efficiently because it reduces blocking of the requests.

SPDY and HTTP/2 support concurrency for single TCP and SSL connections by using
multiplexing to allow more than one request per unit of time to send and receive data for a single
connection.

Page load time
This parameter indicates when the web page is fully loaded and ready for use. In most cases,
this is a reasonable measure of the page speed as well as the site visitor sees it.

NGINX server that supports SSL certificate and HTTP/2 on localhost is chosen for research
environment. The main advantages that NGINX holds and due to them it is chosen as a web server
and research environment are high performance and an effective basis for HTTP processing of a
desktop, mobile and API traffic. NGINX has a built-in ability to handle many connections by
processing thousands of them per second.

5. Performing of the research and analysis of the results

Once the server is set up with the deployed application, the data is gathered from the metrics
that are marked in the previous chapter. Firefox is used as the primary browser for testing and its
switching functionality between SPDY and HTTP/2, and for some of the tests is used also Google
Chrome’s DevTools. The Boolean value of “network.http.spdy.enable.http2” is switched between
true and false, depending on which protocol is going to be used. Another alternative to switch
between the two protocols is a setting in the server’s configuration file. Each test was performed in
a brand fresh installation of Firefox (or Chrome) with an empty browser cache. The aim is to show
the main and important differences between the two protocols.
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Request and response headers size

URL 3asBka: https://localhost:2016/#/
Mertop 3a saseka: GET

OtpaneveH appec: 127.0.0.1:2016

Kop Ha cbeTosHueto: @ 200 0K

Bepcua: HTTP/1.1

DduUnTpUpaHe Ha 3arnaskure

PenakTupaHe v W3npaljaHe  CypoBY 3arnaBku

3arnasku Ha oTrosopa (0.235 KEJI

Accept-Ranges: "bytes"

Connection: "keep-alive"

Content-Length: "27978"

Content-Type: “text/htm|"

Date: "Sat, 25 Jun 2016 13:16:29 GMT"

Etag: ""576d49ae-6d4a""

Last-Modified: "Fri, 24 Jun 2016 14:54:38 GMT"
Server: "nginx/1.10.1"

URL 3ameka: https://localhost:2016/#/
Mertop, 3a aaseka: GET

OtpaneveH agpec: 127.0.0.1:2016

Kop Ha cecTosHueTo: A 304 Not Modified
Bepcua: HTTP/2.0

DuUNTpUpaHe Ha 3arnaskuTe

PepnaktupaHe v nanpauase

I 3arnaskwv Ha oTrosopa (0.173 KE)I
Date: "Sat, 25 Jun 2016 13:11:48 GMT"
Etag: ""576d49ae-6dda™
Last-Madified: "Fri, 24 Jun 2016 14:54:38 GMT"
Server: "nginx/1.10.1"
X-Firefox-Spdy: "h2"

3arnaeky Ha 3asekara (0.409 KE)|

Host: "localhost:2016"

CypoBw 3arnaskun

3arnaeku Ha sasekara (0.346 KB‘

User-Agent: "Mozilla/5.0 (Macintosh; Intel Mac OS X 10.11; rv:47.0) Gecko/20100101 Firefox/47.0"
Host: "localhost:2016"

User-Agent: "Mozilla/5.0 (Macintosh; Intel Mac OS X 10.11; rv:47.0) Gecko/20100101 Firefox/47.0"
Accept: "text/htm| ion/xml;q=0.9,*/*;q=0.8"

Accept: "text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8"

ication/xhtml-+xmi Accept-Language: "bg,en-US;q=0.7,en;q=0.3"

Accept-Language: "bg,en-US;q=0.7,en;g=0.3" Accept-Encoding: "gzip, deflate, br"

Accept-Encoding: "gzip, deflate, br" Connection: "keep-alive"
If-Modified-Since: "Fri, 24 Jun 2016 14:54:38 GMT"
If-None-Match: "'576d49ae-6d4a""

Cache-Control: "max-age=0"

Header size for HTTP/2

Connection: "keep-alive"
Pragma: "no-cache"

Cache-Control: "no-cache”

Header size for SPDY

Fig. 4. Header sizes for SPDY & HTTP/2

It is possible to see the difference in the generated sizes for the request and response headers
when using the two protocols. The two pictures show the size of the request and response headers
where the HTTP/2 response is considerable smaller than SPDY, while the HTTP/2 request is
bigger. HTTP/2 should also have a smaller request header size due to its use of the HPACK
algorithm.

Response message size

\

[ | 4 images 1100.28KB 064 s [ | 4 images 1100.28K6 064 s
1 8 is 86.91K6 013s [ 8 js 306.42K6  0.20s
B 1hm 2728KE  0.1s B imm 27.28KE  0.1s
B 7css 15.82 KB oMs B 7css 15.82 KB 0Ms

Paamep: 1,230.30 KB
Bpeme: 0.98 cekyHau
KewwpaH otrosop: 3
06wo 3aasku: 20

Pasmep: 1,449.80 KB
Bpewe: 1.06 cexyHan
KewwpaH otrosop: 0
06wo s3ansku: 20

images

images

Fig. 5. Response message cached — HTTP/2 & SPDY

The body of the returned response from the server is composed of the header of the response
and the encoded content of the response. Given the fact that HTTP/2 should creates the smallest
headers shouldn’t it always have the smallest response message.

In the obtained results the size of the image files is the same for both protocols, and the
difference is with the other files where HTTP/2 has a predominance in the size and the time. The
difference in text resources will not always be in favor of HTTP/2, since optional padding bytes are
added which can be attached to the HTTP/2 DATA frame. Padding is used to determinate the exact
frame size and is provided to mitigate specific HTTP attacks. For example, attacks where the
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compressed content includes hacked text and hidden data [5]. Padding isn’t used for image
resources because they already have a compressed format that does not contain attacker controlled
plain text [6].

Number of TCP connections for page load

TCP connect is the time it takes to create a TCP connection to the web server or the proxy. If
a secure connection (SSL) is used, then its time is also included. When the browser accesses a web
page, it must create one or more TCP connections. This could be a long-term operation even with
normal and unsecure HTTP. Using of Keep-Alive reduces this problem by reusing TCP connections
for multiple HTTP requests.

It is measured the parameter connectStart which is taken when an initial connection to the
server is made. If TLS or SSL are used, then secureConnectionStart will start when the handshake
starts securing the connection. connectEnd shows when the connection to the server is completed.

secureConnectionStart

connectStart connectEnd
Fig. 6. TCP timeline
Table 1. TCP connectStart for SPDY & HTTP/2
connectStart | connectEnd | Duration | responseStart | responseEnd
SPDY 197.96 197.96 71.95 260.96 269.91
HTTP/2 157.42 157.42 31.34 183.10 188.76

300

250

200

15

]

10

]

5

]

TCP connectStart for SPDY and HTTP/2

connectStart

connectEnd

duration

response Start

responseEnd

ESPDY WHTIP/2

Fig. 7. TCP connectStart for SPDY & HTTP/2
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From the parameters connectStart and duration it can be seen that the more connections are
made, the longer is the time for their execution to the server increases, i.e. the time and the number
of connections for SPDY and HTTP/2 is significantly different where HTTP/2 has an advantage.

Page load time
It is measured the time for the full page loading and ability to work with. In most cases this is
a good speed measure, because this speed is also the perception of the user which uses the page.

Time for loading of the Webpage for SPDY and HTTP/2 (ms)

Total time

JavaScript
CSS

HTML files

Pletures ‘

0 100 200 300 400 500 600

EHTTP/2 mSPDY

Fig. 8. Page load time for SPDY & HTTP/2

Taking into account the data from column Time and Timeline tabulated, it is easy to conclude
that HTTP/2 has a tremendous advantage over SPDY, and even the proposed system is not
subjected to performance optimizations.

Such optimizations would be concatenation of script and css files, minification of these files,
css sprites, etc. In some cases, such optimizations would also have a counter-effect because of the
size that will be the ultimate result of their merging.

6. Conclusion

Multiplexing support added to SPDY and HTTP/2 reduces the number of connection that
need to be set to download a web page. As an additional benefit, the web servers will not need to
maintain so many active TCP connections when HTTP/2 support becomes more widespread and
used.

The page load time for SPDY is worse due to the fact that the protocols has no headers
comprasion and additional TCP connections and SSL handshakes that are a must. For more
sophisticated pages, the SPDY and HTTP/2 speed advantage should be even better.

Based on the research, we can conclude that HTTP/2 is significantly faster than SPDY,
despite the size of its headers. For most cases the connection to the Internet is asymmetric — the
upload speed is less than the download speed. This means that all of the saved data for uploading
have more impact than the equivalent savings for the downloaded data.
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HTTP/2 is likely to bring significant performance improvements compared to pure HTTPS
and SPDY. However, the use of a padding in response messages is a possible area of concern where
there can be an exchange of performance and security.

Most users are not concerned about what protocol is used by particular web site or application
— they just want it to load quickly and work as expected. The benefits of switching to HTTP/2
depend mainly on the structure of the particular web site and what percentage of its users are using
modern browsers.
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CUCTEMA 3A NTPOCJIEASABAHE HA ABTOMOBMNJI
HOCPEACTBOM MOBHWJIHU TEXHOJIOT'MH

I'eopru U. I'eoprues, Munko T. MapuHoB

Pe3rome: GPS npocneasiBaHeTo Ha aBTOMOOHITH cTaBa Bce MO-aKTyallHa TeMa B Hall JHU. Hepenannonuure
0a3u OT JaHHM HaOUpaT BCE IMO-TOJSAMA TOMYJISPHOCT CpeA TOTPEOUTETUTe H  pa3paboTUUIUTE.
PeanusupaneTo W HaMHpaHETO Ha METOAM 334 YBEIMYaBaHE HAa MPOM3BOIMTEIIHOCTTA HAa CHCTEMa C
W3MON3BAaHETO Ha HepeNallMoOHHA 0a3a OT JaHHW B HE3aBHCHMMa MOOWIIHA CHUCTEMa 3a IMPOCIe/IsBaHe Ha
aBTOMOOMJI € 1IeITa Ha TO3W MPOoeKT. Pa3paboTeHa e 1s10cTHA CUCTeMa, Ype3 KOATO MOKE Ja ce IpocieasBa
ABTOMOOMJI B peallHU YCJIOBHS. MOJYJTHOTO YCTPOWCTBO 3alKCBa M MpeJaBa CEH30PHH JAaHHHU, TEKYIIO
MECTOTIOJIOXKEHHE U IPYTH JIAHHU TI0 O€3KMYEH BT JIO OTJAJICYCH ChPBBP Upe3 MOOMITHU TEXHOJIOTHH.
KmrouoBu nymu: CneneHe Ha aBTOMOOWI, HepeslaliuoHHu 0as3u ot nanuu, MongoDB, GPS, GPRS.

Vehicle tracking system using mobile technologies
Geogri . Georgiev, Milko T. Marinov

Abstract: GPS tracking of cars is becoming an increasingly hot topic these days. NoSQL databases are
gaining in popularity among users and developers. The realization and finding methods to increase system
performance with the use of NoSQL of databases in an independent mobile tracking system is the goal of this
project. A system has been developed to track the car location in real conditions. The modular device records
and transmits sensor data, current location, and others wirelessly to a remote server through mobile
technologies.

Keywords: Vehicle tracking, NoSQL, MongoDB, GPS, GPRS.

1. YBox

W3non3BaHeTo Ha CbBPEMEHHU METOIH 32 3aIHC Ha XeTEPOTeHHH JTaHHH C BUCOKA YECTOTa Ha
npeaaBade e Bozemia Tema cpen 10T obmroctTa [1]. OrpanndeHusiTa mpe pelaioHHUTe 0a3u OT
JaHHU BCE IOBEYE MOJTHUKBAT Pa3padOTUMIUTE J1a W30UpAT HEPETallMOHHUTE PEUICHUS IMOpPaIH
TAXHATa NIUPOKA TaMa Ha MPUIT0KUMOCT.

Ilenta Ha HacTosIaTa CTaTHs € Ja CE€ IMPEICTaBAT HAKOM OT CHBPEMEHHUTE METOIH 3a
mpociesBaHe Ha aBTOMOOWJ, OTYMTAHETO HAa HETOBOTO MECTOMOJOXKEHHE, CKOPOCT M JIPYTH
CEH30pHH JJAHHU. 33 PeAM3UPaHETO Ha [SUIOCTHATA CHCTEMa Ca U3IO0JI3BaHN MOJIEPHH moaxoau [2],
[3], rexanuecku cpencrsa u ycnyru [4], [5], [6]. [IpoyuBaneTo Moka3Ba HOBM METOIH 3a 3aIMC Ha
JTaHHW Ha OTJAJIEYECH ChPBBHP, paboTa ¢ pasziauueH HAOOp OT CEH30pW M MOJIYJH 3a JIOKAJTH3aIlHs,
o0paboTka Ha TaHHW, U3TPaXIAHE HA JBYCTPAHHU KaHAIM 3a MPEHOC HAa JaHHU TOCPEICTBOM
mobuHa Mpexxa (GPRS [7]) u paboTa ¢ xeTeporeHHM TaHHU C BUCOKA YeCTOTa Ha Tpe/IaBaHe.

WsrpaxxaaHeTo Ha cucTeMa, CIpaBsIla ce ¢ Pa3HOPOJICH THUII IaHHU, € C BUCOK TPHOPHUTET MIPU
pereHueTo Ha pobiemMa. 3a Hy)KIUTE Ha U3CIIeIBAHETO Oe M30paHa HepelanroHHa 0aza OT JaHHU
MongoDB [5], kosTo e Bozemia cpea HepelalMOHHUTE 0a3u OT JaHHHM TOPaad PEIHila HEeHHH
npeumymectBa. MongoDB e mopeanaTa mo pexn cucrema 3a ymnpasienne Ha 6aza ot ganau (CYB/]),
KOSITO M3cienBaMe 3a paboTa ¢ XeTeporeHHW JaHHM C BHCOKa YecTOTa Ha mpenaBaHe. [lo cosra
MIPOU3BOJIUTEITHOCT TS TMPEBB3XOKAA MHOTOKPATHO pEJalMOHHUTE cUcTeMd. OCHOBHUTE
xapakrepuctuk Ha MongoDB, kouto 6s1xa Bogemu npu uzdopa Ha noaxoxasauia CYB/] 3a nenute
Ha TIPOEKTa, ca CIEJHUTE: IWHAMUYHU CXeMH, CTpykTypupanu paHHn B JSON  ¢opmar,
WHJICKCHpaHe Ha IoJIeTa, ChBMECTHMOCT ¢ JavaScript (ymorpeba na MapReduce omeparun),
OTpaHUYCHH KOJICKITUHU (KPHTrOBa OMAIIIKa).
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B tabmuua 1 e cpaBHEHO BpeMeTO, HEOOXOAMMO 3a 3alMC Ha JIAaHHM B HEpEJallMOHHA U
penaunonHa CYB/I. Tei kaTo BpeMeTo 3a 3amMc € OT rojsiMa BaXXHOCT 3a IPEJAaBaHETO Ha
XETePOreHH! JAaHHU C BUCOKA HMHTEH3UBHOCT, 0 HEO0OXOJMMa CHUCTEMa, KOSATO Ja HOJAbpiKa
BHUCOKHU CKOpocTH Ha 3anuc. MongoDB noanbpika BUCOKM CKOPOCTH Ha 3allUC U YETEHE, KOETO
IIPAaBU NPEANOYUTaH U300p 3a U3TPAKIAHETO HA LAJIOCTHATA CHCTEMA.

Tabauna 1. Bpeme 3a 3ammc mipu pazmnaau CYB/]

Bpeme 3a 3anmc B CEKyH/IH
Bpoii 3anucu 100 | 1000 | 5000 25000 | 50000
MongoDB 0,1 0,2 0,2 0,5 1,2
MS SQL 0,1 1 10 100 160

3a nenuTe Ha M3CIenBaHETO O¢ Ch3IaJeH MOAYII, KOWTO Ja IOKPUBA IMOCTABEHUTE KPUTEPHU
3a CKOPOCT Ha MPEHOC Ha JIaHHU, YecToTa U 00paboTKa Ha pa3IUYHHU 10 BHUJ JaHHU. V3uCcKBaHUATA
KbM CHCTeMaTa MOApPOOHO ca omucaHu B cekuus 3. YCTpoicTBoTO O€ U3rpageHo upes
MHUKPOKOMITIOTBPHA CHCTEMa C HA0Op OT CEH30pH M MOJYJIH, 00paboTBaIX M IpeaaBalli JaHHUTE
o GPRS mpexa.

2. CbuiecTByBaIllM pellieHUs

B aHemHo Bpeme ChIECTBYBAT MHOTOOPOWHU CHUCTEMH ChC 3HAYMTENICH Opod (QYHKIUH U
BB3MOKHOCTH, HO, TOpaad Xapakrepa cd Ha wu3pabOTBaHe, NOJABPXKAHE W pPEATU3UPAHU
BB3MOKHOCTH, Ca TPYJHO IPUIIOKHUMH 32 [IEJTUTE Ha HAIIUS POCKT.

B [8] e mpexacraBeHa cuctema, KOSATO HAMHUPA YaCTHYHH PEIICHUS HA TOCTABEHUTE TIPOOIIEMH,
HO HE H3ITBJIBA HAIBJIHO M3MCKBaHUsTA (OmucaHu B cekius 3). M3nomssanero Ha Wi- Fi Moy
pelmaBa TEXHUTE MPOOJIIEMH, HO HE W HAIIUTE, Thil KaTO € HeoOXOAMMO HM3MpallaHe Ha JaHHU OT
BCsKa TOYKa Ha cBera. M3rpaneHara cuctema HaMupa MPUIOKEHHE CaMO MPH JIOKATHH YCIOBUS C
nanmyue Ha Wi-Fi cBbp3aHOCT.

B [9] aBTopuTe mpuiarat g00pu MOXBaTH 32 KOMYHHKHpaHE MEXIYy MOOMIHOTO YCTPOWCTBO
M ChpBBpPHATa YacT, HO Taka pa3padOTeHa CHUCTeMaTa MMa CBOMTE HEIOCTATBIM, KOETO s TPaBU
HEMPUJIOKKMMA 32 HAIIUTE H3CieqBaHus. V3Mmon3BaHETO Ha KpaTKU CHOOIEHUs, MpelaBaHH I0
Mpexara (SMS), Moxe na oBeIe 10 KOHQJIMKTHH CUTYallld, Thid KaTO ChOOIIECHUATA, MPEIaBaAHH
M0 Mpekara, € TPYIHO JIa Ce TpacupaT Jajy ca MPUCTUTHAIN U TIOHsKOTra OMBaT 3aryOeHH.

B [10] ce nemoHcTpHpa mogo0eH MOAX0/ 32 U3MpallaHe Ha JaHHU M0 MpPeXara MOCPEICTBOM
kpatku cboOmenns (SMS). Pasnukara e B HM3MOJ3BaHETO HA TOTOB ChPBBP, KOETO HamaisBa
BB3MOKHOCTTa 3a HAcTpoiBaHe U Tmporpamupane. l3mon3BaHeTo Ha CKBIW MOAYIH 32
KOMYHHKAIIUS yBEIMYaBa CTOMHOCTTA Ha MPEJCTaBeHHs MPOEKT, JOKAaTO MpH pa3padOTBaHETO Ha
HalllaTa CHCTeMa HE Ha TOCJIETHO MSCTO O€ B3eTa IMoJl BHUMaHHWE M CeOSCTOWHOCTTA Ha IENHs
MIPOEKT.

PabGorara, mokasana B [11], memoHcTpupa Mogo0Ha peaau3aliis Ha CHCTEMa 3a MpeaaBaHe Ha
JTaHHY 10 Oe3kudeH mbT. Pasnukara B GSM moaynuTe mokasBa Kak €IHa CUCTeMa MOXe Ja Oble
M3rpajicHa Mo pa3inyeH HayuH. [1o100phT Ha M3TpaXKAANIMTE MOJYJIa KOMIIOHEHTH HE € TIOAX OIS
3a MOOMITHA cHCcTeMa, TOMECTeHa B MalTbK KOPITYC, KaKTO MPH HAC.

Konernuymstr B [12] e pa3paboTui cuctema 3a MPEHOC Ha JaHHH B PEaHO BPEME, BBIPEKU
pa3IMYHUTE CUTYAIlMH Ha IMFTHU YCJIOBHUSA, B KOUTO MOXKE J]a TIOMAaJHe TAXHOTO YCTpOHCTBO. Tas3u
(YHKIIMOHATHOCT MOXKE Jla ObJie OT Moj3a B HAKOW CUTyaluud. Bb3MOXKHOCTTa 3a M3MajaHe Ha
CHUCTeMaTa B HECHCTOSTEIHOCT € B3€Ta MOJ BHUMAaHUE B pEaIM3MPAHETO Ha HalllaTa CUCTeMa U €
nob6aBeHa KaTo (PyHKITMOHATHOCT.

Besika enna oT M30pOEHUTE CHCTEMH MMa CBOM NPEAMMCTBA M HEJOCTAThIM, HO TOPAIH
XapakTepa CH Ha MPHUIIOKEHHE HE TIOKPUBAT TIOCTABEHUTE KPUTEPUU (OTIMCAHU B CEKIIUSA 3).
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B Tabnuna 2 e mpeacraBeH CpaBHHUTENEH aHAIM3 HAa OCHOBHUTE MapaMeTpu Ha MOAOOHU
arapaTHU CHCTEMHU:

Tadauna 2. CpaBHHTEICH aHAJIN3 HA TIOJJOOHU anapaTHU CUCTEMHU

Yecerpoiicteo | [Iporpamupyemoct | MobouinHoct | Jlokanuzamuss | Yecrora | barepus
T He Tla 15w 200 | 1200mAn
ﬁﬁzﬁ{n Tla Ila 10M I{/Trlf—)lg 2200mAnh
GPySc/TCI-i;.SM Ta la T mg 7000mAh

[TepBoTO ycTpoiicTBO mnpenctaBmsBa GPS mpocnensBaimo ycTpolcTBO, KOETO HsMa
BB3MOXHOCT 3a IIPOrpaMUpaHe U MMa MaJlka BrpajieHa O0arepusi, KOsITO OrpaHU4aBa MPUII0KEHUETO
My. BTopoTo ycTpoiicTBO € cTangapTeH MoouiieH TenedoH, KOMTO MMa JI0CTaThuHO (PYHKIIMOHATHU
BB3MOXHOCTH, HO HE € peHTaOuJIeH Jja ce MpenporpaMupa U M3MoJi3Ba 3a Takasa 1ei. OcBeH ToBa
MaKCUMAaJHUAT My Iepuoj] Ha pabora Ha Oartepusita € He mo-roisiM oT 20 gaca. IlocmemHoTO
YCTPOMCTBO € CBh3/aJeHO CIEeNHaTHO 3a Ja IOKpHUBAa IIOCTAaBEHUTE YCIOBHS, Ja € JECHO
MporpaMupyeMo U Jia UMa IbIbT IEpruo/1 Ha padoTa.

3. U3uckBaHHus KbM CHCTEMAaTa

[IpenaBaneTo Ha XETEPOreHHU NAaHHW KBbM OTAAJCUYEH CHPBBP IO MOOMIIHATA Mpexa €
OCHOBHATA 3aJla4ya Ha ISUIOCTHUS MPOEKT. 3a J]a € Bb3MOXKHO TOBa, cUCTeMara TpsiOBa /1a OTroBaps
Ha CJIeHUTE N3UCKBAHUS:

e JIpenaBaHe Ha XeTEPOT€HHU JIaHHM C BUCOKA YECTOTA Ha MPEJaBaHe;

OrtaarnedeHo npeaaBane Ha HH(pOpMAIUs mocpeacTBoM MoominHa mpexa (GPRS);

GPS noxanuzupane;

[IpenaBaHe Ha CEH30pPHU JaHHU (TEMIIEpaTypa, aTMOC(EPHO HaJsIraHe);

3anuc Ha ganHu B JSSON dopmar;

[{uKbJT 32 TpOBEpPKA HAa aKTyaTHOCTTA HAa JAHHUTE;

O6paboTtka Ha nanHu Ha otaanedeH chpBbp (CRUD dynknumonamHocr);

3amnc Ha JJaHHU B HepenanuoHHu 6a3u ot aanHu (MongoDB);

HesaBucumo 3axpaHBaHe Ha MOJYJIHOTO YCTpPOWCTBO (paboTa Ha Oarepus 3a MEpUOa OT

noue 4 aHun);

e Manku rabapuTH Ha KpaHOTO YCTPOMCTBO (KOpIyC Ha MOJYJ 3a 3aK/IIOYBaHE OT
aBTOMOOWII).

Ha 06a3a Ha mocTaBeHHTE W3WCKBaHWS O€ W3rpajJiecH MOMYJ, KOWTO TOAIbpXka CIleJIHaTa
(YHKIIMOHATHOCT:
e GPS nmosumnmonupane;
GPS npocnensBane rmpu npeBUIIeHa CKOPOCT;
[{uknryHa mpoBepKa 3a aKTyaJHH JaHHU;
PectapTupaHne Ha anmapaTHOTO OCUTypsiIBaHE B CiIy4ail Ha HECHCTOSITEIHOCT;
[TpenaBane Ha cen3zopuu naHuu B JSON ¢opmar.

Ocgen crannaptHoto GPS nosunmonupane (KOopAMHATH — reorpadceka IbIKUHA U IIUPUHA),
cHCTeMaTa 3alicBa CKOPOCTTa, HAIMOPCKaTa BUCOYMHA, OpO CaTeTUTH U TeMIlepaTypa.

JlombaHUTENHA (YHKIMOHATHOCT, H3passBalla ce B MPEAyNpPEeKICHHE 3a IPEBHUIICHA
CKOpOCT, € Jo0aBeHa KaTo NMpHMEp 3a yBelIW4YaBaHe Ha (YHKIMOHATHUTE BB3MOXKHOCTH Ype3
npoMsiHa Ha copryepa, MHCTaIMpaH Ha MUKPOKOMIIOTHpa. JlecHaTa 3aMsiHa Ha KO/a, YIpaBJIsBall]
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BBTPCIIHUTE IMPOIECH HA MHKPOKOMITIOTHPA, YBElWYaBa MPUIOKEHHETO Ha CHCTEMara.
[TocTaBsiHETO Ha HE3aBHCHMO 3aXpaHBaHE HA MOOWIIHOTO YCTPOMCTBO O¢ BOJEIIO W3UCKBAaHE pPHU
pa3pabOTBaHETO HA CUCTEMATa.

B cucremara nma nzpaboTeHa cxema cbC ChoOIeHHS 3a 00paTHa Bpb3Ka. JlokaTo MOy IbT HE
MOJIy4d MH()OPMAIIMOHHO CHOOIIIEHHE, TON HE U3MpaIlla CJSIBAIUS MaKeT C JaHHU. Peann3upanero
Ha (YHKIIMOHATHOCTTA € U300pa3eHo Ha ¢urypa 1.

4. Peanu3anus

Wsrpanenara cuctema ce ChCTOM OT MPOTPaMHO U amapaTHO ocurypsiBaHe. [IporpamHoTo
OCUTYpSIBaHE CITYy’KH 3a 00pa0oTKa M 3amMc Ha MOCTHIMJINTE JaHHH OT MOOMIIHOTO YCTPOMCTBO,
MIOCTaBEHO B aBTOMOOWIJIA. AmapaTHara peaju3alus MPEeACTaBIsiBa MUKPOKOMIIOTbPHA CUCTEMA,

paborema ¢ Habop OT CeH30pu W MOAYNIU 3a TpaHchep Ha manHu nocpenctBom GPRS mpexa.
OoOmiara apxuTeKTypa Ha clcTeMaTa e IpejcTaBeHa Ha ¢urypa 1.

l Web kaneHrt I

JSON$
! \ Al
GPS Careanrn KiuerbpuHa aHTeHA

[ 4
O‘Q @

“200 OK”

IMuaTepHer

JSON
“200 OK”

GPS GSM
MOy MuKpOKOMIIOTHP MOIY.I

MongoDB
App.js €= Node.js

G = driver | [€] MongoDB
3axpaHBai 0J10K,
€JIEKTPOHHI Node.js
KOMITOHEHTH, Backilind Servee
CeH30PH H APYIH
MukpoKoMIIOTBHPHA CIICTEMA CopBBpHa1aCT

®@ur. 1. O0mra apxuTeKTypa Ha CUCTeMaTa.

CodryepHaTa 4acT Ha MPOEKTA € U3rPajieHa OT JABa OCHOBHU KOMITOHEHTA:

e CopBbpHa uvacTt ¢ momoimra Ha Node.js u Express. CopebpHaTa uact 00paboTBa
NOCTBHIIWJINTE JAHHH OT xapayepHoto ycrpoiictBo B JSON ¢dopmar u 3amucsa
uHpopmanusata B MongoDB. [IporpamMHusT KOA € HarucaH Ha Java IporpaMeH e3HK;

e Codrtyep, 00paboTBai] BBTPEUIHUTE IMPOLECH HA MHKPOKOMIIIOTHPA, KOMAaHAMTE 3a

WHUIHAIN3AKS Ha MoAyna, QYHKIUUTE, oOpaboTBamm W w3npamamu jganan nmo GPRS
MpeKara U Ipyrd CUCTEMHU KOMAaH]IU.

[Ipenu nma MOCTHIAT B CHPBBPA JaHHUTE OHWBAT MPEIBAPUTETHO O0paOOTEHU B HYKHHS
dopmar (JSON). XapayepHOTO YCTPOMCTBO TMpEABAPUTEIIHO O00pabOTBa JAHHUTE C AKTYAIHUTE
MOMEHTHH CTOWHOCTH, CIIe]] KOETO TH MpeoOdpa3yBa B MOAXOAI] (popMar U u3mpaia 1mno Mpexara.
Ha ¢urypa 2 e npencraBena o6paboTkaTa Ha BTPENTHUTE CHOUTHS M U3MPAIIAHETO Ha JaHHUTE.
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v

Hauano

Dopmarupane
Ha MPOMEHANBH

!

Hanpamane
HA TaHHH

» Hunnuuaansaunn JIA

Ipesncna
CKOpPOCT
Op /

;—HE
b
/ll:nucmu

L

] | 3anmuceane na

MPOMCHIIHBH

I

HE

Perncrpupane
B Mpema

Hanparcun
HAHHH

@ur. 2. O6paboTBaHEe Ha CHOUTHATA OT MOOMITHOTO YCTPOMCTBO.

[Ipu Hanuume Ha JBa OTIEIHU NMPOTPaMHHU MOIyJa 3a 00paboTka Ha JaHHHU (B MOOMIIHOTO
YCTPOMCTBO M Ha ChbpBbpa) € HEOOXOOUMO B3aUMHOTO MM KOMYyHUKHMpaHe. B cucremara ca
M3IIOJI3BAHW MHOTOOPOMHM CHUCTEMHH TMPOCIEASBAIIM CHOOLICHHS, yBEpsBAaIlM Cje/Baliara
KOMaHJia, 4e MpeaulllHaTa € MpuKiIoumia ycrnemHo. [Ipumep 3a ToBa € 00paTHO MOCTBIMIOTO
cpobmenune: ,,200 OK*“ (oT chpBBpa), KOETO MOOWIHOTO YCTPOMCTBO TpaHciupa karo: ,,SEND
OK*. Cpo01ieHueTo noiny4eHo 1 o0paboTeHO 03HauaBa, ye JAHHHUTE ca U3MPATEHU U 3alMCaHU B
CBbpPBBpA H MOJKE J1a CE U3IPATAT HOBU JIaHHHU.

MeToabT 3a KOMYHUKAIUS MEXy YCTPOHCTBOTO U chpBbpa € upe3 HT TP Post 3asBka. Ilpu
U3rpakJaHEeTO Ha cucTemara Oe B3eT 10J BHUMaHHE HauWHa Ha KOMYHMKAIMs, 3a ToBa Oe u3dpaH
noaxoasany GSM moxmyn, KoHTO mojgabpka cboTBeTHUs MeToi. Cliep yCHemlHO CBBbp3BaHE Ha
MOJyJia ChC ChpBBpa 3amouBa nperaBane Ha ganHu B JSON ¢opmar. [Ipumep 3a JSON 3asBka e
npeacTaBeH Ha ¢urypa 3:

!
@

"latitude* : "43.854115",

"longitude* : ""25.960155",

"speed*“: "3.13",

"altitude* : "50.40",

"satelites*: "8",

"temperature®: ''32",

"overspeed*: "no",

"create_date*:

"Sdate* : "2018-08-24T16:11:13.177Z"

—~a
—a

@ur. 3. [IpumepHa 3asBKa 3a 3a1uc

Crnen mOCTHIIBAHETO HA JTAHHHWTE B ChPBBpA, T€ OMBAT 00paOOTEHW M M3MPATEHU 3a 3aIliC B
0a3zaTa OT JaHHU.
Ha ¢urypa 4 e npencraBena 010k cxema Ha alrapaTHOTO OCHUTYpPsIBaHE.
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CHGI{ BKJIIOUBAHC Ha 3axpaHBaHCTO,

AHTEHA

10

3axp. H3tounuk (6aTepus) AHTEHA

11

]

= ' MHUKPOKOMITIOTHP
GPS moaya K ) Atmel328

(:::> GSM moaya

1l

Tepmomernp,
cen3opH,
CJIEKTPOHHH
KOMIIOHCHTH

®@ur. 4. AtapatHo ocurypsBane. biok cxema

HMHHUIIKMAIN3alluu, II0Ka3aHu Ha (I)I/Irypa 2.

5. Pe3yaratu

MOAYJIBT CTapTUpPa BBTPEIIHUTE TPOBEPKH U

Cren 1sUI0CTHOTO M3rpaKAaHe Ha cUCTeMaTa 0sxa HalpaBEeHHU peMLa IIPOBEPKU U TECTOBE 32
JOCTOBEPHOCT Ha JaHHMUTEe. Clel] BKIIOYBAHE HAa 3aXpaHBAHETO, YCTPOWCTBOTO YCIEIIHO Cce
JIOKAJIM3Upa U aKkTyalu3upa TeKylmure AaHHu. [Ipy Hatuckane Ha OyTOHA 3a M3IpalllaHe CUCTeMAaTa
IIPOBEPSABA PEUIIA TAPAaMETPH, OIIMCAHU B CJIe/IHA [10CIE10BaTEIHOCT:
[IpoBepka 3a peakuus Ha yCTPOHCTBOTO;
[Iposepka nanmu e perucrpupan B GPRS mpexara;

Peructpupane B8 GPRS Mpexata (ako HE € MpeIBapUTEITHO PETUCTPUPAH);
CBbp3BaHe Ha yCTPONCTBOTO ChC CANTa;

CraptupaHe Ha Mpolleaypa o u3npariase Ha 1aHHu kM cbpBbp (HTTP Post meton);

[TpoBepka 3a oOpaTeH OTrOBOP 3a 3anucaHu JaHHu (,200 OK*);
3aTBapsiHE Ha Bpb3KaTa KbM CaiTa;
OyakBaHe Ha HOBAa KOMaH/1a 3a U3IIbJIHEHHE.

OcBeH uype3 OyTOH 3a BBBEXKJaHE Ha [aHHU, CHCTEMaTa CIeId 3a IPEBHIIABaHE Ha
IPEABAPUTEIIHO 3aJla/ieHa CTOMHOCT Ha CKOPOCTTa, IPH MNpPEBHIIABaHE HAa MapameTbpa 3aloyvBa
IIUKBJI HA aBTOMATUYHO ITpe/laBaHe Ha IaHHU ¢ UHTEH3UTET | cekyHa.

IIpn npoBepka Ha paboTocrOCOOHOCTTa Ha cHucTeMara Osxa OTYETeHH BpeMeHaTa 3a
U3ITBJIHEHUTE HAa KOMaH/1, ONIMCAaHu B Tabuuna 3.

Taéimua 3. Bpemena Ha U3ITbJIHEHUE HA KOMaHIN

o Komannga
- Komanpa 1 Komanma 2 Komanma 3 Komanna 4

1 2200ms 300ms 200ms 1000ms

2 2970ms 300ms 200ms 1000ms

3 3000ms 200ms 230ms 1000ms

4 2300ms 300ms 220ms 1000ms

5 2450ms 900ms 200ms 1000ms
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(Komanpa 1 - Bpeme 3a usnparniaHe Ha JJaHHU KbM ChPBBPA; KOMaH/a 2 - BpeMe 3a CBbP3BaHE
KBbM CBPBBpP; KOMaH/a 3 - BpeMe 3a U3IIbJIHCHUE Ha POSt 3asBKa; KOMaHaa 4 - Bpeme 3a CiieBalia
peaKius. ).

CJ'IGI[ HU3BBPIICHUTC MPOBCPKU CUCTEMATA € B T'OTOBHOCT HJIM 34 PBUYHO CTAPTHPAHC HaA
M3IIPAIIAHETO Ha IAHHH, WIX 332 aBTOMATUYHO IPH MPEBHUILIEHA CKOPOCT.

Pazmepure Ha M3rpasieHOTO MOOMIIHO YCTPOMCTBO Osfxa ChOOpa3eHH C HAYAIHOTO YCIIOBHE
(Kopmyc OT MOAYJ 3a NEHTPAJIIHO 3aKII0YBaHE Ha aBTomMoOwin). ['abaputhtTe Ha Momyina
npeapasnoyiaraT KbM IMO-JIECHO BrpaXkJaHe B aBTOMOOWII M ChOTBETHO TPYAHOTO MY JIOKQJIU3UPAHE
or kpamuu. C Ien TMOBUIIaBaHE HA YacoBETe Ha paboTaTa Ha YCTPONCTBOTO O HEO0OXOIMMO
N00aBsIHETO HA JIOMBJIHUTEIIHU OaTepUH W3BBH KOPITyca Ha YCTPOWCTBOTO, KOETO € OTYETEHO KaTo
HelocTaThK Ha Moayia. Ha durypa 5 e npeacraBeH caMusT mporpaMupyemM MOJTyJI.

®@ur. 5. Kopmyc u pazmepu Ha yCTPOWCTBOTO.
6. 3akloueHue

Crnen mponbnKUTENHAa paboTa HAa CHUCTeMaTa W OTYMTAaHE HA JaHHU B peallHU YCIIOBHUS Oe
YCTaHOBEHO, Y€ MOAYJIBT C€ MHUIMAIM3UPA U JIOKATU3UPa BCEKU BT MPH MOJAJCHO 3aXpaHBaHE.
He3aBucumoTO 3axpaHBaHe yCIEIIHO MOIbpPKa MOTyJIa Ha JIMHUS 32 MIEPHOA 110 5 THH. ByTOHBT 3a
3aMMc Ha JaHHW OTYMTA BCAKA PEaKIUs W cTapThpa MpoleAypa Mo H3MpalaHe Ha JaHHU KbM
CBhpPBBbpPHATA YacT, KOATO 3aBHPIIBA YCHEIIHO ChC 3alUC Ha aKTyalHa WHpopMmamnus B 0a3ara oOT
naHHU. L{UKBIBT 3a NpenaBaHe Ha JaHHM NpU MPEBHUIIEHA CKOPOCT CpabOTBa BCEKM NBT HpPHU
HapylIeHo ycioBue (M0 Moapa3z0upaHe CKOPOCT MO-BUCOKA OT 56 KM/4) M H3Mpaiia TeKYIIOTO
MECTOMNOJI0KEHNE Ha aBTOMOOMIa. TemmepaTypHUST CEH30p Ha YCTPOWCTBOTO OTYMTAa KOPEKTHO
CTOMHOCTHTE HA OKOJIHATA CPeia.

[IpoBenenuTe M3cneaBaHMs AaBaT YBEPEHOCT KbM DPA3IIUpPsSBaHE HAa (PYHKIMOHATHOCTTA Ha
crcremMara ¥ pa3paboTBaHETO Ha OIIe JIBa MOJyJIa 3a MpeJaBaHe Ha TaHHH 33 O'bJICIN H3CIIeIBaHUSI.

Braenmure pa3pabOTKH ca HACOUECHU B MHCTAIMPAHETO HA ChPBBPHA YACT HA €HO XapayepHO
YCTPOMCTBO B TEPUTOPUATA HA YHUBEPCUTETA, KBJIETO B MOMEHTa UMa MHCTanupaHa apyra NoSQL
6a3a ot nanuu (HyperTable [13]) ¢ uen usrpaxkaane Ha eJHOPOJHU ChbPBBPHHU CUCTEMU C PA3IUYHU
6a3u naHHU. M3rpasieHnTe cUCTeMH 1€ MO3BOJIAT ObICIIN U3CIIEIBAHMS C LIeJl CPABHUTEIICH aHATIN3
U METOJH 3a MOJ00psSABAaHETO HAa BPEMETO Ha 3amucBaHe Ha gaHHU B NoSQL 6a3u ot maHHU OT
MOOHMIIHO YCTPOHCTBO.

baarogapuocru:
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NVME SSD JMCKOBE U TAXHOTO U3IIOJI3BAHE B
OBYUYEHUETO HA IT CIIEHHUAJIMCTHU

Ssop 3. /leueB

Pe3iome: 3amauata Ha HACTOSIIIOTO M3CIEABAHE € Ja C€ aHalM3Upa ImpousBoauTenHoctra Ha NVMe SSD
TUCKOBe. B pesynrar Ha M3CIeBaHETO € HampaBEeHO 0OOCHOBAHO MPE/IOKCHUE B KaKBU HANpPABJICHHS Ha
oOyuenmero Ha IT cnenmanmcTy na ce M3MOM3BAT KOMITIOTHPHHA KOH(DUTYPAIIUHY, U3ITOJI3BAIIN W3CIIEIBAHUTE
YCTPOMCTBA.

KmrouoBu nymu: SSD, NVMe, M.2, HDD, SATA

NVME SSD drives and their use in the education of IT specialists
Yavor Z. Dechev

Abstract: The topic of this research is to analyze the performance of NVMe SSD drives. As a result of
research, a well-grounded proposal is made for the different kind of directions of education of IT specialists
to use computer configurations whits the studied device

Keywords:, SSD, NVMe, M.2, HDD, SATA

1. BbBeaenme

Kbm nHacrosmus momenT SSD nuMCKOBE ce HM3IIOJI3BAT BCE IMOBEUYE MpPHU aceMOIupaHe Ha
KOMITIOTBPHA TeXHUKA. [lopany BucokaTa cu CKOpPOCT 3a YETEHE U 3allMC TE€ BCE IOBEYE U3MECTBAT
KJIACUYECKUTE MarHUTHU AucKoBe. Hail-mmpoko npuiokeHne HaMupaT KaTo CUCTEMHH JIUCKOBE B
paboOTHU CTaHIIMM, OCHOBHU YCTPOMCTBA 32 ChbXPAaHEHUE Ha JaHHHU B OPTATUBHM YCTPOICTBA U MPHU
BHCOKOCKOpocTHU RAID macuswu.

3a pa3iuKa OT MarHUTHUTE IMCKOBE TEXHOJIOTMUTE 3a MMPOU3BOACTBO Ha SSD, apxutekTypara
Ha yCTpoMcTBaTa M HMHTepdeiica 3a Bpb3Ka KbM TAX U aJTOPUTMHUTE 3a paboTa ca B MOCTOSHEH
IIPOLIEC HA Pa3BUTHE.

2. H3aoxenune

3amadaTa Ha HACTOSAIOTO M3CJIEIBAHE € J1a Ce aHAJIM3Upa MPOU3BOJAUTEIIHOCTTA HA OTICITHUTE
TUMOBE KOMITIOTBPHH apXHUTEKTYpH, HM3MOJ3BaHU B Yy4eOHUTE KaOWHETH TpPU H3IMOJI3BAaHETO Ha
codTyep 3a JECKTOI BUPTyaTIn3aIlusl.

SSD (Solid State Drive) ca eneprone3aBucMMU HOCHTENN Ha UH(popManus. Te nmpeacTaBisBaT
MacuB OT (iam mameT, yrpasisiBaH oT (iam koHtposiep. Haii-uecto ce m3momsBar NAND.
Knerkurte ¢ mamer morar na 0baat Ha Hskosiko HuBa: SLC(Single level cell) — 3anomus ce 1 out B
kierka; TLC (MLC-3) — 3anomust 3 6uta B xietka wim MLC (Multi-level cell). Kbm MoMeHTa ce
npousBexar 72-crnoitnu ¢uam mametu 3a SSD. 3D ¢uam mameTruTe OcCUrypsiBaT BUCOKA IIIBTHOCT —
MO-TOJISIM KalalMTeT 3aIOMHSHH JaHHH B MO-MaJIKo (PU3UYECKO MPOCTPaHCTBO. Te mpuTekapar mo-
BHCOKa CKOPOCT 32 YETEHE W 3aIlUC M 3aHIKEHO eHepromnorpediieHne. 3D TexHomorusTa HamassiBa
CMYILICHUSATA MEKIY OTICIHUTE KJIETKH Ha MaMeTTa, a OT TaM M HaMalisiBa M BBH3MOKHOCTTA 3a
KOMIIDOMETUpaHe Ha 3amucaHute JaHHU. OCHOBEH TEXEH HENOCTaThK Ca [0-BUCOKHTE
MPOU3BOACTBEHH PAa3X0H U MO-CJIOKEH KOHTPOJIEp 3a yrpaiieHue [4,5].
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CkopocTtTa 32 00MeH Ha gaHHU Mexay SSD u qpHHaTa TUIaTka ce orpaHudaBa OT (GU3UYECKUst
untepdeiic Ha ycrpoiictBoto: SATA, eSATA, PCl Express, Fibre Channel, SAS, type-C unu
ATA/IDE.

KbM HacTOSAIIMS MOMEHT CE U3IOJI3BAT CIICAHUTE UHTEpdeticu:

e SATA - uHTEepdelchT € yHHUBEpcalleH 3a BKIouBaHe kakTo Ha HDD, Ttaka m Ha SSD
yerpoiictBa. KbM MomenTta ¢ akryanen SATA revision 3.2 ¢ moaabpskaiia CKOpOCT Ha
3anucBane 16 Gbit/s.

e PCIl EXpress - u3amoy3Ba ce 3a BKJIIOYBaHe HAa YCTPOICTBA IMPEKTHO KbM JbHHATA
miarka. UurepgeiicbT 3a auckoBe Moxke aa nomabpxka a0 16 gunauu (x16). PCI
Express Version 4.0 mogabp:ka ckopocT 3a npenaBaHe Ha nanHu 16.0 GT/s 3a Bcska
nuHus. Paznuka B moaabpkaHaTa CKOPOCT MOXKE J1a c€ TOJIy4Yd OT Pa3IMYHUTE CIOTOBE, B
KOUTO C€ IMOCTaBsi AUCKBT. MHTEp(hEHChT ce M3MOoN3Ba W 3a BKIIIOUBAHE HA XapayepHU
RAID kontponepu cbe SSD macusu.

e M.2 (Next Generation Form Factor (NGFF)). UurtepdeiichT Hamupa HaW-IUPOKO
IPUJIOKEHUE B MOPTATUBHUTE YCTBOMCTBA. KOHEKTOPHT MO3BOJISIBA JUPEKTHO BKIIIOYBAHE
Ha SSD nwpHHaTa miatka. OcHOBHO mpenuMcTBO mnpena ctanaapTHoto PCle cBbp3Bane e
MaJIKUAT (opM-(hakTop Ha CIO0Ta U Ha BKIIOYEHOTO KBM HETO yCTpoicTBO. ChIecTBYBAT
pa3iuyHu cTaHgapTd M.2, B 3aBUCUMOCT OT (u3MyeckaTa rojieMHHa Ha MOAyjda U OT
nojaabppkaHuTe MpoTokoau. Ch3manenu ca kakto M.2 SATA ycrpoticta, Taka 1 M.2 PCI
Express. Ilocnennure mogawspkar makcumanna mnpousBogutenHoct PCI Express x4 (4
GB/s) [3].

e Fibre Channel — ontuunusaT uHTepdEiic ce n3Moa3Ba 3a BHTPEIIHA BPbh3Ka MEKIY ChPBBPH
W 32 U3rpaXkJIaHe Ha MPEXKU 3a CbXpaHEeHUe Ha JaHHU, u3noi3pamu SSD.

o ATA/IDE, mSATA, eSATA wHamupar OrpaHHYEHO NPHIOKEHHUE IPU OCTAPEIH
KOMITFOTHPHHU KOHPUTYpAITHH.

C uen noBumaBaHe ckopocTTa Ha 3anuc npu SSD e no6aBena komanaara TRIM. Upes nHes

IpU U3TpUBaHE Ha (aiia omepalMOHHaTa CHCTeMa HsAMa Ja MapKupa IPOCTPAHCTBOTO Karo
HEU3MOJI3BaeMo, a I1ie ro u3Tpue. Taka mpu npe3anuc BbpXy €IUH CEKTOp HAMAa MbPBOHAYAIHO /1
ce W3TpHUE MpeAMIlIHATa HHpOpMalus, a ciej ToBa Ja ce 3amnuiie HoBarta. HemocraTbk Ha
KOMAaH/1aTa € HEBb3MOKHOCTTA 32 Bb3CTAHOBSIBAHE HA JaHHU OT SSD.

[Iporokonure 3a nocten g0 SSD ca AHCI u NVMe. AHCI (Advanced Host Controller
Interface) e koHTpoJEep, ch3/aZeH 3a 00CITy)XKBaHEe HAa MarHUTHU JucKoBe. Toil e onTuMu3upaH 3a
paboTa ¢ pOTalMOHHU JMCKOBE C BUCOKA JJATEHTHOCT, a HE 3a (pJlall MaMeTu C HHUCKa JaTEeHTHOCT.
AHCI nonaspixka 1 onamika ¢ 10 32 KOMaHIu.

NVM Express (NVMe - Non-Volatile Memory Express) npencrasnsisa koutposep 3a PCI
Express SSD. IIpoektupan e 3a paboTa ¢ eHeproHe3aBucuma ckanupyema duam namer. M3non3sa
ompocTteH Habop oT komauau (o 13). [IpenumcTBOTO Ha apxutekTypara Ha NVMe e nuncara Ha
pPEruCTbp 3a CbXpaHEHHME Ha KOMaHJaTa 3a 4YEeTeHEe, C KOETO C€ HaMajsiBa JION'BJIHHUTEIIHO
JATEHTHOCTTA Ha AucKa. JIOMBJIHUTEIHO KOHTpOoJIepbT noaabpxa 10 64K (65536) 6post onamiku ¢
64K (65536) koMaHau BBB BCsKAa. MHOMKECTBOTO ONAIIKM TapaHTUPAT IBIHOTO HATOBApBaHE
LEHTPAJIHUS Ipolecop npu obpabdoTka Ha naHHUTE. [Ipy mopTaTMBHUTE yCTpOiicTBa HamaleHaTa
JATEeHTHOCT JIOMBIHUTEIHO BOJIM JI0 HaMaJsBaHE BPEMETO 3a paboTa Ha JIMCKAa W CIIEJOBATEITHO
HaMaJIsiBaHEe Ha EHeprornoTpeOIeHUETO U yBeINYaBaHe Ha BpEMETO Ha )KMBOT Ha Oarepusrta [2,3].

[Tnarpopmure AMD — Ryzen m uuncerute Ha Intel X97/X99 mogawpxkar Hskonko PCI
Express TWHUM AUPEKTHO KBM IEHTpaHU Tporecop. ToBa mo3BoisiBa, m3nomBaiika NVMe, SSD
YCTPOMCTBOTO J1a ObJIe AUPEKTHO cBBp3aHo kbM CPU, uzonupaiiku ce or PCH (Platform Controller
Hub) xontponepa Ha yuncera [1].

OrpanuveHueTo mpu ycrpoiictBara, paboremu ¢ NVMe npoTokona, €, 4e TOW ce MOAAbpKa
camo ot onepanronau cuctreMu Windows 8.1 mm 10, Windows Server 2012, Linux ¢ siapo 3.13,
Solaris S.12, VMware release 12.2013 u nmo-HOBUTE OT TsAX. XapayepHuTte miatdopmu TpsOBa na
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nputexaBaT yunceT Ha Intel — X97/X99 wnmm mo-noB, wim miarpopma Ha AMD — Ryzen unm
guncer 990FX. NVMe ne ce nogabpxka ot BIOS, a camo or UEFI. MHuoxecTBOTO orpanuyeHus
HajaraT, npu aceMmOnupaHe Ha paboTHaTa CTaHIUsS, OrpaHUyYeH Opoil KOMOMHALIMU OT IMO-CKBIH
KOMITIOTBPHH KOMIIOHGHTH OT BHCOK KJIaC, KOETO JOIBJIHUTEIHO TIOBHINABA IICHATa Ha
KOMITIOThPHATa KOH(GUTYpaLusl.

[MpenumMcrBata Ha SSD npea MarHUTHUTE JAUCKOBE, KOUTO MPEIINOJaraT U3MOI3BAaHETO UM B
MOPTATUBHU YCTPONCTBA WJIK BB BUCOKO IMPOU3BOIUTEIIHA KOMITIOTHPHHU CUCTEMH, Ca!

e Bucoka CKOpOCT 3a YeTEHE U 3aIlHC;

e Jlurca Ha JABYKEIIN MEXaHUYHU YaCTH;

e Hucko enepromnorpebiieHue;

e Manbk popm-daxTop.

CobiieBpeMeHHO HepocTarbiuTe Ha SSD ca:

e Bucoka niena Ha mojyna u Ha equauna GB 3anomusHa napopmanms;

e KpaTbK )XKHBOT Ha YCTPOHCTBOTO - B 3aBUCUMOCT OT M3IOJI3BaHATA TEXHOJIOTHUS OT HAKOJIKO

XWISIU 10 HIKOJIKO CTOTHUH XHJISIIH MPE3alliCBaHus BBB ()Iall KIeTKaTa,

e [lo-TpyaHO Bb3CTaHOBSIBAaHE HA JAHHU;

e OrpanuueHa xapayepHa u copTyepHa MoAIPHKKA.

[Tocouennte Hemoctarpiiy Ha SSD ompenenar W NOPOABIDKABAIIOTO H3MOJ3BaHE Ha
MarHUTHUTE JAMCKOBE 32 ChbXPaHEHHE Ha MHQOpMAIMI B HUCKO OIOJKETHU KOMITIOTHPHH CUCTEMU
WM B TaKHWBA, IPU KOUTO OBP30ICHCTBUETO HA 3AIIOMHSIIIIOTO YCTPOKUCTBO HSIMA BOJICIIIO 3HAYCHHUE.

3. HN3caeaBane

[TapameTpuTe Ha KOMIIOTbPHATa KOH(Urypalus, U3M0I3BaHa 332 U3CJIEABAHUATA, Ca: JIATOI
HP Pavilion Power 15; CPU - Intel Core i7-7700HQ @ 2.80GHz Kaby Lake; Cores — 4; L1
Instruction Cache - 4 x 32 KB; L1 Data Cache - 4 x 32 KB, L2 Cache Size - 4 x 256 KB, L3
Cache - 6 MB; RAM - 8GB DDR4 SDRAM PC4-19200; HDD — 1TB, SATA; SSD - 256 GB
SAMSUNG 960 Pro, NVMe M.2; Video Card - NVIDIA GeForce GTX 1050, memory - 4 GB.

Nzcnenparmsar SSD e SAMSUNG 960 M.2 ¢ ronemuna ot 256 GB. IucksT € duram 6a3upan
u e u3paboren upe3 texHonorusara 3D NAND. Toit nonaspxa NVM Express, ¢ynkunnte NCQ,
TRIM, Auto Garbage Collection Algorithm u 256-bit AES kpuntupane. Uscneapanust HDD e
npousBefieH oT Seagate. ['onssmuuata My e 1 TB. MsnomsBa SATA III untepdeiic u LBA
aapecanus. Jlornueckute nsuoBe 3a popmatupanu upe3 MBR Partition Scheme.

W na nBara cucremuu asna e uHcranupan Windows 10 Enterprise Edition build 17134 (64-
bit). [lo Bpeme Ha TecTOBETE €IUMHCTBEHO € CTapTUpaHa BrpajieHaTa B OIEpallMOHHATa CUCTeMa
zammra Windows Defender.

[Tpon3BoaMTEIHOCTTA HA OTACTHATE KOMITFOTHPHHA KOMITOHEHTH € TecTBaHa upe3 Performance
Test 9.0 (64bit) (Trial) u Crystal Disk Mark 6.0.1 (64bit). M3cnenBanusTa ca U3BBPIICHU IO BpEME
Ha KOHBEpTHpaHE Ha BHeodaill, MHCTaJMpaHe Ha JecKTon nucTpuOyuus Ha Linux B cpena 3a
JIECKTON BUPTYaJIM3alus U IIPH MIPOBEpKa 3a HaIW4YKMe Ha malware.

[IvpBara 3amaya e m3nbiaHeHa upe3 Wondershare Video Converter Ultimate Version 8.7.0
(trial). KonBeptupan e Buzaeodaitn (Format: MKV; Size: 33,9 GB; Resolution: 1920*1280).
[MapametpuTe Ha u3xomuusT Qaiin ca — Format: AVI; Resolution: 1920*1280). U nara daiina ce
HaMHpaT BbPXY U3CIEIBAHUS TUCK.

Bupryanmnara MammHa € ch3zajzieHa B cpeia Ha codTyep 3a JIeckTorn Bupryanu3amms Oracle
VM VirtualBox 5.2.18. Heilinute napametpu ca: 4 mpouecopsu siapa, S GB cnogenena oneparuBHa
namert, 128 MB cnonenena Buneonamer, 25 GB BupTyanen auck, cb3gaacH Bspxy SSD wim HDD,
BKJIIOYEH MPEXKOB KOHTposiep. TecTBaHETO Ha NPOM3BOJUTETHOCTTa Ha KOMIIOHEHTHTE Ce
U3BBpPIIBA II0 BpEME Ha IpOLEC Ha MHCTAJIMPAaHE Ha OIepalloHHa CUCTeEMa B cpega 3a
BUpTyanu3anus. M30pana e Ta3u 3aja4a, ThH KAaToO MEPUONBT HAa MHCTAIMPAHE € MO-ABIBI OT
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BpPEMETO 3a MPOBEXKJAHE HA OTJCIHUTE TecTOBE. J[OMBIHUTEIHO HATOBApPBAHETO HA CHCTEMAaTa €
YBEIMYCHO C €JIHOBpPEMEHHATa MOMIPHKKA Ha JIBE ONEPAllMOHHU CHCTEMH M 00padOTBaHETO Ha
CpPaBHUTEIHO TOIsAM equHudeH (aitn. M36pana e neckron nuctpudyius Ha Linus — openSuse 15.0,
KOSITO M3I10J13Ba MO-TOJIsIM SO (haiiit B cpaBHEHHE ¢ TIOBe4YeTo MacoBu auctpudyiuu (3,8 GB).

[TpoBepkara 3a Hamu4Me Ha malware € U3BbpILEHA Ype3 MOpTaTUuBHUS HHCTpYMeHT Kaspersky
Virus Removal Tool 15.0.19.0. IIpoBepeH € €IWHCTBEHO CHUCTEMHHAT IUCK. Bpemero 3a
W3BBPIIBAHE HA IPOBEpKAaTa HE € OTYMUTAHO, TOPagd pasauyHus obeM oT uHpopMamus Ha

OTACITHUTE AUCKOBCE.

W3cnenBanusita ca U3BBPIICHN Ha [Ba erama. [IbpBO € mpoBepeHa MPOU3BOAUTEIHOCTTA HA
OTIEITHHUS KOMITIOThPEH KoMmioHeHT 6e3 HaroBapBane (WS-Workstation), a ciex ToBa u mo Bpeme
Ha paboTara ¢ IOCOUCHUTE COPTYECPHU MIPOTYKTH.

Pe3ynTaThT OT mpoBeIeHUTE TECTOBE Ca MOCOYEHHU B Tabmuuu 1, 2, 3 u 4.

Ta6auna 1. — Pesynratu OT TecTBaHE Ha MPOM3BOAUTENHOCTTA Ha auckoBete ¢ Crystal Disk Mark 6.0.1

HDD SDD

WS | Convert | Antivirus | VirtualOS| WS Convert | Antivirus | VirtualOS
(Sgi“s?g“Ta:' Ff)ead 179,416 86,681 | 145,757 | 160,461 |3337,166| 2797,48 | 2930,84 | 2812,837
(Ss(ius?gfiTa:”{‘)’rite 182,559 | 103,253 | 171,736 | 154,72 | 1190,89 | 1203,093 |1014,976 | 33,637
?&?S"{Sfe;‘f#: g| 122 | 0712 | 0900 | 1081 |1237,305 1346695 | 1051834 | 1368639
ﬁi?go(g;’vgt?: g| 1 | 074 | 0991 | 0973 | 710011 | 485539 | 465778 | 328,882
E&?go(gfgg‘}zl) 1 | 0774 | 0945 | 1118 | 393314 | 202,721 | 322,663 | 324,243
Ela(?go(rg;’\’?gt,‘}zl) 0,955 | 0,764 | 0,856 | 0,954 | 304,807 | 225061 | 237,09 | 260,307
Za(?go(rgfef‘#: ;)| 053 | 0174 | 0474 | 0521 | 45925 | 4L7L7 | 24168 | 53,141
Zi?go(rg;’v;i,t?: ;)| 0994 | 0495 | 076 | 0771 | 136238 | 92567 | 85207 | 110,793

O06o00IeHnTe TaHHK 33 MPOM3BOAMTEIHOCTTA Ha JIucKoBeTe, n3BbpiieHa ¢ Crystal Disk Mark
6.0.1 ca moka3zanu Ha quarpamu 1 u 2.
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Jmnarpama 2 — IIpousBoautensnoct Ha SSD

Ta6amua 2. — Pe3ysiraTu OT TecTBaHE Ha MPOU3BOAMTEIHOCTTA Ha AuckoBeTe ¢ Performance Test 9.0

HDD SSD
Conver | Antiviru| Virtual Antiviru | Virtual
WS t S (ON] WS | Convert S (O8]

Disk Sequential 2468,
Read (MBytes/Sec.) 95,40| 87,40 | 110,30 136,30 50 1719,40 | 1817,00 | 1728,50
Disk Sequential 1137,
Write (MBytes/Sec.) 52,20| 51,60 | 29,10 75,30 70 1170,40 | 769,80 687,30
Disk Random Seek 592,2
+ RW (MBytes/Sec.) 530 | 4,30 3,40 5,70 0 727,80 | 658,30 281,20

Tadauua 3. — Pe3ysiraTu OT TecTBaHE Ha MPOU3BOAUTEIHOCTTA Ha IIEHTpaHUs mpoiiecop ¢ Performance

Test 9.0
HDD SSD

WS | Convert | Antivirus | VirtualOS| WS |Convert | Antivirus | VirtualOS
Integer Math 14034| 13662| 13615| 12865| 16414| 15126| 11163 14023
(MOps./Sec.)
Floating Point
Math 5565 5837 5750 5349| 6604 6195 5322 5865
(MOps./Sec.)
Compression
(KBytes/Sec.) 9719| 10748 10849 9508 | 13049| 12159 9317 10677
Encryption
(MBytes/Sec.) 1234| 1493 1508 1363| 2201| 2010 1584 1712
Sorting (Thousand | 150\  go67|  6201|  5442| 7789 7072| 5810 6292
Strings/Sec.)

OO6o0uieHnTe AaHHU 32 MPOU3BOJUTEIHOCTTa HAa LEHTPAIHUS NPOIECOp, H3BBPILEHA C
Performance Test 9.0, ca moka3anu Ha quarpamu 3 u 4.
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MNpounssogutenHoct Ha CPU cbc cuctemer guck HDD
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Juarpama 3 — [Ipoussogurennoct Ha CPU cbe cuctemen quck HDD
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Juarpama 4 — [IpousBoaurennoct Ha CPU cbe cuctemen auck SSD

Ta6auua 4. — pe3ysaTaTu OT TECTBaHe HA POU3BOJIMTEIHOCTTA Ha onepaTuBHara namet ¢ Performance Test 9.0

HDD sSD___

WS Cortwer Ant|SV|ru Vl(r)tgal WS Cortwer Ant;wru Vlcr)tgal

'(\A,\,fgftggggg Cached 20654 20827 | 23412 | 21248 24656 18181 | 13609 | 20233
MBer/oay 1eecnede7o3 | soat | eea3 | @520 | 0| 8734 | 5800 | 9882
'(\A,\,fgftg,\éverc'tf 4431 | 4548 | 4877 | 4326 | 7033 | 4751 | 3783 | 4784
f&'gggﬁﬁ;ﬁ'\” 5370 | 4922 | 4526 | 3070 | 5959 | 5588 | 5142 | 2891
('\,/'Oewnl}?ré'gzzfenr‘)?’ (ns 3350 | 30,10 | 3050 | 34,00 | 29,50 | 32,00 | 41,80 | 27,50
w}gﬁgggg" ded 1281 11183 | 12027 | 10418 16036 16173 | 14502 | 14666

Busyannute pesyntatd 3a MPOM3BOJUTEIIHOCTTa HAa TBBPAUTE AUCKOBE, HM3BBPIICHA C
Performance Test 9.0 ca noka3anu Ha ¢purypu 2 (HDD) u ¢urypa 2 (SSD).
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16000

@urypa 1 ®@urypa 2

Pesyaratu

e IIpu tectBane ¢ Crystal Disk Mark 6.0.1 u mociemoBaTrenHO 3amMCBaHE M YETEHE
pas3iuKaTta B CKOpocTuTe Bapupa oT 6 10 32 mbtu nmo-Bucoka mnpu SSD. IIpu npousBoiHO
yereHe u 3anuc T HapacTBa oT 50 mo 1890 mbTH mo-Bucoka nmpu SSD, B 3aBUCUMOCT OT
MoJjieJia Ha TecTa.

e [lpu paboTtaTa Ha pa3IMYHUTE TMPUIIOKEHHUS Ipou3BoAUTETHOCTTa Ha SSD HamansBa ot 10
10 25 % ot HomuHanHara croiHocT. [Ipu HDD mpousBoguTenHoctTa HamansiBa B pefa:
BUpTYaJHa MallliHa - aHTUBUPYCHA MporpaMa - KOHBepTupaHe Ha Bunaeodaiin. [Ipu Hsikou
ot TectoBere T poctura A0 30 % oT HOMMHAJIHATa CTOMHOCT.

e [Ilpu TectBane Ha mucka ¢ Performance Test 9.0 ce HaOmogaBat Mogo0HH PE3YATATH C
te3u, u3BbpieHu ¢ Crystal Disk Mark 6.0 — npu mocienoBateeH 3amuc U 4eTeHe ot 9 10
26, a pu nipou3BosicH — oT 49 mo 194 mpTH Mo-BHCOKa ckopocT ipu SSD, B cpaBHEHHE C
HDD. OtHOBO ce 3ama3Ba peAbT 3a HaMaleHUE Ha mnpousBoauTenHocrra Ha HDD npu
paboTta Ha pa3IUYHU TPHIOKECHUSI.

e [lpu tectBane Ha neHtpaiHus npouecop ¢ Performance Test 9.0, mpu m3mon3BaHe Ha
cucreMed SSD, HeroBata MpoM3BOJUTEIHOCT HapacTBa oT 15 1no 44 % B 3aBHCHMOCT OT
THUIIA Ha TECTA.

e [lpu paborara Ha pazIMYHUTE MPUIOKEHUs Mpou3BoauTenHoctTa Ha CPU cbe cucrtemen
SSD namassiBa B pena: KOHBepTHpaHe Ha Buaeodaiin (c max 9 %)— BupryanHa mMaminHa
(c max 22 %)— antuBupycHa nmporpama (¢ max 32 %).

e Jlpu paborata c mpuioxeHus mnpousBoautTenHoctra Ha CPU cbc cucremen HDD, B
3aBHCHUMOCT OT NPHIIOKEHUS TECT, € pasnuuHa. HabmonaBa ce kakto HamansBaHe (10 12
%), Taka 1 yBenm4aBane (110 22%).

e [Ipu TectBane Ha omeparuBHara mamer ¢ Performance Test 9.0 ce nHaGnromaBatr moJ00HM
pesynrtaTu ¢ Te3u u3BspmeHu Bepxy CPU. Ilpu m3non3Bane Ha cuctemen SSD, HeitHara
npousBoauTenHocT HapactBa oT 10 mo 40 %, B 3aBUCHMOCT OT THUIIa Ha TECTa, IPH
H3II03BaHe Ha cucremeH SSD;

e [lpu paboTaTa Ha Pa3IMYHUTE MPUIOKEHUS TPOU3BOIUTETHOCTTAa HAa ONlepaTUBHATA TAMET
cbec cuctemMeHn SSD, HamansiBa B pena: KOHBEpTHpaHe Ha BHaeo(ailm — BUpTyalHa
MallnHa— aHTUBHPYCHA Mporpama.

e [lpu paboTara c NpUIIOKEHHSI TPOU3BOAUTEIIHOCTTA HA OTIEpaTUBHATA ITAMET ChC CUCTEMEH
HDD, B 3aBUCHUMOCT OT NPHJIOKEHHS TECT, € pa3nuyHa. HabaronaBa ce KakTo HamalsiBaHe
(1o 43 %), Taka u yBenuuaBane (10 14%).

AHanu3upaiiki MOJXy4eHUTE pe3yATaTd Cie]] NPUKIIOYBAaHE Ha EKCIIEpUMEHTa, MOrar aa

ObJaT HANPaBEHU CICIHUTE KOHCTATAIIUN
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B 3aBUCMMOCT OT M3MOJI3BaHMS TECT, MPOU3BOAUTEIIHOCTTA Ha pasmiexaanus SSD e ot 6

no 1890 nvtn mo-sucoka ot HDD.

e [lpu numnca Ha nepparmentupane Ha HDD wu pasnonarane Ha daiiioBere, KOUTO ce
o0paboTBaT, Ha A7 Pa3IMYCH OT CHCTEMHHUS, CE YBEIUYaBa BPEMETO 3a THhpPCEHE Ha
(bu3MYeCcKus CETMEHT OT MarHuTHara 1ioda Ha HDD, B ciencTBue Ha KoeTo ce HamassBa
Y IPOU3BOAUTEIIHOCTTA Ha I15JI1aTa CUCTEMA;

e [lpu wm3nomsBane Ha SSD ce yBenMuaBa HATOBApPBAHETO Ha ILEHTPAJIHUA IPOLECOP M

oTiepaTHBHATA MaMeT IMOPaan TojeMusi Opoil 00pabOTBaHM OIMAIIKH U MMO-TOJIEMUS 00EM OT

JaHHU, KOUTO T€ 00pabOTBAT 3a eIUHUIIA BPEME;

e KoM 1.09.2018 r. neHute Ha M3CIEABAHUTE 3aMOMHSIIM YCTPOMCTBA B amazon.com ca:
HDD - okoo 60 $ (0,06 $/1 GB); SSD —339 $(1,32$/1 GB). [6]

4. U3Boau

e lznomsBaneto Ha SSD nuckoBe ¢ moaapbxkka Ha NVMe 3a yueOHM 1enu e moaxozsino
pu pabOTHU CTaHIIMU, OCUTYPSBAIIY MIPAKTUUECKUTE 3aHITHS, CBbP3aHU paboTa C TOJIeMHU
1o obeM (ailioBe MM MaCHUBU OT JaHHU — aJMHUHHACTPUpPaHEe Ha 0a3u OT JaHHHU, Ch3/IaBaHEe
U peaktupane Ha ¢punmu, Mmy3uka, 3D anumarus.

e lI3non3BaHeTo Ha enuHUYHU Opoiiku nantonu ¢ SSD auckoBe ¢ mogaprkka Ha NVMe e
1enecbo0pa3Ho Mpu OOyYEHHETO Ha JIOKTOPAHTH U MAarucTpH, Npud KOUTO TemaTa Ha
JTUCEpTaIUATA € CBbpP3aHa C TOPEMOCOYCHHUTE MPHIIOKEHUS.

e [lpum 3aKkynmyBaHe Ha KOMITIOThPHAa TEXHHKAa B IbPKABHHUTE YUPESKICHUS H y4eOHU
3aBeJIeHUs] Hail-4yecTo €IMH OT OCHOBHHUTE KpuTepuu € leHa. CrenoBaTeHO BHCOKaTa
ennanyHa 1ieHa Ha SSD nmuckoBe ¢ mommpexka Ha NVMe m Ha KoMImOThpHUTE
KOMITIOHEHTH, OCHUTYpPSBAIM TsAXHaTa paboTa, ompenens Majkus Opoil paOOTHM CTaHIMH,
KOUTO I11€ ObJaT U3MOJI3BAHU 32 YUEOHHU LIETTH.
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MN3ITOJI3BBAHE HA JECKTOII BUPTYAJIM3ALIUA 3A
BUPTYAJIHU JTABOPATOPUH

Hensan I'. I'enkoB

Pe3rome: Hacrosmara pa3zpaboTka mma 3a Il Ja NMPEACTaBH BB3MOXKHOCTH 3a M3IOJI3BAHE HA JECKTOI
BUpTyajJM3alusATa 3a MPOBEXKIAHE Ha Ja0OpPaTOPHH YIPAKHEHUS IO KOMIIOTHPHO OpHUEHTHPAaHU
JUCLUUIUTMHY, KaKTO U MPpeJUMCTBaTa U HEJOCTaThIUTE Ha To3H moaxon. OmucaHa € eqHa OT Bb3MOKHHTE
peann3anyy, 3aeJHO C ITbPBOHAYAIHHUTE PE3yATATH W W3BOIM OT EKCIIEPUMEHTAIHOTO NpHIAaraHe Ha TO3U
MOJEI.

KarouoBn nymu: Bupryanusanus, o0yuenune, VMware ESXI, Buptyainu 1adopaTopum.

Using Desktop Virtualization for Virtual Laboratories
Delyan G. Genkov

Abstract: This paper aims to present the possibilities for using desktop virtualization for the laboratory
excersises in computer-oriented topics, the advantages and drawbacks of this approach. One possible
implementation is described, along with preliminary results and conclusions for experimental usage of this
model.

Keywords: Virtualization, Education, VMware ESXi, Virtual Laboratories

1. YBox

[Tpu mpoBexxaaneTo Ha Ta0OPaTOPHH YIMPaKHEHHS MO PA3IMYHU JUCHUIUIMHH OT Y4eOHUS
IJJaH Ha CHEHUAIHOCT ,,KOMIIOTBPHM CHCTEMM M TEXHOJIOIMH B TEXHMYECKM YHUBEPCHUTET —
['abpoBO TpamUIIMOHHO c€ pa3uuTa Ha (U3NYECKH JAECKTON KOMIOTpu. OOMKHOBEHO B eIHA
naboparopusi ce TMPOBSKIAT YHNPAKHEHHS MO HIKOJIKO PAa3IM4YHHM JUCIMIUIMHU OT Pa3IuuHH
npenoaasateny. [Ipe3 roquanTe 0s51Xa HASHTHPHUIMPAHH HIKOW HEAOCTATHIM HA TO3H MOJIXOI;

- HWucrammpanero Ha codryep, HEOOXOIMM 3a €IHA JUCHUIUIMHA, MOXE Ja ITOBpPEIH
UHCTaNUpaH codryep, HeEoOXoAWM 3a Apyra AMCHUILIMHA, KOETO OOMKHOBEHO Cce
YCTaHOBSIBA IMPH ONHUT 3a MPOBSKAAHE HA YIpPaKHEHHE 10 BTOpaTa JUCIUIUIMHA W
3aTpyIHsBA WK IPaBH HEB3MOYKHO MPOBEXKIAHETO HA 3aHITHETO;

- Koraro cTymeHT NpUKIIOYN M3MIBIHCHUETO Ha JIQJICHO YIPaXHEHHE, HETOBUTE PE3yJTaTH
OCTaBaT 3alMCaHM JIOKAJHO Ha KOMITIOThpHATa cucTeMa. [Ipu cieaBamio mpoBekaaHe Ha
CBIIOTO YINPAXHEHUE C Jpyra rpyrna, HOBHIT CTYJCHT YEeCTO HaMmHpa pe3yaTaTHUTe
HarotoBo. ToBa Hajara MpPEnoAaBaTes T CiIel BCSIKO yIMPaXXHEHHE Ja ThPCU M IpeMaxBa
noxrydeHure aiinose ¢ pe3ynrary;

- KommorbpHuTe crcTemu TpsiOBa Ja ca AOCTaThYHO MOIIHH, 3 Ja MOTar Jia CTapTUpaT
BCsIKa HeoOXoIMMa Iporpama 3a BesKa JUCHUIUIMHA. ToBa Hajara HEpHOIUYHOTO
aKTyaJM3UpaHe Ha CUCTEMHUTE;

- Ilo HAKOM pa3MUYHU MUCIUIUIMHM CE Hajlara Jia ce W3MOJ3BAT Pa3jIMYHU OINEPAI[HOHHU
cucremu (Hamp. Windows u Linux). MHcTanupaHeTo Ha JBe ONEpallMOHHH CHCTEMH Ha
€IMH KOMIIIOTHD IMOHSAKOTa BOMU JIO YCJIOXHEHHS, HampuMep aBTOMATHYHHUTE
aKTyaJM3alliy Ha eIHaTa CHCTeMa MOTaT Jia IMorpeyar Ha Bb3MOXKHOCTTA 33 CTAPTUPaHE Ha
Jpyrara u 10 HEeBb3MO)KHOCT 3a ITPOBEXKAAaHE HA 3aHATHETO;

- Tlonsikora cTyeHTUTE ca MOBEYE OT KOMIIOTHPHUTE CHCTEMH, KOSTO HaJlara 4acT OT TIX
Jla He yJacTBAT aKTUBHO B IIPOBEXKIAHETO Ha YIIPAKHEHUETO;
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- ChayvaiilHaTa WIM Hapo4yHa TIIOBpeJa Ha JaJieHa OIEepallMOHHA CHCTeMa Hajara
NPEUHCTATMPAHETO Ha IsUIaTa KOH(UIrypauus, 3aeAHO C MPUIIOKHHS copTyep, KOETo
OTHEMa BpeMe.

Yact or mpobimemure OsiXa YaCTUYHO 3A00MKOJICHM 4Ype3 INpOMsHATaA HAa HayMHA Ha
NPOBEXKIAHE HA YNPAXHEHUATA, KAaTO C€ M3MOJI3Baxa IMPEIBAPUTEIHO TOJATOTBCHU BHPTYAIHU
MAIllMHU, CTApTUPAHU Ha JIOKAJHUS KOMIIOTHP upe3 OesruiatHust codpryepen mpoaykr — Oracle
VirtualBox. ToBa mOHSIKBAC HaMald MPOOJIEMHTE, CBBP3aHU C TMOBPEXKIAHETO Ha (ailyioBe U
OIIPEALlMOHHU CUCTEMH, KaKTO M JIOKAJTHOTO 3ala3BaHe Ha MOJYYCHU Pe3yJITaTH, HO BbBEIC HAKOH
HOBH MPOOJIEMU:

-  EnHOBpEeMEHHOTO KOMHMpaHE Ha MPEIBAPUTEITHO MOATOTBEH (aiiyl ¢ BUPTyaaHa MalliHA Ha

10 paboTHu mecta OT enuH (aijoB CHPBBP MOXKE Ja OTHEME 3HAYUTEIHO BpPEME OT
HE00XO0IMMOTO 32 TIPOBEKAAHE HA YIPAXKHEHUETO, JOPH U CJIe]] IPOMsIHATA Ha MpEXKOBaTa
cBbp3anoct Ha 1 Gbit/s. [IpobnembT MOXe na ce 3a00MKOIH, aKko (ailyioBeTe ce KOmupar
NpeBapUTEIIHO, HO TOBAa M3KMCKBAa JOCTa BPEME W YCHJIHMS OT IPEMOAABaTENs MPEIn
3aHATHUETO;

- EIHOBpEMEHHOTO CTapTHpaHEe Ha HAKOJIKO BUPTYaJIHH MAIIMHHU HA JIOKAJTHHS KOMITIOTHD
3HAYUTEITHO HAMAJISIBA TPOU3BOIUTEIIHOCTTA MY;

- Tlpu codryepa Oracle VirtualBox pasnensiHero Ha uHTEepdEiCHTE B pa3sIMYHH MPEKOBU
CeTMEHTH CTaBa 4Ype3 3aJaBaHe Ha Pa3IMYHO UME Ha MpEKaTa B HACTPOMKHUTE Ha aJlalTepa.
ToBa He € BUJUMO OT CTYJIEHTAa M YECTO BOJAU JI0 OOBPKBAHE M JIUIICA HA KOMYHHKAIUS
MEX/y BUPTYaJTHUTE MAIIUHH.

2. U3o0xkenune

[Ipy HampaBeHOTO TpOyYBaHE 3a CBHIIECTBYBAIM pelIeHHs Ha mpoOieMa Osxa
UICHTU(PHUIMPAHU J1OCTa TMOAXOJHU, TOJsIMaTa 4acT OT KOWTO MPEACTaBlsABaxa CIENHATU3UPAHU
copTyepuu 1aThopMH, U3UCKBAIIM pa3paboTkara Ha crenudUUHA COPTYyepHU CUMYJIAUMOHHU
MOJIYJIH 32 BCAKO YIPaXHEHUE U TUCITUIINHA.

Enun BB3MoOkeH moaxoj, w3nomsBam KVM 3a Bupryanuszanus u codctBen Web Gasupan
uHTepdeiic 3a koHurypaius, € npeacrased B [1]. Toil e opueHTHpaH TJIABHO KbM MPEKOBH
nabopaTopuu, peanu3upaHu ¢ ycrpoiictBa Ha CisCO Systems. BbOpekd OYEBHIHUTE My
MpeIMMCTBA, TO3U TMOJIXOJ HE € MOAXOMAIl 3a HallaTa MOCTaHOBKAa, ThH Karo He Oerre
UICHTH(UIMPAaHA BB3MOXHOCT 32 OCHUTYpsSBaHE Ha JIAOOPATOPHHUTE YIPAKHEHUS I10 BCHYKH
HEO0OXOIUMU TUCIUTUIMHU.

[MpencraBenata B [2] BupTyanHa mpabopatopus M0 AucUUIUIMHATA “"OpraHu3aius Ha
KOMITIOTHPA“* MpeJCcTaBisABa cohTyepHa CUMYyINallMs HA MPOIECUTEe B KOMIIOThpHATA CUCTEMA U €
CHeIMai3upaHa 1Mo KOHKPETHATA JTUCIHILINHA.

Haii-6;m30 n0 HammmTe meiM ce okas3a mpejcraBeHara B [3] cucTema 3a aBTOMAaTH3alMs Ha
BUpTYyaJHa JlabopaTopus MpH 00y4eHUETO 10 NHGOPMAIIMOHHH TEXHOJIOTUH, KOSITO € IMyOJIMKyBaHa
mpe3 2011 roguHa, KaTo KOHIENIIMUTE U MPOAYKTUTE, U3MOI3BaHU B HEsS, KbM MOMEHTa ca JI0CTa
OCTapeNy U HeJOCTHITHU.

B pamkure Ha w3mbaHeHue Ha mnpoekT Ne BGI6RFOP(002-2.009-0043 ,,Pa3Butne Ha
KamnaruTeTa ¥ HHTepHaIMOHaIu3anusaTa Ha npoaykrute Ha Kimscrep Avitoc /ITOS/“ ¢ dhunancoBara
nonkpena Ha EC upe3 EBpornelickust poHJ 32 perHOHATHO pa3BUTHE, TeXHUYECKH YHUBEPCUTET —
['abpoBo, KaTo WiIeH Ha KIBCTEpa, ydacTBa B cremuduKausaTa W pa3padoTKaTa Ha pa3BOifHA
naboparopusi 3a OONAYHM W BUPTYATM3AI[MOHHU TEXHOJOTHHU. 3a IIETUTe Ha MpoeKTa Oerre
JOCTaBeHAa W HWHCTaIWpaHa B rpax [aOpoBo, W3BBH TEPUTOpHUATa HA YHHUBEPCHUTETA,
nH(PaACTPYKTypa, ChCTOAIIA CE€ OT CICAHUTE KOMIOHEHTH:

- 4 6pos cepebpu HP DL380Gen 9, 2 X 8 Core Intel Xeon E5-2620v4, 256 GB RAM, 2 X

1,2 TB 6G SAS HDD, 32 GB Flash Media Kit, 2 X 800 W Hot Swap PSU,;
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- 1 6p auckoB macuB 3a chbxpaHenue Ha qanan HP DL380Gen 9, 2 X 8 Core Intel Xeon E5-
2620v4, 256 GB RAM, 12 X 4 TB 6G SAS HDD, 2 X 800 W Hot Swap PSU;

- Komyrarop na mpexara 3a nanau HP Aruba 3810M 16 SFP Switch;

- Kowmyrarop Ha MpexxoBara cBbp3anoct Cisco Catalyst 2960-X 48 GigE;

- 3BamwurtHa crera Cisco ASA 5508-X with FirePOWER Services;

- VMware VSphere Standard Server + VVCenter;

- VMware Horizon View + Client license pack.

Ha ¢urypa 1 e nokazana cTpykrypara Ha miaaTgopmara.

Internet

Storage Server

ASA Firewall

ESXi Hostt 2 ESXi Host 3 ESXi Host 4

ESXi Host 1

A

SAN Switch

®@ur. 1. Ctpykrypa Ha matdopmaTa

Yetupure (GU3MYECKH CHPBBPAa M CHUCTEMara 3a ChXpaHCHHWE Ha JaHHU HMMaT IO YETHPH
(bu3nIecKn MPEKOBH KOHTpOJIEpa 3a TpaHcdep Ha JaHHU cbe ckopocT mo 1 Gbit/s, o6enunenu B
o6y ornuecku kauan (Etherchannel) ¢ obmia ckopoct 1 Gbit/s. Te, 3aeaHo ¢ KOHTposiepa 3a
OTJaJieueH JOCTHIT 10 KOH30JaTa Ha ChpBbpa (I1L0), ca cBbp3aHu KbM MpexoBus komyratop Cisco
Catalyst 2960-X, kato ca pasneneuu B paznuunu VLAN mpexu. Beeku cbpBbp uma u no asa 10
Gbit/s mpesxoBu KOHTpOIIEpa, CBBP3aHU KbM KOMyTaTopa 3a Tpanchep Ha nanaun HP Aruba 3810M,
KaTo 00I11aTa CKOPOCT KbM JTUCKOBHSI MacuB Ha Bceku chpBbp € 20 Gbit/s. Bpp3kara kbM MHTEpHET
ce ocemiecTBaBa mpe3 3amutHa creHa Cisco ASA 5508-X, kosATO peryiampa JJoCThIla Ha
oTAanedeHuTe norpedutenu npe3 Murepuer u kpuntupa ganaute ype3 SSL VPN. Otnaneuenure
notpebuTenu TpssOBa aa umat uHctanupan copryepa 3a VPN moctsn Cisco AnyConect VPN, upes

Kommiorspru Hayku u Texnoorun 1 2018 ~ Computer Science and Technologies 72



KOHTO OCBINECTBSIBAT AaBTCHTHKAIMATA H JOCTBIA 10 Iuiatdpopmara. KIHMEHTHT mommbpxa
wiargpopmu Windows, Linux, MacOS, i0S u Android.

Ha Bceknm oT uetupure ChpBBpa € HHCTanupan xuneppaiizop VMware ESX 6.5.0.
Koopaunamusta u HaOmoneHHETO Ha pecypcuTe ce ochiuecTBsiBa upe3 VMware vCenter,
HHCTAIMPaH Ha J[BC BUPTYaJHH MAIlMHH BHPXY omeparroHHa cucrema Microsoft Windows 2012
Server. TlorpeOuTenure Ha crcTeMaTra 3a BUPTYAIHA JIECKTON HH(PACTPYKTypa, TEXHUTE TpaBa,
JOCTBII IO PECYPCH U APYTH MapaMeTpu ce ymnpasisBar upe3 VMware Horizon. IToseue cBemeHust
3a raropmara Morat Ja Obaat HamepeHu B [4].

C nomomra Ha miargopmarta Oemie peanu3upaHa BUPTyalHa JECKTON HHMPacTpyKTypa,
MO3BOJISBAINA M3ITBIHEHUETO HAa BUPTYyalHH MamuHu npe3 Web browser Ha npousBosieH KITUEHT.

Ha ¢urypa 2 e mokasan ekpanbpT Ha enuH ESX cwbpBBp cbc craprupanu 17 BUpTyanHu
mamuau — 5 6pos Windows Server 2016, 5 6pos Windows 7, 5 6pos Windows 10 Professional u 2
opos Linux Ubuntu 64 bit.

vmware ESXi’ cot@to NI - | e+ |

E' GB-ESX04
) Manage with vCenter Server | 51 Create/Register VM | [J Shutdown [Bg Reboot | (@ Refresh | £} Actions
. GB-ESX04 cPU FREE: 30.7 GHz
— . ) - 99
Version: 6.5.0 Update 2 (Build 8294253) =
USED: 2.9 GHz CAPACITY: 33.6 GHz
State: Normal (connected o vCenter Servera. ..
Uptime: 101.16 days MEMORY FREE: 388.79 GB
. | 24%
=} USED: 123.09 GB CAPACITY: 511.87 GB
(]
o
'g STORAGE FREE: 102.89 GB
z 91%
é_ﬂ' USED: 1,007.36 GB CAPACITY: 1.08 TE
. ~ Hardware
Manufacturer HP
Model ProLiant DL380 Gen9
» | cPu 16 CPUs x Intel(R) Xeon(R) CPU E5-2620 v4 @ 2.10GHz
8 lemory 511.87 GB
E 4 E Virtual flash 0 B used, 0 B capacity
A Q Networking
Hostname GB-ESX04
IP addresses 1. vmk0: 10.66.100.41
DNS servers 1. 10.66.0.136
Default gateway 10.66.100.1
IPv6 enabled No
Host adapters 8

®@ur. 2. HaroBapeHOCT Ha CHPBBP

Bmxnia ce, ye HaToBapeHOCTTa Ha Tpollecopa Ha chpBbpa € 9%, a Ha mamerta My — 24%,
KOETO O3HauaBa, Y€ B Ta3u KOH(QUTypalus Ha €IUH ChPBBP IIe MOraT Ja ce crapTupaT moHe 60
MallliHU €THOBPEMEHHO, a Ha Is1aTa matdopma — Hax 200.

KbM MOMEHTa Ha HalMCBaHE HA TO3M TEKCT BCE OIIE € B MPOIEC Ha TECTBAHE U OICHSIBAHE
HATOBApBAaHETO HA MPOLIECOPU U MaMET Ha YCTPOMCTBATa MPU PEasHO MPOBEXKIaHE Ha J1abopaTOPHU
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YIOpaXHEHUS] C TMO-TEXKKU BUPTYaJIHU MAIMHU, KaKTO U HEOOXOAMMara CKOPOCT Ha MpPEKOBHUS
JIOCTBII 10 CUCTEMATA.

3. PesyaraTtu

Cnen xoHpurypanusta Ha HeoOxonumuTe napameTpu BbB VMware Horizon — notpedurenu,
npasa, MapoJy 3a JAOCTHII, BUPTYAIHU MAIIMHU U JAPYTH, CTAPTHPAHETO HAa BUPTYATHUTE MAIIHHUA
Oellie TECTBAHO Ha Pa3IHMYHU KIUCHTH, MEKIY KOUTO:

- peckromn u nanton kommorpu ¢ Windows 10 u Ubuntu Linux oneparinoHHE CHCTEMU;

- ymuu Tenedonu ¢ oneparmonnu cucremu Android u MacOS;

- T1eHKHU KJenTu HP t520;

- HP Chromebook 11 G3;

- Ttabneru Lenovo Yoga, Apple Airpad Air 2 u npyru.

Ot TecToBeTe Oelle YyCTaHOBEHO, Y€ BCsKa IutaropmMa MOXKE Jla CTapThpa U padOTH YCIICITHO
BUpTyaJiHa MallliHa IOJI YIPABJICHUETO HA MPOM3BOJIHA MOJIbpKaHa OIepalMoHHa cuctema. Ha
¢durypa 3 e mokasaH ekpaH OT miardopmara 3a BUPTyalHa ISCKTON MHPpAcTpyKTypa — Vmware
Horizon ¢ moka3zanu yCrenHo U3rpajeHu CeCUU U CTApTHUPAHH MAIIHHU.

&« C' | A Hama zawmra | hitpsy/10. Jadmin/#/remotesession B @D Q0 @ (4]

VMware Horizon 7 Administrator Horizon Console | About | Help | logout (administrator)

Sessions

Sessions

Problem vCenter VMs Desktop | Applications
Problem RDS Hosts

Events

System Health

Filter » Find Clear
Inventory

(;'-'Q,Dashboard User 1a Type Pool or... DNS N... ClientID S.. Start Time Duration Sessi... Last...

| et run 10.7 2018 r e e

&8, Users and Groups & G... Desktop RDS_F... gb-srv03 19.7.2018 1. 65 days 22 hol Connect
» Catalog L'j G... Desktop Windo... gb-win7-\ 19.7.2018 r. 65 days 22 ho! Connect
¥ Resources @ lir... Desktop RDS_F... gb-srv03 23.6.2018 . 91 days 22 hol Connect

[IﬂFarms ﬁ lir... Applicatio RDS_F... gb-srv03. b33baeef 25.6.2018 r. 89 days 22 ho! Disconni 2 minute
{§ Machines
= Persistent Disks

¥ Monitoring i
ﬁEvents d lir... Applicatio RDS_F... gb-srv03. b33baeef 23.6.2018 .| 91 days 18 ho' Disconni| 10 minu

Lﬂ lir... Applicatio RDS_F... gb-srv03. 1ff68c40:; 23.6.2018 r. 91 days 17 ho! Disconni

. & lir... Applicatio RDS_F... gb-srv03. 18137a8f 23.6.2018 r. 91 days 17 ho! Disconni| 7 minute

I Sessions

v Policies
71 Global Policies

¥ View Configuration
Servers
Instant Clone Domain Admins
Product Licensing and Usage
Global Settings

Registerad Machines

®ur. 3. Msrpanenu cecun KbM IiaTgopmara

[Monapwikkara HA pa3TUuYHU MOOWIIHU TUIaTHOPMHU JaBa BH3MOKHOCT CTY/IEHTUTE /1a y4acTBaT
B JJAOOPATOPHOTO YIpaKHEHUE, U3IOI3BAKNA CBOUTE COOCTBEHU TEPMHHAIM — JIANTONH, Ta0JIETH U
MoOuHH Tenedonu. 1o To3n HaumH KU3rpageHara miaargopma JaBa Bb3MOKHOCT U 3a U3IIBIHEHUE
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Ha 33J]auuTe, IOCTABEHU B JTAOOPATOPHOTO YNPAKHEHUE W M3BBH YHHBEPCHUTETCKUTE JTA00OPATOPHH,
KOETO MOXKE Ja C€ M3MO0JI3Ba B ObJIEIIe IIPU OCUTYpsIBaHE HA AUCTAHIIMOHHO O0YYEeHUE HA CTYACHTH.

Ha ¢urypa 4 e nokazana ycranosena VPN cecust upe3 Cisco AnyConnect VPN Client ot
MoOuIIeH TeaedoH 1o onepanroHHa cucrema Android.

-

3 .l 87% 0 1427 o [ NG 7 H 1510

“\, Detailed Statistics

CONNECTION INFORMATION

Time Connected 00:00:10
Status Connected
Tunneling Mode Tunnel All Traffic
Tunneling Mode (IPv6) Drop All Traffic
AnyConnect

ADDRESS INFORMATION

Session: AnyConnect VPN Client 172.18.200.225

Duration: 00:04:17
Server 19412 ]

Sent: 0.01 MB '
Received: 0.00 MB Client (IPV6) Not Available
BYTES
DISCONNECT CANCEL

Sent 1904
Received 3402
FRAMES
Sent 28
Received 2

®@ur. 4. Ceopssane ¢ Anyconnect VPN xbsM matdopmara
4. 3ak/a104eHue ¥ ObaeH NJIAHOBE

B Hacrosmms TOKyMEHT € OomMcaH €IuH IMOJXOJ 3a M3TpaXkJaHe Ha CHCTEMa 3a JECKTON
BUpPTyQJIM3allis, KOSNTO C€ IUIAHWpA Ja C€ W3MOJ3Ba MPH IPOBEXKIAHETO HA JIaOOpaTOpPHU
YOpaKHEHUS Ha CTYJIEHTUTE OT CHEUaTHoCT ,,KOMOIOTBPHUM CUCTEMH U TEXHOJOTUU B
Texnaudeckn yHuBepcuteT — ['abpoBo. KbM MOMeHTa Ha HamMcBaHE Ha JOKyMEHTa CHCTeMaTa €
W3rpajieHa U TeCTBaHa KaTo 0a30BHM BH3MOKHOCTU 32 OT/NAJCUYCHO CBHP3BaHE M CTApTHUpPAHE HA
BHPTYyaJIHA MAIlIMHA OT IMIMPOK Ha0Op KIIMEHTCKHU yCcTpoiicTBa. [IpenBapurenHuTe TeCTOBE OKa3BarT,
ye cucremMara € oOpa3MepeHa C JOCTaTbU€H KamaluTeT, 3a Ja II0eME€ HAaTOBAPBAHETO OT
HE0OXOoUMUs OO KIIMEHTHU 3a PeaTHo MPOBEKIAHE HA YIPOKHCHUSTA.

[Ipeacron m3rpakmaHeTo Ha BUPTYATHUTE MAaIlMHU 3a TMPOBEXKIAHE HA YIPAKHEHUS IO
JUCUUILTMHUTE ,,KOMIIOTHEPHU Mpexu* u ,,ba3u maHHU®, TECTBAaHETO U BBBEKIAHETO B PEAICH
y4eOeH MpoIieC Ha YIpaKHEHUSTA.
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MexaHu3MbT Ha JECKTON BUPTyaIH3alus oMara 3a IpeoAosiBaHETO Ha peaulia MpooieMu,
CBBP3aHU C MMPOBEXKIAHETO HA JaOOPATOPHUTE yNpaKHEHHS Ha (PU3NYECKH KOMITIOTBPHU CUCTEMH,
KaTo MHCTAJIMPAHETO Ha MHOTO MPOrPaMU Ha €Ha CUCTeMa, HEBOJHO WM HAPOYHO MOBPEXAaHE Ha
¢aiinoBe 1 ONepalMOHHN CHCTEMH, KAKTO M M3IIOJI3BAHETO HA TOTOBU PE3YJITATH OT YIPAXKHEHUETO,
MOJIy4eHU OT mpenuiHu rpynu. [oaxoasT naBa Bb3MOMXKHOCT 3a €IHOBPEMEHHO HU3IOJI3BAHE HA
Pa3NIUYHM ONEPAMOHHU CUCTEMH, CODTYyepHH HPUIOKEHHUs, ObP30 BB3CTAHOBSBAHE OT OTKA3W U
CpUBOBE, KaKTO UM OBP30 M JIECHO 3alla3BaHe Ha Pe3yJTaTHTE 3a MO-HATaThYHO H3MOJI3BaHE WU
IIPOJBJDKABAHE HA JIEHTHOCTUTE 110 IPOBEXK/IaHE HA YIPAKHEHUETO.

OTtnanedeHuaT AOCTHII A0 JIAOOpaTOPHUTE YIPAKHEHUsI JaBa Bb3MOXKHOCT Ha CTYJIEHTUTE 3a
U3MBJIHEHUE Ha 3aJauuTe HM3BBH TEPUTOPUSATA HA YHHUBEPCUTETAa U B MPOU3ZBOJIHO BpEME OT
JCHOHOIIMETO, KOETO JaBa MPEAMMCTBA MPU HEBB3MOXKHOCT J]a CE MOCeIaBaT y4eOHUTE 3aHATHS
WM 32 peayin3alysl Ha JUCTaHLMOHHO OOyueHue.

[Monapwkkara Ha MHOro IUIATGOPMH M ONEPALMOHHM CHCTEMH JaBa Bb3MOXKHOCT
yIpaXHEHUsITa Aa ObJaT CTApTUPAHHU U U3MBIHSABAHU OT MOOMIIHUTE YCTPOMCTBA HA CTYACHTUTE U
10 TO3W HAYMH HaMaJlsBa pa3XxoJuTe M0 3aKyllyBaHe Ha CTAllMOHAPHU YCTPOIlCTBa.

KbpM MoMeHTa KOHCTaTHpaHUTE HENOCTAThIM Ha TMOAX0Ja ca HEeoOXOAUMOCTTa OT
BUCOKOCKOPOCTHA W TapaHTHpaHa VIHTepHET CBBP3aHOCT KbM CHCTEMara 3a J1abopaTOpHU
yIpaXHEHHsI, KaTO HMMa MPEINONIOKEHHUs, Y€ MpPU HecTadWIHA WM C HEAOCTaThbuHa CKOPOCT
CBBP3aHOCT € Bb3MOXKHO MPUIIOKEHUSITA 1a padoTAT TpyaHo. IIpu oTnagaHe Ha CBbP3aHOCTTA KbM
WuTepHer nabopaTopHuTe yIpakHEHHUs HsAMa Ja MOrar Ja ce mpoBeaar. B MomeHTa ce mpoyuBar
BB3MOXKHOCTHUTE 3a U3rPaX/1aHe Ha pe3epBupaHa IHTEpHET CBBP3aHOCT.

BaarogapHocTn

HacrosmusaT moxkyMeHT € u3roTBeH ¢ ¢uHaHcoBara momomy Ha noroBop Ne 1810E 3a
MIPOBEXJaHE Ha HAYYHHU M3CIE/IBaHUS MO MPOEKT Ha TeMa: ,,[IpuoxkeHre Ha BUPTYalIU3alluOHHU U
00JauHU TEXHOJIOTUU B 00yueHneTo KbM TeXHUUYECKH YHUBEpPCUTET — ['abpoBo.

Anapatypata U CcOQTyepHHUTE JIMIIEH3M, M3MOJI3BAaHM B JOKYMEHTa ca JIOCTaBEHH IpHU
m3meaHeHne Ha 1poekt Ne BGI6RFOP002-2.009-0043 ,Pa3BuTne Ha KamanureTra W
MHTEepHallMOHANM3aMATa Ha npoaykTuTe Ha Kiberep Alitoc /ITOS/“ ¢ punancoBara moakpena Ha
EC upe3 EBponeiickust poH/1 32 peTHOHAIHO Pa3BUTHE.
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YIIPABJIEHUE HA 3AXPAHBAHETO HA BUPTYAJIHA
NHOPACTPYKTYPA

Xpucro I. Beiiuanos

Pesrome: CohiecTBeH MpoOlieM IMPH CHhPBBbpPHATA BHUPTyalW3alMs € OTHaJaHeTO Ha 3axXpaHBaHETO Ha
kibcrep. [loBewero UPS cucremu 3a BupTyanusupaHa WHPPACTPYKTypa C€ JOCTaBAT ChC COOCTBEHHU
KoMaHaHu coryep u uHTepdeiicu. Kato pesynrar, aIMUHACTPATOPUTE ca MPUHYJCHH J1a U3IOJI3BAT CIUH
WHCTPYMEHT 3a YINpaBJICHHWE Ha BUPTyaIM3allUsaTa W JPYr 3a yNpaBlcHHE HA 3aXpaHBAHETO, KOETO
3aTpyJHSABA MPOU3BOIUTEIIHOCTTA U MOXKE J1a 3a0aBU BPEMETO 32 OTTOBOP B ClIydali Ha OTKa3 Ha YCTPOHCTRO.
B Hacrosimus J0KIaa € MpeicTaBeHa apXUTEKTypara Ha CHCTeMa 3a YIpaBlIeHHE Ha 3aXpPaHBaHETO H
BHPTYAJIHUTE MAIlIMHU B HHQPACTPYKTYpa, U3rpazena Ha O0azara Ha VMware ESXi xiscrep.

Kuarouosu xymu: Virtualization, UPS, Power Management

Power Management of a Virtual Infrastructure
Hristo G. Valchanov

Abstract: A major problem with server virtualization is the dropping of cluster power. Most UPS systems
for virtualized infrastructure are delivered with their own command-line software and interfaces. As a result,
administrators are forced to use a virtualization management tool and another for power management, which
hinders performance and can slow response times in case of device failure. This paper presents the
architecture of a power management system for virtual machines in an infrastructure built on the VMware
ESXi cluster.

Keywords: Virtualization, UPS, Power Management.

1. YBoa

Bupryanuzanusara e nokazaHa coTyepHa TEXHOJIOTHs, KosATO Obp30 TpaHchopmupa IT
CeKTOpa M (yHJaMEHTATHO IPOMEHH HauyuHa, IO KOMTO XopaTa H3MOJ3BAaT KOMITIOTPHUTE.
Bupryanuzanusta Bce IMOBeYEe c€ MpEBpbHIIa B OCHOBA HAa WHUIMATHBUTE, HACOUYEHU KbM
penyuupase Ha paszxoxaute. Criopen pasnuuHu npoyusanus mexay 60 u 80% or UT oraenute B
CpeIHU M TOJIeMH KOMIIAHMM IO CBETa peaju3upar IPOEKTH 3a ChbPBbpHA KOHCOJIMJAALHUS.
[IpyunHUTE 32 TOBa ca OYEBHJHU — 4Ype3 penyLHpaHeTo Ha Oposi U BUJOBETE CHPBBPU, KOUTO
OCUTYpSABAT OM3HEC MPUIOKEHUATA, KOMIIAHUUTE PEIyLUpaT B 3HAYUTEIHA CTENEH Pa3XoauTe U
ycunusaTa 3a ynpasiieHne. OCBeH TOBa ce HaMajsiBa KOHCyMal[UsTa Ha eJIeKTPUYECTBO, CBhP3aHa ¢
paboTata Ha ChpPBBPUTE M Ha OXJIAXKJIAIIUTE CUCTEeMU. MOXKe Ja ce HampaBU 3aKIIOYEHHUETO, 4e
BUpTyalIH3alUsATa ONpOCTsBa pabdoraTta Ha MHGOPMAIMOHHATA MHPPACTPYKTypa B KOMIIAHHHTE,
nofo0psiBa NMPOU3BOJMTENIHOCTTa W HamalsBa oOIlara IleHa Ha IPHUTEXKAHWE Ha CHCTEMUTE.
BupryanuzanmoHHUTE TEXHOJIOTUU Ca B OCHOBAaTa Ha ChBPEMEHHHUTE 001auHU n3uucienus [1].

Bupryanuzanmonnata miaTgopMma BUPTyaldH3upa XapAyepHHUTE pecypcu Ha Xx86-0a3zupaHu
KOMITIOTPH KaTO Ch3/jaBa HA'BJIHO (DYHKIIMOHAJIHA BUPTYalIHa MallliHa, KOATO MOKE J1a U3IIbJIHSABA
CBOS COOCTBEHA ONEpaliOHHa CHUCTeMa M NPUIOKEHHUS, TOYHO KAaTO MCTUHCKH KOMITIOTBD [2].
Bupryanuzanusta paboTu upe3 U3MO0JI3BaHE Ha ClielrajIeH copTyep - MOHUTOP WM XHUIepBai30p,
KOHTO pa3mnpenelis XapAyEepHUTE PECypcH TMHAMUYHO U IIPO3PAayHO MEXAY BUPTYAJIHUTE MAIINHMU.
Hsaxonko omepanmvoHHM cUCTEMH (TOCT CHCTEMH) MOTAT Ja paboTAT €JHOBPEMEHHO Ha €IuH
¢u3nUYecKy KOMIIOTHP U J1a CIOACAT XapAyepHU pecypcu enuH ¢ Apyr. Upes kamcynupaHe Ha
1s1aTa MalllnHa, BKIOYUTEIIHO MPOLECOp, MaMET, ONEpalliOHHA CUCTEMA, U MPEKOBH YCTPOMCTBA,
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BUpTyaJHaTa MalllHa € Hall'bJIHO CbBMECTHMA C BCUUKHU CTaHIAPTHHU X80 OnepalioHHU CHUCTEMH,
IIPUJIOKEHUS U JPAUBEPHU.

CopuiecTBeH mpoOsiieM MpH ChpBbpHATa BUPTyalIM3allls € OTHaJaHeTO Ha 3aXpaHBaHETO Ha
KibcTep. PelieHneTro e u3noi3BaHe HAa CUCTEMHU 3a HenpekbcBaeMo 3axpanBaHe (UPS), kouto
MOAIBPIKAT aBapUHO 3aXpaHBaHEe OT OaTepuu 3a OompeselieH nepuoj ot Bpeme. Cien JocTUraHe Ha
KPUTHYCH MUHMMYM Ha aKyMyJHMpaHaTa €HEprusi, BCHYKH BUPTyaJHU MaIIMHU TpsiOBa na Obaar
kopekTHO m3kiroueHu (graceful shutdown). B mpotuBen ciywait ToBa OM 10BENO 0 €BEHTyaHA
HEKOHCHUCTEHTHOCT Ha HHpopManmusitTa B TiX. ChUIEBPEMEHHO, CleJ] BH3CTAHOBSBAaHE Ha
3aXpaHBaHETO, BUPTYATHUTE MAIlIMHU TPSOBA Ja CE CTapTUPAT BbPXY ChOTBETHUTE XOCT-CHPBHPH [3].

Penuma kommanuu, kato VMware, Microsoft, Citrix u apyru, npejgiarat NpoaykTd OT THIIa
"Live migration", kouTo MoraT Obp30 Ja MPEXBBPIAT BUPTYAIHU MAIIMHU OT €IMH XOCT-ChPBBP Ha
JpyT ¢ 1en OallaHCUpaHe Ha HATOBAapBAHETO WJIM KOTaTO MMbPBOHAYAIHUST CHPBBP UMa ONEPaTUBHU
npobieMH WM HM3UCKBAa NOJApbKKa. Ho mpemmaranute moJoOHM CHCTEMH HSMaT BrpajieHa
(YHKIIMOHATTHOCT 32 PeaKIys Mpy NPEeKbCBaHE HA 3aXPaHBAHETO.

[ToBeuero UPS cucremu 3a BUpTyanu3upaHa MHPPACTPYKTYpa C€ JOCTABIT ChC COOCTBEHU
KoMaHAHH codTyep M wuHTepdeiicu. Kato pesynrtar, agMUHUCTpATOpUTE ca MNPUHYICHH J1a
U3MOJI3BAaT €IMH HMHCTPYMEHT 3a YIpaBJIICHHE Ha BUPTyalIu3alusTa U Jpyr 3a YIOpaBJIEHUE Ha
3aXpaHBAHETO, KOETO 3aTPYAHSIBA MPOU3BOJUTEIIHOCTTa U MOXKE J1a 3a0aBU BPEMETO 3a OTTOBOP B
cillydail Ha OTKa3 Ha ycTpoiictBo. Ilpu moamsHa Ha cucTemara 3a 3axpaHBaHE € HE0O0XOIUMO
HAHOBO OOy4eHHEe U KOHPUTypUPaAHE B 3aBUCMOCT OT MOJIejIa U PEIICHUETO.

Jpyro npeau3BUKAaTENCTBO € W3MOJ3BAaHE HA PELICHHE, KOETO € MPEMHMHAIO JO0CTaThb4YHO
TecToBe. MHOro mpe[iaraHd pelIeHUus Cce peKjIaMupaT KaTo cepTUUIUpaHd ,TOTOBH 3a
BUpTyaiu3auus’, HO TpsOBa MOTpeOUTENNTE Aa ce 0OpbBINAT KbM TOBA TBBHPJACHHE C IOBUIIEHO
BHHUMaHUe. PeanHocTTa €, 4e MHOTO MPOU3BOIUTENN HE Ca TECTBAIU HAI'BJIHO CBOSI COPTYEp BHPXY
BUPTYaJIU3UPAHU TIATGOPMHU MM TEXHHUTE MPHJIOKEHHSI UMAT HAKOM crenupuyHu mpodjaeMu BbB
BUPTyaJIM3UpaHa cpea.

B HacTosAmms nokian € IpelcTaBeHa apXMTEKTypara Ha CUCTeMa 3a yIpaBieHHE Ha
3aXpaHBaHETO U BUPTYAIIHUTE MAalIMHU B HHGPACTPYKTYpa, U3rpajeHa Ha 6a3zata Ha VMware ESXi
KII'BCTEP.

2. ®opmy./upaHe HA MpodiiemMa

IIpu pa3zpabotkara Ha ESXi oT komnanusta VMware He € BKJIIOUYEH ChpPBHC 3a yIpaBiIeHUE
Ha 3axpaHBaHeTo. KommaHusTa mpeuiara Apyra TEXHOJIOTHS 3a 3alllUTa Ha TEXHUTE ChPBBPH. Tbii
KaTo 3a KJIMEHTUTE € HEJONMYCTHMO Ja CH MO3BOJAT CIHpaHE Ha TEXHHUTE YCTPOWCTBA 3a TOJSM
nepuosl OoT Bpeme, VMware pa3paboTBar cucrema, cBbp3aHa He camo ¢ UPS, HO u ¢
MIPOTUBOINOXkKAapHA cucTema 3a 6ezonacHocT. [Ipu akTuBHpaHe B ciydail Ha mpoOIeM, BCHUKH TaHHU
OT CHPBBPUTE CE€ KPUNITHPAT, KOMIPECUPAT U CE MPEXBBHPIAT HAa OTJAIECUEHU CHPBBPU 32 BPEMEHHO
M0JI3BaHe, KbJIETO ce JeKoMIpecupar u Aekpuntupar. [IpenuMcrsara Ha TO3H MOAXO/ C€ U3pa3saBatT
B TOBa, Y¢ HOPMAJIHOTO JEHCTBHE Ha CHPBBPUTE C€ MPEKpaTsIBa 32 KPAaTKO BpEMe M ce MOKpHUBAT
MoBeY€e BBH3MOKHU CHOUTHS, IIPU KOUTO € Bh3MOXKHaA 3aryba Ha uH@opmanus. Hegocratek e, ue
TOBa peIlIeHHe € JOCTBIIHO CaMO 3a TOJIEMH TeXHHU KJIMEHTH, KaTo € HEMKOHOMUYHO 32 MallKus U
cpeneH Ou3Hec.

Hpyro peuienue e npeioxeHo ot Pang Jlaynepe u e mybnukyBaHo B opunmaaaus Gopym 3a
0TBOpeH koA Ha VMware. Peanusanusara ce 6a3upa Ha Bb3MOKHOCTTAa Ha ONEPALlMOHHATA CHCTEMa
ESXi na u3Bexxa nHpOpMAaIys 3a BCHUYKH (PU3NYHU yCTPOWCTBA, CBBpP3aHH KbM Hesl. Upes cronjob
ce TpoBepsBa BCSIKa CEKyHJa 3a HaJWyhue Ha (YHKUMOHHpAIIM MpEeXOBH HHTepdeicu. AKo
uHTepQeiic € HeaKTUBEH 3a OIpe/esieH MEPUO OT BpeMe, Ce CUMTa OTMaJaHe Ha 3aXpaHBAaHETO Ha
CBBp3aHUsl C HEro KOMYTaTOp M c€ NpEeMHMHaBa KbM M3KJIIOUBaHe Ha cucremara. [loaxonsr e
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CPaBHUTEITHO MPOCT, HO HE c€ B3WMa IoJ] BHUMaHue HamudyueTo Ha UPS u npyru daxropu, xato
HaIpuMep MOBMILIABAHE HA TEMIIEpAaTypara B IOMEIEHUETO.

[TpousBogurennute Ha UPS, karo Eaton, APC u apyru mpemnarat cobctBeH codTyep 3a
ynpasienue Ha VMware BupryanHa unppactpykrypa. Codryepst cienu cbetosiHuero Ha UPS
nocpenctBoM Tpotokosl SNMP u npu Hanwume Ha usnpareHo or UPS cvoOmenue ce craptupa
MOCTIEIOBATEIHOCT OT JCWCTBUS 3a HM3KIouBaHe Ha MamuHHUTe. CodTyephT m3monsBa VMware
vCenter Server 3a KOMyHUKAIHs ¢ BUPTyaIHHTe MamuHu [4]. Berpeku ynoOHuAT uwHTEpdEiic u
BB3MOKHOCTHUTE, 10JI00EH cOPTyep UMa €MH CHIECTBEH HEAOCTAThK — HE MOXKE Jla C€ U3I0JI3BA U
3a KOPEKTHO M3KJIOYBAaHE Ha JIPYrH OMNEpPAlMOHHM CHCTEMHU M MAalIMHHU, OCBEH Oa3upaHu Ha
VMware u ESXi. B pequnia opranu3anuu, ocOO€HO B aKaJICMUYHUTE CPEIH, B KOMYHUKAIIMOHHUTE
mKagoBe YeCTO Ce IMOMEIaBaT OCBEH ChPBBPUTE 3a BHpTyanHata uHppactpykrypa (karo HP
Blade) u apyru MammHu ¥ yCTPOMCTBA ¢ pa3audHu oneparnonuu cuctemu (Linux mam Microsoft
ChpPBBPU, JTUCKOBU MacUBH U Jp.). T€3U CUCTEMH CBIIO U3UCKBAT J1a ObJAT KOPEKTHO U3KIIOUYBAHH.

Hanwuie e u Apyr BaxkeH BBIIPOC, CBbP3aH ChC CTAPTUPAHETO HA BUPTYATHUTE MAIIUHU CIIE]
BB3CTAaHOBSABAaHE Ha 3axpaHBaHero. Ype3 vSphere KIMEHT-aIMUHUCTPATOPBT MOXKE Ja
KOH(UTYpHpa aBTOMATUYHOTO CTapTHpaHE Ha BUPTYaTHUTE MALIUHU BBbPXY ONpEAENIEHU XOCTOBE,
clJIe]] KaTO CaMHUTE XOCTOBE ce ctapTupaT. ToBa 1aBa Bb3MOKHOCT 3a OaJlaHCUPAHO HATOBApBaHE Ha
CbPBBPHUTE B KiIbcTepa. Ho enHa OT BaKHUTE 3aJaud HA BUPTYAIU3AIHMOHHUTE MIATHOpPMU €
OCUTYPSIBAHETO Ha HAJIWYHOCT M JIOCTBIIHOCT HAa NPUJIOKEHUSTa NPU OTKa3 Ha 00OpyABAHETO.
VMware mnpenocras ycinyrara High Availability (HA), xosto mno3BomsiBa e(peKTUBHO
aBTOMATHU3HPAHO pPecTapTUpaHE 3a OPOCHU MUHYTH 3a BCUUKHM IIPUIIOKEHUS NPU CPUB Ha Xapayepa
WM omepanuoHHara cucreMa. HA MOCTOSHHO Clieli BCMYKH XOCTOBE B KIIbCTEpa M pecTapTHpa
BUPTYaJTHUTE MAIIMHU Ha JAPYr XOCT, aKO OPUTHHAIHHUAT XOCT CBpPBBp crpe na paboru. Ilpum
aKTUBHUpaHEe Ha Ta3W yclIyra ce M3KIIYBa BB3MOXKHOCTTA 32 aBTOMATUYHOTO CTapTUpaHe Ha
BUPTYaJIHUTE MAalIMHU BbPXY ONPEIENIEHH XOCToBe. BmecTo TOBa, BCUUKM BUPTYaJHU MAIWHU,
KOH(UTYpHpaHU 32 aBTOMaTHYHO CTapTUpaHe, MOraT Aa ObAAaT HaCOYEHH KbM IbPBHUS CTapTHUPaH
CBhpPBBD B KIIbCTEPA.

Ha ¢urypa 1 e npeacraBeHa BUpTyanHaTa MHQPACTPYKTypa, KOSATO € HE0OX0auMo Ja Obae
yhnpasisiBaHa. Ta3u HMHPpPAacTpyKTypa ce€ H3M0J3Ba B Y4YeOHMsS NpPOLEC Ha CTYJIEHTUTE OT
CMEeLUANTHOCTHU ,,KOMITIOTBPHU CUCTEMH U T€XHONOTUU U ,, COPTyepHU U MHTEPHET TEXHOJIOTHH
pu TY-Bapha.
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®ur. 1. [leaera uappacTpykrypa

OCHOBHUAT KOMITIOHEHT € KIIBbCTEP OT BUCOKONpouzBoauTeanu cbpebpu HP BL460c Gen8 ¢
VMware BupTyanu3alroHHa miardopma, 6azupana Ha ESXi 6.0. Bepxy Tsx ce uznbansBaT Haj 50
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BUPTYaJIHHU MAIIMHU ChC CIIeNU(UYHO pelHa3HaueHHe 3a yueOHus npolec. Bupryannure MammHu
ca mog Windows u Linux OC. B kOMyHUKallMOHHUS MIKad ca MOHTHpPAHHU TMCKOB MAacWB, U JIBE
ChPBBPHU MAIlIMHU. 3aXpaHBAHETO C€ MOAbPKa OT HeMpeKbcBaeMo ycTpoicTBO Eaton 9SX5000.

3. Peanmszanms Ha cucremara

ApXuTekTypaTa Ha CUCTEeMaTa 3a YIpaBJICHHE Ha 3aXPaHBAaHETO CE CHCTOM OT HSIKOJKO
mozyina (durypa 2).

Authentication module

SNMP trap receiver
Shutdown module )

Network Log module

@ur. 2. ApxuTekTypa Ha cuctemara

MonynHuAT XapakTep MO3BOJIABA JIECHO U e(EeKTHBHO MOAM(HUIMpPAHE U pa3IIUpsSBaHE Ha
BB3MOKHOCTUTE B Obreme. Moaynure ca peaqu3upaHd KaTo ChbPBUCH M CKPHUIITOBE, KOUTO CE
U3MBJIHABAT Ha OT/AETICH ChPBB Mo yrpanienuero Ha Windows Server 2012 R2.

Monayasr SNMP trap receiver ce u3mbiaHsBa Karo yciyra BbB (OHOB pexum. HeroBorto
IpeJHa3HaueHHe € Ja cield B Mpexara 3a Hamuuuero Ha SNMP chobuieHue ¢ onpeseneH Koj.
ToBa cpobmenue ce renepupa or UPS. UPS e koHdurypupan na mnpeMHHE B DPEKUM Ha
M3KIIIOYBAaHE MIPU ONPEIEIeH OcTaBalll KanaluTeT Ha OaTepusTa (3a LeauTe Ha U3CIIeBAaHeTO TOBA €
65%). Cnen crapTupaHe Ha Mpolleaypara MPOAbKUTEIHOCTTA 0 U3KIIOUYBAHE HA 3axpaHBaIlaTa
muaua e 600cek. Ilpe3 To3u mepuon nsnara MHGpacTpykTypa (BCHYKM BUPTYaJHH MAIIWHU U
caMUTE XOCTOBE) € HE00X0AUMO Jia Ob/Ie TPABUITHO U3KITIOUYEHA.

MonayabT usnonssa 6ubanorekata 3a coketn WinSock, karo ciayma no UDP nHa mopt 162.
[Ipn nonyuyaBaHe Ha trap ChOOIIEHHE, TO C€ MpErjexja OT ClelUualeH mapcep, KOWTO HM3BIMYA
otaenHute nojera Ha SNMP cbobuienunero. M3pbppiiBa ce mpoBepka 3a ChBIAJIEHUE HA IoJeTara
ChC CJeHaTa HHPOopMaIus:

e Ajpec Ha U3TOYHHKA Ha ChOOIIEHUETO - TpsOBa aa e [P agpecsT Ha UPS.

e OID na UPS — 1psibBa n1a choTBeTCTBA Ha UAECHTU(HUKATOPa Ha npousBoauTens Ha UPS.
WnentudukatopbT ce yka3zBa IMOCPEIACTBOM KoHpurypaunonen ¢aitn. Toa naBa
BB3MOXHOCT CHCTEMara Jia C€ W3MO0J3Ba MpH pa3IMdyHd HIPOU3BOIAUTENH HA
HENPEKbCBAEMH TOKO3aXPaHBalU YCTPONCTBA.

e Kon na generic trap — B koHkpeTHus ciiydait e GENTRAP=6.

e Koa na cnemuduueH trap — KOJ Ha HAyajo Ha IMpoleaypaTa MO H3KIIOYBaHE Ha
3axpanBadero Ha UPS - OFFINPROGRESS=31.

Axo ca HaJIMIIEC BCHUYKUTC YCIOBHUA, TO Tp${6Ba Ja Cc€ IMPEMHHE KbBM HeﬁCTBHﬂTa 110
HOPMAJTHOTO W3KIIYBaHe Ha wuHppacTpykTypara. Crapthpa ce CHCHHaICH CKPUMT, KOWUTO
U3ITBJIHSIBA HEOOXO0MMATa MOCIEA0BATEIHOCT OT JAeUCTBHS. CKPHUIITHT € peau3upaH ¢ U3M0JI3BaHe
Ha PowerShell mog Windows u makera Ha VMware — VMwareCLI [5,6]. U3mon3Banero Ha
CIIOMEHATUTE TEXHOJIOTHH € IMPOJAUKTYBAHO OT CIICAHUTE OO0CTOATENCTBA. Peanmsarusra dype3
CKPpHIITOBC € e(I)I/IKaCCH U I'bBKAB MCTO/I 3a U3II'BJIHCHUC HA OIMPCACIICHU HeﬁCTBHﬁ B OIICpallMOHHATa
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cucteMa. He ce W3MCKBa HM3MOI3BAaHETO HA KOMITWJIATOP, KOETO JaBa BB3MOXKHOCT 3a Obp3a
MouduKays npu Heooxonumoct. OcBeH ToBa, VMware npenocTaBsaT MOIIHAa OUOIMoTeKa C T.H.
commandlets, kosTo e uHTErpUpana Maoro go6pe ¢ PowerShell. He Ha mocieno MscTo, TeCTBAaHETO
Ha M3ITBJIHEHUETO HE N3MCKBA CIICLIUAIHU CPEICTBA, KAaTO HAallpuMep ae0brep.

[TepBOHAuanHO ce mpeMuHaBa mpe3 (azara Ha aBTEHTHKANMs, OCHUIECTBEHA OT MOAYJa
Authentication. HeroBoro mnpenHa3HadeHUEe € Jla OCUTYPH KOPEKTHOTO HICHTU(DHUIUPAHE U
JIOTBaHE KbM Pa3InYHUTE CHCTEMHU.

Cren ycmemiHOTO CBBP3BaHE cC€ MNPEMHMHAaBa KbM CBIIMHCKATa TIOCJIEAOBAaTETHOCT Ha
m3kmouBaHe. Ts ce peamusupa or Shutdown wmoxysia, KOWTO ce H3IBJIHSIBA KaTO CKPHIIT.
JleficTBusATa c€ pa3nM4yaBaT B 3aBHCUMOCT OT Pa3JIMYHUTE €M, KAaTO MOCIIEAOBATEIHOCTTA €
clleiHaTa:

1. OcbuiecTBsiBa ce CBBbp3BaHE KbM YIPABISABAIIUS KOMIOHEHT Ha BHPTyaln3allIOHHATA

wiatpopma — vCenter. Toil ce M3NBAHSABA KAaTO OTAEIHA BHPTyallHA MAIlWHA BBPXY
CaMOCTOATEINICH ChbPBBP, Pa3IMUCH OT KIbCTEPA.

Connect-VIserver -Server $h.Name -User $BladeUser -Password $BladePassword -WarningAction
SilentlyContinue -errorAction "Stop" | Out-null

2. Cnen cBbp3BaHE ce HM3BIMYAa MHPOpPMALUS 32 HAIWYHUTE BUPTYAJTHH MAIIMHU BBPXY
OTJEIIHUTE CbPBBPU B KIIbCTEPA. Besika M3IbIHABaLIA CE€ BUPTYallHAa MAlllMHA C€ U3KIII0YBA
BHUMATEIHO MPHU HaJInuue Ha VMware tools, Win IpuHYIUTETHO, aKO HE ca HaTHYHH.

$esxcli = Get-EsxCli -VMHost $h.Name
# Shutdown the VMs on the host
$vms = Get-VM
Foreach ($vm in $vms) {
# The VM is powered ON
if ($vm.PowerState -eq "PoweredOn") ({

$WorldId = ($esxcli.vm.process.list() | where {$_.DisplayName -eq $vm.name}) .WorldId

# This VM has VMware tools running

if ( ($vm.Guest.Extensiondata.ToolsVersionStatus -eq "guestToolsCurrent") -or
($vm.Guest.Extensiondata.ToolsVersionStatus -eq "guestToolsNeedUpgrade") ) {

$esxcli.vm.process.kill ("soft",$WorldId) | Out-null
}
else {

# No VMware tools running - hard stop

$esxcli.vm.process.kill ("hard", $WorldId) | Out-null
}

3. Crnen ycrneurHoTo M3KJIIOUBAHE HAa BCUYKH BHUPTYyaJHU MAIlMHU C€ M3KIIOYBAT U CaMHTE
CBPBBPH B KIIBCTEpa. 3a IeTa € HeoOXOIUMO Te Jia MPEeMHUHAT B crienuaieH Maintenance
peXuM, Ja ce CTapTHpa KOMaHJa 3a U3KIIYBAHE M Jla Ce M3JIe3€ OT TO3U PEKUM 3a
HOpMaJiHa OBjema pabora.

$esxcli.system.maintenanceMode.set ("true") | Out-Null
$esxcli.system.shutdown.poweroff ($ShutdownDelay, "") | Out-Null
$esxcli.system.maintenanceMode.set ("false") | Out-Null

4. Cnenpamata CThIIKa € U3KIIOYBAaHE HA BCUYKU OCTaHAIIM CHPBBPU. 3a LENTa Ce U3IMO0JI3Ba
SSH cecus, upe3 KOSTO ce U3MBJIHSABA KOMaH/1a 3a U3KJIIOYBAaHE HA MAIIMHATA.

# Prepare credentials
$secpass = ConvertTo-SecureString $SunPassword -AsPlainText -Force
$mycredentials = New-Object System.Management.Automation.PSCredential ($SunUser, $secpass)

# Create SSH session with credentials
$session = New-SSHSession $SunIP -Credential $mycredentials

# Run command
$result = Invoke-SSHCommand -SSHSession $session -Command $hostcommand

# Close SSH session
Remove-SSHSession -SSHSession $session | Out-Null
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5. HOCJ’IG,I[HI/IHT €rall € HU3KIIOYBAHC Ha cCaMara MalluHa, BBbPXY KOATO CC€ H3IBJIHsABA
cucreMara.

[Ipu Bcsiko neiicTBue ce 3amucBa MH(opManus B KypHaieH ¢aill, KosITo Moxe aa Obae
U3I0JI3BaHE BIOCIEACTBUE OT aAMUHUCTPATOPA 32 aHAJIU3.

4. 3akaoueHue

B macrosmus moKian € IMpeacTaBeHa apXuTekTypara M 0Oa3zoBara (yHKIIMOHAJTHOCT Ha
CUCTEeMa 3a yIpaBJeHHE Ha 3aXpaHBaHETO Ha BUpPTyaliHa MH(ppacTpyKTypa, 6azupaHa Ha VMware.
OyHKIIMOHAIHOCTTA M HE 3aBUCH OT BUAA Ha H3IMOJ3BAHOTO HEMPEKBHCBAEMO 3aXpaHBaHE.
Cucremata € MOAyjHa, KOETO TO3BOJIsIBA JIECHO HEHHO Obaemo pasmupsasane. Cuctemara e
BHE/IPEHA U B MPOIBJIKCHUE HA €HA TOAMHA € JJoKa3alia cBOsiTa paboTOCIIOCOOHOCT.

Kato Hacokm 3a Objema paboTta ce mpeaBkaa pa3padoTBaHe Ha TpaUUeH MOTPEOUTEIICKH
uHTEepQeiic, KaKTO U MHTETPUPAHETO M KAaTO ChPBHC B OlepanmonHaTa cucrema ESXi.
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ERGONOMIC ASPECTS OF CRYPTOCURRENCY MINING

Radostaw Wrobel, Celestyn Mituch, Piotr Haller, Radostaw Wtostowski

Abstract: Extracting cryptocurrencies is now a widely discussed topic. The extraction is not only about
having proper infrastructure (equipment, network connections, intermediate devices), but also (and above all)
with energy consumption. The article presents the extraction of cryptocurrencies in the light of ergonomics,
and more specific - economic. The research was carried out for various scenarios, using various equipment
and methods of mining.

Keywords: Cryptocurrency, cryptocurrency mining, CPU, GPU

1. Introduction

Mining cryptocurrencies (or cryptomining) is a very demanding on hardware as well as
software. The process consists in performing compiled mathematical and cryptographic
calculations, for which a specific crypto currency is obtained from a chosen team or creator.

The basic mining unit is hash per second (h/s). If our calculations are considered to be correct,
they are added to one chain (blockchain) [1].

Cryptocurrency is a distributed accounting system that carries data on a unique key. Key
duplication is impossible due to its originality. The advantage of using a virtual currency is a
distributed network that exploits the P2P (peer-to-peer) system. As a result, there is no main
distribution point, which excludes managing one unit or from one location [2]. A user's wallet is
required for storing the currency; this is a private key. It stores selected types of coins. Other wallets
may also be required for various types. Wallets in the cloud are a very popular solution. Hardware
wallets can also be used. They require connection to the Internet, but can be disconnected at any
time from the selected device, thus allowing you to secure your funds without the risk of losing
anything via the Internet connection. On the other hand, mechanical damage of such a wallet is
possible. If a hardware device is damaged, it is impossible to recover the data stored in it [3].

The existing transactions are confirmed or registered in a chain called blockchain. Data is
grouped in blocks and arranged one after the other to form one big string. It contains all the
information about purchasing and selling on the web [4]. The data is visible to the public and
available to be reviewed by anyone willing to do that. If there is an attempt to change or edit any
entry in a block, communication is automatically rejected. The system is so well developed that
many sectors of public life are ready to use blockchain to verify and register data. This method
allows to preserve the integrity of data, thus counterfeiting is impossible [5].

2. Impact of mining on processing

Obtaining virtual currencies is based on many dependent variables. The first is the Return of
Investement coefficient (ROI). It determines the profitability and the speed of investment return on
the purchased equipment to extract the type of coin we choose. It should be remembered that
calculations are carried out for a given day. Profitability may change due to a few parameters. One
of them is the ‘difficulty’ of mining (this parameter determines how difficult it is to extract one
block). The higher the coefficient, the fewer coins are mined in the same time; the number of coins
depends also on the number of diggers and the price of the currency itself. The price of
cryptocurrency is an important factor in mining. The higher the price per coin, the more popular it
becomes among miners, as they choose to extract it more often [6]. Another factor is high electricity

Kommorspru Hayku u Texnonorun 1 2018 ~ Computer Science and Technologies 84



consumption by our mining equipment. It is essential that our mining set should have the greatest
possible computing power, and, at the same time, consume as little electricity as possible.

The first mining test will be performed with the use of a web browser. During the working
process, only the main computer processor (CPU) is used. The tests were carried out in the ‘normal’
(office) use of the device by the owner. Depending on how many CPU cores there are and how
large their computing power is, you can achieve better or worse results in mining. The test was
carried out on an Intel i7 processor with eight cores and each with 2.5 GHz tact. The tests were
carried out using one core, two cores, then four, six and eight cores.

Using one core, the CPU usage was noted at 25%. The CPU usage is so high that more
advanced users already suspect the presence of software from the outside. The use of the internet
connection was noticed only at the start of the application, when the connection to the server was
established. The cryptocurrency extraction itself did not achieve significant results. Achieving the
extraction at the level of 13.5 hashes per second is very ineffective. The power consumption of the
entire device makes it very unprofitable.

The following table presents the results of subsequent tests. None of them became profitable
for a single user despite the increase in mining speed.

Table 1. Velocity of cryptocurrency mining vs. number of cores (processing)

Number of cores Extraction speed Use of processor
Two cores 21.8 h/s 47%
Four cores 24.3 h/s 65%
Six cores 39-40 h/s 90-95%
Eight Cores 48 h/s 100%

The second test was carried out directly on a device dedicated to mining. An extraction script
had been installed for the cryptocurrency, which uses all (if possible) computing power of the CPU.
The same processor was used in the test as in the previous one. In this case, the full power of the
processor was used immediately, but with different use from the device. With normal use, the
production level at 94-117 h/ s was reached. Operating the computer was very onerous. All
processes were very slow and required a lot of patience of the user, as it took a relatively long time
to execute commands. In the Task Manager, less CPU use is noticeable. When using a web browser
at maximum efficiency, the processor was used at 95-100%. Here, the average computer
component is used at 75%.

Plik Opcje Widok
Procesy Wydajnoéé Historia aplikacji Uruchamianie Ugzytkownicy Szczegély Ushugi

75% 42% 1% 0%
Mazwa Stan Procesor CPU Pamigd Drysk Sied | |
=] NsCpuCNMinertd.exe (2) 68,1% 17,8 MB 0 MB/s 0 Mb/s
- 0,1 MB/s 0 Mb/s
B ChUsers\Celestyn\Desktoph Claymore CryptoMote CPU Mine.,  — O *

OMBfs 0,1 Mb/s

A
0 MB/s 0 Mb/s
0 MB/s 0 Mb/s
0 MB/'s 0 Mby's
0,1 MB/s 0 Mb/s
0,2 MB/s 0 Mb/s
0 MB/s 0 Mbys
0 MB/s 0 Mb/s
0 MB/s 0 Mb/s
0 MB/'s 0 Mbys
0 MB/s 0 Mb/s

W
[=7] Przerwania systermowe 0,1% 0MB 0 MB/s 0 Mb/s

Fig. 1. Script responsible for extraction and processing
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Another test was carried out under ‘little-collision’ conditions (without the owner using the
computer whatsoever). Only the mining program was running on the computer. This allowed for
excluding external factors, which in part may have compromised the results of the previous test.
Under ideal conditions, a significant increase in extracting efficiency was noted at 159 h/ s.
Unfortunately, the above methods for a single unit are economically unprofitable. With an average
yield of 105 and 159 h/ s, you can only make a loss.

During the digging, a session was taken over (link sniffing). High TLSv1.2 traffic is
generated, which is used to transfer information between the server and a virtual digger. Frequent
propagating of GQUIC (Google Quick UDP Internet Connections) protocol is also noticed. This
protocol is used for communicating in the services such as YouTube or Facebook. Its task is to
shorten the time of connecting the host with the server. It is not related to the extraction of
cryptocurrency at all.

24 3.520005 £03.55.155.113 19z 108.20.12 Ievi.z 1o/ Appllcatien vata

25 5.367382 192.168.1.12 289.58.153.115 TCp 54 7554 + 443 [ACK] Seq=1 Ack=437 Win=251 Len=@
26 5.421838 289.58.153.115 192.168.1.12 TLSv1.2 98 Application Data

27 5.421641 192.168.1.12 289.58.153.115 TLSv1.2 182 Application Data

28 5.557986 92.38.169.14 192.168.1.12 TLSv1.2 85 Application Data

29 5.558337 192.168.1.12 92.38.169.14 TLSv1.2 89 Application Data

3@ 5.586528 289.58.153.115 192.168.1.12 TCp 54 443 » 7551 [ACK] Seq=45 Ack=49 Win=76 Len=0
31 5.691561 92.38.169.14 192.168.1.12 TCP 54 443 » 7552 [ACK] Seq=32 Ack=36 Win=63 Len=@
32 5.715587 289.58.153.115 192.168.1.12 TLSv1.2 168 Application Data

33 5.757125 192.168.1.12 209.58.153.115 TCP 54 7554 + 443 [ACK] Seq=1 Ack=551 Win=251 Len=0
34 5.948371 209.58.153.115 192.168.1.12 TLSv1.2 98 Application Data

35 5.941582 192.168.1.12 289.58.153.115 TLSv1.2 102 Applicaticn Data

36 6.186333 289.58.153.115 192.168.1.12 TCP 54 443 » 7554 [ACK] Seq=595 Ack=49 Win=123 Len=8
37 6.325511 SamsungE_8a:48:8b Broadcast ARP 6@ Who has 192.168.1.1? Tell 192.168.1.1@

38 6.653874 SamsungE_8c:ad:ad Broadcast ARP 60 Who has 192.168.1.12 Tell 192.168.1.11

39 6.935363 209.58.153.115 192.168.1.12 TLSv1.2 149 Application Data

49 6.976328 192.168.1.12 289.58.153.115 TCp 54 7554 + 443 [ACK] Seq=49 Ack=698 Win=256 Len=8
41 7.143818 289.58.153.115 192.168.1.12 TLSv1.2 168 Application Data

42 7.184198 192.168.1.12 289.58.153.115 TCP 54 7554 + 443 [ACK] Seq=49 Ack=8064 Win=256 Len=0
43 8.893484 192.168.1.11 239.255.255.25@ uppP 77 38545 = 15688 Len=35

44 3.341544 SamsungE_8a:48:8b Broadcast ARP 60 Who has 192.168.1.12 Tell 192.1638.1.1@

45 8.673584 SamsungE_8c:ad:ad Broadcast ARP 6@ Who has 192.168.1.1? Tell 192.168.1.11

456 9.839772 289.58.153.115 192.168.1.12 TLSv1.2 168 Application Data

47 9.888993 192.168.1.12 289.58.153.115 TCP 54 7554 + 443 [ACK] Seq=49 Ack=918 Win=255 Len=8
48 18.272481 HuaweiTe f4:@b:7e Broadcast ARP 42 Who has 192.168.1.12 Tell 192.168.1.21

49 10.365685 SamsungE_8a:48:8b Broadcast ARP 60 Who has 192.168.1.12 Tell 192.168.1.16

5@ 10.697727 SamsungE_8c:ad:ad Broadcast ARP 6@ Who has 192.168.1.1? Tell 192.168.1.11

51 18.954517 289.58.153.115 192.168.1.12 TLSv1.2 168 Applicaticn Data

52 18.996364 192.168.1.12 289.58.153.115 TCP 54 7554 + 443 [ACK] Seq=49 Ack=1832 Win=255 Len=08
53 11.893727 192.168.1.11 192.168.1.255 uppP 77 51388 = 15688 Len=35

Fig. 2. Communication session during extraction of cryptocurrency

The program for extracting cryptocurrencies has not been detected by the security systems as
‘harmful.” In addition, the antivirus program does not interpret the behaviour of the script executing
file as malicious. It is interpreted in this way only when the script is run manually. This makes it
difficult to diagnose the cause of increased wear of components even when the computer is idle.

The last test to be carried out was the extraction of cryptocurrency with the use of a graphics
card. This is the most popular method among ‘virtual miners.” A large number of efficient graphics
cards allow for efficient ‘extraction’ of popular virtual currencies. A card dedicated to mobile
devices from the NVidia Geforce family was used in the test. After starting the program, the
temperature of the graphics card was noticeably higher. After a few seconds, additional cooling was
initiated. The extraction itself on the NVidia board in the desktop version was not large. The mining
numbers ranged from 57 to 65 solutions per second. This result is below profitability. Compared to
graphics cards dedicated to desktops, this performance was five times as low.

The mining program itself, apart from the temperature increase in the heatsinks, does not
show any other ‘symptoms.’ In the previous test, it was possible to check in the Task Manager
which units are used. In this case, the program does not show any other signs of wear. However,
keep in mind that if you begin to suspect any operation of external software, you can check it in a
different way.
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Fig. 3. Script responsible for extraction and processing when a graphics card is used for mining

For mining to be effective, the software must be running all the time. Therefore, the basic
functionality of such programs is autostart. They are there because of the maximum use of the
graphics card for calculations. In order not to arouse suspicion, starting is set to a delayed start. This
allows us to avoid collision with the starting system and to use the component without any problems
at its full power. It does not cause suspicion on the part of the user who is not aware of the intruder,
and is used by third parties in a way that is not fair.

3. Conclusion

The research objective was to test the performance of the computer while extracting selected
cryptocurrencies. Initial tests were carried out, which allowed the experimenters to select
appropriate tools as well as the best hardware configuration. Then, performance tests were
performed. The chart below summarizes the most important tests:

1. Digging using a browser with full load-bearing power.

2. Digging using the main processor of the computer at initiated extraction.

3. Coin extraction using a CPU under ideal conditions.

4. Extracting cryptocurrencies using a graphics processor.
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Fig. 4. Summary of tests
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The above tests (Fig. 4) show that digging can be done without being noticed by an average
user. All transmitted data is fully protected by encrypting a session. In the case of web browsers,
plugins of unknown origin can be dangerous. Distributing such plugins by their creators in the
Internet gives the prospect of a large income with little effort. The flow of data sent from the
computer to the server has been checked. The next tests were to show what threats are associated
with unauthorized installation of mining software. Thanks to a powerful main processor, it was
possible to check how the device behaves when particular units are gradually loaded. It was also
possible to determine how the communication works and what data packages are employed in the
session. Research using a graphics card showed that despite the invisible consumption of network
resources, the device can also participate in the mining process. The data transfer between the end
devices itself did not show excessive use of the network connection. The most characteristic
symptom was the increased temperature of the graphics processor. It should be remembered that the
result obtained with the use of the graphics card depends on the version of the drivers and the model
of the graphics card itself. The cards dedicated to desktops and recognized as the leading products
in their class will be much more efficient.

All tests were carried out under normal conditions of use. This allowed to simulate the use of
a computer by an ordinary user. For people with little knowledge in the analysis of network packets,
the problem may not be noticed.
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TOWARDS A PERSONALIZED AND ADAPTIVE
E-LEARNING PLATFORM

Baris Altop, Mehmet Cem Aytekin, Muhammed Mucahid Benlioglu, Stefan Rabiger,
Inan¢ Arin, Duygu Karaoglan Altop, Yiicel Saygin

Abstract: The amount of people taking online courses has skyrocketed in the recent years. Additionally,
starting from universities, most schools have gone under a digital revolution and adapted online e-learning
tools to convey information and resources to the students and ease the work of instructors. Although such
new and ground-braking tools have been introduced to the education system, the main problem is still at
loose, where all learners are given the same information in the same manner and expected with the same
outcome. On the contrary, people tend to have different learning curves or perform better when information
is conveyed in various other methods, expecting a more personalized experience. Our platform aims to fill
this gap by tracking learner achievements and by introducing the micro-topic concept.

Keywords: Learning technologies, e-learning platform, adaptive learning, personalized learning, pervasive
learning, active learning, self-pace learning

1. Introduction

In traditional tutor-based learning systems, instructors take into account the fact that no two
learners are the same of each other by means of strengths and weaknesses [1]. Each and every
person has different capabilities and requirements. Therefore, the speed of the learners and the rate
at which they learn will always be different. This brings out the importance of the learning
preferences. Some people may learn better when they listen something, some learn better with
visualization and some learn better with simply reading the content. Thus, modern learning systems
need to imitate the role of the instructors of the tutor-based learning systems to provide efficient,
personalized and adaptive learning experience. This can be accomplished through having mastery
learning that inholds adaptive personalized learning paths rather than having static learning
sequences for the contents to be delivered. Learners should be able to follow the contents at their
own pace, in their own place and with their own convenience.

With the advancements in e-learning technologies, classroom based education give place to
the tools that extinguish the geographical limitations. Another important advancement that stems
from this technology is that we can now provide instant feedback to the learner, which makes it
possible to have active learning with self pace.

In the fast consumption world that we are living in now, everything is changing very rapidly,
S0 as our attention span. In such a world, adaptability in learning technologies has the utmost
importance. Both the content and the delivery mechanisms should keep pace with the requirements
of the new age. In this regard, with this paper, we outline an adaptive pervasive learning framework
using which instructors can provide the content in the best possible way with the latest technology,
and the learners can improve themselves by following the best possible path in their learning
journey. Learners using this proposed framework can have more intelligent and personalized
learning experiences as provided by the underlying adaptive model.

2. Related Work and Problem Definition
Adaptive learning methodologies have been debated since the late 1980's and has evolved in

many aspects with the introduction and advancements in internet and computer science,
respectively. Since the dawn of the topic, many models and ideas have been applied and has
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incrementally made the field of research deeper. With the addition of modern artificial intelligence
methods, learning analytics can and has become more personal for the learner.

In 1990's, hypermedia based systems [2] started to emerge and before the end of the decade,
both adaptivity and online techniques made its way into the literature [3-6]. Once online learning
platforms became popular, the topic has shifted to creating better and more personalized learning
management systems (LMS) for all students, instructors, companies and educational institutions [7].

A uniform and straight learning model is no longer a good fit for all learners with different
backgrounds and knowledge levels, hence more content for various levels have been created. Many
have tried to use this newly available content to create better learning models for different people
rather than personalizing it as if all people have the same capabilities and requirements [8-9].

The problem has been attacked from various perspectives, where the learners were evaluated:
(i) within the course itself, (ii) based on their overall performance within the system regardless of
the topic or field, (iii) whether or not they should be presented with hints, (iv) whether or not one
should repeat the section.

Although promising results have been presented, a complete and unified solution to the
problem has not been developed. Most of the models have been successful in solving singular
aspects of the problem of an adaptive pervasive learning system, however they all have taken the
content of any course as "as-it-is" [10-12].

In contrast to previous works, the model this paper proposes offers a new insight to the
problem: here, we present the notion of micro-topic for the courses in order to better analyze and
adapt the needs of the students. In addition to that, learner is profiled not only based on his/her
previous success in all courses taken and his/her current level in an active course, but also on his/her
preferences for the courses.

3. Our Proposed Adaptive Pervasive Learning Platform

Since no two people are the same, one cannot expect them to learn a topic or a course in the
same way. Some instructors in smaller classrooms have the advantage to capture such differences
and adapt their teaching skills to maximize the learning curve of each person. Our model tries to
understand this procedure and implement it to the benefit of both the instructor and the learner.

Our model consists of two parts, which complement each other. During our research, we have
come to the conclusion that by just introducing adaptivity to a course or a set of courses does not
reach the potential of its sophistication. Hence, we took a broader look into both the courses and the
underlying adaptivity that could be introduced. We have reached to the understanding that the
delivery of the course content should be modified as well.

In the subsections given below, we introduce the components of our adaptive pervasive
learning system that builds upon these initial observations.

3.1. The Notion of Micro-Topic

Our proposed adaptive pervasive learning framework (APL) is built upon a X Graph
(XGraph), which is a directed acyclic graph as given in Fig. 1. The nodes of this XGraph are called
as micro-topics, and the edges between the nodes define the prerequisite relationships among the
micro-topics.

Fig. 1. XGraph - Green and red dashed lines show the possible paths
of different users of the given XGraph
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A micro-topic is a single, tightly defined content that is delivered to the learner in different
kinds of formats such as videos, animations, slide shows, simple text, etc. In other words, it is the
smallest unit in which there is the instructional content. Each and every micro-topic has a set of
prerequisites and a set of learning outcomes. For the learner to be able to start with a particular
micro-topic, (s)he has to satisfy all of the prerequisites of the target micro-topic. Therefore, the
prerequisite set of the target micro-topic must be a subset of the union of the learning outcomes of
the respective micro-topics.

Besides, within a micro-topic, there exists a set of resources through which the particular
content is delivered. Different instructors can teach a specific content in different ways, or even, a
particular instructor can teach a specific content in many different ways. Learners also differ in the
sense that some may grasp the idea better if they listen the content and the others may go for
reading. In order to handle such diversities, each micro-topic is composed of content deliveries at
different levels and by means of different formats. In this regard, a resource belonging to a micro-
topic has 3 attributes: (1) format, (2) instructor, and (3) level. As the names imply, format is the
type of the content delivery, i.e. video, text, etc., and the instructor is the information regarding the
person delivering the content. On the other hand, level specifies the level of teaching that is
congruent with the learning curve of the learner.

When the learner is to study a specific micro-topic on XGraph, the Adaptive Path Finder
(APF) selects a resource from the respective micro-topic set based on the learner's profile. The
knowledge adequacy of the learner on the learning outcomes of the studied micro-topics are
evaluated through assessments and the interaction of the learner with the proposed APF framework
constructs his/her learner profile. After the selected resource is delivered to the learner, an
assessment can be carried out to determine to what extend the learner can satisfy the learning
outcomes of the specific micro-topic, where assessments are sub-nodes of micro-topics and each
micro-topic can have multiple assessments and can be carried out depending on the learners
expected learning curve. If the learner has enough knowledge to continue with the upcoming micro-
topic, the same procedure described above will be carried out for the target micro-topic. Otherwise,
depending on the evaluation of the assessment, the APF will direct the learner to another resource
from the respective micro-topic set. Therefore, at each micro-topic content delivery, a decision is
made on the best possible resource for the learner to study next so that (s)he can master the
respective micro-topic.

3.2. The Adaptive Path Finder

Behind the XGraph architecture lies a powerful artificial intelligence (Al) system, that will be
working in real-time gathering learner data and assessing them into a unique profile for each course
they have taken and are actively taking. We call this system the Adaptive Path Finder (APF). The
Al module will follow the learner's assessments from each micro-topic in the XGraph and will
compare it with its historical data in order to better understand the learner's current state and to offer
the best path for a comfortable success in the course. As stated in Section 2, the learners' success
degree in various fields will also be accounted for during this profiling process.

The Al module will be profiling a learner from the moment (s)he is introduced to the system.
At first, it will rely on other learners' data and will try to match the new learner to one of them as
the initial learning data of the new person will be scarce. With existing learners, new learners and/or
new courses with great amount of new micro-topics, the data flow will increase exponentially,
making Al module better in analyzing and profiling. The initial goal of the Al module will be to
correctly assess learner performance and guide the learner through a path that will ensure the
success of the learner in the course.

The profile will contain the learner's natural abilities to certain fields, his/her past learning
paths with respect to the course fields, the previous predictions made by the system about the
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learner and the accuracy of those predictions. It will also take over the curriculum for the learner
and the course-offerer. This way, the offerers will not be burdened under the task of editing the
curriculum in order to reach out to every learners' needs and the learners will not be forced to
undergo with the following the curriculum while trying to understand the content.

The APF will be built from several components, each of which are described in the
subsequent subsections. Each one of these components will take over a specific task within the
engine and will contain models for several machine learning algorithms for enforcing better
adaptivity. The entire engine will work as an Al tool, which will guide each learner personally
among each course they take.

3.3. Learner Profiling

Up until recently, a learner's success on a set of subjects were determined by a single exam
resulting in a number. The disadvantage of this approach is that the exam performance of a learner
depends on multiple factors and can cause big variations in the result that the learner gets from the
exam. Hence, this does not completely measure the learner's ability towards the topics covered by
the exam.

Our proposed model will incorporate both the new micro-topic concept and the classical
assessment model. After each micro-topic isdelivered, the knowledge gain of the learner will be
assessed through a series of questions. It will then be combined with the data collected during the
time the learner has spent on the contents, and a score will be calculated based on the previous
performance of the learner and the current assessment results using probabilistic machine learning
models.

Our proposed model will also be capable of understanding the learner's skills and capabilities
to different topics by combining all the assessments for each course the learner takes. The system
can then make the decision on whether the learner is more skilled in natural sciences or in arts and
social sciences. Depending on this knowledge, the system will guide the learners through different
levels of micro-topics and different paths, even if they are taking a course in contrast to their skills
and capabilities.

3.4. Content, Resource and Knowledge Profiling

Micro-topics of the same content will contain the same information in different formats and in
various levels. This will give the system to offer the best content for each individual's learning
habits. The format of each micro-topic can be, but not limited to, either in one or many of these
formats: (i) Text, (ii) Slides, (iii) Video/Animation, and (iv) Code (Programming Language). In
addition to different content formats, each micro-topic can consist of different levels of difficulty
depending on the learners skills and learning preferences. Depending on the learner's profile, the
system will decide which types of contents suit a learner best.

Besides contents having levels for each learner, the system will use the learner profiles and
the content profiles to find the resources and their types that will fit the learners abilities best. The
idea behind this method is that, when an instructor decides to help out a learner, it will first assess
the knowledge of the learner and then will try to convey the new knowledge in different means. Our
system will follow on this method and give the learner, for each micro-topic, the best resource type
that will have the most positive impact on the learners success on that topic.

By monitoring the learner during the courses that (s)he takes and measuring his/her overall
knowledge, the system can infer on the learner's knowledge at any given time. Through this
decision process, the system can evaluate the learner, before even (s)he starts a new course.
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3.5. General Architecture

Our proposed model consists of five building blocks: Actors, e-learning platform, graph
database, search tool and artificial intelligence tool APF. The relationship among these blocks are
shown in Fig. 2.

Q08

Graph

k=

Search
Engine

Elastic
search

Fig. 2. Building Blocks - The five major blocks and their underlying technologies.

The actors of the system are divided into three categories: (i) Learners, (ii) Instructors, and
(iii) System Administrators. The main idea of this division is to maintain the access rights for
content and control over the content. Learners are the base user, where everyone can be a learner no
matter their status within the system. Learners can take courses that is offered to them and follow
their process, while advancing in the course by following the micro-topics. Instructors are the actors
that can create new micro-topics or add new alternatives to any micro-topic. They can also create
entire courses by using both already-available micro-topics and their own content that they can add
as a micro-topic. On the other hand, system administrators have control over the entire system.
They can create and delete users as well as add or remove roles to them. They can also create and
control courses and assign courses to learners or grant learners access to courses depending on the
control levels they might have.

We have chosen to use an e-learning platform in order cut development time and costs. Using
an openly available system gives us the ability to just develop the necessary functionality we see fit
for our use over the existing back-end of the platform. We have chosen to use Open edX [13] as our
platform, which is capable of creating and maintaining the model we have proposed. Open Edx has
the ability to present various forms of content in a user-friendly browser interface.

In order to contain courses and their relationships we have decided to use a graph database.
The advantage of using such a database is primarily speed and adaptivity by avoiding costly
functions like joining, which is replaced by edge and node relationships. The nodes in the graph
database will represent the micro-topics of the course: It will store important information about the
micro-topics, however it will not store the actual content because the content will be available and
programmed as provided by Open edX. The nodes will also store other features that will define the
type of the topics for the APF Engine, such as tags, prerequisites, post-requisites, etc. On the other
hand, the directed edges of the graph represent the most basic prerequisite relationship for a course-
taker between two micro-topics. Each micro-topic may lead to different micro-topics depending on
the course and the assessment of the course-taker. The prediction of a course-takers level can be
adjusted at various points during the course. This will lead to variations in the edges destination
node.

Although both the e-learning platform and our graph database have seperate search abilities,
we have concluded that when the size of the data the system produces, increases a more powerful
search tool will be needed. Hence, we have decided to use elastic search as our main search

Kommorspru Hayku u Texnoorun 1 2018 ~ Computer Science and Technologies 93



framework, where it will traverse the database and build its own index for faster and more precise
queries.

As detailed in Section 3.2, the adaptive path finder (APF) system is the key ingredient in our
model, in which the tool will be constantly monitoring learner actions and find out what path during
the course will benefit his/her learning process at best. Learner actions such as time spent on micro-
topic, time spent on assessment, how many times the learner has interacted with the content, e.g.
pausing or replaying parts of a video, going back during a slideshow, etc. will be monitored and
counted as data points by the APF and will be compared to previous knowledge on the learner. With
each micro-topic, the APF will be able to build a more accurate profile of the learner.

4. Conclusions

We have proposed an adaptive online learning platform model, that can learn from both
learners and content and adapt content in favor of the learners’ abilities to maximize his/her
understanding of the topics. In order to achieve high level precision, we have also introduced the
concepts of micro-topic and XGraph.

Compared to traditional course layout, consisting of chapters and sections, the micro-topic
contains byte-sized information with different presentation types trying to convey the information
fast and clear to the learner.

Instead of using a classical table-based database management system in order to store data we
have chosen to use a graph database tailored to fit our micro-topic model, which we call the
XGraph. The XGraph is highly versatile and can evolve easily into new models.

Finally, the APF collects and analyzes the data provided by the learner, micro-topic content
usage and XGraph models, and uses the results to profile the learners, the contents and the
relationship between them. Through this the APF is able to make on-the-fly decisions as the learner
advances in the courses he/she is taking simultaneously and independently.

We have been working on creating content for an introductionary level programming course
and will start testing the micro-topic concept on approximately 650 students. During these test runs
the initial training data for the APF will be collected and will be used for the following semester as
the first version of the system is presented to the students.
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METOIU 3A U3CJIEABAHE HA CJIYUYAHHOCTTA HA
HEJABONYHMU IICEBAOCIIYYAUHH NOCJIEJOBATEJIHOCTH

Antonus T. Tamesa, bosn b. ITerpos, Kamen H. CroiikoB

Pe3rome: C pa3BUTHETO HA KOMITIOTHPHUTE TEXHOJIOTUHM HAPACTBA U MPHIIOKEHHUETO HA TICEBIOCTyYaliHUTE
MOCIICOBATEIHOCTH, a OT TaM U HYXJaTra OT Ch3JaBaHETO HAa HOBM T'EHEPAaTOpU Ha TaKHUBa
nocienoBatenHocTH. Te TpsaOBa na ObIAT 0OCTOWHO TECTBaHHM, 3a JIa CE ONPEICIH XapaKTepU3NPaIIoTO TH
HUBO Ha CIy4alHOCT W CHOTBETHO BH3MOXKHOTO MM NPWIOKEHHE B TpakThkara. CraTtusara pasrmiexnia
chinecTByBammre copryepau nactpymentu kato NIST STS, Dieharder u TestUOL u mpeiara Mmetomosiorus
3a TeCTBaHE HA HEJABOWYHM TICEBIOCITyYaliHU TIOCIeI0BaTeIHOCTH. [Ipe/iokeHn ca IOMMbIHUTETHA TECTOBE,
KOUTO cJie/(Ba Jia ObJIaT MPOBEICHH.

KmrouoBu nymm: ncesnociydaitau nocienosatennoctu, NIST, DieHard, DieHarder, ENT, TestUO1, LIL-
6azupanu TectoBe, ASIN-6a3upanu TectoBe

Methods for Randomness Evaluation of Nonbinary Pseudorandom Sequences
Antoniya T. Tasheva, Boyan B. Petrov, Kamen N. Stoykov

Abstract: As the application of pseudorandom sequences grows with the development of the computer
technologies, the need of new pseudorandom generators increases. Such propositions should be widely tested
for their randomness characteristics in order to justify their application. The paper examines known software
utilities like NIST STS, Dieharder and TestUO1l and proposes a methodology for testing nonbinary
pseudorandom sequences. Some additional tests that should be conducted are stated.

Keywords: pseudorandom sequences, NIST, DieHard, DieHarder, ENT, TestUO1, LIL-based tests, ASIN-
based tests

1. YBox

C pa3BUTHETO Ha KOMIIIOTBPHUTE TEXHOJOTHMHM HYXKZAaTa OT CIy4ailHM 4MCia HEMMOBEPHO
HapacTBa. [locnmegoBarenHocTUTe OT CiydallHM 4YHCla HamMHpaT IIHPOKO MPHIIOKEHHE B
Kpunrorpadusra, cumynanuu upe3 Monrte Kapiao meronute, €lIeKTpOHHM W Xa3apTHU WIPH.
HapacrtBamaTta Hy»aa OT rojiiMO KOJIMYECTBO CIydyallHU YHClia € MIpUYMHATa 3a MosBaTa Ha Taka
HapeuyeHuTe reHeparopu Ha nceppochaydailnu umciaa (Pseudo Random Number Generators —
PRNG). I'eneparopure U3NbJIHABAT MOPEANLIA OT aPUTMETUYECKU OINEPallUY, B Pe3yaTaT Ha KOUTO
ce ompenensT 4YMcia, HamojoOsBamy ciaydaiHu. [lopaau JeTepMHHUCTHYHATAa CBHUIHOCT Ha
reHepaTOpUTe M3XOJHUTE MM IOCIIEOBATETHOCTH HE MOrar Ja ObJaT UCTHMHCKHM CIy4yailHUM U ce
HapuuaT 1cepociaydaiiHu. IIpe3 mocnenHus Bek ca NPEAJIOKEHW W U3CIEABAHM MHOXKECTBO
reHepaTopH, Hali-4ecTo OCHOBABAILlM C€ Ha JTUHEIHH npeoOpa3yBaHUs WU PEKYPCUBHU (DYHKIIUU.

W no neH aHeleH NpoabkaBa ThPCEHETO HA TEHEPATOPH, OCUTYpSABAILU T'OJISM NEPUOA Ha
MOBTOpPEHHE, JOOpPH CTAaTHUCTUYECKH CBOMCTBA, HUCKAa AaBTOKOpENalus W JPYyrd H3UCKBAHUSA,
HAJIOKEHU OT cdepaTa Ha MpuilokKeHue. Taka B MpaKTHKaTa ca ce HAJIOKWIN Pa3IMuyHU METOJH 32
OIICHKA JIAJTM €JIMH T€HEPATOP Ha MCEeBAOCTYIaHN YHCiia € T0CTaThYHO ,,TOOBP WIIH ,,JIOI .

TecTBaHeTo AanmK eHA MOCIEOBATEIHOCT € HAUCTHHA CiyvaifHa ciieiBa 1a 0b1e 6e3KpaiHo,
CBIJIACHO ONpEIENICHUETO 3a ciyyaiiHocT. Pa3bupa ce, ToBa € HENpUIIOKMMO Ha MpakTHKa. Taka
Clle[]Ba /1a C€ ONpPENENAT HHMBA HAa CIy4yalHOCT, 32 KOMTO Ja CE€ INpPOBEPsABA, B 3aBUCUMOCT OT
IIPEIBUICHOTO MPUIOKEHUE Ha TCHEPUPAHNUTE TI0CIIEI0OBATEIIHOCTH.

CepuiecTByBaT MaTEeMaTHUECKHM [OKAa3aTelCTBa 3a OIpPEAEIsHE Ha Iepuoja, JIMHEHHara
CIIO)KHOCT M JpPYTM EMIMPHYHHU II0Ka3aTeId Ha TEHEpPaTOpuTe, AOKATO B CBIIOTO BpeMme
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M3UYUCIICHUETO Ha TOCTUTHATaTa CIydyallHOCT HE € TOJKOBa JIECHO 3a u3MepBaHe. Hyxnara ot
CpeICTBa 3a OILIGHKa Ha Ciy4JaiiHOCTTa oOyclaBs pa3paboTkara Ha METOIM M B IOCIEICTBHE
Ch37aBaHETO Ha cOPTyep 3a aBTOMATHU3WPaHO U3BBPILIBAaHE Ha TecToBe. Taka mpe3 1995 romuna
George Marsaglia myOnukyBa TtectoBusi maker DieHard [1, 5], koiito meiaro Bpeme € Haii-
u3non3BaHuAT. [lo-KbCHO ce MOSBABAT W Hajarar NpPernopbKUTE Ha HAlMOHAIHUS HHCTUTYT 3a
crangaptd u TtexHosoruu (National Institute of Standards and Technology — NIST) [6] u
CHOTBETHHUAT UM IMaKeT TeCTOBe. B crarusra e pasriegame u Habopa or tectoBe TestUO1 [4],
npennoxeH ot Pierre I’Ecuyer u Richard Simard, xakto u mpencTaBeHUTE MOCICTHUTE TOJUHU
TeCTOBe, Oa3MpaHy Ha 3aKoHa Ha moBTOpeHus joraputrbM (Law of the Iterated Logarithm — LIL)
[12], kaKTO M CTATUCTHYECKH TECTOBE, Oa3MpaHu Ha apKyc CHHYC 3akoHa (Arcsine Law — ASIN) [7].

Cratusta € CTpPYKTypHpaHa KakTo cieaBa. IIbpBo ca pasrienaHu ChIIECTBYBALIUTE
copTyepHH HMHCTPYMEHTH 3a OLIEHKa Ha CIIy4allHOCTTa Ha HM3XOJHUTE MOCJIEeI0BATEIHOCTH Ha
TeHepaTopH Ha IceBaochyyaitnu yucna. O6001eHn ca BKIIOYEHUTE B TAX TecToBe. [Ipemnoxkena e
METOJIOJIOTHS 32 TECTBaHEe Ha HEIBOMYHM IICEBAOCIYYaliHU MocienoBaTenHocTu. Pasrmemanu ca
JOM'BJIHUTEITHA TECTOBE 32 OIICHKA.

2. O030p Ha ChIIECTBYBAIUTE HHCTPYMEHTH 32 OlleHKA HA JIBOMYHHU MOCI€T0BATETHOCTH

Cmamucmuueckume NIST mecmose [8, 9] npoBepsBaT BaauaHOCTTa Ha creluduyHaTa
HyneBa xunore3a Ho: “TectBanata mocienoBaTenHOCT e ciydaiiHa”. Ilpu ToBa antepHaTHBHaTa
xunote3a Hj riacu, dye mocneqoBaTeIHOCTTA HE € CllydaifHa. 3a BCEKU OT BKJIIOUEHUTE 15 Tecra ce
B3eMa pellleHue, KOeTo mpuemMa win oTxBbupia Ho, T.e. onpexnens ce nanu PRNG renepupa unu He
CIIy4ailHU CTOMHOCTH.

3a BCEKU TeCT Ce M3YHUCIABA cTathuctudecka P-cmoiimocm xato GyHKIUS Ha H3CIEIBAHUTE
nanHd. 3a Bcuukd 15 Ha Opoit NIST TecroBe, P-cmoiinocmma [8] ce nedunupa xato
,»,BEPOSATHOCTTA 3a TOBA MJICATHMsSI CIy4YaeH T'€HepaTop Ha 4Yucia Ja TeHepupa MOCIeA0BaTEeTHOCT
MO-MaJIKO ClIy4ailHa OT TecTBaHaTa rmocienoBarenHoct”. Taka nedbunupanara P-cmovinocm
MOKa3Ba JOKOJIKO M3CJIe/IBaHaTa MOCIEA0BATEIHOCT € ciiydaitHa. B wactHocTt, ako P—cmoiinocm =
1, To wW3cneABaHaTa TOCIENOBATENIHOCT € a0CodoTHO ciydaiiHa. OT apyra crpaHa, HyJeBa
P —cmotinocm vHIMKApa HAITBITHO HECITydalHa MOCIIeIOBATEITHOCT.

Taoauna 1. Be3M0oKHH 3aKIIIOYEHHS OT CTATUCTHYECKUTE TECTOBE

Peasina curyanus 3akioueHnst
Ilpuema ce H, Ilpuema ce H,
[locnenoBarennoctTa e cinyyaitaa (Hy e uctuna) Hsama rpemka I'pewika ,,Tum 17
[locnenoBarennoctTa e He-cirydaiiHa (H; e nctuna) I'pemka ,,Tum 27 Hswma rpemka

B peannute tecToBe ce n30Mpa HUBO HA 3HAYMMOCT <. B 1031 ciyyait HyneBara xunoresa Ho
ce mpuema, ako P—cmotinocm > a. Axko P—cmoiinocm < a, 10 Hy ce oTXBBpIIs, KOETO TOKa3Ba, ue
MOCIIEIOBATETHOCTTa € HecnyyaitHa. Taka neduHUpaHUsT MapaMeThp ¢ MOKa3Ba BEPOATHOCTTA 3a
,Ipemika tun 1”. O6ukHOBeHO « ce u3bupa B unTepBaia [0.001, 0.01]. B u3BbpiieHuTe TecToBe €
n3bpana crorHocT o = 0.01. Ta3m croitHOCT TOKa3Ba, 4e € JOMyCTUMO eaHa oT Bceku 100
W3CNEIBAaHN  TOCIEAOBATETHOCTH Jla C€ OTXBBPIU. V3MBIHEHHETO Ha HEPaBEHCTBOTO
P—cmounocm > 0.01 o3Ha4yaBa, 4e TOCIEIOBATSIIHOCTTA IIIE CE CYUTA 3a ClydaliHa C JIOBEpPHUTETHA
BeposTHOCT 99 %. OOparHo, ako P-cmoiinocm <0.01, To ce mpaBu 3aKiIOYCHHE, Ye
MOCJIEIOBATETHOCTTA € HECNydaiiHa ¢ IOBEpUTEIHA BEPOATHOCT 99 %. B To3u ciyuaii ca Bb3MOKHU
nBa tuna rpemku (Tabmuma 1 [9]). 3axmouennero, rpemka ,,Tum 17, ce moiay4aBa B ClydauTe,
KOoraTto nocCjiaca0oBaTciIHOCTTa B IIGfICTBHTeJIHOCT € cnyqaﬁHa, a TCCTHT OTXBBPJIA HYJICBATA XUIIOTC3a
Ho. I'pemikara ,,Tunm 2” BB3HMKBaA B CIIy4auTe, KOraTO HW3CJEIBAHUTE JaHHHW Ca HECIy4YallHH, a
TecThT npuema Ho.
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3a ompenensHe Ha CIy4allHOCTTa Ha MPOW3BOJIHO IbJTa JBOMYHA ITOCIEIOBATEIHOCT,
renepupana ot PGSSG reneparopa, e uznon3san naketsT ,,NIST Test Suite statistical package” [6].
Toii chabpxka 15 GyHKIMOHATHM TECTA, KATO HAKOM OT TSIX C€ ChCTOST OT MHOXECTBO TOATECTOBE.
OcHoBHaTa 11e7T Ha BCEKH OT TECTOBETE M XAPAKTEPUCTUKHUTE Ha IOCIIEAOBATEIHOCTTA, KOUTO TE
OTKpHUBAT, HAKPATKO Ca CHCTEMAaTHU3UpaHH 1O-10iy. [loBede mHbOpMaIms 3a MaTeMAaTUYECKUTE
OCHOBM Ha TecToBeTe Moxe aa ce Hamepu B [8, 9]. Ilernamecerre Tecra ca: YecroreH Tect
(MoHOOUT), 4eCTOTeH TeCT B OJIOK, TECT C KyMYJIaTHBHU CyMH, CEpuUeH (ITOCJIeIOBaTEICH) TECT,
TECT 3a Hail-IbJraTa cepyst OT SMHULM B OJIOK, TECT 32 ONpEeisHEe Ha paHTa Ha JBOMYHA MaTpUIIa,
TECT C JAMCKPETHO mpeoOpasyBanue Ha Dypue (CHEKTpaleH TECT), TECT 3a ChBIAJCHUEC Ha He-
MIPUIIOKPUBAIIH ce MAa0JIOHHU, TeCT 3a ChBIAJICHHE Ha MPHUIIOKPUBALIM CE MA0JIOHU, YHUBEPCAICH
CTaTUCTHYECKH TeCT Ha Miopep, NpHOIM3UTENCH SHTPOIIUEH TECT, TECT Ha CPEJAHUTE OTKIOHEHUS,
BapHaHTCH TECT HA CPEIHUTE OTKIIOHCHUS, CEPUEH TECT M TECT 3a JIMHEHHA CII0KHOCT.

Diehard e nbpBusT NpUA0OMIT MOMYJISIPHOCT U IIUPOKA yroTpeda TecToBH mnakeT. PazpadoTen
¢ ot George Marsaglia [5], u3cnenosaren B o0acTTa Ha TeHEPUPAHETO HA TICEBAOCTyUYAHN YHCIIA
U TecToBeTe 3a ciayyaiiHocT. [lakeTsT ce cheTon oT Haj 10 Tecta, OBEUETO OT KOUTO Ca OCHOBAHU
Ha HETOBU H3CIIC/IBAHUS, W3YMCISBAINM CTaTUCTUYECKH CTOMHOCTTa Ha CIIy4ailHOCTTa, KaTo
OTKpUBA YECTO CpEIIAaHWUTE HEJOCTaThIM B H3CICABAHUTE TEHEpaTOpH. Bwopeku ToBa, cien
MyOJIMKYBAaHETO MY ca OTKPUTH MHOXECTBO IPOITYCKH KaTo JIUTICaTa Ha TECTOBE HA HUBO OMTOBE U
TECTOBE, CBBbpP3aHU C Kpunrorpadckara cuia. [[pyr HemocTaThk € JMmncara Ha BB3MOXKHOCT Ha
napaMeTpU3MpaHe Ha TECTOBETE W CHOTBETHO II0-MajKaTa I'bBKaBOCT IPH IPOBEXKIAaHE Ha
TECTOBETE.

ITpe3 2004 e nyb6mukysan DieHarder, paspa6oren ot Robert Brown [1], koiiro
UMIUIEMEeHTHpa 0000IeHn Bepcun Ha Bcuuku Diehard TectoBe, kKaTo T pasmmpsiBa ¢ HSIKOH OT
craructuueckute TtectoBe Ha NIST wu paspaboTeHn OT aBTOpa JONBIHUTEIHH TECTOBE.
NuctpymenTsT € usipsio 6asupan Ha GSL untepdeiica 3a reHeparopu Ha ciaydaiHu uucia. Enna
oT ocHoBHUTe Leiau Ha DieHarder e na HampaBu BB3MOKHM TECTOBETE€ HAJ MHOTO ABJITH
MOCJIEIOBATETHOCTH, 3aTOBa M TECTOBHTE JaHHU CE€ CHhXpaHABAT KaTo (ailioBe ChC CIydailHU
yucia, kato npu Diehard 6posT um e orpanuues 1o easa 10 munuoHa.

[TogoOpenusita B DieHarder morar na ce o606msT B Tpu rpynu. [IbpBara € cBbp3aHa ¢ TecTa
Ha Konomoropos-CMupHOB, Ipu KOWTO MHOTO T'€HEpaTopH NpeMuHaBar ycremHo B Diehard, Ho
BCBIITHOCT TSAXHOTO Pa3lpeliesieHue Ha p-CTOHHOCTHTE HE € eIHOpoaHO. Broporo momoOpenue ce
CbCTOU B NMpOMsHATa Ha Oposi CEMIUIM B €IMH CTaTHCTHUYECKU TecT 3a single-run. MHOXeCTBO OT
tectoBeTe Ha Diehard wu3cienBaT npUIIOKpUBAHETO HA TOCIEIOBATETHOCTH OT OHUTOBE.
[TpunoxpuBamuTe ce MOCIeI0BaTEIHOCTH HE Ca HE3aBUCHMHU M TOBA TpsOBa Jja ce B3eMe MPEeaBH]
MIPH OTIpEJIENISIHE Ha CTOMHOCTTA Ha aBTOKOPEIALUATA MIPH PA3TUIHO OTMECTEHU CeMIUTH. TpeToTo
no00peHne ce u3passpa BbB Bb3MOXKHOCTTA 3a M3MOJI3BaHE Ha TECTOBM (ailloBe, B KOUTO Ja ce
3aMaMeTsT U TECTBAT MIJIMOHH CTOMHOCTH. TeCTOBHAT IMaKeT MpOAbKaBa Ja ce MOIbpKa U Ja ce
JIOTTBJIBA MIOCTOSTHHO, KaTo Tocneana Bepcus € Version 3.31.1 ot 2018.

lpyr HabGop oT TectoBe 3a ciydailHu yucna € ENT. Hali-ornuuaBammsr My TecT e
npecMsTaHe Ha 4uciaoTo T 1o Meroaa Ha Moute Kapmo. OcBeH Hero chIbpra OIle €HTPONMHUEH
tect, Chi-square TecT, TeCT Ha CpPeHO apUTMETHYHOTO U KOe(UIMEHT Ha cepHuilHa Kopenaius.
TecroBara nporpama uma cinaba JOKyMEHTAIUsl ¥ MaJKO MapaMeTpu 3a HACTPOWKa Ha TECTOBETE.
[Togo6uo Ha Dicehard pabotu ¢ ¢aiinoBe, HO He pasmoJyiara ¢ BrpajieHH paHaoM reHeparopu [11].
[TakeTsT He € 06HOBsABaH oT 2008 roguHa U € MO-CKOPO MPUIIOKUM 332 OOYUUTETHH LEIU OTKOJIKOTO
3a U3CIIEeIOBATEIICKA TAKHBA.

Ome enun codryepen maker Ha ANSI C 3a u3cnenBaHe Ha reHepaTOpPH Ha CIIy4allHU YKCIa €
coryeprara 6muommoreka TestUOL. Ts e meno Ha Pierre L’Ecuyer n Richard Simard [4], kato B
OocHOBara cu ce 0a3upa Ha TectoBere, onucanu B Knuth [3], u B mociencTBue ce paspactsa 10
OuOIMOTEeKa, UMILIEMEHTHPAIA MHOYKECTBO TIOJJOOPEHH B aBTOPCKHU TecToBe. C HIKOM M3KITIOUYCHHUS
TS HAITBJIHO NpumnokpuBa TectoBere B Diehard u craructuueckute TectoBe Ha NIST. 3a paznuka ot
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ENT mputexaBa 6orata JOKyMEHTAIIUs, Pa3riIekaalia B ACTAlIA OTACIHUTE TECTOBE U TEOPHAITA
3aq TsX. TecroBere ca paszienieHd B MOIYJIH, KaTO HAKOM OT TAX ca smultin (kiac TecroBe, 6azupan
Ha MYJTHHOMHHQIIHO pa3mpenesieHne), sentrop (Kiac SHTPONUHWHU TECTOBE), shpair (TeCTOBe,
0a3WpaHy Ha PA3CTOSIHUE MEXIy Hai-Onm3ku ToukH), sknuth (MMIIeMeHTanus Ha TECTOBETE
ornucanu oT KHyT), smarsa (TectoBe ot Diehard), svaria (Habop oT TecToBe, 6a3upaHu Ha MPOCTA
cTaTucTuka) u Apyru. OCBEH TecToBeTe OMONMMOTEKaTa NMMIJIEMEHTHPA IIUPOK HAOOP OT M3BECTHH
reHepaToOpu KaTo JMHEeH KOHTPYEHTEH I'eHepaTop, 'eHepaTopH HW3IMOJI3BaHU B KpUOTOrpadusra
karo AES OFB, Mersenne Twister, m3non3ad npu Mounte Kapno cumynaruute [4]. [locnennara
BepcHs Ha OmOMoTeKkaTa € JOKyMeHTHpaHa npe3 mecer] mai 2013 T.

Ta6auna 1. CodTyepHrn HHCTpYMEHTH 3a TECTBaHE

HHcTpyMeHT IMocJenna Bepcus JlaTa Ha mocJ1eIHO OOHOBsSIBaHe
NIST STS SP 800-22revla Anpun 2010 (crienuduxanmys)
Sts-2.1.2 1O 2014 (codryep)
Diehard He e nocrbrien 1995
DieHarder V3311 2018 (crieruduKaIys U TOKYMEHTAIIHSA)
OxromBpu 2011 (codtyep)
ENT Anyapu 2008
TestUO1 TestU01-1.2.3 Asryct 2009

JlanHUTE 3a pasrieJaHuTe TECTOBH MakeTH ca 00o00meHu B tabmuma 1. Ciex oO6CTOWHOTO
IIPOYYBAHE MOXKE J]a CE€ HAIPaBU U3BOJ, Y€ IPU U3JICEJBAHETO HA F€HEPATOPHU Ha IICEBIOCIy4YaliHU
yHuciaa 3a MBIHOTa € J00pe Ja ce H3IO0J3Ba IMOBeYe OT €AWH TecTOBH HHCTpyMeHT. NIST
CTaTUCTHYECKUTE TECTOBE ca Hai-akTyaaHu kato codryep, nokato DieHarder u TestUO1
MPUTEXKABAT MO-IIHUPOK HAOOP OT TecToBe. CHOTBETHO MomyisipuuTe npean roguan Diehard u ENT
MoraT Jia c€ CUMTAT 3a OCTapesid W MoraT Ja ObJaT MPOIyCHATH B METOAOJIOTHATA 3a OLIEHKa Ha
CIIy4aliHOCTTA.

3. Onenka Ha HeABOMYHH MOCJIeT0BATETHOCTH

HyxnaTta o cb3aaBaHeTO Ha HOBU I'€HEpAaTOpPU Ha IICEBJOCIyYallHU 4YUCla HE IpecTaBa Ja
Obae Bce Taka akTyanHa. C HaBIM3aHETO HAa WHTEPHET Ha HellaTa CcTaBa HEOOXOIUMO
ONTUMU3UPAHETO MM 32 U3IMOJI3BaHE BHB BIPAJICHU CUCTEMH M YCTPOWCTBA C HUCKA M3UYHUCITUTEITHA
MomHocT. ToBa Hajmara KOHCTPYMPAHETO HAa HOBHM TE€HEPATOPH 3a HYXKAUTE Ha T. Hap. JeKa
kpunirorpadus (lightweight cryptography) u ¢chOTBETHO TSIXHOTO M3ciieBaHe. TyK Ie MpeaIoKuM
METOJOJIOTHS 32 OIIEHKAa Ha HEJBOMYHUTE IICEBIOCIy4YalHU MOCJIEI0BATEIHOCTH, MOJYyYE€HU OT
MOA00HU T€HEPATOPH.

Hauun na mecmeane

MoskeMm 1a pa3rpaHUYuM JBa HAUMHA HA TECTBAHE HA TEHEPATOPUTE B 3aBUCUMOCT OT PeXHUMa
Ha TsIxHaTa paboTa, a UIMEHHO OHJIAlH M oduaiiH. OHJaH TECTBaHETO ce MPOBEXKIAa B peaHU
BpeMe, JO0KaTO NeHepaTopbT padoTH M M3XOJHHUTE YHCia Ce TeCTBAT €JHO 1o eaHo. IIpu odmaiin
METOJa U3XOJHUTE JaHHU CE ChXPaHABAT KAaTO IOCIIEIOBATEIHOCT OT YMCIIA, 33 Ja CE aHAJIU3Upar
Mo-KbCcHO. B mpakTtukara ca ce Haloxuium oduailH TecToBeTe, Th KaTo Te IO3BOJISBAT
pasriIekIaHeTO Ha IIOCJIEIOBAaTEIHOCTTa KaTO ILsUI0 WM Ha OTIAEIHM acleKTH OT Hesd. BaxHo
YCIIOBHE € M3CIIEIBaHaTa MOCIEA0BATEIHOCT 1a € C TOCTAThYHO IOJIIMA IBIDKUHA, 3a 1a MOXKE IIPH
YCIEIIHO IPEMUHABaHE Ha TECTOBETE 3a CIIY4allHOCT Ja C€ 3aKJII04M, Y€ U OCTAHAIUTE U3XOIHHU
IIOCJIEZI0OBATETHOCTH UMAT CBHIIUTE XapaKTEPUCTHUKH.

[IpemioskenaTa mo-a0ay METOAOJIOTHS MpEeaBMKIa O(IaifH TECTBaHE C LIeJ MOJAJaraHeTo Ha
U3XOJHUTE MOCIEI0BATEIIHOCTH HA MHOTOKPAaTHU TECTOBE 34 OLICHKA.
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Memooonozus 3a ouenka

[To-momy e mpencraBeHa oO0OO0OIIEHATa METOAOJOTHS 3a OIEHKa Ha CIIy9alHOCTTa Ha
HEJIBOMYHU TICEBIIOCTYYailHN TocienoBareiHocTd. OT M30paHUTEe TECTOBU MAKETH EIMHCTBEHO
DieHarder moxabpska paboTa ¢ ey yrcia U TOBa Hajara npeoopa3yBaHETO MM B JIBOMYCH KOJ 32
IEJIUTE Ha IPYTHUTE JIBa TECTOBH MAKETa.

Tabauna 2. DopMaT Ha BXOTHUTE TaHHU

HNucrpymenrt | @opmaTHpaHe HA BXOJAHUTE (pail1oBe Yucaa

NIST STS JIBOMYHHM MOCIEA0BATEIHOCTH 3allMCaHU KaTO JIBONYHU

o tekctoBu, ASCII cumBonute ‘0’ mim ‘1’ winmn
e BOMYHH JaHHH, KBICTO BCEKHM OaWT ChIbpka 8 Ourta
(HyJIM ¥ €IMHUIIN)

DieHarder Tpu BapuaHT Ha BXOJ: JBOUYHH

e raw binary stdin — norouen unTepdeiic 3a moaydyaBaHe Ha | HIH
JaHHUTE OT CTaHJAPTHUS BXOX B JBONYEH BUJ HEABONYHU

e raw binary file — nBouueHn ¢aiin

o file input ascii — TekcroBu (aiin, chabpKall ClIydaiHUTE
gucia 0OMKHOBEHO OT THm UINt c¢bhe ascCii ¢opmarupane.
®dairbT chABpPKA CcHelM(PHUEH Xeabp, a 4YHuciara ce
3aImCBar Mo €HO Ha Pe.

[Tognbpxka daiinose ¢ roemuna Haa 2GB

TestU01 [Tpuema camo 32-OMTOBM BXOMHM JaHHU (YKWClia C IUIaBala | ¢ IUIaBamia

3areTas) U T'M HHTEpHpeTupa Kato cToifHocTH B uHTepBana [0, 1). | 3aneras
Hswma criemuduano popmaTtupane, ynciara ce pa3aessaT ¢ KO 1a e
whitespace cumBoin. ®aitabT TpsiOBa Aa ChIbpKA CaMO BaIUIHU
peayHu Yucia.

* Ilpeocmassnemo Ha uuciama Kamo OpoOHU 6b8edHCcOa
Bb3MOJNCHOCI 34 2pewika Om 3aKkpveleHue U 3az2yba Ha
ungopmayus npu Havi-maaowus oum.

CTpIKH:

1.

H360p na eenepamop 3a mecmeate.

HeobOxomumo e ga ce u3bepe KOHKPETEH TeHepaTop Ha HEABOWYHH TICEBAOCTYyYailHH
MOCJIEIOBATETHOCTH, KOUTO 11ie Ob/ie 00EKT Ha oreHka. Hskou TecToBe Osixa MPOBEACHU C
p-nueH O600IIEH caMOCBHBALL] T€HEPaTop.

. Onpedenane nHa Habop om cmouHOCMU 34 napamempume HA 2eHepamopa, KIodose U

HAYAIHO CbCMOAHUE 30 KOHKPEMHUsL mec.
3a na ObJe BaJIMAHO M3CJIEIBAHETO Ha reHepaTropa, TpsOBa a ObJaT TECTBAHH IIMPOK
Ha0Op OT M3XOJHM MOCJIENOBAaTENIHOCTU. B 3aBHcHMMOCT OT cneuuukara Ha reHeparopa
Mmorart aa ce H36epaT pas3siiniH HaA4YaJIHHU CHbCTOSAHUA, HaCTpOﬁKH, CBbp3aHu C OABJDKHMHATA
Ha [epHo/ia Ha U3XO0IHATa MOCIEe0BATEIHOCT, U Apyru. Cbh3/1aBa ce HabOp OT HACTPOUKH.

. CmapmupaHe Ha ceHnepamopa u 3anuc Ha UBXOOHAmMAd NOCAe008AMENIHOCH  OM

nceeooCIyHauHu Yuca.

BbBexna ce Bcska mpeaBUIeHa HACTpOilka Ha reHepaTopa U pe3yaTaThbT OT HeromaTa
pabota ce 3anucBa BbB (paitn. [IpakTudyecku TecToBe MOKa3BaT, ye € MPErnopbUUTENHO A
ce reHepupat MmTHoHW uncna (Hax 30 muH.) wim Hag 120MB nBowvHM maHHH, 3a &a ce
MIOCTUTHE aBTEHTHYHOCT Ha PE3yJITaTUTE.

H360p na copmyepen mecmosu uncmpymeHnm.

N36upa ce eauH OT ONMUCAHUTE B CEKIMA 2 COPTYepHH TECTOBU MHCTPYMEHTH, & UMEHHO
craructnueckute tectoe HA NIST, DieHarder u TestUO1.
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5. Ilooecomoska Ha ¢hatin 6 3a8ucumMocm om UUCKBAHUAMA 3d (PopMamupare Ha 6XOOHUMme
OanHu
B Tabnuma 2 ca omnmcaHu crnenupUKUTE Ha BXOJHHUTE (aillloBe Ha TPUTE TECTOBU
WHCTpYMEHTAa. B CHOTBETCTBHE C TAX € BB3MOXKHO Ja C€ HaloXHu mpeoOpa3dyBaHe Ha
MOJYYCHUTE OT W3CIEABAHUSI TEHEpaTop IOCIEA0BATCTHOCTH. Taka HampuMep, 3a
NOJTy4aBaHETO Ha JBOMYHA IMOCJIEOBATEIHOCT BCsKa p-u4Ha nudpa i ce mpeodpasysa 110
nsondeH kox (1) [10].

ollogz 1] _ n_ 1

(i—1)+
(1)

3a nenure Ha TestUOLl Bceska p-uuna nudpa | ce mpeoOpasyBa 10 ApOOHO YHKCIIO B
untepsaina [0, 1) mocpenctBom (2)

L 2

p

6. Ilposedcoane na mecmoseme cbC COYMyepHUS UHCIMPYMEH.
Craptupane Ha codTyepHUS MHCTPYMEHT CHIJIACHO HETOBUTE HHCTPYKIMHU 3a padora,
HEO0OXOMMHU HACTPOUKH M MOJaBAUKHU CH3aJCHUS B CTHIIKA 5 BXOJIEH (haii.
7. Ilpezneo u oyenka Ha peyimamume
e [Ipu HayiMuKe HA HEYCIIEX CE MPEKPATIBA TECTBAHETO U T€HEPATOPBT CE OTXBBPIISL.
e [lpu ycnemHo npeMruHaBaHE HA TECTOBETE OT JIaJICH MHCTPYMEHT C€ MPEMHHABA KbM
CTBIIKA 4 3a cieBallys HHCTPYMEHT.
e [Ipu ycnemHo npeMrHaBaHE Ha BCUYKHU TECTOBE B TECTOBUTE IMTAKETU T€HEPATOPHT CE
CUMTA 3a TAKbB C JIOCTATHYHO BUCOKO HHUBO HA CIIYYaHHOCT.
8. Onyuonanuna cmwnka: Ilposesicoane Ha OOnvIHUMENHU MeCcmoge.
Thi KaTO EMIHUPHUYHOTO M3CIEIBAHE 3a CIYyYallHOCT HE MOXE€ Ja JaJe KaTeropuyeH
OTrOBOp M PEAJHO I'bJHATA CIY4alHOCT HE € IIOCTMKHMMA, € IPENOPBUYUTENIHO Ja Ce
pasriienar v APYrd TECTOBE, NPEMJIONKEHH Npe3 MOCICIHUTE TOJIWHH OT HAyYHHTE

0OITHOCTH.

Tab6amnua 3. J/[BonuHo npejcTaBsiHe Ha p-u4Hara 1udpa [10]

p-uyna uudpa | p=3 p=5 p=7 p=11 p=13
1 0 00 001 0011 0010
2 1 01 010 0100 0011
3 - 10 011 0101 0100
4 - 11 100 0110 0101
5 - - 101 0111 0110
6 - - 110 1000 0111
7 - - - 1001 1000
8 - - - 1010 1001
9 - - - 1011 1010
10 - - - 1100 1011
11 - - - - 1100
12 - - - - 1101

ﬂonwmumemm mecmoee

KakTo Beue Oemie yroyHeHO, MpUpoOAaTa Ha MCEBAOCITYYalHUTE Yucia HE MO3BOJsIBA TE Ja
OBIaT ONpeIeNeHN KaTo HAITBIIHO CIIydaiiHH, a clieiBa 1a ce n30epe HUBO Ha CIy4ailHOCT, HA KOETO
Te TpsAbBa Ja OTroBapAT. Pasrienanure mo-rope TECTOBM HHCTPYMEHTU Ca YTBBPAEHU U KbM
HACTOAILMSA MOMEHT CE€ CUMTAT 3a JOCTaThUHH, 3a Jja CE€ HalpaBU OLIEHKAa JalM €AUH I'eHEepaTop
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OTroBapsi Ha U3MCKBAHUATA 3a CIydyaHOCT. M3cnenBanus npe3 nocineaHute S roaunu [2, 7, 12, 13]
mpeajiaraT HOBH TECTOBE, Oa3upaHy Ha peaulla ApUTMETHYHHU 3aKOHHU.

B cBoe mzcnensane Yaur m Hukon [12, 13] mokas3Bar, ye € JIECHO J1a C€ KOHCTpyupar
TrE€HEPATOPH, YMUTO U3XOJHH TOCJIEIOBATEIHOCTH OYEBHIHO HE OTTOBAPSAT HA M3HCKBAHMATA 3a
PaBHOMEPHO pa3mpeiesieHne, HO B ChILIOTO BpeMe YCIEIIHO MPEMHUHABAT CTATUCTHUYECKUTE TECTOBE
Ha NIST. Te nmpejuaratr npujiaraHeTo Ha JONBJIHUTEIIHA TECTOBE, Oa3upaliy ce Ha JBE OCHOBHHU
OorpaHMYaBaIll TEOPEeMH 3a JBOMYHM HU30BE — LIEHTpajlHAa OrpaHHuaBalia TeopemMa M 3aKOH Ha
noBTopeHus joraputbm (LIL).

IIpe3 2017 IMaBen Jlopek [7] myOiMKyBa HOB CTaTUCTHYECKH TECT, Oa3UpaH HA apKyC CHHYC
3akona 3a ,random walk®. ITogo6no ma LIL TecroBere, HM3XOJHATA IIOCIIEIOBATEIHOCT C€E
pasriex/zia KaTo JBOMYEH HU3 BMECTO MOCJIEI0BATETHOCT OT Yucia. MeTOAbT Onpeiesis KaueCTBOTO
Ha TEHEpaTOpUTEe 4Ype3 H3MEpBaHE Ha CTAaTHCTUYECKO pPa3CTOSHUE MEXIYy EMIHPUYHOTO
pasnpeielieHue Ha pas3riiekJaHaTa XapaKTepUCTUKA 3a TeHepHpaHaTa M3XOAHa ICeBJIOCIydYaiiHa
MOCNIEOBATETHOCT M HEHHOTO TEOPETHYHO paslpeAeNicHHe 3a HCTHUHCKU CIIy4aillHU JBOWYHU
MOCJICIOBATETHOCTH. ABTOPUTE JIEMOHCTPUPAT HAMUPAHETO HA HEIOCTATHIM B HAKOW F€HEPATOPH,
KOUTO npemuHaBsar ycnemHso LIL tecrosere.

OtnoBo mipe3 2017 apyr uscnemoBaten, Xupoin XapamoTo, Mpeajara eKCIepruMeHTaICH
METO/]I 32 OTKpPHUBaHE Ha Je(PEKTH B CTATUCTHYECKUTE TECTOBE, U3IOJI3BANKN TPUCTEICHEH TecT [2].
Taka BBIPOCHT 32 U3UEPIIATETHOTO TECTBAHE 32 CIYYalHOCT Ha T€HEPUPAHUTE TTOCIIECI0BATETHOCTH
OcTaBa OTBOPEH.

4. 3akaoueHue

HeoOxomuMocTTa OT M3CIeBaHe HA CIIy4alHOCTTA HA IOCIIECIOBATCIHOCTHTE, MOJIYYCHHU OT
pa3IMYHU TEHEePaToOpu, ce OOyCliaBs OT TAXHOTO HIMPOKO MPUIOKECHUE B PEIuIla 00JacTh KaTto
KpunrorpadusaTa, CHMYIANHATA, CICKTPOHHUTE W Xa3apTHU Wrpu. TeopusTa OKOJIO Te3u
MOCIIEZIOBATETHOCTH CE€ pa3BUBa OCHOBHO Mpe3 MOCIEAHHS MOJOBUH BEK, KaTO OTPOMHA YacT OT
W3CIIe/IBAaHMATA Ca TIOCBETCHH Ha JBOWYHUTE TocienoBaTeiHoCTH. OT  pasriieaHuTe
crienuQuKauy Ha TECTOBE U CH3/IaJICHUTE COPTYePHH HHCTPYMEHTH 3a MPUIIaraHeTO UM MOKEM Ja
HanmpaBUM W3BOJ, Y€ TE€ OTKPUBAT TOJSIM TIPOICHT OT OTKIIOHCHHSTa OT PaBHOMEPHOTO
pasmpeneieHre Ha MocienoBaTeNHOCTUTE. [IpenopbunTeNnHO € TMON3BaHETO HAa WHCTPYMEHTHUTE
NIST STS, Dieharder u TestUO1 B xomOnHAaIHSL.

ABTOpUTE TpeIaraT METOJIOJIOTHS 3a OIIEHKa Ha HEJABOWYHH IMOCIIEOBATETHOCTH dpe3
odutaitH TecTBane. B Hes € oTpazeHa HEOOXOIMMOCTTa OT TpeoOpa3yBaHUs HA HEJJBOUYHUTE YHCIIA,
3a J1a ce ChBMECTST ChC creluduKaTa Ha BXOJHUTE TaHHU Ha HSIKOHW OT TECTOBUTE UHCTPYMEHTH.

He Ha mocimeqHo MsCcTO ocTaBa OTBOPEH BBIPOCHT 32 UMIICMEHTHPAHETO W MPOBEKIAHETO
Ha JIOM'BJIHUATETHM TECTOBE 3a OIEHKa, KOUTO BCE OIle HE Ca Ce HAJNOXKUIM KaTo 4YacT OT
YTBBPJCHUTE COPTYESPHH HHCTPYMEHTH.

BaarogapHocTun

Ta3u paborta e pesyarar ot mpoekT, ¢uHaHcupan ot Ponn Hayunu WscnenaBanus kb
MuHucTepcTBOTO Ha o0OpazoBaHuMeTo U Haykara Ha bwiarapusa, no ,KOHKYPC 3A
OMHAHCUPAHE HA HAYYHU U3CJIEIBAHUSA HA MJIA/I1 YUEHU — 2016 r.” [Homep Ha
norosopa JIM07/5 — 15.12.2016]
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ASYSTEM FOR WEBSITE PUBLISHING INAWEBSITE
BUILDING SYSTEM

Dimitar Z. Dimitrov

Abstract: The paper describes a conceptual model of an architecture for a system for website publishing,
used by a website building system for creating and publishing websites online, based on website data
structures, created using a visual website editor. The paper describes a software architecture divided into
several subsystems and processes aiming to transform the website’s data to a ready to use website and
making it available online through a set of subsystems. There is no other published research of architecture
of this kind.

Keywords: website builder system, online publishing, website editing, website delivery, website
deployment, website data management, website versioning, multiwebsite systems, multitenant systems

Introduction

Interactive website building systems are now commonly used to design dynamic websites.
They are usually complex systems, implementing a set of architectures and subsystems. Modern
online website building systems usually implement a multitenant architecture [1], supporting
multiple users, and in some systems a single user can support multiple website, which can also be
described as “multiwebsite system” [2].

This paper proposes a solution for an architecture for a subsystem, designed to manage the
process of website online publishing in a website building system. The system includes a website
caching system, website dependency management system, website deployment system and in
addition makes use of other systems in a website building system environment like an image
optimization system, a website data management system and a routing system.

The website publishing system takes the saved website data from the website visual editor,
transforms it to a corresponding code (HTML, CSS, JS, etc.), includes all required libraries,
depending on the used components, optimizes all images, and makes it available online through a
website delivery system. The website delivery system in term includes a routing system and a
content delivery network (CDN).

A website building system can grow to hundreds of millions of websites, all working
simultaneously. Each of the websites will on their term be accessed thousands of times. The website
publishing system will be using a website data management system to be able to handle the big data

[3].

The paper proposes a conceptual model of an architecture for a website publishing system in a
website building syste, which at this moment is the only publicly proposed architecture of its kind.
The architecture is implemented in a website building system, operating for more than 2 years as
part of a website building online platform of an international public listed company.

Website publishing system in a website building system
1.1.  Field of research
There is very little disclosed information on website building systems and architectures. Most

of which is disclosed through patents and few of which is disclosed openly, usually not sensitive
information with relatively small significance. The present paper relates to website building systems
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generally and to editing tools in particular. Websites created using a website building platform are
typically created and edited by users and then accessed by end users.

A website building system typically allows the user to create and edit applications. A visually
designed application consists of pages, containers, and components. Pages are typically displayed
separately and contain components. Components are typically arranged in a hierarchy of containers
(single page and multipage) inside the page including atomic components. A multipage container
may display multiple minipages [4].

Pages may use templates either general page templates or component templates. Specific
cases for templates include the use of an application master page containing components replicated
in all other regular pages, and the use of application header/footer (which repeat on all pages).

Components typically have attributes (e.g. size, position, color, frame type, etc.) and possibly
content (e.g. contained text in a text component). Components may be fixed (such as a given
geometrical shape) or based on a content management system (CMS) (such as a component
containing a picture selected from a database of available pictures). Such a database may be
extended by the user though importing (in this example) additional pictures. Components may also
be based on user-specified content, (such as a text area into which the user enters text) or be based
on external information (static or dynamic), such as a RSS feed displaying information from an
external data source or the content of a given internet page. Component appearance can be modified
by resizing, rotation and similar operations. Their appearance and behavior can also be modified by
various modifiers, such as blurring and animation. A specific set of attributes for a given
components (e.g. a button having a given shape, color, text font) is referred to as component
configuration. It will be appreciated that the component configuration definition does not include its
content (e.g. the buttons’ text label), position and size [5].

1.2. Related Works

Most of the research in this niche field of website builder systems is conducted by
corporations and is not disclosed as it is sensitive Intellectual Property (IP). Some research is
disclosed as approved published patents and patent applications.

Revealed patents in the website builder system industry do not reveal or propose an
architecture for a website publishing system. There are some good researches in the fields of some
of the subsystems in place.

Towards a feature for the caching system a research for HTML automatic table layout [6] has
been conducted by K. Marriot and P. Moulder. It provides a solution for one of the possible caching
approaches for adaptable design to the user’s viewport. The research suggests a heuristic algorithm,
using a greedy strategy that starts from the widest reasonable layout and repeatedly chooses to
narrow the column for which narrowing leads to the least increase in table height. Although table
layout is an option, it is a quite limiting layout.

The proposed system can use either responsive design, or absolute positioning. The
experiments conducted are implemented on a system with absolute positioning and mobile adaptive
design. And it does not include tables for layout.

In the field of multimedia (images, videos, etc.) publishing there has been plenty research and
multiple services available, that can be integrated into the suggested system. An interesting research
for a flexible environment for multimedia management and publishing has been conducted [7]. It
describes a system called IM3I, which can be defined as an intelligent and adaptable multimedia
repository software.

Widely-used services for an online file publishing and storage API are cloud-based services
like the Amazon S3 service, part of the Amazon Web Services (AWS) platform [8]. The proposed
system has been implemented using AWS S3 service for online file storage, but it is abstracted so it
can be implemented on any similar type of storage service.
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Moving forward to research on website data structures, there are a few researches all going in
the same direction, and our website data management system is also implementing a similar, more
sophisticated model. A separation between content and presentation [9, 10] is suggested, as in our
case we also separate the settings of each component. Also, other researchers interpret the
presentation as a layout of the whole webpage or a code fragment. In our system, the presentation is
separated per component, and is stored in the data structure of the website along the content and the
settings, and the website data structure is used by the caching system as one whole entity.

As a publishing system, available to the general crowd, using user generated content,
measures for securing intellectual property rights must be taken, when considering such a system. A
research on intellectual property aspects of web publishing has been described by H. Kienle and D.
German [11]. Automated systems may be created for unpublishing automatically any content,
which has been detected to have breached copyrights. On the other hand, the same applies for
abusive content. Systems using artificial intelligence are now available to detect abusive content
and can automate this action. Another topic is the possibility of censorship, which must be avoided,
and there is also research of such frameworks [12].

Perhaps the most relative research to the currently suggested system is suggesting a fragment-
based approach for efficiently creating dynamic web content, conducted by an IBM research team
[14]. The approach they suggest is focusing more to the caching system, by offering approaches to
cache fragments, define relations by object dependency graphs. The described approach brings
some clarity to the template caching problem. Similar approach has been established by major web
development frameworks like the PHP framework Symfony. Which in term confirms the right
direction of the caching approach by fragmenting the sources.

Another research field is when we go down to the presentation layer of each component. A
component can be represented as an application and can have its own data structure to be as an
executable code. A similar approach is suggested, although instead of components they research
creating interactive data-driven web applications [15]. In this research, they go further in describing
a dynamic part of an application being the data storage. In the system, suggested in this paper, the
dynamic content has its own system and is managed separately, while the publishing system
organizes its workflow in the caching and delivery systems.

Another research by the MIT Computer Science and Acrtificial Intelligence Laboratory shows
a data publishing approach based on an exact description of a data structure [16]. This is a very
early approach to web publishing based on data structures. While in a modern website building
system a visual approach to creating website data structures, this research is based on coding
configurations, which are being interpreted in the process of publishing. The layers of presentation
and configuration is not available and may be possible through coding.

A simpler approach on publishing using data structures has been suggested in a research for a
niche system for digital books, magazines and newspapers publishing [17]. It again uses data
structures written by users, but in this case, it does not have a separate presentation layer at all but
has one presentation for all users. It generally suggests a caching system for the generated layout
from the data structures of the authors. Interesting part of the paper is utilizing the capabilities of
browser caching, which is not part of the caching system, but is a small piece, included in the
website delivery system.

1.3. Requirements and Dependencies

The website building systems can be implemented to execute in an online, offline or partially
online environment. The proposed system is most relevant to online implementations, using
multitenant and multiwebsite architecture, with a SaaS (Software as a Service) [18] delivery
method. The website publishing system requires a minimum set of subsystems of a website building
system.
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1.3.1. Website data management system [19]

A system divided into a Data Access Layer (DAL) which abstracts the direct connection and
querying the selected database, and a data object mapping layer like Object Relational Mapping
(ORM) [20] and Object Document Mapping (ODM) [21] layer. A good example of an open source
framework for the required abstraction layer is the Doctrine project [22], which were also used in
the experiments.

The data management is a part of a separate system in the website building system, but a
requirement for high performance of the data management system is mandatory for the DVM
system to operate, being designed to work in real time.

NoSQL [23] databases are key to supporting Big Data applications, since they enable
handling large quantities (i.e. volume) of highly-variable (i.e. variety), user-generated contents
while guaranteeing fault tolerance, availability (i.e. velocity) and scalability. [24]

1.3.2. Dependency manager system

This is the system that manages all the requirements in a website builder system, based on
what the different subsystems require. In this case, this system will make sure that all the currently
described systems are included and operational before executing the WDMS.

1.3.3. Website versioning system

This system is used for backing up website data and can be a part of the currently described
website data management system or can be a separated system. The website versioning system gets
as input a data object with a website interface and makes a copy of it, usually stored in a separated
archive database.

Usually website versioning is called on each change of a website and is used as website
history. A functionality for website restoring is introduced to users of some website builder systems.
It generally reverts the current state of the website data to the state it was archived at a certain

moment.
i
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Fig 1. Architecture and workflow of systems for website data management, data version mapping, database
management, website versioning and website data transformation
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Described in Figure 1 is the workflow of the two main operations in a website data
management system. The operations for loading a website into the visual editor, and then the
operation for saving the edited website data in the website builder system.

1.3.4. Website Data Transformer System
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i action: UpdateText
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|
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- text: "l am text", | N page components ... | data: {data_object},
} container: true layout: "<html>", layout: "<htmI>",
settings: {object} settings: {object}
|N pages in a website ! }

Fig. 2. An example of how the data moves through the workflow. In more detail, it visualizes the workflow
of a website transformer system

1.3.5. Data version mapping system (DVM) [25]

This system utilizes methods for “lazy data migration” [26], applicable to big data
applications, required to operate in real time.

Data 3 i Requests
Website Builder
Management (G (O 3 SRS
System " WebSlte |

Requests V30

Data Version KM
Mapcinglsi=cm <t+--Returns Latest V 18---» " g;s o

b Feturn Object; ~------===-====nmmmmmmmmmmemnemeeey

Map(object, v18, v30);

]

|

| while (version!=current_version){
! object.map(version); i
current_version > version ? version++ : version --;

}

Fig. 3. General representation of how the Data Management System interacts with an example DVM system

A DVM system enables the existence of many versions of a component’s data, enabling a
website system to be able to run different versions of a system simultaneously. To be able to release
new versions rapidly or to revert to older versions seamlessly. Also, possible A/B testing of
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different release branches of the same component or feature, while keeping the data available for all
the versions of the system.

WEBSITE PUBLISHING SYSTEM ARCHITECTURE

PENCC I CUSIIN  website Builder SN Publish o
Website Data System Request .

Crop and optimize araphics
(and other Multimedia)

Send Website
for Publishing

v

p Server/Hosting
System

Direct Router to
p  the Caching
System

Fig 4. Architecture and workflow of a website publishing system

Figure 4 describes system requests as an input an instance of a website data structure,
provided by the Website Data Management (WDM), Website Data Transformation (WDT),
Dynamic Version Mapping and Website Versioning Systems. The publishing system orchestrates
the publishing process by using a set of subsystems in parallel. Starting from the Multimedia
(Image/Video, etc.) optimization system, which crops the images to the exact sizes, optimizes all
media for web, then a Script Optimization System is managing all generated scripts to be of optimal
minified size, and go through a process known as uglification, which in general terms parses scripts
and replaces references, e.g. variable or class names with short symbols. This helps for reducing the
script sizes dramatically and helps protect and secure it, by decreasing the readability of the code to
minimum.

One of the most important systems is the Dependency Manager System. It keeps track of all
dependencies for the objects being published and injects them. It can be used fonts as the simplest
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example, which the DM system makes sure they are injected as files and as source code in the
scripts of the published pages. For that reason, the website builder system must use a DM system to
keep track of all object dependencies. Another example is a simple link dependency. You can have
a link from one page to another, but if you delete the linked page, the link will not work. Here the
dependency manager should give an alert for that case, while the person is trying to delete a
dependency page.

The Fragment Caching System (or Template Caching System) is the biggest system of the set,
but is not a subject to this research, as discussed in the section related work, there has been many
researches done in this direction, and we are using one of the many proposed caching systems. A
fragment caching system is now widely used in major development frameworks. In a website
builder system, a fragment can be a component or a whole page itself. When a user updates just one
component, it can update the cache to its cached fragment, and only update the page fragment it is
part of again by using a dependency manager, managing an object dependency graph.

An interesting subset of a fragment caching system is caching dynamic fragments. E.g. when
you have dynamic contents, like an online shop, adding new products. When we want to cache this
content fragment, there must be a system in place to trace and invalidate this cache based on the
object dependency graph, after each update on each dynamic object. E.g. changing the price of a
product should invalidate the product’s details page, and all listing fragments, cached, which it is
part of. All subsystems have an output, which is cached by a caching system. The caching system
can be file storage, database, in-memory storage, or any specialized caching system like Memcache
or Redis.

The Deployment System has the task to deploy the cached website to a Delivery System or a
set of Delivery Systems if required by system architecture. The Delivery Systems delivers the
website to the end users. When the cached website is deployed to a delivery system, we can say that
the publishing is completed. The delivery system can have a caching system of its own. In the
examples in Figure 4, one of the delivery systems includes a Content Delivery Network (CDN) to
cache and deliver the website. Another delivery system is a remote webserver, to which the
deployment system has deployed the cached website by ftp or other method. A third option is that
the delivery system can be just a relay proxy directly to the internal caching system of the website
builder, which is the simplest solution. In this case, the deployment system can be excluded or can
be part of the caching system itself.

Conclusions and future work

Major website builder systems today have tens and hundreds of millions of websites per
system. And the niche is growing rapidly. Research in the field is being done corporately and very
few is made public, usually by patent applications. The research found in the field is in most cases
not older than a couple of years, which makes continuing the research in the field of website
building applications even more interesting.
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ASYSTEM FOR OPTIMIZATION OF IMAGES IN WEBSITE
BUILDING SYSTEMS

Dimitar Z. Dimitrov

Abstract: A system, part of a website building system, implemented on a server, the server having at least
one processor and operating memory, including a system for image cropping, a system for data management
working in parallel with the currently described system. The described system for optimization of images in
a website building system solves several general problems. The system is a part of a complex solution of two
major problems in the online visual editing systems, in particular the usage of too many resources, which in
term leads to slow operations in the editing process and in terms bad user experience. The second problem is
the high traffic generated by the website building systems. There are no publications of a similar research in
the field of online visual editing tools or website builders in particular.

Keywords: browser rendering optimization, traffic optimization, resource optimization, image optimization,
website building systems, website builders

1. Introduction in the field of research

The paper is focusing in the field of website building systems, multiwebsite systems and
online visual editing tools in particular. The optimization presented by this paper is also related to
the field of UX (User Experience) and the optimization of the browser client side. In the field of
online applications this is related to all processes that are happening locally in the web browser of
the user.

The modern systems for interactive website building are used for the creation of dynamic
websites. The term “Multiwebsite system” [1] is related to a system for interactive website building,
that can manage more than one website at the same time by a single user. The system for
optimization of images is applicable to the multiwebsite systems. The website building systems can
be a stand-alone application or be embedded in a bigger system. They can also be implemented for
online, offline or partially online environment. The currently proposed system is applicable for
online website building systems, e.g. Software as a Service (SaaS) based, implemented as an online
application, working in a browser.

A website building system usually enables the user to create and edit websites using an
application or a group of applications. The visually architected application consists of pages,
containers and components. The pages usually are represented separately and contains components.
The components usually are ordered in hierarchy in containers, which in term are ordered in the
pages autonomously [2]. The components usually have attributes (size, position, color, border, type,
etc.) and content (e.g. the path to the image in an image component). The pages can use templates,
which can be templates of a whole page and templates of a component.

The components can be fixed or can be managed by a CMS, e.g. a component containing an
image, selected from a database of available images. Such a database in this example can be
extended by the user by uploading additional images. The components can also be based on entirely
user driven content, e.g. a text component in which the user edits the text, or can be based on
external content, static or dynamic, e.g. RSS reader, showing the information of an external data
source or the content of a specific internet page.

The visual representation of a component can be modified by resizing, moving, rotating and
other similar operations. It can also be modified by a set of visual settings and animations. A certain
set of attributes (e.g. the button has a shape, color, text font) is defined as a component
configuration. The configuration and the content of a component must be distinguishable [3].
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2. Summary

The modern online website building systems are usually SPA (Single Page Applications),
meaning application working dynamically on a single loaded web page. When a website building
system is created as a SPA, numerous problems that needs solving arise. The presented paper
proposes a solution for improving the UX of the visual editing client part of the website building
systems.

When having a numerous visual elements, animations and effects, functioning in the system,
even the modern browsers experience difficulties to operate smoothly in visual rendering and
executing of programming code, which in terms executes the animation and the different effects. In
addition to all this are added animation-heavy styles, requiring optimal usage of resources.

In the moment of writing this article, several browsers were identified, that were performing in
visual rendering much better than the others. Nevertheless, in unoptimized website building
systems, even those browsers create bad UX. It is expressed in skipping effects, slow work, browser
blocking while processing heavy operations, an overall user feeling an experience of a heavy
system. From the most widely used browsers, Internet Explorer 11 and recent versions of Firefox
performed weakly in this regard. While the better working browsers were Chrome, Safari (without
the Windows version), Opera and the latest version of Firefox with certain animation operation still
rendering slowly. Despite the better performance of the latter, when the system misses a certain set
of optimizations, the browsers show that they have not reached the level of development, that can
provide a UX for a native application.

In terms of visual rendering, several main directions for optimization were identified for the
application to operate while the system is scaling up. The currently described system proposes a
solution for one of the identified directions for optimization.

In the visual editing system of a website building system the user works with multiple images
and usually all images of a web page are rendered at the same time with the options for many
operations of each of them. Operations like changing the image, styling, positioning, resizing,
rotating, etc.

The currently described system proposes an approach for optimizing images, which in terms
optimizes the so-called drawing of regions in the browser while executing the different operations,
animations and effects.

Requirements for the image cropping system in the website building system

An additionally implemented standard image cropping system is required for the needs of the
currently described system. There are numerous libraries, online API services, also described
methods and architectures described for implementing such an image cropping system. The main
requirement for the image cropping system is to allow dynamic HTTP GET requests with
dimension parameters. E.g. https://websitebuildersystem.com/cropimage/w/100/h/100/mode/center,
which responds with the cropped image as a result, caching the image in parallel of the request for
optimization purposes.

3. Related research in the field

In respect of the niche application of the proposed research, the related research is in the field
of related add-on technologies, rather than the exact field itself, like numerous methods for image
cropping, to help the add-on cropping system, required to work alongside the currently proposed
system. The image cropping system is a major and very resource-heavy part of a website building
system. The proposed system is an optimized approach for indirect (managed) usage of the
cropping system.
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An excellent approach for an image cropping method is the content-aware cropping [4]. This
approach uses a machine learning framework, to identify the relative meaning of the regions of an
image and to identify the important regions in regards of content, which must be included in the
image after the cropping.

Another approach in image cropping is by using retargeting for controlled cropping [s]. This
approach similarly to the previous one identifies the important regions of an image, and in addition
calculates the possibility to include most them in the result. It also calculates the weight and the
importance for the image of each region separately. After an image is requested in several sizes, it
will add the regions one by one, ordered by weight, and will crop the regions that are relatively not
important to fit the requested size [6, 7].

The development of this approach can even result in changing entirely the original image, by
recalculating and cropping the internal regions of the image:

Fig 5. Represents function realism instead of photo realism by image retargeting [8]

Further describing Figure 1, the input image consists of 3 regions of high importance, the two
boys and the ball. The image is retargeted to be shown in smaller sizes. The retargeting algorithm
manages to keep the relative positions of the important regions by including even their shadows. It
is also possible for the cropping system a completely new version of the image, which does not
keep the relative positions of the objects. This is an interesting approach in which each important
object is important separately for itself, in this manner allowing the generation of diversified set of
layouts and variants [9, 10].

4. Full description

In the development process of a standard website, the images are exported using a desktop
graphic editing software for web usage in an exact size, which is the optimal size for the exact
website. In the online systems for visual editing this image needs to be in high quality. E.g. if we
want to resize the image to 3000px width, it means that the image must be loaded in at least that
size if we want to bypass the other bad UX — a pixelized image. This in terms means that perhaps
hundreds of high-quality images must be loaded in the web browser simultaneously. All this visual
information needs to be rendered and redrawn by the browser for each operation that the browser
executes. E.g. when an image element is being dragged on top of a gallery of 100 images. In this
moment the browser must redraw the regions in which the image element is being dragged, which
becomes a very intensive operation when all images are in high quality.

A seemingly possible solution can be reducing the image sizes by using one of the many
known methods for image cropping. For best UX the image shouldn’t be smaller than the container
it is displayed in. In the other case it will result in quality reduction and again bad UX. Another
seemingly possible solution is cropping to the exact container size, so that the image does not loose
quality and in addition to be in a much smaller than the original size. In this case the browser will
operate much more efficiently in redrawing of screen regions. In that moment comes the
requirement for the image component to be able to be resized visually by the user. In this case e.g.
from a size of 100px by 100px the user can resize the image to 3000px by 1000px, and the process
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of resizing can be slow and smooth. In the case of exact container-size cropping, the cropping must
be executed on every pixel in the process of resizing, while the container grows bigger than the
image. In this case, to keep the image with good quality, not having to reduce the UX by showing
the image pixelized, thousands expensive of cropping operations needs to be executed in a matter of
seconds by a single user action. And all this needs to be transferred through the network to the user.

With these requirements, the initially seemingly possible solution is inapplicable. The
required cost of resources is too high, comparing to the small goal that will be met. In addition to
that, the browser requires a certain amount of resources for the rendering of the cropped images,
and if this happens at a pixel precision it will again lead to bad UX and even to blocking the whole
browser.

Many implemented website building systems use an approach that allows a certain level of
bad quality of the images while resizing and crop the image when it reaches the final size. In the
time of resizing, when the user wants to adjust the size of the image, he sees a low-quality image,
not corresponding to the original quality.

This paper describes a system for image optimization in a website building system, which
proposes a balanced approach for optimal usage of server resources, aiming to achieve optimal UX.
In result, the user will use a light and fast website building system, images displayed in the visually
highest possible quality in any size, even during the duration of the resizing operations.

1500px x 1500px
[1000px x 1000px\

500px x 500px
200px x 200px

1)

In (1) are represented regions of growth of the image during the resize operations. The
parameters of the different growth regions can be optimized for each system individually, based on
the most common use of the exact class of a website building system.

Depending on the processing methods in the implementation of the described system, the
growth regions can be described in a two-dimensional array or as a matrix. The number of growth
regions can be different for the different systems, based on the identified common use of images in
the certain class of website building system. In this paper 4 growth regions are suggested as an
optimal solution, based on a conducted research of most common uses in systems for building
business information websites and online stores.

The growth regions also define the maximum number of possible crops of an image, having
the requirement that the image cropping system will be caching each cropped size.

When the user uploads an image, e.g. with a file size of 8Mb, it will be cropped right away to
the maximal size defined by the website building system. At that size the system will consider as
the original image, which will be used for further cropping, while the uploaded file is not stored. To
support the bigger screen resolution sizes, when a certain image needs to be a background on the
whole width of the screen, the maximum resolution size at the time of writing this article should be
about 3000px by 3000px. Experiments show that the size of this image if cropped in optimal quality
will be around 1Mb. When this image is used for the entire background of a page, it is justified cost,
but when we use a gallery of e.g. 100 images on a single page, while visually showing size of 200px
by 200px, a more optimal solution must be implemented, allowing this gallery to resize smoothly
while the user experiences high image quality, and in addition to bypass loading 100Mb of images
in the visual editor. When we take the highest defined resolution as the original image, the growth
regions are intermediate sizes, which the image can be further cropped into. When the component
from Figure 2 is rendered in dimensions of 180x168 pixels, it is positioned in the smallest growth
region, of the proposed regions in (1). In this example the image is loaded in 200x200px size. The
following figures will demonstrate a steady resizing of the component, which will pass through the
different growth regions. E.g. in the moment which the component reaches sizes above 201x201px,
the image optimization system will trigger a background process of loading a bigger image
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corresponding to the next growth region, which will be 500x500px, and in the moment when the
background process completes, the loaded bigger image will replace the smaller image seamlessly
for the user. Following this process, the image will keep its high quality in any region and in the
same time be optimized so it doesn’t cause the previously described issues.

OUR PHILOSOPHY
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Fig. 6. Represents an example image component in a website building system, which in its initial state has a
width in the smallest growth region of up to 200px

Fig. 7. Demonstrates moving in a growth region of between 1000px and 1500px

When the component grows to the next growth region in Frigure 3, the same operation for
loading the image with the size of the following region repeats. In this case this is 1500x1500px.
And when the component reaches a size outside of the last growth region, the system returns the
original image, limited by the website building system definition of maximal size. This limitation
depends entirely on the devices that the website builder system will support. If a system needs to
support devices with 8K resolution, to provide best quality and UX, the defined max image width
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must be above 8000px. At the time of writing the current paper 8K is still a resolution, which is
rarely used for loading websites, but this is very possible to change in the future. At the time of
writing the current paper, the most used resolutions are bellow 3000px width, which is defined as a
very good definition of a maximal image size, which the system will be cropping all images to on
upload.

Fig. 8. Demonstrates a wide screen setting of an image, which sets 100% screen width of the image element.
This is a widely used possibility in responsive design

Figure 4 demonstrates the case which will visualize the original image, based on the
maximum defined system size. In the experimental system the size is 3000x3000. When the image
has a wide screen setting to 100% screen size, it will be with high quality, set to this maximum size.
And quality reduction will be observed on devices with higher resolutions like 8K (Ultra HD).
When a support for higher resolutions is required, the proposed system can be implemented with a
higher number of growth regions, following the same principals. The regions are not required to be
equally distant and big in size, but they need to follow the identified most widely used cases of
image sizes of the class of website building system they are used for.

In this example, there can be a maximum of 5 possible crops of each image in the working
process of a user, in this account including the defined maximum system size, cropped right after
the image is uploaded. The cropping operation is executed only once per region, after which the
image cropping system caches the cropped image. For all following requests it just responds with
the cached images.

When considering the optimization of server resources and traffic, using standard approaches
for visual editing, the images are loading in their original size, limited by the platform and in the
time of the visual editing are shown in their original size, independently of the component size. In
the proposed system an optimized image of 3000x3000px is cropped to around 1Mb (Varies
depending on image). If we have an example of a single page having a gallery of 100 images, which
are visualized 5 on a row with a size of up to 200px width of the image component, in the proposed
system the images will be displayed in 200x200px size, leading to an image of about 15Kb (Tested
with same images as above), and when resizing to the next region it reaches 80Kb, displaying in top
quality on devices with up to 3000px resolution. In the given example, if we exclude all the other
benefits for the UX, improving the browser performance and reducing server resources costs with
minimal set of requests, the optimization of traffic and the load speed can be increased over 50
times. It must be considered that the example shows the optimization in 1 page with 1 gallery of
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100 images, and website building systems can be used by millions of users simultaneously editing
their websites. Currently there are website building systems with more than 100 million of users.

As further optimization to the proposed system, although not required, additional systems can
be included. Like a system for progressive image loading [11] and a content delivery network
(CDN) [12]. The system for progressive image loading is an intermediate system between the
cropping system and the currently described system. When an image is requested by the currently
described system, a very small image is generated around the size of 2Kb, which creates a visual
idea of the original image. It sends initially the small image, which the user sees almost
immediately, while the requested image is being transferred through the network. This is yet
another layer that helps UX. A CDN network in addition can be created or can be rented as a
service. One of the biggest CDN providers are CloudFlare and AWS CloudFront. Using a CDN all
images (and static resources) are cached to geographically closest servers to the end user. This is yet
another step, in improving user experience by allowing faster load speeds and in the same time
reduce server load. In addition, we can mention that most ISPs provide a better local connectivity in
comparison with the international one, which is another advantage to implement a CDN.

CDN
o/ ~_User resizes a photo in a U— [ e
o website builder system > < x J 9
). —
= Progressive Image L
Y Loading System 4|\
1 |
Request image with the size |
of the image copmonent i
: :
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O O-—===———em Return the optimal image---~’
Image Optimiation System
Return the requested image -~
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L Crop a new thumbnail or request >

a cached version if available
| C—— | S——
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Fig. 9. An example workflow and architecture of a system for image optimization, an image cropping
system, a system for progressive image loading and a CDN in a website building system

In addition to each underlying system, including the currently described system for image
optimization, load balancing can be included to scale it. Each system separately can be executed on
a dynamically growing set of servers using technologies for autoscaling. This way in any given
moment, each system can be served by a growing set of servers, needed to meet the load at the
exact moment. Many cloud service providers link the costs to the hourly use of resources, including
the number of server instances. Using autoscaling bypasses the need of renting unneeded resources
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and allows each server to be scaled to hundreds of instances in a short period of time, which after
the peak can be scaled down again to one instance.

Each additional system in Figure 5 can be viewed as a closed system with an input and output,
as all additional systems can be implemented using the numerous known methods and technologies.
Many of them can be used as a service by different SaaS providers, usually offering public APIs for
integration.

5. Conclusions

The modern online website building systems are resource-heavy in both the client side as an
app working in the browser and the server and network side. The proposed system for image
optimization in a website building system is a solution, which improves the browser performance
and UX on the client side, to minimize traffic progressively and minimize the server resources
needed. This leads to increasing the overall UX and minimizing the server and network costs. The
system proposes a balanced approach in using the image cropping system, available in a website
building system.
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KIACU®OUILIUPAHE HA MHEHUSA OT
MOTPEBUTEJICKUKOMEHTAPH HA AHTJIMHCKHU E3UK
YPE3 AJITOPUTMHU HA MAHIMHHOTO OBYYEHUE

Henu An. ApabamxkueBa — Kamuesa, Hensinko H. Hukomos

Pe3rome: Llenta Ha myOnukanusaTa € cpaBHEHHE Ha TOYHOCTTA HA aJiTOPUTMH HA MAIIUHHOTO O0Y4YeHHE TPH
Kinacu(uIrpaHe Ha TOTPEOUTEIICKM MHEHHSI Ha aHTJIMHACKY e3UK. [IpeicTaBeH e HOB anropuThM, Oa3upaH Ha
Hawsnus beiicoB knacudukarop, msmnonssai JlammacoBo pasmpezneneHue u uMmeHyBaH Jlammaco Hamen
BeticoB knacudukartop. Ananuzupanute anroputMu ca: JlamacoB Hausen beiico knacudukartop, ['aycos
Hausen beiicoB knacu¢ukartop, bepnynue Hausen BeiicoB knacuduxatop, MyntuHomuHanen HauBen
BeiicoB knmacudukarop, Meron Ha Hail-OMM3BK cheell, MEeTO Ha OMOPHUTE BEKTOpH, JbpBO Ha peIIeHHEeTo,
ancam06ioB MeTo Ciry4aiiHa Topa ¥ aHCaMOJIOB METO/I AJIAITUBEH yCHIIBATEI.

KiarouoBun aymmu: Haumsen beiicoB knacudurarop, Meron Ha Haii-OmM3bK chcen, MeTon Ha OMOpHHUTE
BekTOpH, [IBpBO Ha pemrerneto, Cirydaiina ropa, AdaBoost, kiacudukanus Ha TEKCT, MAITUHHO 00yYeHHE

Classification of user comments in english through machine learning

Neli An. Arabadzieva — Kalcheva,Nedyalko N. Nikolov

Abstract: The purpose of the publication is to compare the accuracy of machine learning algorithms
toclassify user comments in English. A new algorithm is introduced, based on the Naive Bayes Classifier
using LaplaceDistribution and a named Laplace Naive Bayes Classifier. Analyzed algorithms are: Laplace's
Naive Bayesclassifier, Gaussian Naive Bayes classifier, Bernoulli Naive Bayes classifier, Multinomial Naive
Bayesclassifier, K-nearest neighbours, Support Vector Machine, Decision trees, Random Forest and
AdaBoost.

Keywords: Naive Bayes classifier, K-nearest neighbours, Support Vector Machines, Decision trees,Random
Forrest, AdaBoost, text classification, machine learning

1. YBoa

MacoBoTO H3MOJI3BaHE HAa COLMAIHM MEAWU IPEJOCTaBU CPEJACTBA Ha MOTpeOUTENUTE aa
nyOJIMKyBaT MHEHHS, OT3MBM U OLEHKM Ha CTOKM M ycinyru. HapacHanmoro chabpkaHue B
pa3IUYHUTE KOMEHTapHU JIOBEJIE 10 HEBb3MOXKHOCT Ha TSXHOTO pbUHO 0OpaboTBane. M3non3BaneTo
Ha QJITOPUTMH Ha MAIIMHHOTO OOy4yeHHe 3a Kiacu(UKalus Ha TEKCT MO3BOJISIBA J1a C€ ChKpaTu
BPEMETO 32 IPOYYBAHE U aHAJIU3 HAa NOTPEOUTEICKOTO MHEHHE.

3agadaTa 3a KJIacH(pUKaIMs Ha TEKCT ¢ ChbCTOM B ONpEAEIIHE HAa MPUHAUIEKHOCT Ha TEKCTa
KBM JIaJIeH KJIac Bb3 OCHOBA Ha aHAIM3 Ha HAOOp OT MPU3HAIM, XapaKTePU3UPALIH JaIeHUS TEKCT.

2. N3aoxenue

2.1.Hausen BeiicoB k1acuduxaTop

Eaun or kinacuueckuTe airopuTMd B MamIMHHOTO oOyueHue e HausHust belico
kinacudukarop, Koito ce Oazupa Ha Teopemara Ha beiic 3a ompenensHe Ha arnocTeprHopHaTra
BEPOATHOCT 32 HACTHIIBAHE Ha JIaJIeHO ChbOUTHE.

Teopema Ha beiic

P =c)P(y=
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Kbl1eTO: P(y=c|X) € BepoATHOCTTa OOEKT J]a MPUHAJJIC)KH Ha KJac ¢ (armocTepruopHa BEPOSITHOCT Ha

KJ1aca)

P(X|y=C) — BeposiTHOCTTa OOEKTHT X [1a CE Cpellla B cpeaTa Ha 00CKTa Ha Kjaca ¢

P(y=C) — Oe3ycnoBHa BEpOSTHOCT Jia ce cpelia 00eKT y B Kiac ¢ (alupuopHa BEpOSTHOCT Ha

KJ1aca)

P(X) — Ge3ycoBHA BEpOSITHOCT HA O0CKTa X

Ienta Ha kmacuduKanuaTa ce ChCTOM B TOBA, J1a CE ONPEIC]IM KbM KaKbB KJIAC MPUHAIICKA
00ekThT X. CiemoBaTenHO € HEOOXOMUMO Ja Ce HaMEepU BEPOSTHOCTCH Kjac Ha oOeKTa X, T.C.
HEOOXOJMMO € OT BCHUYKH KJIACOBE Ja ce Hm30epe TO3W, KOHTO JaBa MaKCHUMallHa BEPOSTHOCT
P(y=c|x).

Copt = argmaxcec P(xly = c)P(y = ¢) )

W3Bectnn amroputmMu ot Ttmmna HauwBen beiicoB knacudukatop ca: bepHynues,
MyntuaomuHasieH u ['aycoB, CBbp3aHU C pa3IMYHU TPEIINOTIONKEHUS 3a pa3Npe/eICHUETO Ha
MIPU3HAIUTE.

2.2. bepnyiaueB Hausen BeiicoB kiacugukarop

bepnynueBusit Hausen beiicoB kiacudukaTop mpeacraBst JOKyMEHTa KaTo OMHApeH BEKTOP
Ha HOPOCTPaHCTBOTO. CroiHocT CAVHUIA IIO0Ka3Ba Aajid AyMara CC€ IMOsABiABa IMOHC BCIHBLX B
nokymenTa. C TakoBa IpeJiCTaBsHE ce paBU HAMBHOTO MpeArosiokeHue Ha belic, ye BeposiTHOCTTa
BCSIKa {yMa Jla C€ Cpella B TEKCTa € He3aBUCHMA OT I10SIBaTa Ha JPYTH JyMH.

Heka xe [0,1] e 6MHapHa NPOMEHIMBA, KOSTO HMa BEPOSATHOCT 3a 1osiBa 0.
Torasa:

6 ,akox =1
P(x|6) = {1—9 ,akox =0

2.3.  MyarunomunaneH Hausen BeiicoB knacuguxarop

Myntunomunanauatr Hawen beiicoB knacudpukaTtop mnpuemMa MNPEeArNoNoKeHUETO, 4Ye
IIPU3HALUTE €A PA3NPEEIIEHN MYJITHHOMUAHAIIHO.

Heka xie {1,...K}, umar BepostHocTH 32 mosiBa 01, ...0k [7].

Torasa BeposiTHOCTTA 3a IOsIBa HA CHOUTHETO X MPH JaJIeH NpU3HaK 0 e:

P(x|6) = —le_'XK! K ox (4)

©)

KBIETO: N = Yo, X; (5)

My.]'ITI/IHOMI/IHaJ'IHI/IHT Hausen beiicos KJIaCI/ICI)I/IKaTOp n34uCisiBa 4CCTOTaTa Ha II0SABa Ha
BCAKa JyMa B IOKYMCHTHTE.

2.4. TaycoB Hausen beiicoB kiacupukarop

I'ycoBusat Hausen beiicoB kinacudukaTop ce 0OCHOBaBa Ha IMPEAINOI0KEHUETO, Ye TPU3HALIUTE
ca C HOPMaJHO paslpelesICHHE.

@yHKIUATA HA BEPOATHOCTHATA IIBTHOCT HA HOPMAJIHO PA3IpeAesieHa ClydaiiHa BEIM4YMHA

c:
1 L“)Z
P(x|y,0) = prAd 203 (6)
KBICTO.
L - CpeaHaTa CTOMHOCT;
n==2 (- p? )

G - CTAHAAPTHOTO OTKJIOHCHUC
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02 = =T (x; — w)? ®)

2.5. Haugen beiicoB kiaacudukaTop, u3noassam Jlanjacoo pa3npeaeaeHue

Hauen beiicoB knacugukarop, usnonssam JlarmmacoBo pasmpeneseHue, € HOB alrOPUTHM,
npeJcTaBeH OT aBTopuTe, OasupaH Ha HauBuus beiicoB kiacudukarop, uznonssamy JlammacoBo
pasmnpenencHre u uMeHyBaH JlanacoB Hausen beiicoB knacudukarop.

Knacuueckoro pasnpenenenue Ha Jlammac ce ompeznens karo (GyHKIHMS 3a BEpPOSATHOCTHA
wrbTHOCT — probability density function (pdf). [4]

1 |x — 0|
f(x,0,0) =—exp| ———], —o<x< 9
2¢ ¢
Kb1eTO0: 0e(-00,00) 1 ¢p>0 ca JOKaleH U CKalleH IIapaMeThP PECIIEKTUBHO.
ToBa e pasmpelciicHHe Ha BEPOATHOCTHTE, KOETO CE€ MaKCUMM3HMpPa, KOraTro JIOKAIHHST
napamMeTbp € Meauana. JlamiacoBOTO pasmpelcleHue € CHUMETPHYHO paslpeiesieHHe, YHHUTO
OIAIIKH Ca TIO-MaJIKO OCTPH OT ['aycoBOTO pasmpejie/ieHue.

2.6. Meroa Ha Haii-omu3kus cheeq — KNN (K-nearest neighbours)

MetonsT Ha K Hali-ONu3Kus chcel € alroOpUThM 3a Kiacu(UKalusg Ha 00EKTH, U3UHCIISBAL]
JUCTAHLIMATA MEXAY BCEKHU J1Ba 00€KTa OT oOydaBallara n3BajaKa, 4Ype3 U3M0J3BaHe Ha MOAXOIIa
GbyHKIUS 32 U3MEpBaHe Ha Pa3CTOSHHE MEXIy JiBe Touku. KiachT Ha knacudunupanus o0eKT —
TOBA € KJIACHT HA HOBUSI 00EKT, HAMEPEH Bb3 OCHOBA Ha 3aKJIIOUEHUSATA, HAIIPABEHU 110 OTHOLIEHHE
Ha K Hail-0m3Ku checeau.

@yHKIUA, N34nCIABaIa EBKIIMIOBO pa3CcTOsIHUE!

(i) = [Ziwe (9 = 5 (10)

KBJIETO:
1 2 m -
xX; = (xi( ), xl-( ), . xi( ))— BEKTOP OT M-MIPU3HAIM HA I- 5 00EKT
_ @ @ (m) .
Xj = (xj VX s X )— BEKTOp OT M-TIPU3HAIN HA j- T 00EKT
Hpyru n3BecTHU (YHKIUY, U3UUCISBAIIN PA3CTOSHUE MEXIY JBE TOUKH, ca: L, — MeTpuka,
L. — meTpuka, L3 — metpuka, Jlanc — Yumsimc Kocunycosa msipa.

2.7. Meron Ha onopuuTe BekTopu - SVM (Support Vector Machine)

MetonsT Ha onopuute Bektopu (SVM, SupportVector Machines) npezncraes o0y4aBanure
MpUMEPH KaTo TOYKH B N-MEPHO MpOCTpaHcTBO. [IpuMepuTe ca mpoeKTupar B MPOCTPAHCTBOTO MO
TaKbB HAuuH, ye Aa ObJaT JuHeiHo pazgenumu. [Ipu paboTa ¢ nBa Kiaca ce ThpCH HA4YMH Ja ce
HauepTae JIMHUS, KOSATO Ja pa3JieNs JaHHUTE OT ABaTa kiaca. JIMHuATa, KOSTO pa3aeis JaHHUTE, ce
Hapuya pa3euTeHa Xulep paBHUHA. Ta3u xumnep paBHUHA TPpsOBa J1a ce u30epe 1Mo TaKbB HAYMH,
4e Jla ce HaMHUpa B3MOXKHO Haii-Jlaned OT MpUMEpHTE U Ha JIBaTa Kiaca.

dynknusta f(x) Ha TUHeHHATA KIacupuKanus € BbB Buaa: [5]

f(x) =w'x + b (11)

KBbJACTO: WT e TCTJIOBCH BCKTOP, a b e orknoHEHMETO.

HCJ’ITa € J1a C€ HaMCpAT CTOMHOCTUTE Ha WT n b, KOHUTO IS OIIPCACIIAT KHaCI/I(l)I/IKaTOpa. 3a Ja
CC HaIllpaBHu TOBaA, € HGO6XOHI/IMO Ja C€ HAMEPAT TOUKHUTE C Hali-MaJIko OTKJIOHCHHE, KOCTO TpSI6Ba
Aa ¢€ MaKCUMHU3Hpa.

2.8. AuaroputrsMm /IbpBera Ha pemenusita (Decision trees)
AnroputbMbT IbpBeTa Ha pELICHUsATA CTPOHM KIACH(PUKAIIMOHHU IbPBETA 3a U3rpaXJaHe Ha
MOJIET Bb3 OCHOBA Ha CTATHCTHYECKH OLIEHKH U TIOPEIUIH OT IIPOBEPKH HA JIOTUYECKU YCIIOBHS.
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3a BCeKH BB3€N Ha IBPBOTO ce M30KMpa ONTHMAITHO MPABHUJIIO 32 pa3zeisiHe, BKIIOYBAIIO0 H300p
Ha aTpuOyT U CTOHHOCT Ha TO3M aTpuOyT, MO KOMTO 1a cTane pasznensHero. M300pbT Ha aTpulyT ce
OCHOBaBa Ha MH(OPMAIOHHATA ITeJanda Mpyu pa3AeisiHe Ha OOEKTUTE O ChbOTBETHHS aTPHOYT.
Wudopmannonnara nedanba Ha aTpuOyra A 1O OTHOIIEHHE Ha HA0Op OT MpHUMEpH S ce
U3YHCIIABA KaTo: [6]
|y

Gain(S,A) = E(S) — Z TETEG) (12)

KBJCTO: Sy € MHOXECTBO OT IMPHMEPH, KOUTO HMMAaT CTOMHOCTV 3a arpubyra A, E(S) -
EHTPOIHSI HA S MHOKECTBO OT MPUMEPH.
EnTponusiTa ce npeacTaBs B CISAHUS BU/L:

E(S) = Xis1 —pilogz (i) (13)

KBJIETO: N — Opoil MpUMEpH, pi— BEPOSTHOCTTA Ja ce u3depe Ikiac.
AnropureMbr CART (Classification and Regression) usnomnssa unaekc Gini, KOWTO OlcHIBA
Pa3CTOSTHUETO MEK/TY Pa3PEICIICHUTE KITaCOBE:

Gini(S) =1 - Y1, p? (14)

veValues(A)

2.9.  AmuncambJoB aaropurbMm Cayyaiina ropa (Random Forest)

CnyuaitHa TOpa KIacH(PUKATOPHT € aHCaMOJIOB ajlrOpUThM. AHCAMOJIOBUTE aJITOPUTMHU
cbueTaBaT IOBEYE OT EAWH aIrOpUThbM OT €IUH W ChIMM WM pa3jlyeH alropuTbM 3a
Kiacudukanus.

Hanen knacudpukarop fn (m=1,2,...M) ce oOyuaBa Ha 6a3ara Ha MOBTOPHA W3BAJKa, KAaTO
pe3yaTranTHata GyHKUus € QyHKIuUs Ha “rimacyBaHeTo”’[1].

&1
FO) = ) 2 fn0) (15)

kpaeto fn, e m—roto appBo. Tasu TexHuka ce Hapuua bagging (bootstrap aggregation). B obmius
cllydail TIpUMEPHTE Ce MOJAOMpAaT Taka, Ye BCEKH E€K3eMIUIp MMa €JHAKBB IIAHC Ja ITOIagHe B
o0ydaBaiaTa u3BajKa.

RandomForest kimacupukaTopbT ce pasiudaBa OT 0oOmaTa cxema, KaTo Ch3JaBa HabOp OT
IbpBETA 3a B3eMaHe Ha PELICHHS OT MPOM3BOJIHO M30paH HAO0Op OT TPEHUPOBBYHHU KOMIUICKTH.
AJITOpUTHMBT U3I0JI3BA YCPETHIBAHE C LEN MOA00psSBaHE TOYHOCTTA Ha MPOTHO3MPAHETO. BCsIko
OT/IEJTHO JBPBO MPEICTABIsIBA CyYaiiHa M3BajIKa, KaTo H300PHT € HE3aBHCHUM U H3I0JI3BA €JHAKBO
pasnpeelieHie Ha BCHYKH JIbpBeTa. BCSKO IBPBO OCBIIECTBSIBA KIIACH(DHKAIUSA, CIEI KOETO
CTaTHCTHYECKAaTa MOJIa Ha BCHUYKH OTICIHHU KiacH(HUKAIMK ce B3eMa KaTo KpaiiHa KiacH(pHUKaius
Ha ropara.

2.10. Ancam6.10B aaropuThM Anantusen yenasarena (AdaBoost)

ANTOopuTBMBT AJJANTUBEH YCHUJIBATEI € MPEJCTaBUTE Ha aHCcaMOIoBHs anroputhM boosting.
ToBa e urepallMOHEH aIrOpPUTHM, MPU KOWTO ,,CHUIHUAT KIacU(PUKATOP JOMYCKa MAJKHU TPEIIKU
npu 00y4EeHHETO Ha OCHOBATa Ha ,,c1albusa* KiIacudukaTop, KOMTO MpaBUIHO Kiacu(uuupa nopeye
ot 50%. B ancam0noBus amroputeM Adaboost paznuynuTe KiacuduKaTopu ce o0ydaBar
nocjenoBarenHo. Beceku HOB kiacu¢pukatop € oOyueH Bb3 OCHOBAa Ha €(EKTUBHOCTTa Ha Beye
CBHIIECTBYBAIM O0yYeHH. Y CHIIBAHETO CE CHCTOM B ChCPEAOTOYABAaHE HA HOBHTE KiacH(UKATOpU
BBPXY JaHHU, KOUTO ca OMJIM MOTPENIHO KiIacu(pUIMpaHu OT MPEAULITHH KIacu(UKaToOpH.

3a 1a moJy4YH OTrOBOP OT BCHYKHU cllabu KimacubukaTopu, anroputbMbT Adaboost onpeners
CTOMHOCTH O KbM BCEKH €JIMH OT Kiacupukaropure. CTOWHOCTUTE O C€ OCHOBABAT Ha IpelIKaTa Ha
BCEKH Ci1ab Kiracuukarop.
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I'pemikara € ce M3UMCIISABA ChC ClIeHATA (POPMYIIa:

Opoii HEKOPEKTHO KJaCUPULIUPAHU eK3eMILISPU (16)
E =
0011 6pOi eK3eMIJISIpU

Q CE€ U34YHCJIAABa UpPE3 €

(21

3. OuneHka Ha TOYHOCTTA Ha KJacuPUKaAIUATA

B mporeca Ha ki1acudukanys Ha TEKCT JTaHHUTE CE pa3/eNsiT Ha JABE YacTH — €HAaTa JacT ce
Hapuya oOyyaBaina u3Bajka (training-set), KOSTO ce M3MOJ3Ba 32 00y4YeHHE Ha MOJeNla, U TECTOBA
u3BajKka (test-set), M3mon3BaHa 3a TecTBaHe Ha Mozena. OOydnTenHWTE OaHHU ,,00y4aBaT"
TECTOBUTEC NJaHHU.

3a oueHsBaHe Ha Kiacu(duKaTOpa ce HM3MOJI3Ba MApKaTra TOYHOCT (Accuracy), KOATO ce
M3YHCIISBA KaTO OTHOIIEHHETO HA MPABHJIHO KJIACH()HUIMPAaHU MPUMEpHU KbM oOmmst Opoil o0exTH
OT TECTOBO MHOXKECTBOTO. 3a IOJy4aBaHE Ha IO-YCTOMYMBA OLIEHKA C€ NpHjara METOAbT Ha
KPBCTOCAHOTO Banuaupane (Cross-validation), mpu xolTo ce rapaHThpa paBeH OpoW ydacTus Ha
BCeKH 00eKT B 00yJaBaliiaTa u3BajKa U TOYHO €THO y4acTHe B TECTOBATa M3BaJIKa.

4. W3caensaHe, NOJYYeHH Pe3yITATH H AHAJIN3

B u3cnenBaHeTo alropuTMUTE Ha MAlIMHHOTO OOYYEHHE ca pealu3upaHu Ha e3uka Python.
W3nom3Banu ca naBe BbHIIHKM OubOmmoreku — nltk (http://www.nltk.org) u scikit (http://scikit-
learn.org). 3a oreHka Ha KiIacUUKaIMATa € U3NOI3BaHO 10-KpaTHO KPBCTOCAHO BaIUAUpPAHE H
MsIpKa TOYHOCT.

Amnanusupanute anroputMu ca: JlamnacoB Hausen beiicoB knacudukatop, I'ayco Hausen
beiicoB kmacudukarop, bepuynue Hausen beiicoB kmacudukarop, Mynrunomunanen Hausen
beiicoB knacuduxarop, Meron Ha Hal-OaM3bK chcell, MeToJ Ha OMOPHUTE BEKTOpH, JbpBO Ha
pemieHuero, aHcam6i0oB Meton CmywaiiHa ropa M aHcaMOJIOB METOJ AJanTHBEH YCHUIIBATEll.
OcHOBHa mpHUyYrHa 3a U300pa Ha TE€3M AJITOPUTMH € TAXHATa pa3ivyHa MPUPOJA, T.€. PA3IUYHUAT
HA4yMH Ha pa3/iesiHE Ha ChbBKYITHOCTTA OT JAHHU HA OTJEJIHU KJIACOBE.

[lenta Ha u3cnIeABaHETO € /1a c€ MPOBEPH KO OT aJIrOPUTMHUTE Kiacuduuupa ¢ Hall-BUCOKa
TOYHOCT MPH pa3InyeH 00eM OT IaHHH.

B noxnana ca BbBeJIeHU CIIEHUTE ChKPAIIEHUS HA U3I0JI3BAaHUTE aITOPUTMHU B TEKCTA:

e Jlanutaco Haugen belicos knacuduxarop — LNB
['aycoB Hausen beiico knacudurarop — GNB
bepnynues Hausen beiicos kiacuguxarop — BNB
Myntunomunanen Hausen belicoB kinacudukarop — MNB
Merton Ha Haii-01u3bK cheem — KNN (K-nearestneighbours)

Meron Ha onopuute BekTopu — SVM (SupportVectorMashine).
JIspBo Ha pemenunero — DT ((Decision trees)

Amncam6ioB meron Ciyuvaiina ropa — RF ((Random Forest)
AHcam6110B MeTo AnantuBeH ycumnBateln - AB (AdaBoost)

3a u3cnenBaHeTo € u3dpaH HAbOp OT JAaHHU, CheTosMl ce oT 500 MHEHUsI Ha OTPEOUTEICKH
KOMEHTAapH, MPEICTABIABAIIN (PHIIMOBH PEBIOTA HA AHTJIMMCKU €3UK, OT KOUTO 250 TMOJI0KHUTEIHH,
coappkamy 138 595 nymu, u 250 otpunarensu (GUIMOBH peBIOTa, ChCTaBeHU OT 125 539 nymm.
MHOXECTBOTO OT JaHHM € HaMaJeHO JBOWHO M Taka € IMojydeH HOB Habop or 250 duimoBm
peBIOTa, OT KOUTO 125 monoxuTennu, chabpxkamu 69 618 mymu, u 125 orpunatensHu GuiMoBU
peBioTa, cheTaBenu ot 62 815aymu. Jlanaute ca B3etu ot cranmaptaus momyia NLTK — Natural
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Language Toolkit, koiito € open source Oubnuorexka Ha Python. ®dunmoBute peBroTa ca
npenoctaBenn npe3 2004 roguna or Bo Pang u Lillian Lee (Department of Computer Science.
Cornel [University, Ithaca, NY).

Bpotii ¢punmosu pestora / bpoit 1ymu BbB pUIMOBUTE PEBIOTA

150000 138595 155539

100000 69618 62815

0

125 monoxxutennu / 125 orpunarenan 250 monokutesan/ 250 oTpuaTeTHu
(nIMOBH peBroTa ($uIMOBH peBioTa

B Gpoii [yMHU B TEKCTOBE C IOJIOXKUTUTEIHH (DUIMOBH. .
B 5poif TyMH B TEKCTOBE C OTPULATEIHH (PUIMOBH PEBIOTA

@ur. 1. Pa3npe)1eneHI/1e Ha 6p0171 AYMHU B TCKCTOBEC C MOJIOKHUTCIIHU U OTPHUIATCIIHA (1)I/IJ'IMOBI/I pEeBIOTA

Bunno ot ¢urypa 1, 6posiT AyMH B OJOXKHUTETHUTE (QHIMOBH PEBIOTA M B ABaTa Habopa OT
JaHHU € TMoBeuye OoT Opost JyMH B OTpHULATEIHHUTE (UIMOBH PEBIOTA, KaTO ¢ HapacTBaHe Ha Opos
OT3HMBH pa3jIMKaTa ChIIO CE yBeIUYaBa.

[IbpBOHayanHO ca knacupuuupanu 125 orpunarensu u 125 noaoxurenHu GUIMOBU peBIOTa
Ha aHIIMMCKU €3HK.

Pesynrature nokassat (purypa 2), ye ¢ Hail-BUCOKa TOYHOCT € Kiaacupuuupan JlamiacoBusr
Hauen belicoB kiacupukaTop ¢ MpeIHUHA OT CIEIBAIINSA IO AITOPUTHM OT ~5.2%. Bropusar mo
TOYHOCT € MeToabT Ha ONOpPHUTE BEKTOpU (C JMHEHHO siipo), ciaeasaH oT ['aycoBuss Hausen
beiicoB kmacu¢ukarop, ¢ mManka paziauka nomexay uM oT 0.8%. MyntuHomuHannusT Hausen
BeticoB knmacudukarop e Ha 4eTBHPTa MO3HIINS U € ChC CTOWHOCT TI0-BUCOKA OT CpelHaTa, KOSITO € ¢
~11.6% mno-manka or Haii-goOpe mnpencraBuiaus ce U ¢ ~19.2% mno-ronsiMa OT MOCIEAHUA
QITOPUTBM B KiacanusiTa. AHCAMOJIOBUST aJIropuTbM AJanTHUBEH YCHIBATEN KiIacHUpUIIMpa
(GMIMOBHTE PEBIOTa ChC CPEHA TOUYHOCT CHPSIMO BCUYKM Kiacudukatopu. bepHynesusar Hausen
BeiicoB knacudukarop, MeToabpT Ha Hall-OJU3KHSI ChCE M AITOPUTHEMBT J[bPBO HA peIICHUATA ca C
pe3yaTaTu No-HUCKH OT cpenHuTe. C Hail-HHUCKa TOYHOCT € Kiacupuuupan anropuTbMbT CiiydaiiHa
ropa, KOWTo, B CpaBHEHHE C ITbpPBEHENa, nMa pasiuka oT ~30.8%.

To4HOCT HA ANTOPUTMH HA MAIIMHHO 00yYICHNE MPH KITACH(PUKAIIS Ha
125 momoxxutennu u 125 oTpunatenHu GUIMOBH PEBIOTA

80,0% 72,8%

66,8% 67,6%
70,0% 61,2%
60,0% 50,8% . 53,6%
44,8% 48,0%

50,0% . 42,0%
40,0%
30,0%
20,0%
10,0%

LN GNB  BNB MNB KNN  SVM DT RF AB

0,0%

®@ur. 2. Knacudukanus va 125 nonoxutensu u 125 orpunarensy GUIMOBH PEBIOTA Upe3 aITOPUTMH Ha
MAaIIMHHOTO O0y4eHHUe
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ITpu nBo¥iHO yBenn4yaBaHEe KaKTO Ha MOJOXKHUTEIHHUTE, TaKa W HAa OTPUIATEITHUTE KOMEHTapH
ot 125 na 250, T.e. cymapuo 500 ¢puiIMOBH peBIOTA, BCHUKU aJITOPUTMH yBEIHYaBaT TOYHOCTTA CU

(¢urypa 3).

TOYHOCT Ha aNTOPUTMHU Ha MAIIUHHO 00YYEeHHE TP KIacu(PUKAIU Ha
250 monoxxutenHu u 250 oTpUaTeNHU GUIMOBU PEBIOTA

g00%  75A% 75,4%

67,0% 67,0% 65,6%

. ,
70,0% 59,4%
60,0% 51,0% 50,2% 51,2%
50,0%
40,0%
30,0%
20,0%
10,0%

LNB GNB BNB MNB KNN SVM DT RF AB

0,0%

®@ur. 3. Kinacudukanus Ha 250 nonoxurennu u 250 oTpuniateaTHu GUIMOBH PEBIOTA Upe3 aJITOPUTMH Ha
MAaIIMHHOTO O0y4YeHHe

JlanmacoBusit Hausen beiicoB knacudukarop 1 MeToapT Ha OMOPHUTE BEKTOPH (C JIMHEITHO
Ap0) ca C paBHU M Haii-BUCOKM pe3ynratd. Ha Bropa mosuuus ca I'aycoBust Hausen beiicoB
knacudukarop u MynruHomuHamHUAT HanBen belicoB kimacupukaTop ¢ pa3imuka CupsMo ITbPBUTE
oT 8.4%. MeToabT Ha OMOPHUTE BEKTOPH (C JTUHEHHO Sapo) € pa3no3Han KoMeHTapure c¢be 7.8%
II0-TOYHO CHPAMO NPEIXOJHOTO u3cienBaHe, aAokaro npu JlarutacoBus Hausen belico
KjacupuKaTop HapacTBaHeTo € ~2.6%. Mynrtunomunannuatr Hausen belicoB knacuduxatop e
yBEJIIMYMI TOYHOCTTa cu ¢ =5.8%, nokaro mnpu [aycoBus Hausen belicoB xmacudukaTop
yBenuueHueto € camo 0.2%. Ancam6moBusT anropurbM AdaBoost mpu HapacTBaHe Ha JaHHUTE
KJIacuuIupa ChC 3HAYUTENHA MPEAHWHA OT MPEAUIIHOTO u3cienBane oT 12%. C nHaii-ronsma
pasnuka B ToJoOXHUTeNHa 1nocoka e bepuynesusr Hauen beiicoB kmacudpukatop — 14.6%.
AnropurbMbT CiiyyaiiHa ropa BbB BTOPOTO M3CIIEJIBAaHE BEU€ HE € Ha IOCJIE€JHA IMO3ULUS U €
YBEJIMYMUII TOYHOCTTA CH ChC 3HAYUTENHUTE 9.2%. AnropuTbMbT MeTo/] Ha Hail-0JIM3KHs Chee]] TPU
JIBOMHO moBeye (hUIMOBH PEBIOTA € OINpPENEIHI BIPHO KOMEHTAPUTE C HE3HAYUTENIHA MPEAHUHA OT
~0.2%. C Hali-HUCKa TOYHOCT € KJIaCU(pHUIMpal alrOpUTbMbT J[bpBO Ha pelIeHUsTa, ¢ pa3iuka OT
MIPEIXOTHOTO M3CieBaHe OT ~2.2%.

5. 3akiao4deHue

[IpoBeneHuTe U3CleBAaHUS TIOKA3BaT, Y€ MpU KIacHU(pUKaIKs HA TOTPEOUTEIICKU MHEHHSI Ha
AQHTTMICKKM €3MK TOYHOCTTa Ha TMpeJCTaBeHUs alropuTbM, Oasupan Ha Hauhus belico
knacudukarop, usnonspaiy JlammacoBo pasmpenenenue u umeHyBaH JlammacoB Hausen belicoB
KJIacu(puKaTop, € Hai-BHCOKa M € ChHU3MEpHMMa C TOYHOCTTa Ha MeToja Ha OMOPHUTE BEKTOPH.
Benuku anroputmu, usnon3BaHu B cpaBHeHuero: JlammacoB HaumBen beiicoB kmacudukarop,
l'aycoB Hausen beiicoB knacudukarop, bepuynues Hausen beiicoB knacudukarop,
Myntunomunaned Hauen belicoB kmacudukarop, Meton Ha Hal-OmuM3bK chcen, Meton Ha
OTIOpHUTE BEKTOPH, [[BpBO Ha pemeHnero, ancamoy0oB Meton CiydaifHa ropa U aHCaMOJIOB METOT
AJanTUBEH YCUJIBATEN yBEIUYaBaT TOYHOCTTA CH IPU yBelIM4aBaHe 0OeMa Ha JaHHUTE.
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N3CJIEIBAHE HA ITPOJTOXKUMOCTTA HA CBIIECTBYBALIIU
MEPKH 3A CXOICTBO 3A AHAJIN3 HA TTIOAOBUE MEXAY
N30BbPA’KEHUA

Mupocinas b. Mapunos, Upena M. BoiioBa, ﬁopﬂaH N. KanmykoB

Pe3rwome:To3u nmokman npeacraBs HOI[p06eH AHAJIM3 Ha MNPUWIOKHUMOCTTAa Ha HAKOU OT Haﬁ-HOHyJ’IHpHHTC
MCPKH 3a CXOACTBO 3a MU3YUCIABAHC Ha CTCIICHTA Ha HOI[OGI/IC MCKOY I/I306pa)K€HI/I$I. Bcuuku MCpPKH Ca
CKCIICPUMCHTAJIHO U3CJICABAHN U € HAIIPAaBE€H CPABHUTCIICH aHAJIU3 MEXKAY TAX. H3mon3Banu ca 2 MHOXKECTBA
oT I/I306pa>KeHI/IH. EnnoTO ce ChCTOM OT €IMH U ChII MJIX MHOTO HOI{O6HI/I O6CKTI/I, CHHMMAaHH! OT pa3jiInuHu
BIJIU, @ BTOPOTO — OT IPOU3BOJIHO HOH6paHI/I I/1306pa)KCHI/I$I, BKJIFOYBAIlI1 MHOKECTBO pa3/IMUHHU 00exTH U
Ppa3IndYHA IBETOBU CXEMHU U TEKCTYPU.

KirogoBu AYMU:MEPKHU 3a CXOACTBO, TUBECPIrCHINSA, CHUMKHU, MHOXKECTBA OT I/I306pa)K€HI/I$I, OOCKTH.

Comparative analysis of existing similarity measures employed for content-based image retrieval
Miroslav B. Marinov, Irena M. Valova, Yordan I.Kalmukov

Abstract: This paper presents an in-depth comparative analysis of some of the most commonly used
similarity measures in the context of content-based image retrieval. All metrics are experimentally evaluated
and compared to real human judgements for perception of similarity. To increase objectivity of evaluation
we used two different data sets — one composed of the same or very similar objects shot from different view
angles and another one that consists of randomly selected images (including different objects and colour
schemes).

Keywords: similarity measures, divergence, pictires, sets of images, objects.

1. IIpo6s1em Ha u3ciaeaBaHeTO

TepceHeTO HW3MEXITy MWIMOHW WM MHJIUApIA H300paKEHUS € CII0KHA M BpeMeeMKa
oreparysi, HoO eJHOBPEMEHHO C TOBa € W Hal-BaKHAaTa M jKeJaHa (PYHKIMOHATHA BH3MOXKHOCT Ha
0a3uTe OT JaHHH OT wm300pakeHWs. CHBPEMEHHUTE TBHPCENIM MAIIMHH W COIHAIHA MEIUU
M3KJTIOUYUTETHO MHOTO pa3yuTaT Ha CHIIECTBYBAIIUTE METOIU 3a aHAIU3 Ha ChIbPKAHHETO Ha
M300paKeHMs, 3a J]a MOTaT MPaBWJIHO Ja 00paboTAT, KaTeropu3upar W HHISKCUPAT MHIJIUOHHUTE
CHUMKH, KauBaHU BCEKHU JI€H OT TeXHUTE MmoTpedburtenu. 3a na ObAe CMHUCIECHO U TMOJIE3HO obaue,
TBPCEHETO TPsIOBa J1a ObJIe CPABHUTEITHO TOYHO M JIa CE€ M3BBPIIBA 32 pa3yMeH WHTEPBAI OT BPEMeE.
Tpii KaTo MOBEYETO CONMATHU MEIWHW M CHCTEMHU 3a TBpPCEHE ca pealu3upaHd KaTo yed
MIPWIOKEHUS, € KEJIATEITHO BCHYKU IMPOIEAYypPH MO THPCEHE Ja MPUKIIOYBAT B PaMKUTEe Ha 2-3
CEeKYHJI WU TOTPEOUTENTUTE MPOCTO MOXKE Ja HEe M3YaKaT pe3ylTaTUTe U Jla 3aTBOPAT Opay3bpa
MIPESKICBPEMEHHO.

3a 51a ce OTrOBOpPH Ha M3UCKBAHUATA 32 OBP30JEHCTBHE, € HEOOXOAUMO OT U300paKEHUITA /1A
Ce M3BJIEKAT MMOAXOJSIIN METaJIaHHN, KOUTO J1a ObJaT HHJICKCUPAHHU U ChbXPAHCHH 110 HAYMH TaKbB,
4e Ja mo3Boyid Obp3aTa UM oOpaboTka B mocienctBue. CaMoTO ThpCceHE MOXKE Ja C€ pean3upa
9ype3 CpaBHEHHWE Ha METAJaHHWTE, W3BJIICYCHH OT H300pakKeHHWETO 3asBKa (MPEJOCTaBSIHO OT
MOTPEOUTEN WK BHHIITHO IPUIIOKEHUE) C METaIJAHHUTE HAa BCUYKHU M300pakeHus, cbxpanenu B b/,
W3KTF0UHMTETHO BaXKHO € TPU IPEJCTaBsIHE HA PE3yJATaTUTE OT ThPCEHETO Te Ja OBJAaT COPTHUPAHU
10 HaMaJIsBalll PeJl Ha CTENEHTa UM Ha Mojo0ue che 3asBkaTa. CTeneHTa Ha mogo0ue 0OMKHOBEHO
Ce M3YMCIIABA Ype3 MOAXOASIIA MsIpKa 3a CXOACTBO, KaTo TS ce U30Mpa B 3aBUCUMOCT OT THIIA Ha
MeTajanHuTe. IMeHHo n3bpanara MspKa 3a CXOJICTBO OMpPE/ENsi KAKTO TOYHOCTTAa Ha ThPCEHE, TaKa
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U BpPEMETO 3a H3IbJIHEHHE. V3UuCisiBAHETO Ha CTENEHTa Ha MOJO0HME MEXAy H300paKeHUsTa
IIpe/ICTaBiIsIBa Hail-uecTo MoBTapsiHaTa (a OT TaM M Hail-BpeMeeMKara) olepalys B 1s1aTa CUCTEMA,
THU Karo NpU BCSAKA €HA IMOTPEOMTENCKa 3asBKa € HEOOXOAMMO Jia ce M3YHMCIAT MOJ00UATa C
BCHYKM WHJICKCHpPAHU B CHUCTEMara M300pakeHWs. 3aToBa W M300pHT Ha MOJXOJSINA MSpKa 3a
CXOZICTBO € KJIFOYOB (OCHOBEH) IPH Pa3pabOTBAHETO Ha BCSKA CHCTEMa 3a aHAlM3 M ThPCCHE Ha
M300paKeHMS.

2. Onucanye HA U3CJIeABAHETO

B Ta3u craTus ca pasriieqaHu MEpKH 3a CXOJICTBO, MOAXOISIIM 32 ONpeAesSHE Ha CTENEHTa Ha
nogo0ue MexIay H300paxeHusATa. B ciepBamure mMoapaszeNd IOCIEAOBATEIHO Ca OIMCAHU
npeoOpa3yBaHuATa 32 U3BIMYAHE HA METAJlaHHU OT M300paKeHUATa; U300PHT HA TECTOBU U3BAJKU
OT M300pakeHus1; U30paHUTE MEPKH 3a CXOJICTBO, KOUTO CE OICHSABAT; IMOKA3aHH Ca PE3YNITaTHTE; U
ca HarpaBeHU U3BOMM.

2. 1. M300paxkennsi 3a u3cjaeaBaHe

N3non3Banute n3o0paxkeHus ca ¢ pazmepHoct 128 x 128 mukcena. C men onTuMu3upaHe Ha
BPEMETO 3a TBPCCHE M TO0-Obp3ara UM 00pabOTKa, M300paKCHHSTA ca pasleieHu Ha 32x32
o0nacTu, KaTo 3a BCAKa OT TSIX CE€ ChXpaHsBa caMO JOMUHAHTHHS IBAT B Hes. biaromapeHue Ha
TOBa CHUCTEMaTa MOXeE Ja paboTH C M300pakeHUs C Pa3IUYHH PE3OJIOIHH — HE3aBUCHMO OT
OpUTHHAITHTEH pa3Mepu Ha W30pakeHUATa, BBTPEIIHO T€ CE€ MPEACTaBsAT KaTo MaTpui| ot 32 x 32
eJIeMeHTa. 3a OTKpUBAaHE Ha MOJOOHM M300pakeHHUs IIBETOBETE B TAX €€ peaylupar 1o 64, karo
HOMEPBT/MHACKCHT Ha 1BeTa (0T 1 10 64) ce u3moi3Ba u karo Heros ko0,1.00

Baxno e 1a ce oTdere, 4e M3noi3BaHuTe n3o0pakeHus ca B3etu ot 0 u mpencrasnssar 100
0o0eKTa, KOMTO Ca CHUMaHM MOJ pazauueH brbid. OT TiIX ca TeHepUpaHU 2 MHOXKECTBA OT
M300pakeHMs, KOUTO IMPEICTaBIsIBAT ChOTBETHO MHOKECTBO OT ONM3KHU MO IBAT 3 0OekTa (Jomar,
Aaroja U kam0a) ¥ MHOKECTBO OT Pa3IMYHM IO LBAT U opueHTauus ooexktu (okono 100), kouto ca
npou3BosiHO u3bpanu. TpsOBa 1a ce B3eMe M0/l BHUMAaHUE, Y€ € HAITbJIHO Bb3MOXKHO €/1Ha U ChIla
CHMMKa J1a y4acTBa U B JIBETE€ MHOXeCTBa OT M300paxeHus. M qBere MHOXKECTBA chABPKaT MO 216
N300paxeHusl.

2.2. Mepku 3a cX0ACTBO

3a ;ma ce OIEHHW CTEMeHTa Ha Mojo0ue MeXIy Hu30paHo n3o0paxeHue (3asiBKa) C BCHUKH
OCTaHaJIM M300pakeHus (HarpuMep B ejHa 06a3a OT JaHHU OT M300pa’keHHs) € MHOT'O BaXKHO Jia ce
n30depe KakbB Ja ObJe KPUTEPHUAT 3a OICHsABaHE Ha mojoOmero. [Ipum cpaBHsBaHETO Ha
n300pakeHNs He € BH3MOXKHO Jla Ce M3IOJI3BAT CTAaHAAPTHU METOJM 32 ThbpCeHe B 0a3M OT JaHHU U
TOBa Hajlara Ja ce W3MO0J3BaT KPUTEPUH 3a OIEHKAa Ha OJM30CTTa MEXIYy MHOXKECTBA OT
€JIEMEHTH/00EKTH B MHOTOMEPHO IPOCTPAHCTBO.

CrpIiecTByBaT pa3IMyHU TaKWBa MEPKH, KaTO TOBA U3CJIEIBAHE Kacae CICITHUTE:

» EUCLIDEAN DISTANCE-EBximzaoBoto pascrosiHue (popmyna (1)) ce u3passisa B
HaMHpaHe Ha HaW-KPaTKOTO pAa3CTOSIHME MEXIy JBEe TOYKH. To € BUHAru
MOJIOKUTETTHA CTOWHOCT, MOpPaJAM KOETO IOoCOKaTa HAMa 3HadeHue, U ¢ 0 camo u
€IMHCTBEHO KOTaTO JIBeTe TOUKH ChBManat. [Ipumep moske na ce Buau Ha ¢purypa 1.0

zn:(Qi -p)* (D
i=1

d(p,q) =d(q,p) =\ (@1 —p)2+ (@2 = p)? + -+ (Gn — Pn)? =
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®@ur. 1. EBKIHI0BO pa3cTosHUE

» CITYBLOCK DISTANCE — H3BecTHO ¢ omie kKaTo pa3crosiHue B Manxaran (dpopmyia
(2)) u ce u3paszsiBa B HAMUPAHETO Ha Pa3CTOSHUE MEXIY JIBE TOYKH KaTO CE CyMHpa
XOPU3OHTAJIHOTO MW BCPTHUKAJIHOTO PA3CTOAHUC MCKAY TOYKHUTC II0 KOOpJAWMHATHATa
cucrema. [Ipumep mosxe na ce Buau Ha Gurypa 2.0

n

d(q.p) = ) lai = pi @)

®@ur. 2. Pazcrosnue B MauxaTbH

» CHI-SQUARE DISSIMILARITY — Ta3u msapka ce 0a3upa Ha YH-KBaJIpaTHUS TECT 3a
paBeHCTBO Mexay aBe MHoxecTBa (dopmyna (3)). M3non3ea ce mo moapa3zOupaHe 3a

Opoitau nanau.0
n
(q; — 1)?
d(q,p) = ) L 3)
= Ui

» KULLBACK-LEIBLER DIVERGENCE - guBeprenmusita Ha Kullback-Leibler
(HapruaHa OIlle OTHOCUTEIHA CHTPOIHMS) € MsApKa 3a TOBa KaK €IHO pa3lpe/eicHuE Ha
BEPOSITHOCTHTE CE€ Pa3lindaBa OT BTOPO, pedepPEHTHO paslpec/icHHe Ha BEPOSTHOCTHUTE
(bopmyna (4)). ToBa e acumeTpryHa MspKa 3a Pa3pPOCTPAHCHUE M MO TO3U HAUUH HE CC
KBaTH(HIIMPA KATO CTATHCTUYECKU TOKa3aTel 3a pa3np00TpaHeHHe.O

d(q,p) = Z qJOQ — (4)

» JEFFREY DIVERGENCE - nuseprenuusra Ha Jeffrey (popmyna (5)) e mspka 3a
CXOJICTBO, KOATO TIOKa3Ba KakK €JHO pPasNpe]elieHne Ha BEPOATHOCTH CE pa3indaBa OT
BTOPO, peepeHTHO pasmpeiesieHne Ha BEPOSTHOCTH KAaTO CE€ B3eMaT NpPEIBHI U IBETE
MO3UIIMH/MHICKCH Ha CpaBHSABaHUTE BeKTOPH.0
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n
qi Pi
d(q.p) = ) (qilog +pilog o (5)
L Wi Wi

» JACCARDINDEX — unznekcsT Ha JI)xakap/ ce u3passiBa B HAMUPAHETO HA OTHOCUTEITHUS
Opoii (ITpolIeHTa) Ha OOIIHUTE EIEMEHTH CIIPSIMO Oposi Ha BCUYKH, 0€3 NyOJMpaHusiTa, B 1Ba
Bektopa. 0

Bekropsr Q = (q1,932, ---»qn) TPEACTaBIsABA H300pAKEHHUETO 3asBKa, a BEKTOPHT P =

(p1,P2, - » Pn) — IPOU3BOIHO M300paKEHHUE.
P+ g
=
KbM Beue cmoMeHaTUTe MEpPKU 3a CXOJICTBO HHME N00aBUXME OlLIle eHa — ChOuMpaHe Ha
Pa3IMKUTE OT HAIUS [IBETOBU MOJIEN C 64 I[BATa MEXKIY ABETE M300paKeHUs MO3UIIMOHHO. [Tocie

PEIYITATUTE Ca CBIIOCTABEHU C PE3YJIITATUTEC OT OCTAHAJIMTE MEPKHU 3a CXOACTBO.

BekropsT ¢t = (U4q, Uy, .-, Uy) CE TIOTyUYaABA KATO: U =

3. Pesyararu

OT BeTe MHOXECTBA C M300paKEHUs ce B3eMa IMPO3UBOJIHO 10 €1HO U300paxkeHue (3asBKa),
KOETO € CPaBHEHHO C BCHYKHM OCTaHAJIM. BakHO € 1a ce ordere, ye BCHYKU DPE3YJITaTH ca
Mamadupany (HOpMalIU3UPaHU) U MTOKa3aHU B MIPOIIEHTHO ChoTHOUIeHUe. B tabnunal u tabnuna 2
ca IOKa3aHH CPaBHABAaHWUTE H300paXKEHUS M Ppe3ylATaTHTE 3a CTENEHTa Ha Iojgodue, cropen
pa3IMYHUTE MEPKH 32 CXOJCTBO, KaTO OT JISIBO HA JICSCHO Ca Pas3MOJIOKEHH 3asBKaTa H300paKeHue,
OTACITHUTE HW300paK€HHsI B MHOXXECTBOTO, KOWUTO CE€ CpaBHSIBAT CBhC 3asBKaTa, CJIEIBAaHU OT
OT/ICJTHUTE MEPKH 3a CXOJICTBO, KOWTO Ca JaJeHU KaTO CTOMHOCT 3a CXOJICTBOTO MEXIYy IIBETE
n300pakeHus B IIbPBUTE JIBE KOJOHHU B MPOLEHTH M C MHIEKC B CKOOW, TIOKa3Ball moapeadara mo
CTeIeH Ha ojooue.

Taoauna 1. Pesyntatu oT cpaBHEHHETO HAa H300paKEHHS C Pa3IUYHM O0CKTH M TEXHUTE NPOLECHTH

o D <5}

c o X o 8-‘? v & o S

< o © T O g o S 5 o > = =
S o s | 85| 25| 2= | 85888 | =258

= © o L © o © o o (@)
] = o +— » E == C| >¢C > Q
%E S S 2 PARZ g = Soo| Po > c

D o @ O 0 63 Y 2 % E

= Lo

(1) (1) (1) (1) (1) (1) (1)
100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000

) (6) () (4) (150) (3) (4)
74.1211 | 75.3952 | 89.0470 | 91.8441 | 50.8475 | 92.2930 | 99.5626

3) (54) (27) (35) (193) (40) Q)
69.4336 | 68.5930 | 84.1797 | 86.7444 | 30.7825 | 87.2650 | 99.5385

(96) (150) | (129) | (139) | (126) | (144) | (81)
47.2656 | 59.5795 | 75.0667 | 78.0120 | 58.8525 | 78.5414 | 98.8977

(125) (31) (74) (63) (90) (62) (84)
44,2383 | 70.6438 | 79.4054 | 84.3367 | 68.9959 | 85.4059 | 98.8865
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(126)
43.9453

(172)
56.9767

(162)
71.6967

177)
74.5749

(148)
51.8022

(178)
75.1894

(113)
98.7637

(214)
21.4844

(215)
43.4418

(215)
54.2814

(216)
58.5133

(108)
63.6046

(216)
59.5224

(143)
98.5257

(215)
21.0938

(213)
43.9430

(214)
54.3728

(215)
58.7269

(128)
58.6051

(215)
59.8004

(200)
98.0886

(216)
17.5781

(214)
43.5530

(216)
54.1341

(214)
59.3517

(78)
73.1851

(214)
60.6498

(186)
98.2184

Tabéumnua 2. Pesyntatu oT CpaBHEHUETO Ha M300paKCHHS C €THAKBH 00CKTH U TEXHUTE MPOICHTH

[<5] > (@]

o c N L B | = [<B] > (%]
E | 53 | B | §8| 88| 35 |82, 35 |EE
—_ i 8 S o ®© or = _8 0 e &= D2 <LE E
> SE S Sz | 22 | 2E |E55 58 |58
% i me | o8 | § 2 |3 7E |25
1) 1) 1) 1) 1) 1) 1)

100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000
() 2 (2) () ©) () )

88.2813 | 90.7220 | 97.1292 | 98.7747 | 95.0487 | 98.9282 | 99.9081
) 3) 3) ®3) (4) ©) (16)

87.2070 | 89.8507 | 96.7587 | 98.7195 | 92.8743 | 98.8951 | 99.8193
©6) | (109) | (95) ©) | (152 | @1 | (176)

47.7539 | 74.3743 | 83.4248 | 90.7231 | 30.6821 | 91.8402 | 98.9849
(125) | (108) | (92) 94 | (101 | ©) | (04

44,7266 | 74.3926 | 83.5751 | 90.7209 | 43.8490 | 91.8288 | 98.7481
126) | (1) | @o8) | (o2) | (8 | @02 | (89

44,5313 | 75.3269 | 83.1272 | 90.1355 | 57.9260 | 91.1148 | 99.3395
(214)336| (200) | (213) | (209) | (160) | (208) | (134)

914 69.8089 | 76.9345 | 85.0049 | 28.3768 | 86.4060 | 99.1386
@15 | 08) | (216) | (213) | (162 | (212) | (157)

33.3008 | 69.2419 | 76.4307 | 84.6223 | 28.1298 | 86.0811 | 99.0772
@16) | 07) | @15) | () | @57 | i1 | (156)

32.8125 | 69.3537 | 76.4741 | 84.6815 | 29.6630 | 86.1341 | 99.0824
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4, U3Boau

Ot aHanmm3a Ha pe3yJITAaTHTE HAa HANPABCHHUTE HM3CIECABAHUS CE BWXKIA, Y€ MPHU PA3TUYHUTE
MEpPKH 3a CXOJCTBO MMa pasliika B Mojpendara Ha M300paKeHUsATA U TEXHHUTE MPOICHTH. Bceska
MSIpKa 3a CXOJCTBO IO CBOW HA4MH NPEACTaBs PE3YJITATHTE OT aHAJIM3HUPAHOTO MHOXECTBO, HO,
BBIIPEKU Pa3MUHABAHUATA, TIOJpe0aTa € OYTH €HA U ChIlla B TIOBEUETO METPUKH. BBIpeku ToBa
ce otkposiBa ,,KULLBACK-LIEBLER DIVERGENCE® msapkara. [Ipu Hest ce Habmto1aBa roysiMo
HECHOTBETCTBUE C OCTAHAIUTE W3IMOJI3BAaHU MEpKH. ToBa ce IBDKM Ha (akTa, uye Ta3u MepKa ¢
JIOTApUTMHYHA M € HEOOXOIMMO J1a Ce M3ITOJIBA a0COJIF0THATA CTOMHOCT Ha pe3yJiTara, Mpeau Ja ce
npeoOpa3yBa B mporeHTd. [lopaau Ta3w npuyrHAa MMaMe pe3yiITaTH, KOUTO Ce IMOSBSBAT KAaTo
MHOTO TMOAOOHM, HO TOBa C€ ABJDKM Ha (paKTa, ye BCHITHOCT aOCOJIIOTHATA CTOMHOCT Ha TO3U
pe3yarar e mono0eH, HO He U CaMOTO M300pakeHUe, KOETO B KpailHa CMETKa Ce OKa3Ba TOTAITHO
Pa3IUYHO KaTo I[BETOBE.

Jlpyr BaxeH (GakTop, KOWTO MOXE J1a OTYETEM OT HAIPABEHOTO CPaBHEHUE, €, Y€ MEPKHTE 3a
CXOJICTBO JaBaT MHOTO TO-TOYHHU PE3YJITATH MPH MHOXKECTBOTO C TOYTH €IHAKBU W300paKCHHUS
(chcTaBeHO OT 3 00EKTa), OTKOJIKOTO IMPU MHOXKECTBTOTO C Pa3IMYHK M300paKeHUs (ChCTaBEHO OT
100 oGekrta). 3a TOBa BEpOSATHO MMa MPUHOC U (OHBT. 3aMIOTO TOW JaBa TOJISIM MPOIEHT OT
CTOMHOCTTa Ha MOJ00MeT0. AKO ce MrHopHpa (OHBT, BEPOATHO HEIIaTa Ie Ce MOA0OpAT U 3a
MHOKECTBOTO OT TPOM3BOJIHUA M300paKeHUs, ¢ BCSIKAaKkBH 00ckTH. KakTo ce Bmkna ot Tabnwma 2,
MOBEYETO OT MEPKUTE YCICUIHO Pa3IO3HABAT JOPH OTACITHUTE OOCKTH W YCIISIBAT Jia TH MOAPEHASAT
MOCTIEIOBATEIHO, T. €. J1a pa3lo3HasT, Y€ 3asBKaTa HAIbJIHO CHOTBETCTBA HA Hai-ONIHM3KUTE
pe3yiaTaTh KaTo 0OCKT U J]a 0 MHJCKCHPA KaTo Haii-OJIM3bK pe3ylTaT Ha €HO OT I'bPBUTE MECTa, a
CIIe/I TOBA Jia MOJIPEIN OCTAHAIHTE JIBa 00EKTa OTHOBO 000COOCHHU €IUH OT JIPYT.

OT HampaBeHOTO CpaBHEHUE ChHIIO C€ HaOJIOJaBa, Y€ 4YacT OT METPUKUTE JaBaT
M3KJTFOYUATETHO OJIM3KKM CTOWHOCT Ha OOCKTH, KOHWTO, BBIPEKH oOO0Iara Ccd MpWIMKa, ca
OPUEHTUPAHU PA3IMYHO B IPOCTPAHCTBOTO. TOBa MOKe Jla e BUAM Ha purypa 3.

Y Y 4\
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@ur. 3. ['eHepupane Ha HOBU H300paKEHUS C peAYLHPAHU LIBETOBE ¢ 64 pa3iuiHU LBETOBU Pa3HOBUIHOCTU
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Ot durypa 3 ce 3abemns3Ba, 4e BBIPEKH MOYTH XOPU3OHTAIHATA OPHEHTAIMS Ha OOEKTa B
n3o0pakeHuero-3asBka (3a u 30) M BepTUKAIHATa OPHCHTALUS HAa O0CKTa B M300pa)XEHUETO, C
KOETO ce cpaBHsiBa (3B u 3r), IPOIIEHTUTE Ha Mog00Ke Mexay 3a u 3B, 1 3a 1 311 ca MHOTO OJIU3KH.
[Tpuunnara 3a ToBa €, 4e MpH KOHBEPTUpaHE 10 64 mBsTa ce HAOII0AaBa U3MEHEHHE Ha HSAKOHW OT
ydacTbhIuTe B 0o0ekTa OT 3B/3r M OT THMHO 3elieHH Te cTtaBar uepHH. [lopamu ToBa, mopu mpu
NEPIECHANKYIIIPHA OpUEHTALMATA HAa O0CKTa M MO3MIMOHHO CPaBHEHHUE, e CE MOJydar OJIM3KH
pe3yINTaTH, 3all0TO BBHIIPEKU MAJIKUTE PAa3IMKHU B I[BETOBETE Ha JBETE M300pa’keHusl, T€ Momajar B
€IMH JUana3oH Ha YEPHHUs LBST IIpU KOHBepTHpaHe. CpaBHEHHUETO C MEPKUTE 3a CXOJCTBO MOXE J1a
ce Buau B TabOiwmia 3.

Tadauna 3. Pesynratu oT CpaBHEHHE Ha M300PKCHUS C PA3JTUYHO MPOCTPAHCTBEHO PA3MOJI0KCHIE
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(1) (1) (1) (1) (1) (1) (1)
100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000 | 100.0000

(33) (85) (53) (54) (176) (54) (122)
57.5195 | 65.6704 | 81.2764 | 84.9230 | 39.5730 | 86.0042 | 98.7311

(34) (69) (59) (80) (215) (80) (39)
56.2500 | 67.2313 | 80.7788 | 82.7506 | 3.2640 | 83.4526 | 99.1042
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HOBHU HEBPOHHU MO/IEJIN HA JIPBHM BA3UPAHU HA RELU
AKTUBUPALIIN ®YHKIINU

Hukonau T. lykos, Togop 1. ['anueB

Pe3rome: HeBponute B peKypeHTHMs CIIOM Ha JIOKAJIHO PEKypEHTHaTa BEPOSITHOCTHA HEBPOHHA MpeEka
TPaJUIIMOHHO M3IMOJI3BAaT CUIMOUAaNHA akTuBHpama QyHkusa. OCHOBEH HEIOCTATHK Ha Ta3W aKTUBUpAIA
(GYHKLUS € 3HAYUTENHATa M U3UYMCIUTENHA CIIOKHOCT U HEOOXOUMOCTTa OT TPYJAHHM 32 UMILIEMEHTHPAHE B
FPGA wenmmueitnn ¢ynkiuu. B Hactosmara paspaboTka ce mpejiara HOBa akTHBHpamiara (GpyHKIUS OT
cemeiictBoTo Ha ReLU, Hapeyena SatReL U, kosTo koMOMHMpa MOJNIOKHUTEITHUTE XapaKTepuCTHKK Ha Leaky
ReLU u Clipped ReLU. [IpegumcTrBaTa, Mpou3THYALIA OT U3MOI3BAHETO HA MPEIJIOKEHUTE HOBU HEBPOHHU
MOJIEJIN, Ca W3CJICABAHM C IMOMOINTA Ha EKCIEpUMEHTajJHa IIOCTAHOBKA 3a pAa3lO3HABAaHE HAa HETraTHBHU
€MOIIMOHAITHU CHCTOSHUS OT (PM3NOIIOTUYHH CUTHAJIN, PeaTu3upaHa ¢ momoinTa Ha 6a3ara qanau DEAP.
KurouoBu nymu: nesponnn mpexu, EEI’, LRPNN, ReL U, aktuBupaiia ¢pynkuusi, DEAP.

Novel ReLU-based neuron models for the LRPNN
Nikolay T. Dukov, Todor D. Ganchev

Abstract: The locally recurrent probabilistic neural network (LRPNN) traditionally uses a sigmoidal
activation function in the recurrent layer neurons. A disadvantage of this function is the computational
complexity and challenging implementation in FPGA designs. In the current study we investigate
alternatives based on the ReLU activation function and its modifications. We propose a new member of the
RelLU family, referred to as SatReL.U, which combines the advantages of Leaky ReLU and Clipped ReLU.
The experimental validation on the negative emotion recognition task, carried out on the DEAP database,
confirms the advantages of the proposed neuron models.

Keywords: neural network, EEG, LRPNN, ReLU, activation function, DEAP.

1. BLBeaenue

JlokanHO peKypeHTHaTa BEpOSTHOCTHAa HEBpOHHA Mpexa (JIPBHM) orkpuBa M Mozenupa
BpPEMEBU 3aBUCHUMOCTH B IIOCJIEI0BATEIIHOCTH OT JIaHHU, KOETO U JaBa IPEeIUMCTBA B MPUIIOKEHUS,
CBBbp3aHU C OTKpUBAHE Ha CHOUTHUS U pa3lO3HABaHE Ha MOBEIEHUS, KATO HApUMep paslo3HaBaHe
Ha JJMKTOPHU MJIM €MOIIMOHAIIHU ChCTOSTHUS OT ritacoBu nanuu win EET curnamu [1], [2].

Crpl1eBpeMEHHO, OT IJI€/IHa TOUKA Ha Bb3MOXKHOCTHUTE 3a arnapaTHa peanusanus Ha JIPBHM, ¢
1en moxoOpsiBaHE Ha OBP30JACUCTBHETO M, KAaTO OCHOBEH HEIOCTAaThbK Ha TpaaullMOHHATA
apXUTEKTypa CE€ OTYMTA M3IOJ3BAHETO HAa CIIO)KHM HEIMHEMHM 3aBUCUMOCTH B AKTHBHUPALIUTE
(GYHKIIMM Ha HEBPOHUTE OT OOPA3IOBHs CIOM M PEKYpPEHTHHs CJIOH. AmapaTHaTa peaiu3anus Ha
Te3W aKTUBUpALIM (QYHKUMU C€ SBSBa OCHOBHO IPEIM3BHUKATEICTBO NPU HMIUIEMEHTALUU C
noMormira Ha mnporpamupyemu 1udposu miarpopmu (FPGA), kato Haii-uecto ce ThpCAT
KOMIIDOMHUCH MEXJy pa3Mepa Ha pPecypcuTe, H3IOJI3BaHM 3a peanus3alus Ha HEIMHEHHUTE
aKTUBUpaIld (YHKIMM U TOYHOCTTa Npu Kiacuduxanus. JlormyHo pemieHne Ha mpolOsiema e
3aMsHaTa Ha HAKOW OT HEJIMHEWHUTE aKTHBHMpallyd (YHKIMHU C JIPYTH, KOUTO ca MO-YA0OHHU 3a
amapaTHa peanusanus. B Ta3u Bpb3Ka, B MOCIEIHUTE TOAUHU HAaOMpaT MOMYJISPHOCT HEIMHEHHM
npenaBareHu QyHkiuu ot cemeiictBoro ReLU (Rectified Linear Units), kouto umar pen
MpPEeUMYIIECTBA CHPSAMO TPAJAULMOHHO U3MOJ3BaHUTE. Te3M NpeuMyllecTBa ca I0Ka3aHU B
MIPUJIOKCHHUS, CBBP3aHU C TJ1acoBO pasno3HaBane [3], [4], [5] u npyru. Tyk momoOpenusra He ce
U34YepnBaT €JUHCTBEHO 10 IIPOLEHTHO HaMaJlsiBaHE Ha IpElIKaTa MPU Pas3lO3HABAHE, a ChINO TaKa
ce HamajsBa BpeMeTo 3a oOydeHue Ha kiacudukaropa. [IpenmyiecTBara Ha aKTHBHPALIUTE
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¢dbyakuum ot cemerictBotro Ha ReLU, B T.4. Helitnute momudukamuu Leaky ReLU u Clipped ReLU,
MPOM3THYAT OT HAYWHA, M0 KOWTO € AepuHHpaHa HEIMHEHHOCTTa, KAaKTO U OT €(EeKTHBHOTO MM
M3UYHUCIIEHHEe, 0COOCHO B CpaBHEHHUE C TPAAUIIMOHHATA CUTMOUJAJIHA aKTUBHpAIla () yHKIHUS.

B Cekmust 2 Ha Hacrosmiara pa3paboTkKa ce Tpeiara ONKWCAaHWE Ha TPaaUlMOHHATA
apxutektypa Ha JIPBHM u momudukanuure, cBbp3aHHM ¢ BBbBEXKJaHe Ha HoBara SatRelU
aKTHBHpaIa (QyHKIH, KOATO KOMOMHHMpA MOJOXKHUTEIHUTE XapakTepuctuku Ha Leaky ReLU wu
Clipped ReLU. IlpenumcTBaTa, MpOU3TUYAIIMA OT M3IIOJI3BAHETO HA MPEJIOKEHUTE HOBU HEBPOHHH
MOJIeJIM, Ca H3CJEeIBAaHU C IOMOILNTAa Ha EKCIEepPUMEHTAJIHAa MOCTAaHOBKA 3a pa3loO3HAaBaHE Ha
HEraTUBHU €MOLIMOHAIHU ChCTOSIHUS OT (DU3HOJOTMYHU CUTHAIH, IpenctaBeHa B Cekius 3, KosATo
¢ peanmm3upaHa ¢ mnomoimira Ha 0Oazata manHu DEAP. B Ceknus 4 e mpeincraBeH aHaiu3 Ha
EKCIIEPUMEHTAIIHUTE PE3YJITATH.

2. N3aoxkenune

2.1. Apxurexkrypa Ha Jlokaano PexypentHara BepossitHocTHa HeBponna Mpe:ka

JIokaJlHO peKypeHTHAaTa BEPOSATHOCTHAa HEBPOHHA Mpexa [2] Haarpaxaa BEpOSTHOCTHATA
HEBpOHHA Mpexa [6] upe3 BHempsiBaHe HA JONBIHHUTENICH CKPUT CJIOH, CHCTOSI CE OT HAIBJIHO
CBBbpP3aHH PEKYPEHTHU HEBPOHH, HapeueH peKypeHTeH cioii. Taka ¢dopMmupanara xubOpuaHa
apXUTEKTypa JaBa BB3MOXKHOCT 3a [OJIaBIHE M MOJEJIMpaHe Ha BPEMEBHU KOpelaluu U
B3aMMOBPB3KH B IOCJIEAOBATEIHOCTU OT BXOJHU JaHHU, KOETO HOCH OIPENENICHU MPEeAUMCTBA B
3aj1a4M, CBbP3aHu ¢ Kiacuukanus Ha ceouTtus u nosenenus [2], [7], [8].

Apxwurektypata Ha JIPBHM e npencraBena na ¢urypa 1 [8]. PekypeHTHUST ciioii ce siBsiBa
YETBBPTH, CII€]l BXOAHUS CJOM, oSl ¢ 00pa3mu u cymupamus ciou. [letw, cien pexypeHTHUs
CIIOH, € U3XOJHUAT CJIOW, KOWTO peanu3upa mpaBuioro Ha belic 3a kimacudukanus ¢ MUHUMAaIeH
puck. Kakto u nmpu tpagunmonnara BHM, 3a u3uucieHue Ha BEpOATHOCTTA 3a BCEKM Kiac ca
u3non3Banu nposzopuu Ha Ilapsen, peammsupanu upe3 [aycoBu ¢ynkipm [2]. M3xoapT Ha
cymupamus cioi fi(xp) (1) ce siBsBa BX0x 3a pekypeHTHHs cioif. [To mpHHIMI peKypEeHTHUAT CIIOit
MOJKE J1a € OKaUeCTBU KaTo GUITHp ¢ Oe3KpaiiHa MMIyJICHA XapakTepucTuka. Herosara pons e na
U3IJIaX/Ja CTOMHOCTUTE, TeHEpUPaHH 3a OTJEIHHUTE KJIACcOBE, KaTO BakHA OCOOEHOCT €, Y€ ToBa ce
U3BBPIIBA U 3a €JHA WU TI0BEYE NPEAUIIHN CTOWHOCTH.

[Ipu xnacudukanusta Ha panHu 4ype3 JIPBHM, ¢yHknuara Ha pasnpenencHue Ha
BEPOSITHOCTTA CE M3YKCIIsABA KakTo [2]:

1 1M 1
F(X)) = =7 —— D exp| -

X —x )Y (x —x.)|, i=1..., K. 1
(27T)d/26-d Mi = 20'i2( p u) ( p ij ( )

CBOTBETHO C Xjj € OTOeNsA3aH J-TUAT 00y4aBalll BEKTOp OT Kiac Kj, a ¢ X, - BXOJHUAT TECTOB
BekTop. Tyk d e pasmepHOCTTa Ha BekTOpa, a M; e OpOTS TPEHHPOBBYHU BEKTOPHU B Kiac K;.
[Tpenmnonara ce, ue Bceku oOydaBall BEKTOp Xjj € LEHTBbP Ha AApoTo Ha kinacudukaropa. C exp e
O3Hau€Ha EeKCIIOHEHIMalHaTa (YHKIUS, a MHACKCHT | oka3Ba TpaHcnoHupaHe. CTaHIapTHOTO
OTKJIOHEHHE G UIrpae poJiATa Ha M3rjaxian (akTop, ,,OMEKOTSBAll‘ TMOBBPXHOCTTA, NePUHUpaAHA
OT MHO€eCTBOTO ["aycoBu pyHKIINU.

PexypeHTHUTE HEBPOHM IOJIyYaT BXOJHU CTOMHOCTH OT MPEIHUIIHUS CyMHpAIl CJIOH, KOMTO
Ce CyMHpaT ChC CBOM COOCTBEHM MPEIUIIHHU CHCTOSHUS, KAKTO U MPEAUIITHN CTOMHOCTH OT M3X0/1a
Ha HEBPOHU Ha APYTH KiacoBe. M3X0qbT OT CyMUpAIIUTE HEBPOHU B JIOKAIHO PEKYPEHTHUS CIION
Ce U3YMCIIsABA KaKTo ciensa [8]:
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®@ur. 1. Apxurextypa Ha JIPBHM [8]

yi(Xp): bu,i fi(Xp)_Zbi,kfk(Xp) +Z ai,i,tyi(xp—t)_Zai,k,tyk(xp—t) 1 @)

izk izk

kbaeTo fi(Xp) e dhyHKumsTa Ha pasnpenesieHue Ha BEPOSTHOCTTA 32 BCEKM ONpeaeNeH Kinac Ki, X, —
BXOJHUS BekTOp, K — Opost kmacoBe, N — pekypeHTHarta 1b1004nHa, Yi(Xpt) € HOpMaIM3UpaHaTa
HpeMIIHa U3XO0JHA CTOMHOCT 3a Kiac Kj, kosTo e Omia 3axbpikaHa ¢ t Bpeme, &ijt M bjj OT cBOs
CTpaHa ca TETJIOBHU Koe(uIMeHTH. M3X0abT Ha cymupamus HeBpoH Yi(Xp) B PEKYPEeHTHHUS CIIOH ce
noJylara Ha HOpMaJM3alus, KOSTO 3ama3Ba BEpOSTHOCTHATa HWHTEPIIpETalus Ha H3XOo[a Ha
pekypenTtHus cioir. C SgM e 03HavYeHa CHTMOUaiHaTa akTuBUpaiia ¢pyukmus [8]:

- sgm(y;(x,)

Yi (Xp) =K ( : )
2_sam(y;(x,)
j=L

3a aktuBHupaiia GyHkuus B pekypentHus ciaoid Ha JIPBHM [2] ce u3mon3Ba curmownganHaTta

akTHBHpama QyHKIHsA (4), KOATO MpHEeMa pPealHd Yucia M BPBIIAa KaTo Pe3yNTar MOJIOKUTEITHU
yucia B uaTepBaia [0, 1]:

,1=12,..,K ®)

1

R — 4
(L+exp™) ®

f (%)

CurmonanHara npegaBaTeaHa (yHKIHS MOXeE Ja Ce OINpeleNd KaTo (QYHKIUS ¢ HEJTMHEHHO
akTuBupaHe. HuBoTro Ha BB30yKIaHe ce WM3MEHsA B HaW-TOJIIMa CTENEH INPU MAJIKH BXOIHU
CTOMHOCTH, JOKATO MPH TOJIEMH TOJO0KHUTEIHN I OTPULIATEIIHU CTOMHOCTHU ce HabJI0/1aBa TIaBHO
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NMpuOIMKaBaHe KbM JIOJIHATA WJIM TOpHA TPAaHMIA, T.€. 3HAYMTEIHU W3MEHEHHUS Ha YHUCICHUTE
CTOMHOCTU Ha BXOJa NMPEAU3BUKBAT MUHUMAIHU U3MEHEHHUSI B U3X0/1a.

B u3xonHus cnoil, U3BECTEH UM KaTO KOHKYPEHTEH CJIOM, ce mpuiara npaBuiioTo Ha belic 3a
KIacupuKausg ¢ MUHUMAJICH PUCK 3a OIpelesHe Ha Kjiaca, KbM KOWTO MPUHAMICKH NacH
BX0JicH BekTop [8]:

D(xp):arg_max{hicigli(xp)}, i=1..,K (5)

2.1.1. HoBu akTtuBupamu ¢pynxuuu 3a JPBHM
JIPBHM cvc SatRelLU akmueupawia pynxyusn

B Hactosmara pa3paboTka mpeiaraMe HOBa aKTHBHpama (YHKIHS 33 HEBPOHUTE OT
pexkypeHTHus cioil Ha JIPBHM, kosTO B 3HaUUTENIHA CTENEH HaMallsiBa U3YUCIUTEIHATA CII0KHOCT
U eIMMUHUpPAa HEOO0XOAMMOCTTa OT TpyJaHata 3a uMmivieMeHtupane B FPGA curmoujanHa
aktuBupama ¢yakuus. [Ipemnoxenata axkrtuBupama ¢ynkuus, SatReLU, npunamiexu KbpM
cemeiicTBoTO HAa ReLU ¢yHKImMnTE M KOMOMHMPA OJIOKHUTETHUTE KadecTBara Ha Leaky ReLU u Ha

Clipped ReLU:
0.001-const, x<0
f(xX)=1X, 0 < x<const 9
const, X > const

KBIETO CONSt € MakcHMMajaHa CTOMHOCT Ha HacHIaHe, HaJ KOSTO BCHYKM CTOHHOCTH OuBar
npupaBHeHH Ha const. CroliHocTTa Ha CONSt chINO ce M3MON3Ba 3a JAePUHUpAHE HA Ipar 3a
OTPHLIATEIHUTE CTOWHOCTH Ha BX0/a, KOMTO 00ade € 3HAaUUTEeTHO O-MaIbK M0 CTOWHOCT.

B nonbiHeHue, 3a HyXIWTE Ha CpaBHHUTENEH EKCIIEPUMEHTAJIEH aHalIN3, pasriexaame
M3M0N3BaHeTo U Ha apyru ReLU ¢yHKIMHU, KaTO Bb3MOXKHM aKTUBUPAIIM (YHKIIUN HA HEBPOHUTE
OT PEKYPEHTHUS CIIOM.

JIPBHM cvc cmandoapmua RelLU akmusupawia pynkyus

Hakpatko peakuusara Ha ReLU akTuBanmoHHaTa GyHKIMS U OTPUIIATENICH BXOJ € HyJIa Ha
uzxopa. [Tonoxurennara croifHocT Ha Bxosa Ha ReLU aktuBupamara ¢pyHKIMS ce MOBTaps OT
usxona [9]:

X, Xx=0

T=10, x<0 ©)

JIPBHM c Leaky ReLU akmusupawa gpynkuus
Leaky ReLU [10] e momuduumpan Bapuant Ha ReLU:
X, x>0
f(x)=
const-x, x<0

(7)

KBIETO CONSt e (pukcupaHa ckajgapHa CTOHHOCT, KOATO MPOITyCKa OTPHUILIATEIIHU CTOWHOCTH C Iell
n305TrBaHE HAa HACHIIAHETO B JloJHATa rpaHuia. OOMKHOBEHO MapaMeTbpbT CONSt € ¢ Malku
CTOMHOCTH, OT nopsabka Ha 0.01.

JIPBHM c Clipped ReLU akmusupawa ¢pynxuyus
Clipped ReLU [5] e moguduxkanus Ha ReLU:
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0, Xx<0
f(x)=1<x, 0 <x<const (8)
const, X2 const

KbJIETO B TO3M cCllydail CONSt € MakcuMmaliHa CTOWHOCT, HaJl KOATO BCUYKH CTOMHOCTH OuBar
[IpUpaBHEHU Ha CONSt.

N3xoapT Ha cymupanius HEBPOH OT PEKYPEHTHHsS CJION € MOMAJOKEH Ha HOpMajau3alus 3a
3ama3BaHe Ha BEPOATHOCTHATA MHTEPIPETAMs NMPU HM3MOJ3BAaHE HA AaKTUBUPALIM (PYHKUIUU OT
dhamunuara Ha ReLU:

§i(xp)=w, i=12,..K 9)

> (y,6,))|

Kb€eTO C Il e 03HaueHa akTuBUpaIa GyHKIHs OT cemeiicTBoTo Ha ReLU.
2.1.2. O0yuyenue Ha Jlokanno Pexypentnara BepostHoctHa HeBponna Mpe:xa

O6yuennero Ha JIPBHM mporuya B Tpu creiku [8]. [IbpBara cThlKa € aHaJOTHYHA C Ta3u
npu oOydennero Ha BHM, kosito ch3maBa Tomosiorusita Ha Mpekara. B mbpBUst ckput cioil ce
(bopMupaT TErJIOBHU BEKTOPH, KOMTO Ca PaBHHU 10 OpOil Ha TPEHUPOBBYHUTE BEKTOPHU. M3x0muTe Ha
JaJieH KJIac OT ITbPBHs CKPHUT CIIOW C€ CBBP3BAT C HAKOW OT CYMHpAIIUTE HEBPOHH BBHB BTOPHS
CKPHT CJI0#. BposiT Ha cyMUpaIuTe HEBPOHHU OT CBOSI CTPaHa € paBeH Ha Opost KJIacoBe.

Bropara crTbiika o 00y4eHHETO ce ChCTOM B M3YHCICHHUETO HA M3MIIAXKIALIMS IapaMeThp Oj
3a BCEKH €IMH OT KJIacoBeTe WM 00110 3a Bcuuku kiacose [11], [12], [8].

IMocenHaTa, TpeTa CTHIIKA € CBbP3aHa C M3YMCICHHETO Ha TErJOBHUTE KOE(UIIMEHTH Ha
JIOKAJIHO PEKYPEHTHHS CJI0#, KOETO BKJIFOUBA MUHMMHU3UpaHe Ha QyHKIMs Ha rpemikara [2], [7], [8].
3a Ta3W CTBIIKA € HEOOXOMMMO H3ITOJ3BAHETO HAa TPECHHPOBBUHHWTE JaHHH OT CTBIKA EIHO.
ChOTBETHO 3a W3YMCICHHE Ha TEIVIOBHUTE KOCDUIMEHTH € W3MOJA3BaH alrOPUTHMBT
nudepeHIMaiia eBOIONUSA, KOWTO MOCTHra JO0OpH pe3yiaTaTd NpH HPUEMIIMBO H3YHCIUTETHO
Bpeme [8]:

K 1 K&K
E(w) = ;mi @-P(k; | X, )P (k) +m;zlmjp(kj | X, )P(K;), (10)
1= 1=l j=
j#i
kpaero | = 1, 2,....K e uHIeKchT Ha Kiaca, a W € BEKTOPHT C TEIVIOBHU KOE(PHIMEHTH Ha
PEKYPEHTHHUS CIIOM, TOJUIEKAIIM Ha HACTPOMKA.

3. EkcriepuMeHTaJIHA NOCTAHOBKA

3a HY)KIUTEe Ha €KCIEPUMEHTAIIHOTO M3CJe/lBaHe ca AePUHHUpPAHU TET Pa3InYHU HEBPOHHU
mozena Ha JIPBHM, kouto u3mon3BaT pa3iuyHU aKTUBHpAIy (YHKIUU B peKypeHTHUs cioit: (i)
Sigmoid (curmompanna), (i) ReLU, (iii) Leaky ReLU, (iv) Clipped ReLU u (v) SatReLU. 3a
monemute ¢ Leaky ReLU, Clipped ReLU u SatReLU ca pasriemanm mo jgecer BapuaHTa Ha
napamernspa const. CrotBeTHO 3a Leaky ReLU toBa ca croitHoctute ot 0.01 mo 0.1 cbe cThika
0.01, a 3a Clipped ReLU u SatReLU ot 10 mo 100 cbe cThmka 10.

3a oOydeHne U MpPOoBepKa MOBEACHUETO HAa PA3IUYHUTE MOJICITH Ha HEBPOHH B PEKYPEHTHUS
cioit ¢ wusmon3BaHa Oasara manad DEAP [13]. OmnurHata MOCTaHOBKA € HAco4YeHa KbM
pas3no3HaBaHE HA He2amueHU eMOYUOHAIHU CbCMOAHUSA W CJellBa eKCIIEPUMEHTATHUAT MPOTOKOI,
omucan B [14], [15]. Hakpatko, wu3monssanu ca EEI 3amucu oT jJeceT dYoBeka, KaTo
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kinacuukanuara ce 0a3upa Ha W3YHMCIEHATa HOpPMAJIM3UpaHa KpaTKOBpeMEHHa eHeprus or 32-
kananHo EET. [leTekTopbT pa3no3HaBa /iBa Kjiaca: (a) HecamueHu eMOIMOHAIHU ChCTOSIHUS, U (0)
00001IeH KJlac Opyeu, BKIIOYBAIl HEYTPAJIHU M TO3UTHBHU EMOLMOHANHU CbcTosiHUA. EED
3alMCUTE Cca Pa3JIeJIiCHH B TpU rpynu: oOydasamm ganau — 20%; pa3Boiinu nanau — 20%; TecToBH
nagau — 60%.

OOyJaBamuTe JaHHU Ca M3MOJI3BAaHU 3a Ch3JaBaHE Ha TOMOJOTHATA HAa HEBPOHHA MpeXa U
dbopmupane Ha oOpasioBus cioit Ha JIPBHM. M3uucnenuero Ha u3rinaxaamus GakTop G, KaKTo U
W3YUCIICHHETO Ha TETJIOBHUTE KOC(PHUIIMEHTH HA PEKYpEeHTHHS CJIOW € U3BBPIICHO Ype3
U3IMOJI3BaHETO Ha pa3BoiHUTe naHHU. [Ipu m3uucieHneTo Ha m3rmaxpamus GakTop ¢ ce uzdupa
MaJika HayaJdHa CTOMHOCT, KOSITO TUIaBHO Ce yBEeIMuYaBaHa 10 HaMHpaHe Ha ONTUMAJIHATa TaKaBa.

3a wW3YHCIECHHWE HAa TEIVIOBHUTE KOCPUIIMECHTH B PEKYPEHTHHUS CJIOW € U3IMOI3BaH
ontumusupanms anropurbM DE. l'onemunara Ha nonynanusra e 3anageHa kato 20 mbta
pa3MepHOCTTa Ha ONTUMHU3HPAHUS BEKTOP OT TEMIOBHU KoehuuueHTd. OntuMmmzanmsra ce
U3BbpIIBAa 0€3 OrpaHHuYEHUs] B PA3NpPOCTPAHEHHETO Ha IOMyJallMATa B IPOCTPAHCTBOTO Ha
pemienusita. Mrepanuure Ha ONTUMH3ALMOHHUS aNTOPUTBM C€ MPEKpaTsBaT, KOraTo IejieBaTa
¢bynkuus (10) nocturaHe Hyja WIM NpU JOCTHraHe Ha MakcuMmanHus Opoil urepauuu - 2000.
[Tapamerpute Ha DE, HapeueHn KoeUIIMEHTH HA pEeKOMOWHAIMS U MYTaIlus, ca 3aJaJIcHU PaBHH
Ha 0.8. Havyannurte ycnoBus Ha onTuMu3anuoHHus anroputbM DE ca 3agaaenu cien npoBeneHd
OOIIMPHM EKCIIEPUMEHTH U Ha 0a3a Ha MPEIXOHU 3HAHUS, KaTo ¢ M3MoJ3BaH onepatopbT DE/rand-
to-best/1/bin, koiiTo moka3Ba Haii-100pH Pe3yATaTH 32 KOHKPETHATA ONTHMHU3AIMOHHA 3a/1a4a.

3a BCEKHM OT METTE HEBPOHHHU MOJieJla U ChOTBETHHTE CTOMHOCTH Ha TapameTbpa CONnst ca
U3BBPIICHHU IO JIECET HE3aBUCUMH O0YYCHHS Ha PEKYPEHTHHS CIIOM.

4. Pesyaratu

O060011eHnTe pe3ynTaTH OT eKCIIEPUMEHTATHUTE U3CJIeIBaHUs ca oKa3aHu Ha ¢urypa 2. Ot
TJIe/IHA TOYKA HAa KPUTEPUS MOYHOCM npu Klacuguxayus ce Hadllto[aBa MpeuMyIecTBO Ha JIBE OT
ReLU Moaudukamuute cnpsMo Mojielna Ha PEeKypeHTEH HEBPOH ChC CUTMOHUANIHA aKTHBUpAIla
¢bynknus. Jlokaro mpm curmompanHata (YHKIHS CpeOHATa CTOWHOCT 3a MOYHOCMMA Ha
knacugpuxayus ¢ 86.2%, to mpu Leaky ReLU e 92.8% (3a const = 0.07), a npu SatReLU e 91.4%
(3a const = 80). [Ipu cwiuTe ycnoBus cranaaptHara ReLU ¢yHkius moctura MakCUMalieH CpeieH
pesynrat 74.1%, a Clipped ReLLU 85.4% npu const = 20.

100
90
80
70 m Sigmoid
60 B RelU
50 = SatRelU (80)
40 B Leaky RelU (0.07)
30 M Clipped RelLU (20)
20
10
0

@ur. 2. O0001IeHH Pe3yNITaTH OT POBEJCHUTE EKCIICPUMEHTH.
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HeBpounusar monen cbe cranaaptHara ReLU ¢yHkius moka3Ba Hall-HUCKUTE PE3YITATH OT
W3CIIEIBAHUTE MOJIENH, KOETO B rOJisiMa CTENEH C€ JBJKM B HEMPONMYCKAHETO HA MOCTHIIBAIIUTE
OTpHULIATEIHU CTOWHOCTH OT aKTHUBHpaliara (YHKIUS W B H3BECTHA CTENEH Ha JIMIICaTa Ha
OTpaHHYEHUE 3a MOJIOKUTETHUTE. ToBa cienBa OT pe3ynrarute, HabmogaBanu 3a Leaky ReLU u
HoBata SatReLU, 3a xkouTo ca HaOJIOJaBaHW Hal-BHCOKATa TOYHOCT — B3€EMaMKH MOJ BHUMaHHE
neunuusaTa um ¢ (7) u (9) oTuutame, Ue M IBETE aKTUBHpAIIX (PYHKIUHU MPOITYCKAT OTPUIIATEITHA
croiiHocTH. 3a pasnuka ot Leaky ReLU, kosiTo mporycka OTpUIIATETHH CTOWHOCTH, KaTO TH
YMHOXaBa ¢ Maidbk KoeduuueHt, To npu SatReLU oTpunaTenHuTe CTOMHOCTH C€ 3aMeCTBAT C
Maika (UKCHpaHa MOJIOKUTETHA CTOWHOCT. ToBa MO CBHIIECTBO € CXOJHO C HAuMHA, MO KOHTO
craggaptHara ReLU aktuBupama ¢ynkius u Clipped ReLU aktuBupamara ¢yHKIus npeaaBat
OTpUIIATCITHUTE BXOIHH CTOMHOCTH. 3a paznmka oT SatReLU obaue, oTpHUIIaTeTHUTE CTOMHOCTH
MpU TAX BOJAT JO M3XOJAHA CcTOMHOCT HyJa. Cpmo Taka npu SatReLU umma BB3MOXKHOCT 3a
HACTpOIKa Ha CTOWHOCTTA, KOSATO IIe ObJe MOJlyuyeHa MPHU OTpUIATEeNIeH BXOA. M3dmcieHueTo Ha
Ta3u CTOMHOCT € OOBBP3aHO CBHC CTOMHOCTTA, ONpENENeHa 3a Mpar, MpH IOCTHIBAHETO Ha
MoJIOKUTENHU cToMHOCTH (9). OT eqHa cTpaHa TOBa MOXKE Jla C€ pasriexkaa KaTo HeIOCTaThK, HO
CBILEBPEMEHHO 10 TO3W HAaYMH Ce HaMalsiBa OposT Ha HEOOXOAMMUTE MapaMeTpu 3a HacTpoiika. B
3aKIIIOYCHUE MOXKEM Jla 0000LM, Ye MpH MOIXOASMN] U300p Ha CTOMHOCT 3a mapaMmeTrbpa COnst,
HeBpOHHUAT Mojien ¢ pynkuusara SatReLU npesb3xoxna monenute ¢ ReLU u Clipped ReLLU.

3a paznuka ot pasrinepanute ReLU aktuBupanm ¢yaxmumm, Sigmoid ¢yHkmmsTa mpomeHs
JUHAMHYHUS JMala3oH Ha MOCTBhIBAUIUTE AaHHU (5), KOGTO € U TOJSIMOTO MPEAMMCTBO Ha Ta3u
¢dbynknus. [TocTenBamy BXOAHH JaHHH B MHTEpPBAIA [-00,+00] OMBAT peoOpa3yBaHu 10 U3XOJHH B
muanazona [0, 1]. 3a cexaineHue, mopaau OrpaHUYeHUs B Oposi OMTOBe MpH MpEACTaBSHE Ha
cToiiHOCTHTE Ha Sigmoid (HampuMep MpyU UMIDICMEHTAIUS C EJIOYHUCIICHA APUTMETHKA), U3XOIBT
Ha (DyHKIUMATA 3a ONpeneseHH BXOAHU cToWHOcTH aoctura rpanunutre 0 miau 1. ToBa oT cBog
CTpaHa € CBIPOBOACHO CBC 3aryda Ha UHPOpPMaNusi, KOETO Cc€ TOTBBbpXKAaBa H OT
eKCIIepUMEHTAIHUTE pe3yaTatu ((urypa 2).

ToBa Baxku ¢ orie no-royisiMa cuiia npu xapayepHa umiuiemenrtanus B FPGA, kpaero decto
JAHHWUTE B MPUJIOKEHUSI C HEBPOHHHU MPEXHU C€ MPEJCTaBsAT BHB GopMar ¢ puKcUpaHa IeceTHYHA
3ameras, ¢ 1ieJl peaylpaHe Ha HeoOXOAMMUTE amapaTHU pecypcu. B nombiHeHue, npecMsaTaHeTo
Ha Sigmoid upe3 pen Ha MakiopeH € W3YMCIUTETHO WHTEH3WBHO, KOETO MpaBU OOYYCHHETO Ha
HEBPOHHA MpPEXKa M0-0aBHO, OTKOJIKOTO aKO C€ M3MOJ3BAT aKTUBHUPAIX (YHKIIMH OT CEMEHCTBOTO
Ha ReLU.

3akiao4yenue

M3non3BaHeTo Ha HOBU AKTUBUpAIIM (DYHKIMM 3a HEBPOHUTE OT PEKYpEHTHHs CJIOH Ha
JIPBHM Hocu npenmyIiecTBa, ChCTOSIIN CE B MOA0OpPEHA TOYHOCT MPH KJIacHU(PUKAIIHS, HaMaJeHa
CJIO’KHOCT Ha M3YUCIICHUTA U MOA00peHa CKOPOCT Ha 00y4deHre Ha peKypeHTHus cioif. [Tonobpena
TOYHOCT mpu Kiacudukanus e mocturHara 3a Leaky ReLU c const = 0.07 u npeanoskeHata
SatReLU c¢ const = 80. AxrtuBupamara ¢yHkuus SatRelLU cwimmo aemoHcTpupa mno-no0pu
MOKa3aTelau OT TJIe[Ha TOYKAa Ha MPEIBUIUMOCTTA CHPSIMO OCTAHAIUTE H3CIEABaHU (DPYHKIIHH,
KOETO ¢ orje] Ha Mankarta pasiuka (<1%) ¢ Leaky ReLU B mocturaarata TO4HOCT 5 IpaBu J100pa
HeliHa antepHatuBa. [IpemmyimectBo, BanmaHo kakTo 3a ReLU, Taka u 3a pasrinegaHuTe HEHHU
MOJU(UKAIMH, € CKOPOCTTa Ha O0ydeHHe, KOETO € MPUOIU3UTETHO 3 MBTU M0-0bP30 OTKOJIKOTO
npu curmoujianHara GyHkuus. Tesu npeumyiecTBa noka3Bart, ue IpeyIoKeHUTe MOAU(PHUKAIIIN Ha
JIPBHM ca oco0GeHo moaxoIsIy Ipyu arnapaTHa peaqu3anus ¢ MOMOINTa Ha U(PPOBH MI1aTHopMu
ot pona Ha FPGA.
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OBPABOTKA HA TPUMEPHU OBEKTU CETMEHTHUPAHMU OT
MEJIUIINHCKHU U3OBPAKEHUA

I'eprana B. CnacoBa, Hukomaii T. [JyxoB, Kpuctuna C. bim3nakoBa

Pe3ome: B Taszu pa3paboTka e mpeictaBeH METOJN 3a IMONydaBaHE Ha Pa3jMYHH TYMOPHH 00pa3yBaHUs
CETMEHTHUPAHU OT PEATHU MEIUIIMHCKH H300pakeHus. 3M0I3BaHu ca MallMeHTCKU U300paXeHHs MOTyICHU
ot 3D mamorpadus. [Ipunoxen e METo/| 3a MOJyaBTOMAaTHYHO U3BJIMYaHE HA TYMOPHU 00pa3yBaHUs OT TE3U
M300paKeHHSI U TIPEACTABIHETO UM KaTo BokcenHa 3D marpuma. M3noms3Banu ca Habop OT MOPGOIIOTHIHA
orepalyi BbpPXY TPUMEPHUTE TYMOPHH MOJIEIH, KaTo B pE3yJTaT HAa TOBA Ca MOJYYCHH MHOMXKECTBO
Pa3HOOOpa3HU HOBY IP'hIHU JIC3UH.

KaiouoBu gymu: o6padoTka Ha n300paykeHNs], TPIMEPHO U300pakeHue, JIe3UH, CETMEHTHPaHe

Processing of three-dimensional objects segmented from patient medical images
Gergana V. Spasova, Nikolay T. Dukov, Kristina S. Bliznakova

Abstract: In this paper, a method for generation of various tumor formations, based on segmented
abnormalities from patient medical images is presented. Patient images are derived from three-dimensional
mammography images. Initially, a method is used to semi-automatically extract tumor formations from these
images and represent them as voxel matrix. A set of morphological operations was applied on these voxel
tumor matrixes which resulted in a variety of new breast lesions.

Keywords: image processing, 3D image, lesions, segmentation

1. YBox

PaxbT Ha rbpliaTa € Hal-IIUPOKO PA3NPOCTPAaHEHUs BUJ PaK cpel xKeHuTe. B buirapus Toit e
NpUYMHA 33 CMBPTTa Ha BCsAKa eqHa oT oceM skeHu [1]. ToBa Hamara HEOOXOAMMOCTTa OT
pa3paboTkaTa Ha HOBHM TEXHOJIOTUH, CBBbP3aHU C HErOBOTO HABPEMEHHO OTKpHUBaHE U
JMArHOCTUIIMPAHE.

Pa3zpa®oTBaHeTO Ha HOBU T€XHUKHU 32 CKPUHHHT U IMarHOCTHKA Ha )KEHCKAaTa I'bpJla U3UCKBAT
pEAIMCTUYHU TYMOpPHHU 00pa3zyBaHUs, KOUTO J1a ObJaT BHEJIPEHH B KOMIIOTHPHU WU (pU3HUECKH
Mojiesin Ha rbpaa. [IpoGneMsbT e B TOBa, ue 3a pa3paboTBaHETO Ha TAKMBA TEXHUKHU Ca HYKHH MHOTO
U pa3jMuyHU BHUJIOBE TYMOpPHHU 00pazyBaHHUs, JO KOMTO HU3CJIENOBATEINUTE HSAMAT JOCTBHI MOpaau
JMIcaTa Ha HHpopManus.

To3n noknan mpencraBs MeTOA 3a IeHEpUpaHE HAa TYMOpPHH oOpa3dyBaHMs Ha Oa3ara Ha
TaKMBa, CETMEHTHUPAHU OT MAIMEHTCKHU JaHHU. YUpe3 mpuiaraHe Ha HabOp OT MOP(OIOTHYHH
oTepalyy € Bb3MOKHO MOJyyaBaHE Ha PA3IMYHU U PEATUCTHUYHU BUJIOBE TYMOPHHU 00pa3yBaHUs 3a
LEJINTE Ha pa3pabOTBAaHETO HAa HOBM TEXHMKHM 3a CKPHHMHT M JMAarHOCTHKA Ha pPak Ha I'bpJaTa u 3a

[EJTUTE Ha CHCTEMHUTE 32 aBTOMATH3UPaHO M KOMITIOTBpHO mpoektupane (Computer Aided Design
(CAD)).

2. U3noxenune

[IpouiechT Ha TeHepUpaHe HA TYMOPHHU 00Opa3yBaHUs BKIIOUBA HIKOJIKO €Tara, KOUTO ca
nmokaszanu Ha ¢urypa 1.
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CermeHTUpaHe Ha nes3um

U3bop Ha :
n3obparkeHus Peaykuua B
BuHapmsauua Ha L L_(®} kopekuum npu
W PervoH Ha ——
apredaktn - C| y

uHTEpec

CermeHTMpaHa
nesus

MonyyaBaHe Ha pa3/IYHU BUAOBE TYMOPHU 06pa3yBaHus

TYMOpEeH
mogen

@ur. 1. /lnarpama Ha npoleca Ha TeHEpUpaHe Ha TYMOPHH 00pa3yBaHuUs
2.1. [TaumeHTCKU JaAHHHU

W3non3BaHnTe MAMEHTCKU JaHHU ca TPEJAOCTaBEHU OT JIBe OONHHUIM — YHHBEPCUTETCKA
oonnuna JlboBen, JIboBen, benrus u VYuuBepcurercka OonmHumna ,,Anekcanaponcka”, Codwus,
bearapus. Te3u manHu ca mox ¢popmarta Ha ToMorpadcku Mamorpadcku H300paKeHUs, TTOTYICHH
ChOTBETHO OT MamuHuTe Siemens Mammomat Inspiration u Giotto Tomo IMS. [lanaurte ca
AHOHUMI3HMPAHHU, KaTO €IMHCTBEHO € 3ala3eHa TeXHWYecka HHQopmaims, HeoOXoamma 3a To-
HaTaThlIHATa 00paboTKa Ha M300pakKeHUATa U TIOCeIBAIld KOMIIOThpHU cuMynanuu. Ha ¢urypa
2a e MoKa3aHo JIBYM3MEpPHO TOMOTrpadCcKo M300paKeHNe OT MalMEHT C paK Ha MiIeyHara xeza. Ha
chinara Gurypa e mokazaHo MICTOTO Ha Jie3usTa (durypa 26), KakTo u camarta Jie3us (durypa 2B).

a) 0)

@ur. 2. [TarueHTCKU TaHHU: a) JIBYU3MEPHO TOMOTpad)CKo H300pakeHUe OT MaIUeHT, 0)
CEJIEKTHpPAHA JIC3Us, B) JIC3Hs
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2.2. CerMeHTHpPAHE HA JIe3UH

CerMmeHTanusaTa Ha JIC3UUTE € U3BBPIICHA ChC copTyepHa IulaThopma, Oa3upaHa Ha
0JIlyaBTOMAaTH4EH alropuThM [2]. Ch3IaIcHUAT alirOPUTHM M3MCKBA HaMeca OT ornepatop. ToBa ce
ChCTOM B M300p HAa M300paKCHUATA, BBPXY KOWUTO Ille ObJIe U3BHPIICHA CErMEHTAIUATA, KaKTO U
obnactra, KBACTO Ce HaMHpa TYMOPHOTO oOpasyBanue. Ciie]] aBTOMAaTUYHOTO CETMEHTHpaHE
iarpopmara MpenocTaBs BB3MOKHOCT Ha omepatopa 3a kopekiuu. Camara mpoueaypara o
CeTMEHTAIUsl Ha TyMOPHHTE 0Opa3yBaHHs C€ ChCTOM OT TET OCHOBHHU CTBIIKH, TPH OT KOWUTO ca
MoKa3aHu Ha ¢urypa 3: a) 3apekjaaHe Ha KIMHWUYHHUTE JaHHU, 0) mpeaBapureiHa oOpaboTKa Ha
JaHHUTE, B) CECTMEHTUPAaHE Ha TYMOPHHUTE MAacCH, I') MOTBBPXKICHHE W/WIIM KOPEKIUS OT OIepaTop,
1) Ch3JIaBaHE HAa TPUU3MEPHA BOKCEITHA MAaTPHIIA ChIbpIKAIIA CETMEHTUPAHUS TYMOD.

0) B)

@ur. 3. Etanu nmpu cerMeHTHpaHe Ha TYMOPHH JIE3UH: a) CETMEHTHPaHH eJIEMEeHTH, 0) MpeMaxBaHe Ha
apredakTy, B) IpriiaraHe Ha CBHP3BAIll AITOPUTHM

Ha ¢urypa 4 e nokazan KpallHUAT pe3y/iTaT OT CETMEHTUPAHETO HA JIE3UATa OT MalUEHTCKU
TOMOTrpa(CKH TaHHU.

0) B)

@ur. 4. Cp31aBaHe Ha KOMOMHHUPAHO U300paKEHUE: a) OPUTHHAITHO TOMOTpad)CKO H300paKeHue,
0) cerMeHTHpaHa JIe3us, B) KOMOMHUPAHO H300paKeHHE

2.3. ITosryyaBaHe Ha pa3/IMYHU BU/10BE TYMOPHH 00pa3yBaHus

2.3.1. Ha6op ot Mop¢0JIOrHYHH onepanuu

B oOpabGorkara Ha wu300pakeHHsATa MOP(OJIOTHYHUTE OINEpalud Ce€ H3MOoI3BaT 3a
OTCTpaHsIBaHE Ha MPEHECEH IIYM OT ITbPBOHAYATHHUTE W300pakeHHsI B OMHApHUTE, T.. CBhP3BaHE
Ha TPEKbCHATH KOHTYPH, KOHCOIMIUpAHE Ha OOJIACTH, M3YMCTBaHE Ha ()OHOBU OOJIACTH U 3a
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OTKpUBaHE Ha CJIEMEHTH B OWHapHUTE HM300pakeHUs1 Ha Oa3aTa Ha MpuUIaraHe Ha JIOTHUYECKH
¢bynkuuu. Te3u onepauuu ce mpuiarat BbpXy OMHApHH W300pa’keHHs ¢ TIOMOIITa HA CTPYKTYpEH
enemMeHT. CTOWHOCTHTE Ha MMUKCEITUTE B €JIEMEHTa MOXKE J1a Ca CaMO €AWHUIN WU SMHUIN U HYJIH.
Ennu ot Hali-pasnpocTpaHeHUTE MOP(OIOTHYHH ONIEPaLUU ca epo3us U auartaus [3].

A) Eposusa. Tlpu epos3usita CTPYKTYpPHHUSAT €JIEMEHT € CbCTaBeH CamMoO OT eIWHUIH, a
norudeckara Gynknus e ,,J1“. Jlanen nmukcea B U3X0THOTO N300paKEHHUE C€ YCTAHOBSIBA B CIUHUIIA,
aKo BCHYKH pe3yATaTH OT MpuiaraHeto Ha GpyHKuus ,,M*“ Mexay nukcenure Ha U300pakeHUETo U
TE3H Ha CTPYKTYPHUS €IEMEHT ca eAUHHIM. AKO ¢ X 03HAYUM OPUTHHAIIHOTO M300pakeHue, a ¢ B
CTPYKTYpPHUST €JIEMEHT, TO epo3usiTa MOXKe J1a ObJie OMKICaHa KaTO CEYeHHE Ha BCUUKH TPaHCIIalluu
Ha X cupsimo Bekropa b (1) :

X OB = UpepX-p 1)

Ha ¢durypa 5 e nemoHcTpupana omnepaius epo3us CbC CTPYKTYpeH eieMeHT (B) nunust.

-

X B XOB

®@ur. 5. Mopdonornyna oneparus epo3us, peaTu3upana MeX, Iy OpUTHHATHOTO n300paxkenne X u
CTPYKTYypeH eneMeH B, ¢ popma Ha nmuHuS

b) Uzenaxcoane (Qunamayus). llpyu nunataiusi CTPYKTYPHHUST €JIEMEHT € ChCTaBEH CaMoO OT
enuHuIM, a Jsorndeckara ¢yukmus e ,,VJIM“. JlaneH nukcen B H3XOJHOTO M300pa)keHUE ce
YCTaHOBSIBA B €/IMHHULA, aKO MOHE €AMH OT pe3yJdTaTtuTe OT NpuiaraHero Ha ¢yskous ,,AJIN*
MEX]y MUKCEIUTE Ha N300paKEHUETO U Te3U Ha CTPYKTYPHHUS €JIeMEHT ca equHuLHU. [lunatanusra
MOXe Ja ObJie OmrcaHa KaTo 00eIMHEHNEe Ha MHOKeCTBaTa oT To4Yku B X u B (2):

X @ B = UpepXp )

Ha ¢urypa 6 e nemoHcTpupaHna onepanus IuiaaTaus ChC CTPYKTYPEH €JIeMEHT JTMHUSA.

X B X®B

®@ur. 6. MopdonoruyHa onepanus JUIaTalus, peaju3upata MeKAy OPUTHHAIHOTO n3o0paxenue X u
CTPYKTypeH eneMeH B, ¢ popma Ha nuHMA

C) omeapsne, 3ameapsine. OTBAPSHETO € PE3YATAT OT ITOCIEIOBATEITHO MPUIIaraHe Ha epO3uUs
U TWJIATAILKUS C SIIUH U ChIIl CTPYKTYPEH eneMeHT (3).

X°B = (XoB)®B (3)

3aTBapsSHETO € pe3yaTaT OT MOCJIEOBATEeIHO MpUJIaraHe Ha JUIaTalus U epo3us C CIUH U
CBII] CTPYKTYPEH eleMeHT (4).

X-B= (X®B)cB (4)
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2.3.2. [lonyyaBaHe HA TYMOPHH 00pa3yBaHus

Z[Be OT MPCAJIOKECHUTE MOp(bOJ'IOl"I/I‘IHI/I oncpanru: €po3ud U JujiaTalusd ca IIPHUII0KECHU BbPXY
CCTMCHTHUPAHUTC TyMOpPHU OT MAMCHTCKH JIaHHH. 3a nejra c€a HU3MNOJ3BaHM J[JIBa CTPYKTYPHHU

eJIeMEeHTa, oKa3aHu Ha ¢urypa 7 u gurypa 8.

®@ur. 7. CTpyKTypeH eleMeHT JuHus (5x5)

o oo o = o o O

O O = = = O oo

O = = = o O

o R S

(=T = R = I = ]
o o o = O O O

@ur. 8. CTpykTypeH ejeMeHT quamaHt (7)

CTpYKTYpHHST €JIeMEHT JIMHUS € C JABDKUHA 5 MUKCeNa U ¢ BbI'hJI OT 5 rpajyca, U3MEepeHu
00paTHO Ha YaCOBHUKOBATA CPEJIKa, CIIPSIMO XOpU30HTaIHaTa oc. CTPYKTYpHUST €JIEMEHT AUaMaHT
€ C pa3Mep OT BpbX J0 BpbX 7 mnukcena. MopdoioruyHuTe omepanudud ca TPUIIOKEHU

IMOCJICOOBATCIIHO CPE3 110 CPE3.

2.3.3. Pesyararn

Pesynrature OoT mpuiaraHeTo Ha MOPQOJOTHMYHUTE ONEPAIMH Cca MPEACTABEHU 3a €IUH OT
30te cermeHTHpanu TyMmopa. Tabnuia 1 o6o01aBa cieHUTE TOCTIEA0BATEIHH JCHCTBUS:

1. OtnensHe Ha pa3nuuHUTE cpe3oBe Ha 3D n300pakeHHeTo.
2. llpunarane Ha MOP(HOJIOTUYHA OTIEPALIUs €PO3Hs BEPXY OPUTHHAITHOTO H300paXkeHue.
3. IloBropHO mpuiaraHe Ha MOp(OJOTHYHA OIEepalusi epo3usi BbPXY OPHUTHHAIHOTO

n300paxxeHue.

4. Ilpunarane Ha MoOp¢OJOrMYHA ONepalnus AWIaTalus BBPXY MOBTOPHO €pPO3HPAHOTO

n3o0paxeHue (M300paxeHHeTo oT T.3).

5. HOBTOpHO pujiaraiHe Ha MOp(i)OJ'IOl"I/I‘lHa orncpanuda Aujiatandsad BbBPXY I[MOBTOPHO

€pO3UPAHOTO U300pakeHue (M300paKEHUETO OT T.4).

6. HpI/IJ'IaFaHC Ha MOp(I)OJ'IOFI/I‘{Ha onepanusa C€po3usa CJICA IMOBTOPHOTO IIpUJIaraHE Ha

onecpanusa aujiatanus.

Ta6mmua 1: Ilpunarane Ha pa3nanyHu MOP(OJIOTUYHU ONEpalli BbPXY OPUTHMHAIHOTO H300paKeHHE,

M3MOJI3BAMKU CTPYKTYPEH eleMeHT JinHus (5x5) (durypa 7)

OpurnHaIHO
H300paKEHNE

Eposus 1

3D uzobpaxenne

Zaxis

Z axis
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Taémmna 1: [Ipunarane Ha pa3nuaHr MOP(HOIIOTUYHH OTIEPAIH BEPXY OPUTHHATHOTO N300paKeHHUE,
M3TOJI3BANKY CTPYKTYPEH eneMeHT JiuHws (5X5) (burypa 7) - mpoabnkeHne

3D m3o0paxeHue

Zaxis

Eposus 2

Jwmaramms 1

Zaxis

Jwmmaramms 2

Zaxis

Epo3sus 3

Ta6auua 2: [Ipunarane Ha pa3indyHA MOP(OJIOTHYHHU ONIEPaALUK BbPXY OPHUIHHATIHOTO H300paXKeHH e,
M3M0JI3BaliKK CTPYKTYpEeH eneMeHT nquamaT (7) (¢purypa 8)

3D uzobpaxenue

Zaxis

OpurvHaIHO
n300pakeHHE

Epo3zus 1

1 2018
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Ta6muua 2: [puiarane Ha pa3IMdHA MOP(OIOTHYHH OIIEPAIldK BbPXY OPUTHMHAIHOTO H300paKeHHE,
H3IOI3BAMKU CTPYKTYpeH eneMenT nuamant (7) (durypa 8) - mpoapinkeHue

Cpes 1 Cpes 2 Cpes 3 3D uzobOpaxenue

erode 2

Epo3zus 2

dilate 1

X

Hunaramms 1

dilate 2

Junaramms 2

Epo3zus 3

3. 3akiouyeHue

[Ipunaranero Ha MOP(OJOTHYHU ONEpallMd BBHPXY IIHPBOHAYAHO CETMEHTHPAHUTE
n300pakeHus BOAAT 0 MOAM(UIMpPaHE Ha MOCIETHUTE U Ch3JlaBaHe HA TYMOPHU MOJENU OT HOB
Buj. IlmaHyBaHM ca CIeZHWTE 3aJadd, KOWTO 3a 3aJeTHAJIM B IO-HATATHITHOTO Ppa3BUTHE Ha
paspaboTkara: (a) Mmo-3aabJ00YEHO H3CJE/BaHE HA BIMSHUETO Ha (opMaTa Ha CTPYKTYpHHS
eJIeMeHT BbpXy (opmara Ha mnonydyeHara je3us; (0) ch3gaBaHe HAa TPUU3MEPEH CTPYKTYpEH
€JIEMEHT M NpHJIarane Ha MOpP(OJOTHYHUTE OINEPallUU C HErO BBPXY OPUTHHATHHUTE TPUHU3MEPHU
TyMOpPH; (B) aHOTallKUs Ha TIOJTYyYEHUTE TYMOPHH 00pa3yBaHusl.
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N3CJIEIBAHE HA AJI'OPUTMMU 3A OBXOK/IAHE HA
OBEKTMU, PA3ITIOJIOKEHMU B 30HA 3A CUT'YPHOCT

Nnusau K. boitueB

Pe3iome: B cratusra e n3cnenBana MpUIIOKUMOCTTA Ha JIBa aJlTOPUTHMA 32 HAMHPAHE HA ONTUMAaJIEH IIbT B
rpad, KONTO ce M3MoI3Ba 32 ONpeAessiHe Ha MapUIpyT Ha JIPOH B 00NACT HA MPHJIOXKEHUE — CUTYPHOCT. 3a
Tas3M 11eJ ce ChCTaBs rpad OT T. Hap. Waypoints, kouto npeacraisiBar GPS KoopauHATH, KOUTO ONMPEACIAT
Mapmipyra B TPUMEPHOTO WPOCTPaHCTBO. ['padpr ce mpenacTaBs dUpe3 MaTpulla Ha CBhCEICTBO.
[IpencraBeHuTe anropuTMHU CE Pa3TIICKIAT 32 TPU TOMOJIOTHHN HA CBBP3BaHE HA OOEKTHTE.

KirouoBu gymu: 6e3nuiioTeH jeTaTelIeH anapar, IpoH, rpad, gps KOOpAMHATH, CHTYPHOCT

Research of algoritms for observation the objects in a secure zone
Iliyan Zh. Boychev

Abstract: This paper investigates the applicability of two algorithms for routing the optimal path in a graph,
used for navigation of a UAV drone in a security setup. For this purpose we make use of a graph of
waypoints, which is based on GPS coordinates of flight path maneuver points in the three dimensional space.
The graph is represented by a dynamic adjacency matrix, on which we carry out a comparative evaluation of
the predicted drone route. The both algorithm are investigated for three topologies for connecting the objects.
Keywords: UAV, drone, graph, GPS points, security

1. YBO/J

besnunoraute nerarennu amapatu (UAVs), HaMupar Bce MOBeuYe NPUIIOKCHUS B HAIIETO
©KEJHEBHE M Ta3W TEHICHIUS IIe Ce YCKOPOBs B cleaBamiure rogauHd. OrpOMHOTO ThpCEHE Ha
UAV-0a3upaHu yCIyrd MOTHBHpPA YCHIIMSATAa B CBETOBEH Mallad 3a HAyYHOM3CIICAOBATEIICKA H
pa3BoiiHa JIEHHOCT 3a pasiIupsiBaHe Ha PYHKIIHOHAITHOCTTA M MPHIOKHUMOCTTA Ha JPOHOBETE.
JIpOHOBETE Ce M3MOJI3BAT B Pa3JINYHU 00JIACTH KaTo:
e pasno3HaBaHe Ha 0OEKTH — pa3lo3HaBaHEe B M300pakeHHE, B PEallHO BpeMe, ClieJCHE Ha
nmoaBWKHU 00ekTy U T.H. [1], [2], [3];
e W3ClIC/IBaHUS B 00JIaCTTa Ha yNpaBJICHUE HA JIPOHOBETE W Ch3/IaBaHE HA MATEMaTHUECKU
mojenu [4];
e HaISKIHOCT U curypHoct [5], [6];
e TMpejcKa3BaHe BHb3HUKBAHETO HA PA3IMYHU MPHUPOIHH SBJICHUS, MUTPUPAHE HA XKMBOTHH,
BB3HUKBaHE Ha TIoXxapu 1p. [7];
o exenHeBuero (dororpadus, 3aCHEeMaHe Ha Pa3IMYHU CHOUTHS, TPAHCTIOPT HA CTOKU H
zp.).
B ToBa u3cnenBane qpOHOBETE ce M3IOI3BAT B 00J1aCTTa HA CUTYPHOCTTA.

2. U3JIO’KEHUE

3a ocurypsiBaHe Ha CHUTYPHOCT M 3alllUTa € HEOOXOAMMO Ja Ce€ ONpeAesNd MaplipyT 3a
JBM)KEHUE Ha JPOHA BBB BBH3/IYIIHOTO IPOCTPAHCTBO. T031 MapuipyT TpsioBa 1a Obe ONTUMANIEH U
Ja OTroBaps Ha pa3jIMYHM KPUTEPUU: HaN-KpaTbK IBT MO pa3CcTOSHHE (IIPSKO CBBP3aHO C
KOHCyManusaTa Ha OaTepusTa); IbT, NOKpPHUBAIl MaKCHMajHAa 30HAa HAa BUIAMMOCT Ha OOCKTHTE;
MaKCUMaJIHO ObpP30 OTKpPHUBAaHE HA €BEHTYaJIeH NMPoOMB MM npobieM. B Ta3u cratus ce usciensar
7IBa JIFOPUTHMA 3a HAMHUpAHE HA ONTHUMAJEH IbT: alrOpuTbM Ha J[MHKCTpa — 3a HaMHMpaHE Ha
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KpaTbK IBT MO0 PA3CTOSHHE, W ANTOPUTBM 0 MHHUMajJeH Opoil BB3mM. /[Bata anropurbma ce
M3CIIE/IBAT TPU HM3IOJI3BaHE HA TPHU PA3IMYHU TOIOJIOTUHM HA CBHP3BaHE Ha OOEKTHTE B 30HATA 32
CHUT'YPHOCT.

3a na ObaaT WM3rpaZieHu TOMOJOTMHUTE, € HEOOXOAMMO Ja Ce Ch3aaae rpad, ChCTOALL Ce OT
GPS xoopmunatu (T.H. Waypoints), KaTo BpB3KHTE MEKIy TOYKHTE ca pascrosausara B 3D
npoctpancTBoTO (urypa 1). Ilpouecst Ha mpeobpadyBaHe Ha KOOPAWHATHTE, M3UMCICHUETO HA
Pa3CTOSHUETO M Ch3/1aBaHe Ha rpada ca npeactaBeHu B [8].

Convert to Cartesian

| i ing [ _ | Possibilities [ |
Eﬁ?tr;?;;s”e ‘ N GPS Points coordinates Points | Caleulating Distances | Creating Graph Find shortest

points

{Lat, Lon, Alt} XY, z} [3D] {Nodes: GPS Points} paths

®@ur. 1. Cp3naBane Ha rpad B 3D npocTpaHcTBOTO

M3nos3Banu Tonosoruu (purypa 2)
W3no3BaT ce Tpu TOMOJIOTUU Ha CBBP3BaHE HA OOCKTHUTE (CIPAINTE).

!,.Ax..\

@ 9

S

Ring Star Mesh

a) tun Kpsr 0) Tun 3Be3ga B) Tun [Ib1HA CBBp3aHOCT
®@ur. 2. Bunose Tononoruu

ITpu Tomomorust kpbr (Ring) (burypa 2a) obekTUTe ca CBBP3aHU MOCIEIOBATEIHO, KATO
BCCKHM MMa Bpb3Ka ¢ mpeauiieH u cieasanl. [Ipu tomonorus 3Be3na (Star) (durypa 26) emun ot
OOCEKTUTE € TJaBeH M Ce€ CBbpP3Ba C BCEKM OT ocTaHaiuTte. [Ipy TOmosjorus mbiHa CBBP3aHOCT
(Mesh) (purypa 2B), Bceku 00EKT MMa Bpbh3Ka ¢ BCHUKH OCTAHAIH.

Ha ¢urypa 3 ca mpeacraBeHM TONOJOTMHUTE, M3TpajieHH 3a peajHaTa eKCHepUMEHTalIHa
oOcraHoBKa — 0a3zata Ha TexHudecku yHuBepcuteT-BapHa. 30panu ca mer crpaau ot 6a3aTta Ha
TY-Bapua: M (Mamunen d¢axynrer), TB (Tomna Bpb3ka), HYK (HoB yueben kopmyc), EJI
(Enexrporexanyeckn akynrer) u YIIb (YueOHo-ponsBoacTBeHa 0a3a).

B) Tonomorust Mesh

®@ur. 3. TY-Bapna Tomonorun
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N36panuTe Bph3KM ca Ha 0a3a MUHHMAJIHO Pa3CTOSTHUE MEXKIY CTPaauTe W BCSKa Crpaja ce
CBBpP3Ba C JIpyra C 1O e1Ha JTHHUSL.

3. PE3VIITATH

[IpoBenenn ca HAKOJIKO EKCIIEPUMEHTAIIHM TECTa C JBara ajropuTbMa 3a BCSAKa €IHa OT
torosioruute. [Ipu Bceku TecT ca n30paHu pa3IMyHU TOYKH OT Tpada U ca ChCTABEHU ITbTHUIIATA,
KOUTO CE€ OIpPEAeNsAT OT BCEKHM OT AJITOPUTMHUTE. 3a BCEKH TECT ca MPEACTaBeHU TpadudHO
MOJTyYCHUTE ITBTHUIIA OT BCEKU arOpuThM (purypu 4, 5 u 6), Karo 3eieHaTa JUUHUS € TBTAT 110
anropuThM Ha J[MHKCTpa, a Ostata JIMHKUS — 1O ApYyrus aropuTbM. B Tabmuiu (Tabnuma 1, 2 u 3)
ca OMUCaHM BH3JIUTE, TEXHUAT OpOii U ABJDKHHATA HA BCEKH ITHT.

3.1. Excnepumenmanen mecm 1 ¢ nauanna mouxa 15(VIIB) — kpaiina mouxa 7(EJI) (durypa 4).
—

3

.

a) Tononorus Ring 6) Tononorus Star
B) Tonomorust Mesh
®@ur. 4. EkcriepuMenTaneH Tect 1

Ta6auna 1. Pesynraru npu n3bpan nwt 15 - 7

Auiikcrpa MuH. Bpoii Bb3nu
Tononorua Mot bpoii Bb3nn| PascT. Mot bpoii Bb3nn| Pascr.
Ring 15163210512111087 12 442.429 |1514202167 6 585.834
Star 1516321087 8 324.303 |1516321087 8 324.303
Mesh 1516321087 8 324.303 |151420087 6 448.573

EnwHCTBEHO TTpH TOTOJIOTHS Star, iMa ChBIaJIcHUE Ha IIBTHINATA HA JBaTa alroputbma. [lpn
TOTIONIOTHUS 3Be37]a BTOPUAT AITOPUTHM MMa JIBa IBTU MO-MAJIKO Bb3esa, HO O0IIaTa IbhJDKUHA Ha
meTs € enBa okosio 140m. Ilpu BTOpHS METOMA, TIPU TOMOJOTHH KPBI' M IBJIHA CBBP3aHOCT MMa
€IHaKbB Opoii BB3IH, HO TIPU BTOPATA TOIMOJIOTUS IBTAT € MO-KPATHK.

3.2. Excnepumenmanen mecm 2 ¢ nauanua mouxa 4(M) — kpaiina mouxa 21(HYK) (¢wur. 5).

a) Tomonorust Ring 0) Tomonorus Star
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B) Tomomorust Mesh
®@ur. 5. EkcriepuMmenTaeH tect 2

Ta6auna 2. Pesynratu npu u3bpan nsT 4 - 21.

AuniiKcTpa MuH. Bpoii Bb3nun
Tononorusa Mot bpoii Bb3nn| PascT. Mot bpoii Bb3nn| Pascr.
Ring 4512111087621 9 469.817 |431615142021 7 566.241
Star 4502021 5 404.382 |4502021 5 404.382
Mesh 4502021 5 404.382 |4502021 5 404.382

[Ipu BTOpHTE /1BE TOMOJIOTMH MMa ChbBIAJACHUE HA MbTUIIATA U TIPU JIBAaTa adropuTbma. [IeTsT
npu tomostorust Star(3Be3na) 3a aaroputThbM Ha JIMHKCTpa ChABpPKA MOYTH J1BA ITH MIOBEYE BH3JIH B
CpaBHEHHUE C OCTAaHAJIUTE JiBa ITbTS, HO AbJDKMHATA € €]1Ba 0K0JIO 60M.

3.3. Excnepumenmanen mecm 3 ¢ nauanna mouxa 7(EJI) — kpatina mouxa 18(HYK) (urypa 6)

0) Tomonorus Star

®@ur. 6. EkcriepumenraeH tect 3

Taoauna 3. Pesynraru npu n3bpan nsT 7- 18.

AuniiKcTpa MuH. Bpoii Bb3nun
Tononorusa Mot bpoii Bb3nn| PascT. Mot bpoii Bb3nn| Pascr.
Ring 762118 4 247.710 |762118 4 247.710
Star 780201918 6 382.628 |780201918 6 382.628
Mesh 762118 4 247.710 |762118 4 247.710

W 3a gBaTa anropurbMa U Npu TPUTE TOMOJIOTUH UMA €IHU U ChIIU pe3ynTatu. B To3u ciydaii
HsIMa 3HaYCHME KOI adropuThM Ile Obae N30paH 110 OTHOUIEHNE HA PE3YJITaTHUS IIBT.
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4. 3AK/IIOYEHUE

AuropuThbM Ha JluiiKcTpa - mpeauMcTBa:

+ Haif-e()eKTUBHUAT AITOPUTHM 32 HAU-KPATHK BT,

+ HaMupa BCHYKU IBTHMIIA OT J3JE€H BPbX A0 OCTAaHAINTE B TIpada, KOETO IO03BOJSABA
ChbXpaHsiBaHEe U 00pabOTKa Ha TaHHUTE,

+ U3KIIIOYUTENHO Y100€H 3a U3I0JI3BaHe [P JPOHOBETE.

AnroputrsM Haii-kpaThk IbT 10 MUHUMAJIEH OpOH BPXOBE MEXKIY /1B BbpXa - IPEAUMCTBA!
+ OBp3 AITOPUTHM,
+ MOAXOAAI 32 TUHAMUYHO MPOMEHSII ce rpad.

CBHBMECTHOTO H3IOJI3BAHE HA JIBaTa METOJa NIPEIOCTaBsl BB3MOXKHOCT 32 Ch3JaBaHE Ha
aJITOPUTMU 32 ONPEACIISIHE Ha ONTHUMAJICH ITBT 110 Pa3InYHU KPUTEPHHU (TIOTEHIIMAIHO OITaCHH 30HH,
TPYIHOJOCTBITHUA 30HH, HA-4€CTO HE/U3IMOI3BAaHU MAPIIPYTH).

bpremu Hacoku 3a pazpaboTka:

- JloGaBsiHE HA JOMIBIHUTEITHN 0OCKTH 32 HAOIIOICHHE;

JloGaBsiHE Ha HOBH BPB3KU MEX1y OTIACITHUTE O0OEKTH;
BbBekaane Ha OMBIHUTEIHU KPUTEPHUH 32 ONITUMATHOCT:
e BpeMe 3a 00XO0XK/IaHe;
® TIPOLCHT MOKPUTHE Ha HAOIIOJeHNE ITPU 00X 0K /IaHe.
BbBexknaHe Ha pa3nuHU PEKUMU:
e 1IBJICH 00X0/ Ha OOEKTUTE 32 MAKCHMAJIHO TIOKPUTHE HA HAOJIIOACHUETO,
e 00XO0KIIaHE Ha IMOTCHIIMATHO 3aCTPAIICHUTE O0CKTH /00IacTh 0T 00eKTH/ |
e aBapuifHO 00XOXKJaHE MPH BH3HUKHAI IPOOJIeM /HEOTOPU3UPAH JTOCTHI B 00EKT/.
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MOJAEJIMPAHE HA XAPAKTEPUCTUYHA MEJOAUA
HA ITUYU BOKAJIU3ALIUU

[Iponer C. Jlenesa, Tonop . 'anues

Pe3rome: MopenmpaneTo Ha MeNoUATa HA NTHYM TECHH € Ba)KHA YacT OT aHAJIM3a M Pas3lo3HABAaHETO Ha
pasIMYHMUTE BUAOBE NTULM M peneproapa uUM. B Hacrosmara pa3paboTka ce mpeangara HOB METOA 3a
OINMCBAaHE HAa XapaKTEPUCTHYHU MEJIOJUH B OMOAKyCTHYHH 3alMCH Ha MTUIM. 3a [eNTa MbPBO Ce mpujara
METOJ 3a TpeIBapuTeNHa o0paboTka Ha ayAnMo CHEKTporpamara, KOWTO CIioMara 3a eJMMUHHpaHe Ha
3HAYMTENIHA YacT OT KOHKYPEHTHUTE aKyCTHYHHM chOuTHA. BrocneacTBue, xapakrepucTuyHaTa MEJIOAMs Ce
MOJIeJIUpa 4pe3 MHTEpIIoNialys Ha OMUHAHTHATa €HEeprus Ha CUTHaNa, ONpeAesieHa 3a KpaTKH BpPeMEBH
uHTepBaNM. EKcrepuMeHTanHata Baduganus Ha  OPEUIOKEHHS METOA 32  MOJeNHpaHe Ha
XapaKTepUCTHYHATA MENOJMS € M3BBPIICHA C PeaHd aKyCTWYHH 3amucu Ha Myrmotherula multostriata,
pETUCTPUPAHH B TEXHUTE MECTOOOUTAHUSI B AMBATA MPUPO/A.

KirouoBu aymu: Ludposa o0paboTka Ha curHaigu, OMOAKYCTHYHH CHTHAIHM, U3YMCIUTENHA OMOaKyCTHKA,
MHTEPIOJIAIHS, XapaKTePUCTUIHA MEIIOANS

Modeling of characteristic melody of birds vocalizations
Prolet S. Deneva, Todor D. Ganchev

Abstract: Bird song melody modeling is an important part of the analysis and recognition of different bird
species and their repertoire. In this paper we propose a new method for describing characteristic melodies in
bioacoustic bird records. To do this, we firstly apply a method of pre-processing the audio spectrogram,
which helps to eliminate a significant part of the competing acoustic events. Subsequently, the characteristic
melody is modeled by interpolation of the dominant signal energy determined for short time intervals. The
experimental validation of the proposed method of modeling the characteristic melody was performed with
real acoustic recordings of Myrmotherula multostriata registered in their wildlife habitats.

Keywords: Digital signal processing, bioacoustic signals, computational bioacoustics, interpolation,
characteristic melody

1. BLBeaenue

Perucrpupanero Ha OMOAKyCTHUHU €MHCHU OT KIIOYOBU >KUBOTUHCKM BHJIOBE B TEXHUTE
MECTOOOMTAHHUSI € CHJIHO 3aTPYAHEHO IMOpPagl MHOKECTBOTO CBHITBTCTBAIIU 3BYKOBH CHOWUTHS OT
JpYyTd BUJIOBE M IIIYMOBETE OT OKOJHATa cpeaa. MeroauTe 3a 00paboTKa Ha aKyCTUYHU CUTHAIH,
HACOYEHHU KbM NOTHUCKAHE Ha IIyMa BHB BpPEMEBa HJIM YECTOTHA 00JIacT, He ca e(heKTUBHHU, KOTaTo
CBI'BTCTBAIIIMUTE 3BYKOBH CBHOWUTHS C€ NPUIOKPUBAT KAKTO IO BpeMe, Taka M IO YecToTa C
BOKaJIM3allMUTE Ha M3CJIEBAHUTE BUIOBE. 3a CIPaBSHE C TO3U MPOOJIEM € MpeIokKeH MOJIX0[ 3a
MOTHUCKAaHE HA CMYILICHHSTA, KOWTO PabOTH €THOBPEMEHHO BBPXY HAKOJKO KOJOHHM M peloBe OT
ayauo criekTporpamara. To3u moaxoa U3Mmoi3Ba METOAM U alrOPUTMHU TUIIMYHU 3a 00paboTkara Ha
n3o0paxkeHus. MeToauTe, OCHOBAaHM Ha TO3M TMOJXOJ, CE€ BB3MOJI3BAT OT CHIIOCTABIHETO Ha
BpeMeBaTa M 4YecToTHaTa MH(opManus 3a JIOKanu3alus Ha eHeprusra Ha curhaia [1]. [lpu Te3u
METOAM pe3yATaThbT OT 0OpaboTKaTa Ha CHUTHAjJa B ONpEJesieH MOMEHT 3aBHUCH OT Obaeuure
CTOHHOCTH Ha CHUTHAJa, KOETO HE IMO3BOJISIBA PeaM3alMsATa Ha TE3HW aJTOPUTMH B PEaTHO BpeMe.
3anucute Ha OMOaKyCTUYHU €MHCHU OOMKHOBEHO ce 00paboTBaT Ha O10koBe. O6paboTKa B OIU3KO
710 peastHo BpeMe uiu B off-line pexxum e nmpueMinBa 3a rojisiMa 4acT OT THITUYHHUTE MPUII0KECHHUS.

ChImecTByBaIIMTE MMOAXOIH 33 ONPECNSHE Ha XapaKTEPUCTUKUTE HA NMITUYM BOKAJIHM3AIUU CE
OCHOBABAT Ha:
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(1) m3BnMyaHe Ha OMUCATENIM Ha CUTHAJA TUPEKTHO BB BpeMeBaTa 00J1acT;

(2) nony4yaBaHe Ha CIIEKTpPaJIHU ONMCATENH;

(3) meTonu, paboTeny eTHOBPEMEHHO BBB BpeMe-uecTOTHaTa 00J1acT;

(4) meronu uW3MON3BALIM JAPYI'M MpeoOpa3yBaHHMs Ha CUTHala, C LN M3BIMYaHE Ha

UH(POPMATUBHU XaPaAKTEPUCTHKH.

B Hacrosmiara pa3paboTka € HM3CIelBaHAa BB3MOXKHOCTTA 3a  ONpeleNsHe Ha
XapaKTepUCTHYHATA MEJIOIHS Ype3 UHTEPIIOIAIU HA OCHOBHHSI XapMOHHK Ha CHTHAJIA, ONPEeIICH
3a KpaTKu BpeMeBu uHTepBanu. HakpaTko, B Cekius 2 € OnMcaHo KOHIENTYaTHOTO PElIeHHe Ha
npodiieMa U € MPEUIOKEH METOJI 32 OTKPHBAaHE TPACKTOPHSITA HA XapaKTEPUCTHYHATA MEJIOJIUS B
OMOaKyCTHUYHU 3allUCH Ha NTHIM, PETUCTPUPAHU B JWBaTa Npupoaa. UWcCIeHW pe3ynaTatd OT
npujaraHeTo Ha meroja ca npezacraBeHu B Cekuus 2, a B Cekuust 3 e mpeanoxeHo o0oOIieHue,
W3BOJIM M €KOHKPETU3HPaHa OTEHIMATHATA TIPHUIIOKUMOCT Ha METO/IA.

2. Mertox

[TapamMeTpU4YHOTO ONMCAHUE HA XapaKTEPUCTHUYHATA MEIOIMS JaBa BB3MOXKHOCT 3a OBp30
CpaBHCHHUEC MCXKAY CTPYKTYPUTC WU KOMIIOBUIUMHUTC HA MHOXCECTBO AKYCTHUYHHW CMHUCHUH Ha OMHU
OTUIU U JIPYTH KUBOTHMHCKH BHJIOBE, KOMTO M3JaBaT 3BYLM C U3SBEHA XapMOHUYHA CTPYKTYypa.
OCHOBHHTE e€Tamu IIpru MOJACIMpPAaHC Ha XaApaKTCPUCTUIHUTC MCIOAHUU OT ayArO 3aIllMCH Ha NTUIU
ca:

1. mpeaBapuTenHa 06paboTKa Ha CUTHAaJIA 3a MOTUCKAHE Ha IIIyMa OT OKOJIHATA Cpe/ia U

KOHKYPEHTHU aKyCTUYHU €MHUCHUU OT JPYTU KUBOTHH;

2. CerMEHTHpaHE Ha CUTHAJIA C IIeJ pa3/ieNisTHe Ha 000COOSHU aKyCTUIHH CHOUTHSI,

3. UHTEpIIONAalYs HA MO3UIIMUTE C IOMUHAHTHA EHEPTHS;

4. cbCTaBsiHE HA CUCTEMA XapaKTEPUCTUYHU YPaBHEHHUS.

OOmiara cTpyKTypa Ha KOHIENTYaTHOTO PELIeHHE € MPpeICTaBeHo Ha ¢urypa 1.

> 1 > 2 = 3 = 4
®ur. 1. briokoBa cxema Ha nponeca 3a OTKpHBAaHC Ha XapaKTCPpUCTUIHATA MCJIOAUA

2.1. IlpeaBapuTeHa 06padoTKa HA CUTHAJIA

C uen moTtrckaHe Ha (POHOBHUS IIIYM U OMpEJeNIeHH KOHKYPEHTHU aKyCTUYHH CHOUTHS, ayHO
CHUTHAIIBT Ce TOJJIara Ha mpeBapuTesHa oopaboTka. B mociencTsue ce M3BbpIIBAa HHTEPIOIAIIHS
3a U3YUCIISBAHE TPACKTOPUSITA HAa XapaKTePUCTHUHATA MEIIOAUS 32 000COOCHH aKyCTUYHU CHOUTHSL.
B HacTtosiara paspabotka ¢ usnonssad 2-D meron [1], [4] 3a npeaaputenna o6paboTka Ha ayauo
CUTHAJIM, KOWTO € TOIXOAI 3a IIYMOTIOTUCKaHe B 3anmucu Ha ntuiid. Ha durypa 2 e npeacraBexn
npuMep 3a aynuo 3anuc Ha Myrmotherula multostriata, HarpaBeH B €CTECTBEHOTO MECTOOOUTAHHUE.

Ha ¢urypa 3 e mokaszan pe3ynraThT OT MPUJIATAaHETO HAa METOA 32 IOTHCKAaHE Ha (DOHOB IIyM
Y HEeXKEJTaHU aKyCTHYHH chOUTHS [ 1], MPHITO’KEH BHPXY CIIEKTporpamara ot ¢purypa 2.

B pesynrar Ha 06paboTkuTe, GOHOBUST IIyM M CHITBTCTBAIINTE aKYCTUYHU €MUCUU OT APYTH
KUBOTHHCKH BHUOBE, pa3mnuHu oT Amazonian Streaked Antwren, ca moATHCHATH, C U3KITIOYECHUE
Ha JpeOHM (PparMeHTH OT aKyCTHYHATA €MHCHSI, 3arpajieHa ¢ MPaBOBI'BIHHK 5.

3a cimydanTe Ha BOKAJIU3AIMK C U3SBEHU XapPMOHUYHH CHCTABAIIA UMa BB3MOXHOCT Ja ObJe
HampaBeHa ampoKCHMAllMs Ha XapakTEepUCTUYHATAa MeENoAWs. 3a IeiTa ce Mpujara Macka 3a
OTIENSIHE Ha MBPBHUS XapMOHUK, MOCJIEBaHAa OT BpEeMe-4eCTOTHA JIOKANIM3alis Ha MHUKOBETE Ha
eHeprusaTa. 3a MpuMep, MPUJIAraHeTO Ha Macka W JIOKAU3alldATa Ha MHKOBETE HA CHEpPrus B
n300pakeHUETo OT ¢urypa 3 maBa Bb3MOKHOCT 3a OINPEC/ISTHE Ha MAJTbK HA0OP OT MO3UIIUH, KOUTO
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TpacupaT M3MEHEHHETO Ha MaKCHMalHaTa €Heprus M0 BpeMe Ha BOKanM3amusTa. B mociencreue
JIOKaJIM3UPAaHUTE MO3UIUU C IIMKOBA €HEPrHsl BbB BPEMe-uecTOTHATa 00JIacT ce ImpeoOpa3yBar 10
Ounapau croiiHoct 0 1 1, KOETO 1aBa BH3MOXKHOCT 32 KOMIIAKTHO NPEICTABSHE BOKAIN3ANHUTE U
pa3esnsiHeTo Ha CUrHajla Ha 000CO0EHU aKyCTHYHHU CHOUTHSI.

Frequency [kHz]

@ur. 2. Aynno crieKTporpama 3a 0OTKbC OT MeT CeKyHAM oT 3anuc Ha Myrmotherula multostriata (akycTuuHu
CHOWTHS B IPABOBI'BJIHHUIM C €TUKET 1), HO BKIIFOUBAIA aKyCTHYHU CHOUTHS OT MET IPYTH KUBOTUHCKU
BH/A (3arpaZicHH B IPABOBI'BJIHUIIM C ETUKETH 2-6)

r . . s . — w30

100 20

Frequency [kHz]
>
©

W i

| \ -

1 1 L L ).
4] 05 1 15 2 25 3 35 4 45 40 1
Time [s]

@ur. 3. Ayano criekTporpaMa ciel npeaBapuTeina oopadoTka Ha curaana ot ¢urypa 2 ¢ 2-D meToma [1]

2.2 CermeHTHpaHe HA CUTHAJIA

CurHanbT, 00pabOTeH chrIacHO mporeaypara, onucana B Cekmus 2.1, ce momyiara Ha
CETMEHTHpPAaHE 3a OTJAeNsHE Ha 000COOCHM aKyCTHUHU EMHCHH. 3a IeNTa OWHapu3upaHara
TPAcKTOpHUSl Ha TMHKOBAaTa E€HEPrusi ce IMOojJara Ha KOHBOIIOLHS C TPaBOBI'BIHA MPO30pPEUHA
¢byaknus ¢ gemwkuHa 50 Mc. ToBa mo3BONSBAa eIMMHUHUpPAaHE Ha MajKd TPEKHCBAHUS B
TPacKTOpHUATA Ha MHKOBATa €HEPrus, ABJDKAIM C€ Ha TPEIIKH TpPU OMpEACNsSHETO M, WM Ha
HAIMYMETO HAa CBHITBTCTBAIIM AaKYCTHYHH CBHOWUTHS OT Jpyrd HW3TOYHUIM. B pesynrar Ha
KOHBOJIIOIMSTA YYACTHIIUTE, B KOUTO JIMIICBAT M3SBEHU BOKAIM3AIMH. CE MpeoOpa3yBaT B ABITH
MOCTICIOBATETHOCTH OT HYyJAW. B Hacrtosmiata pa3paboTka € TpPHUeTO aKyCTHYHUTE CHOWTHSA.
pa3JeNieHd ¢ TaKUBa Y4acThIM OT HYINU. 1a Ce MPUEMAT KaTo OTACITHU CErMEHTH, aKO HYJIHUTE ca B
npoabokeHue Ha mosede OoT 100 mc. ExcnepuMeHTaIHO € yCTaHOBEHO, Y€ TakaBa TpaHHIla
MO3BOJISIBA JIa C€ CETMEHTUPAT aKyCTUYHHUTE BOKAIM3AIMM HAa MHOXECTBO NMTUYU BOKaJIU3aIUH, B
T.4. © Amazonian Streaked Antwren. B pesynaTtaT Ha TPUIOKEHUS aJITOPUTHM JIBE aKyCTUYHU

! Asrop Ha 3anuca e Jeremy Minns, 2003-04-10, 15:58h, Brazil, Pousada Thaimagu. Rio Sdo Benedito. M3rounuk: Xeno-Canto.
URL: http://www.xeno-canto.org/sounds/ uploaded/DGVLLRYDXS/MYRMUL09.mp3
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CHOUTHS ce 000C00SBAT KAaTO CaMOCTOATENHU, aKo OTCTOAT Ha moBede oT 100 mc. [IpunoxkeHn kbpM
CHeKTporpamMarta, rmokasana Ha ¢urypa 3, Taka OMUCAHHSIT aITOPUTHM JOBEXkAa 10 (hopMHUpaHE HA
12 0060co0eHU CerMeHTa, KOUTO CE allPOKCUMHUPAT CAMOCTOSATEIIHO, KAKTO € OITMCAHO B Clie/BalllaTa
CEeKIHS.

2.3. UuTepnonanus

W3non3Baiiky MO3ULKMUTE C MAKCUMAaJIHA KOHLIEHTPALMs Ha €HEPTUATa, ONPEAEIEHU ChIIIaCHO
npeBapuTenHaTa o0paboTkaTra Ha CUTHajIa U cerMenTanusara B Cekius 2.2, ¢ TOMOIITa Ha YMCIIOBA
MHTEPIIONALUS C€ KOHCTPYHPAT HOBU YMCIOBU CTOMHOCTH, KOUTO OMUCBAT 000COOCHUTE y4acTbhLH
OT XapaKTepucTuIHaTa Meaoaus [2].

3a menta ce u3noi3Ba HopMmanmHOTO (I'aycoBo) pasmpenenenwe [3]. B oOmusa ciywait
HOPMAJTHOTO pa3mpezesieHue ce IMoJlydyaBa OT BJAWIAHETO Ha KBaJpaTHAa (YHKIMS B €KCIOHEHTA.
ToBa Boau 10 kinacuueckara kambanoBuaHa Gopma. KoeguuueHTsT a KOHTpoiMpa MUpUHATA Ha
kam0OaHara, b KOHTponMpa LEHTpamHHs MaKCUMyM Ha KaMOaHaTa IO JbJDKMHA Ha OCTa X, a C
KOHTpOJIMpa BUCOYMHATa Ha KamOaHaTa. B Hacrosimara pa3paboTka ce M3MOi3Ba MOJEN C IIeCT
l"aycoBu ¢pyHKIuu:

(x=b1) (x=b)1? (x—b3)7? (x=ba) 2
- - ~[2he)

_[ ]2 (x=bs).2 _[(X—bs)]z
fx)=aie ! @ 1 +ae ! 21 +azel ! +ae

tage U eV Hae e ) (1)

[Tokazanusar Ha ¢urypa 3 CUTHAI € CErMEHTHUPAH Ha JIBE TOJIEMH Irpynu ¢ obmio 12 ornenHu
CerMeHTa. 3a TpU OT TE3H pe3yATaTHTe OT MojenupaHeTo ¢ (1) ca mokasaHu CbOTBETHO Ha (Urypa

4, ¢purypa 5, u urypa 6.

et 1_neem +

x1

Snarm

@ur. 6. ApokcuMaIus Ha XapaKTepUCTHYHATA MEJIO/INS 32 CErMEHT 3

AHanu3upaiiku BpEMEBHTE CETMEHTH, C€ IIoJlydaBaT CJIEJHUTe KOe)UIMEHTH Ha
anpokcumupamure Gyakuuu (Tadnuna 1):
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Tadauua 1. M3uncinenn cToifHOCTH Ha TTapaMeTpuTe Ha Mojena (1) 3a Tpu
000co0eHH aKyCTHYHU CHOUTHS OT purypa 3

C/S | Segment 1 Segment 2 Segment 3

al |0.3562(-0.03164:0.7441) 27.06(11.81:42.31) ]0.221(0.103:0.3391)

bl |1.561(-1.405:1.718) 1333(1332:1334) 128.1(127.3:129)

cl |0.4019(0.1842:0.6196) 3.275(1.497:5,053) |3.96(2.248:5.671)

a2 J0.9161(0.8978:0.9344) 124.5(-193.6:442.5) J0.3478(-0.2405:0.9361)

b2 |-0.3891(-1.535:0.7573) 1349(1289:1409) 143.6(140.6:146.6)

c2 |3.203(-0.2408:6.647) 61 81(-48.24:171.9) |12.09(2.642:21.55)

a3 |0.09361(-0.3748:0562) 38.18(23.6:52.76) 0.3441(0.06392:0.6243)

b3 |-1.66(-2.601:-0.7182) 1324(1322:1326) 118,1(115.9:120.4)

c3 |0.65(-0.5028:1.803) 7.897(4.278:11.52) J1028(4.922:15.64)

a4 |0,00593(-0.004227:0.01609) |-2.512(-26.63:21.61)]1.188e+07(-4.84%9e+10:4.851e+10)
b4 |0.9096(0.866:0.9531) 1286(1255:1316) 533.7(-8.574e+04:8.681e+04)
cd |0.03417(-0.03834:0.1067) 13.05(-56.5:82.6) 88.04(-1.027e+04:1.045e+04)
a5 |0.07283(-0.2749:04205) 20.6(-367.9:409.1) 0.1198(-0.1475:0,3872)

b5 |0.7045(-1.433:2.842) 1274(1127:1421) 101.4(63.85:139)

c5 0.5525(-1.029:2.134) 38.76(-160.8;238,3) |22.57(-16.05:61.19)

a6 |0.04648(-0326:0.419) 104.9(50,19:159.6) J0.7045(0.,6817:0,7273)

b6 |0.9264(0.7548:1.098) 121001024:1396) 50.96(8.389:93.53)

c6 ]0.2903(-0.2067:0.7874) 90 9(-333 4:533.2) 163(20.07:306)

3. 3akiouenue

AHaIM3UPAHUAT METOJ| TO3BOJISIBA BCEKHM CETMEHT OT CHUTHAla, ChIbpXKall 000c00eHO
aKyCTHYHO CHOUTHE, J1a Ce Pa3riiexk/1a KaTo XapaKTePUCTUIHA KPUBA 3a JaJICH B BOKAJIM3AIHS HA
KOHKpeTHHs OuonornueH Bui. OT MONy4eHUTE EKCIIEPUMEHTAIHU PE3YyNITaTh € OUEBUIHO, Ye MpHU
W3II0JI3BaHE HA XapaKTEPUCTHYHO OIMHUCAHUE ChC cMec OT ['aycoBM (yHKIMHU ce moiydaBa 1o0pa
anpokcuManus. OTHOCUTETHO MaJlkaTa Ipelllka MEXJy CUTHajla W anpoKcuMupaiiara (QpyHKUIus
MOKa3Ba, 4e M30paHUAT MOJEI MO3BOJISABA JOOPO MPUOIMIKCHUE 0 aHAIM3UPAHUs OMOaKyCTUYCH
curHai. Cren ompenensHe Ha KoedunueHture B Mojaena (1) ce cbcraBs cuctemara OT
XapaKTepUCTHYHU ypaBHEHUS, OMMCBAIIM IPyNa CETMEHTH OT CUTHAaJA.

TakoBa KOMITAKTHO OMHMCaHUE Ha aKYCTUIHHUTE CHhOUTHS Ch3/]aBa YCIOBHS 3a pa3paboTBaHe HA
HOBU METOJIU 3a MMapaMeTpu3allvs Ha CUTHAIA U 3a Ch3[]aBaHE HAa HOBM METOJIU 3a pa3lo3HaBaHE Ha
TOoJIsIM 6p0171 JKUBOTHHCKH BUAOOBC 110 TAXHATA XapaKTCPHUCTUIHATA MCITIO M.
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AN APPROACH OF BREAST LESIONS MODELLING

Galya Gospodionova

Abstract: Development of new detection breast tumor systems relies on the virtual clinical trials, which
insist availability of a large number of images with realistic looking pathologies. For this purpose, as realistic
as possible models of the breast with lesions are needed. The goal of this study is to create and evaluate a
methodology for generation of realistic computational models of breast tumors with irregular shapes and
import them into real mammaographic images.
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1. Introduction

Breast cancer is the most common heterogeneous malignancy in women under 70 years old
[7]. Despite the success in science and medicine the morbidity and mortality still increase. The main
factor that improves the chance of survival is the early diagnosis. That is way the new technologies,
which aim to detect and diagnose the findings during screening of the breast as earlier as possible,
are constantly under development. The collection of a sufficient number of images containing
pathological structures is a major limiting factor for performing a clinical study to test a new system
[8]. Computerized modelling tools and simulation techniques could create data for these needs and
replace expensive conventional clinical trials. The goal of this study is to create and evaluate a
methodology for generation of realistic three dimensional (3D) computational models of breast
tumors with irregular shapes and import them into real mammographic images. These hybrid
images will be stored in an open database, which is intended to be used for the development of new
breast cancer detection technologies and performing feasibility studies prior implementation in
clinical practice.

2. Materials and Methods

The overall methodology of creation of mammograms with computationally generated breast
lesions is schematically shown in figure 1. Each part of the block diagram is presented in the
following subsections.

A. Methodology for creation of breast lesions

The methodology for the creation of breast masses with irregular shapes consists of two major
steps: (a) use of random walks to create the initial diffusive tumor shape, which is realized by either
a Brownian motion or by nearest neighbor random walks, (b) creating of a solid tumor shape by
applying a set of 3D filters, as well as morphological operations. In particular, the initial diffusive
models were smoothed by applying the following image processing methods: averaging, repeated
dilatations, morphological opening and closing and final smoothing, all utilized in 3D. Then, the x-
ray image of the lesion was generated by a simulation tool. Thereafter, a technique for embedding
of the simulated image of the masses in real mammography images was created and applied.

The Brownian motion random walk begins by assigning the central pixel of a 3D array - a
value of 1 as a tumor pixel [2]. The tumor size is a function of the size of the voxel matrix and the
voxel resolution, defined by the user. The user also assigns a number of random walks. Each
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random walking process stops either at the matrix boundaries or when the assigned number of steps
is reached. The random walk starts from the center of the matrix and each step moves randomly to
one of the neighboring voxels, assigning it as the abnormality composition.

A. Breast Lesions Modelling
* Brownian motion method

* Nearest neighbour random
walks method

B. Generation of mammaography
image of the lesions

C. Embedding the projection | D. Patient
lesions into real patient images | images

E. Evaluation of images

* Subjective evaluation

* Objective evaluation

Fig. 1. An outline of the process of creation of an x-ray mammogram with a breast lesion

The resulting structure is converted to an abnormality with solid geometry by applying further
processing with morphological operations: averaging, dilation, erosion. In these operations, the
structuring element is a cube. For instance, the repeating dilation is made with a large cube size
(5x5) followed by dilation with a smaller cube size (3x3), while averaging is reached with uniform
averaging filter (arithmetic mean). Other morphological image processing methods, closing and
smoothing have also cube as a structuring element. Size of the structuring element as well as its
shape can be changed.

By changing the number of walks, number of steps per walk, degree of averaging, dilation
and erosion, the shape of modelled tumor is also changed as well the malignancy is also altered.
Examples of generated abnormalities are shown in figure 3 a, b and c.

The Nearest neighbor random walk algorithm is based on the model used by Ruschin et.al.
[8]. The random walk begins by assigning a value 1 to the center pixel of the 3D array. For each
iteration, the nearest neighbor of the pixel chosen on the last iteration, are randomly selected from a
uniform distribution and subsequently a non-zero value is assigned to them as a new tumor pixels.
The difference between The Nearest neighbor random walk algorithm and Brownian motion
random walk algorithm is that the first one uses a parameter more — this is the probability of the
tumor growing in the given direction/walk. On each iteration the amount of the new tumour pixels
to be chosen on next iteration is increased with the selected probability. The walk is completed
when the border of the 3D array is reached [5]. Examples of generated irregular abnormalities are
shown on figure 3 d, e and f.

B.Generation of mammography image of the lesions

X-ray projection images of 3D breast lesions were generated by using an in-house developed
software application - XraySimulator [1], capable to simulate the x-ray transport through the
computational tumors. The geometry and the parameters of the simulated x-ray imaging are shown
in figure 2.
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Fig. 2. Scanning geometry and parameters. Three acquisitions at 0° (CC), 60° (MLO), 90° (ML) were

simulated. Source to detector distance is 800 mm, while source to patient table distance is 600 mm. The
insert of this figure shows the simulated projection image of the breast lesion

| Source-Object Distance

Source-Detector Distance

X-ray images were simulated for monochromatic x-ray beams with energy of 20 keV.
Distances from the source to the isocenter point, where the centre of the tumour was placed and to
the detector surface were 600 mm and 800 mm, respectively. The size of the images was 500 x 500
pixels, while the pixel resolution was 0.1 x 0.1 mm. Analytical relationship between the initial
intensity of the x-rays and the intensity registered at the detector is exploited. The transmitted
intensity I reaching the detector pixel is calculated using the Beer’s law:

I =1, *exp(—{u(x, y,z)le (1)

where u(x, y, z) is the spatially dependent linear attenuation coefficient, I is the path length through
the object and |y is the intensity of radiation at the source that emits to the area of the detector. The
generated images are free of scatter, since they exploit the analytical relationships for x-ray matter
interaction.

A more complex level of simulation of the radiation interaction at the absorber and the
detector includes Monte Carlo techniques. These are used to calculate the photon transport by
sampling the interactions with the matter and the distances that x-rays travel until the next
interaction. Since these techniques are time consuming, the use of powerful multi-core computers or
cloud computing.

Three mammography views were simulated: mediolateral-obliqgue (MLO), cranio-caudal
(CC), and mediolateral (ML) views, which correspond to 60°, 0° and 90°.

C. Embeding the projection of the lesions within the patient projection images

Anonymized planar and free of breast abnormalities patient images obtained with Giotto
Tomo IMS system, were used . The pixel size of the images is 100 um x 100 pum. The created
projection image of the breast tumor is then added to the patient image by using the following
approach. Initially, patient and lesion images were normalized to their maximal values. Then, the
values of the lesion pixels are transferred to the patient images at a position defined by the medical
doctors. No further image processing is applied at this stage. The program script implementing the
embedding procedure was written in Matlab [9]. Images are then stored in a database and used in
the subjective assessment and research and educational activities.

D. Evaluation of images

The realism of the projected breast masses on 2D projection images was evaluated both
subjectively and quantitatively. Subjectively, images with embedded projection lesions were
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visually assessed by a medical doctor involved in screening and diagnosing of mammography
images. The focus of the evaluation is the realism of the lesions: brightness, shape, size and location
on patient mammogram. For the objective evaluation, the recently developed software application
for quantitative assessment of x-ray images was used [6]. Specifically, the tool is used to compute a
set of features from x-ray images such as standard deviation, skewness and kurtosis, fractal and
spectrum analysis. These features are then compared to features extracted from real patient images
with breast lesions.Pages must not be numbered.

3. Results and Discussion

A. Created breast lesions

Thirty irregular masses with different sizes and shapes were generated with the proposed two
methodology: 15 irregular masses by using the Brownian motion method and 15 such by using the
Nearest-neighbour random walks method. The parameters used for their generation are summarized
in table 1 (A and B). Each voxel of the three-dimensional array represents an elemental
composition, which can be either air (no abnormality) or water. Water was chosen as an elemental
composition to represent the mass abnormality, since their x-ray properties are very similar [10].

The data format used for this representation is 16bit unsigned integer. The size of the three-
dimensional arrays varied between 100 x 100 x 100 voxels to 200 x 200 x 200 voxels, which
corresponded to approximately 15 and 30 MB, respectively. Number of walks and steps varied
between 500 to 2000 and 1000 to 5000. These numbers were found to reflect the variety of the
shapes which can be obtained with the discussed algorithms. The equations must be centred and
numbered - with numbers in brackets aligned to the right.

Table 1. Parameters of the tumors generated using Brownian motion method

No 1] 2]3[4][5]6] 7 [ 8] 9 J10]1nmn]12]13]14] 15
T“fg?;ef'ze' 100 x 100 x 100 200 x 200 x 200

No of walks | 500 | 500 | 500 | 500 |1000|1000| 1000 |1500| 1500 | 2000 | 500 | 500 | 1000 |1500| 2000
No of steps |1000|2000 3000|4000 |1000|3000| 4000 {3000 5000 | 4000 [1000| 3000 | 1000 {1000| 1000

Table 2. Parameters of the tumors generated using Nearest Neighbour Random walks method
No 1 [2[3]4]5s5 6] 7 [ 8 ]9 J1oJ]11J]12]13]14] 15

;‘j(r:fr S1ze. 100 x 100 x 100 200 x 200 x 200

No of walks| 500 | 500 [ 500 [1000 | 1000 [1500] 1500 [2000 | 2000 [ 2000 | 2000 | 500 [1000[1500] 2000

No of steps [1000 [2000 [3000[1000 | 2000 [2000] 4000 [1000 | 2000 | 4000 | 5000 [3000 [1000 [1000 | 1000

1 pixel = 0.1 mm

Examples of generated models of tumors are shown in Figure 3. As was already mentioned,
variation of the parameters in tumor-modeling affects the irregularity of the mass. As shown in the
figure 3, examples of masses simulated with nearest neighbor random walk look smoother and more
benign, whereas those generated with Brownian motion method look speculated and malignant.
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(d) ()
Fig. 3. Breast lesion models, generated by (a, b, ¢) the Brownian motion method; and (d, e, f) by the
nearest neighbour random walks method. Specifically, the lesions in (a-c) correspond to lesions 2, 11 and 14

from Table 1, while lesions in (d-f) correspond to lesions 3, 9 and 14 from Table 2

The computational time for the generation of the lesions by the two algorithms was similar.
For a tumor array of size 100 x 100 x 100 pixels and 500 walks, the needed computational time was
around 5 min., while for a tumor array of 200 x 200 x 200 pixels and 2000 walks this time was
approximately 15 min. All simulations ran on a laptop configuration RAM 8GB, Processor Intel(R)
Core(TM) i5-32320M CPU @ 2.60 GHz, 64-bit operating system.

A. Mammography images
The created three-dimensional lesions were processed with the XRAYImagingSimulator,
developed in our Laboratory [2] and mammography images at three different mammographic views
(60°, 0° and 90°) were received. Two such examples are shown in Figure 4a, b.

-

(@) (b)
Fig. 4. Projection images of two of the generated tumors: (a) Tumor generated with Brownian motion random
walk 200x200 pixels, 500 walks and 1000 steps; and (b) Tumor generated with Nearest-neighbour random
walks motion random walk 100x100 pixels, 500 walks and 2000 steps.

By using a Matlab script [9], the projection images of the created tumor were mapped to the
real mammography images, which are free of lesions. Images are then stored in a database and used
in the subjective assessment and research and educational activities.

(b)

Fig. 5. Real patient images with inserted lesions in (a) MLO view and (b) CC view
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Mammograms with the inserted projections of the abnormalities are shown in figure 5a, b. In
figure 6a, the projection image of the lesion is inserted into a patient MLO view projection, while in
figure 6b the projection image of a small abnormality is inserted into a patient CC view.

A. Evaluation

The generated thirty mammographic projection of tumour images were visually inspected by
a medical doctor with experience in mammography imaging. While the realism of the shapes on the
image is quite promising, the comments were mainly to improve the contrast appearance of the
abnormality as well as to smooth the tumor outlines. Another limitation of the proposed approaches
is the long computational time when high-resolution models are to be generated. This limitation
may be overcome with parallel implementation of these algorithms or by using cloud technology.

Objectively, four parameters: skewness, kurtosis, fractal dimension and the power spectrum
parameter 3 were evaluated from these images. The skewness and kurtosis were 0.14 + 0.30 and
2.55 £ 0.29, while the evaluated fractal dimension was 2.60 £ 0.08. The power spectrum parameter
B was 2.79 + 0.15. These values are well within the ranges of values for these parameters, reported
by other researchers [3, 4]. Currently, we are collecting patient images with breast lesions which
will be used to evaluate these parameters precisely and perform the comparison with the simulations
correctly.

4. Conclusions

The methodology for the creation of breast masses with irregular shapes will be used to
generate unique and at the same time realistic in shape and size computational models of breast
adenoma, intraductal papilloma, cysts and duct hyperplasia. These computational models are
powerful tool in the hands of all professionals working toward the creation of new technology for
screening and diagnosing of the breast.
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