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Software Engineering Conference Russia
14-15 HoA6pAa, 2019. CaHKT-MNeTepbypr

O pa3paboTKe NpoTOTUNA BUPTYA/IbHOIO
aCCUCTEHTAa ANA rpaaaH YMHOro ropoaa

EBreHuu JINNKUH
YHusepcutetr UTMO



Komy byaer nHrepeceH aoknaa?

1. Pa3paboTymKam KoHUenuum «YMHbIN ropoa»
2. Pa3paboTtumKkam BMpPTYyasibHbIX aCCUCTEHTOB
3. Y4yeHbIm

4. YpbaHucrtam

5. AHAaNUTUKaM AQHHbIX

6. Bcem, Bcem, Bcem, KOMY MHTEPECHA KOHLEeNUMsa «YMHbIA ropoa»



«YMHbIU ropoa» — KOHUenuus
MHTerpaumm MHPGOPMaUUOHHO-
KOMMYHUKALMUOHHbIX TEXHONOTUM
M UHTEePHeTa BeLen ans
B3aMMOJENCTBUA C TOPOACKOMU

MHPPACTPYKTYpPOU



YnyduieHune

KavyecTBa
3[PaBOOXPaHEeHUS CoxpaHeHue
6e3omnacHoOCTU
T LundpoBmsaums
HKX
MHOPaCTPYKTypa
OonTMMm3auma ViydLeHne
3Heprum YMHbIe o6pasoBaHm YMHble
30aHuUdA KUTenum
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O HacC

Mbl - Hay4YHbIX KONNEKTUB Npu yHUBepcutete NTMO,
KOTOPbIN peLllaeT TeopeTnyeckme (NoKa 4Yto) 3aaaum
No peannsaumm KoHuenuum «YMHbIN ropoa»

Ha TeKywnm MOMEHT:
1. 1Ba roga Hay4HbIX nccneaoBaHnmn
2. bonee 10 Hay4yHbIX Ny6AUKaLUN

3. Mwem npuKknagHbie 3aaa4u



Hawa 3aaaya

CnpoeKTnpoBaTb CUCTEMY B3aUMOAENCTBUA
rpakJaH U CEPBUCOB YMHOTO ropoza U
pa3paboTaTb NPOTOTUN CUCTEMDI



Tunbl B3aUmMoAeucTsmA rpa*kaaH
N CePBUCOB YMHOIO ropoaa

- [lpepoctaBneHne MHGopmaLmnm

- [logaep*Ka NPUHATUA peLlleHnI



[Tpmepbl cepBUCOB YMHOro ropoaa



HazBanue cepuca

Omnucanue

Bxoaubie naHHbIE

BrixoaHrle qJaHHBIE

CepBuc BenonapKoBOK
ropoaa

ITo3Bomnsier nonyyars
uHpOpMALIHIO O
BEJIONIApPKOBKaX B ropojie

Apean noucka/Texyuiee
MECTOIIOJIOKEHHE
IIOJIb30BaTENs

Kapra BenonapxkoBok

CepBuc mpokara
BEJIOCUIIE/IOB

ITo3BossieT y3HaTh
MecTa IpoKara
BEJIOCHUIIE/IOB

Apean noucka/rexyuiee
MECTOIIOJIOKEHHE
MI0JIb30BATEIIS

Kapra nyHkTOB IIpokara
BEJIOCHUIIEIOB U
uHbOpMaLUs 110 HUM

CepBuc noucka
MapuIpyTOB IS
BEJIOCUIIEAUCTOB B

Ilo3BonsgeT uckars u
CTPOUTH MapIIPYyTHI IS

Mecrto otnpaBieHus,
MECTO Ha3HAUYCHHUS

MapuipyT ais
BEJIOCUIIEIUCTA HA

BEJIOCHUIIEIOB KapTe
ropozae
Ceprne ok ITo3BossieT y3HaTh Apean noucka/tekyniee |Kapra myHKTOB mpokara
10 G MecTa IpokKara MECTOIIOJIOXKEHUE aBTOMOOMIIEH U
aBTOMOOMIIEH .
aBTOMOOMIEH I10JIb30BaTEII uHbOpMaIKs 110 HUM
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Cepsuc npokara
CaMOKaToOB

ITo3Bonser y3nars
MecTa IpoKara
CaMOKaTOB

Apeai noucka/Texymiee
MECTOIOJIOKEHHE
MOJIb30BATEIIS

Kapra nynktoB npokara
CaMOKAaTOB U
uHbOpMaIUs 10 HUM

Cepsuc noucka

Ilo3Bonser HaTu

Apean noucka/Texyuiee
MECTOIOI0XKEHHUE

Nudopmanus o

12 I10JIb30BaTEIIsA, MECTO BO3MOXHBIX
MONYTYUKOB B rOPOZI€  |MOMyTYUKOB
OTIPaBIIEHUS, MECTO MOy TYUKAX
Ha3HAYCHUS
ITo3BosnsieT y3HaTh HNudopmanus o

13

CepBuc 11€H Ha TOILIUBO

TEKyIy0 HHPOPMALIUIO
0 LIeHaX Ha TOILUIMBO

Texkymas nara, TeKymiee
BpeMmsi

TEKYIIUX I[eHaxX Ha
TOILIMBO

14

Cepsuc ommxaimmx
CTaHIMU METPO

[To3Bonser nony4uTs
UH(OPMALIHIO O
ONMMHKAUIIAX CTAHIIAAX
METPO

Tekyiee
MECTOIIOJIOXKEHUE
M0JIB30BATEIIs, TEKYIIEE
BpeMs, TEKyIIas aara

Kapra 6mmxaimux
CTaHIM! METPO



CepsBucobi
YMHOro ropoga

10



CepsBucobi
YMHOro ropoga

3anpochbl
noJsibsoBarteneu
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CepsBucobi
YMHOro ropoga

CBA3biBaHUe

3anpochbl
noJsibsoBarteneu
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CepBuchol 3anpochol
CBA3biBaHue .
YMHOro ropoga nonb3oBareneu
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Mpumepbl moaenen cepsmucos

YMHOTO ropoaa

Soclal lnnovation
Project initiator E
Enargy
Buildings Mixed
[t
Geographical target  Water
National
E-Govemance
International Innovative Sensors
CO2 Emissions
o l %
Pul Security
Product Clows Compidting
Transponation
Dala Base
o= Lo
Management Description Tools Logal and financial
ool
Infrastructura financing ’ :
Business Model Othiar il techinologlés
Financial Resources
Cay Portable Smart Devices
Consurners / Citizens Smart Grids
Administration
Stakeholders
SMEs
Univarsity
Social Innovation Private
Project initiator
Energy Public
Private — - Mixed
Public Water Objectives
Mixed E-Governance
Specific Praduct Purpose CO2 Emissions
Innovative Sensors
No Specific o
i DSS
Urban Transportation
2iida Cloud Computin
National Description TRRTS,
Geographical target ). Data Base
International City
IcT
nsumers / Citizens
Private Toals Legal and financial
Publi Mg Administration tools
2 Stakeholders
k SMEs Other new technologies
Mixed
University Portable Smart Devices
Private
2 > ; Business Model Smart Grids
Public Infrastructure financing

Private > /
Public Financial Resources

Smart g

A g conflicts
( Detecting illegal behaviour
Facfitating seamless payment
Ci ing to reducing traffic

Developing social values
Reducing isolation Smart living
Improving safety r
Improving quallty of lile "'°"“‘Y

Smart

Reducing commuting time

haring transport
Heim Facliitating a sharing eeonomy Faclitating jou
Payment mmmy 9 Y
Generating new Mu of Reacucing CO2 emissions
Monitoring transport Smart onvimnmml
Contri g to a soclety

Generaling personal savings

Locating objects
Improving transport infrastructure
Driving guidance

Benefits

Using enviranmentally-mendly transport media
s Developing e-skills

Type of Service Smart people

Requesting mobility records
Locking and unlocking access to a resource

Improving transport resources
Joumey planners

Monitoring traffic Sharkg o reactircn

Calculating cost of a service or resource

Parking
Requesting guidance to move to a location
Reporting mobility Common Functionality ¢
Pedestrian Reque: near resources
Traffic light optimization ki
Context-smart Passenger R nearby
Personalized Transport authority Calculating arrival time
Anlicipatory Driver Booking a resource
Innovative services
Transparent Resource owner Paying a service
TochJoIogy [ g S
Participatory T .
! N Video recognition
Co-created Lgv“ of m [ oo Inductive-loop traffic doteclor
Context-aware }'; [ P Radio frequency Identification (RFID)
Connected Beneficiaries i B Closed circult tolevision (CCTV)
Transactional o Wi-Fi access points
Website \ [
Emerging Standard services { v Intemet access
Smart card h
Enhanced ICT ool ( s Mobile broadband
Dynamic message sign WA
Delivery Channels - " Near field communication (NFC)
Mobile device and applications

\{ % Global positioning system (GPS)

Short message service (SMS) N Gcrisiasin
=
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A MOXeT nyyue pa3paboTaTtb
Mmoaenb abCTpPaKTHOro cepsmca YMHOIo ropoaa u

MmeToadbl CeMaHTNYECKOTIo OornmMcaHumA CepBMCOB?
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Hawa moaenb cepsnucos
YMHOTIO ropoaa
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Data clustering ( Categories
Keywords

Data access

Amount of elements

Customizable service interaction

SOAP
1 Interaction way SPARQL
- Web-scrapping
Web API

Data type

RDF
XLSX
GZ
XLS
ZIP
JSON “» Restrictions on interaction with the service

XML Security level

( Processing
Type of service Data source

CSV
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CepBuchol 3anpochol
CBA3biBaHue .
YMHOro ropoga nonb3oBareneu
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Mpumepbl moaenen notpebHocTen
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Mopenu notpebHocTen |

n
B CA

b
1. Mupamunpga Macnoy

2. ERG mopenb

3. KOHTEeKCTHaA TaKCOHOMMUA

4. 3anpocbl Yandex



Mopenu notpebHocTen

1. NMnpamuga Macnoy

2. ERG mopenb A

3. KOHTeKcTHaa TakcoHomumA

4. 3anpocbl Yandex

DESIRES
WANTS
NEEDS
21



Mopenu notpebHocTen

1.

2.

3. KOHTeKcTHaA TakcoHoOMUA

4.

[Tupamunga Macnoy

ERG moaensb

3anpocbl Yandex

Unique ID Parent Name Tier 1 Tier 2 Tier 3 Tier 4
54 53 Business Accounting & Finz Business and Finance Business Business Accounting & Finance
55 53 Human Resources Business and Finance Business Human Resources
56 53 Large Business Business and Finance Business Large Business
57 53 Logistics Business and Finance Business Logistics
58 53 Marketing and Advertising Business and Finance Business Marketing and Advertising
59 53 Sales Business and Finance Business Sales
60 53 Small and Medium-sized Bu Business and Finance Business Small and Medium-sized Business
61 53 Startups Business and Finance Business Startups
62 53 Business Administration Business and Finance Business Business Administration
63 53 Business Banking & FinanciBusiness and Finance Business Business Banking & Finance
64 63 Angel Investment Business and Finance Business Business Banking & Finance Angel Investment
65 63 Bankruptcy Business and Finance Business Business Banking & Finance Bankruptcy
66 63 Business Loans Business and Finance Business Business Banking & Finance Business Loans
67 63 Debt Factoring & Invoice Dis Business and Finance Business Business Banking & Finance Debt Factoring & Invoice Discounting
68 63 Mergers and Acquisitions  Business and Finance Business Business Banking & Finance Mergers and Acquisitions
69 63 Private Equity Business and Finance Business Business Banking & Finance Private Equity
70 63 Sale & Lease Back Business and Finance Business Business Banking & Finance Sale & Lease Back
71 63 Venture Capital Business and Finance Business Business Banking & Finance Venture Capital
72 53 Business I.T. Business and Finance Business Business I.T.
73 53 Business Operations Business and Finance Business Business Operations
74 53 Consumer Issues Business and Finance Business Consumer Issues
75 74 Recalls Business and Finance Business Consumer Issues Recalls
76 53 Executive Leadership & MaiBusiness and Finance Business Executive Leadership & Management
77 53 Govemment Business Business and Finance Business Govemment Business 22
78 53 Green Solutions Business and Finance Business Green Solutions



o
Mopaenu notpebHocTen i
1. Mupammaa Macnoy e
2. ERG mogenb i
3. KOHTeKcTHaA TakcoHoMuUA orevan
4. 3anpocbl Yandex m
-

Kakou

Kak y3HaTb
Kak cgenatb
Kak npaBubHO
Kak nony4uTb
Kak HanuTu

KaK MOXHO
Kak

3a4eM

ONs yero

roe HaxoguTcs
roe

B AOMalUHUX YC/TOBUSAX



Hawa moaenb NoNb30BaTE/IbCKUX
3anpocos
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Mprmep UCXOAHbIX AAHHbDIX

NMpumep 3anpoca
nosb3oBaTtenAa

NMpumep pekomeHaauuUn

NnoNb30oBaTeNb COOU paeTcA
KyAad-TO NOoexXaTb

Y10 HapeTb?

noroga, oAexKaa, 30HT,
BeTep

Kak poexatb?

TPAHCMNOPT, TAKCW,
KapWw3pUHr

NoO/Nb30BaTeNb KaXabl byaHNI
neHb BbixogmT B 8:00 Ha paboTy

Y10 HapeTb?

noroga, oAexKaa, 30HT,
BeTep

Kak poexatb?

TPAHCMNOPT, TAKCH,
KapWw3pwUHr

NONb30BaTE/b B MATHULY WU
cyb6b60Ty Beuepom cobupaetca
Ky[a-TO noexaTb

Kyna noexatb?

pecTtopaH, Kade, bap,
KaNbAHHaA

Y10 HapeTb?

noroga, oAexKaa, 30HT,
BeTep.

Kak poexatb?

TPAHCMNOPT, TAKCW,
KapWw3pWUHr
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Cook

At home

Delivery

Equipment Nearby

Clothes ;
Buy something At restaurant Cheap
Food
Medication —
In the city
Taxi
Gate Visit something On foot
Bar
Restaurant In the city Go to

Other city
In the country <
Walking Relax Other country
Cinema
e e » Other country

In the country
» Other city

» In nature

26
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CepBuchol 3anpochol
CBA3biBaHue .
YMHOro ropoga nonb3oBareneu
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BapuaHTtbl peanusauum

1. Cuctembl NoAAEPHKKN NPUHATUE PELLUEHUN
2. BonpocHo-oTBETHbIE CUCTEMDI
3. BupTyanbHbIN accncTeHT

4. CepBuC pekomeHaaUnM

28



BonpocHO-OTBeTHble cucrembl

(Question answering systems, QAS)

29



Mpumepbl QAS

-QALD 1
FREYA
poweraqua
SWIP
-QALD 2
Alexandria
SemSeK
MHE

QAKIS

-QALD 3

Intui3

squal2sparqgl ISOFT

CASIA
Scalewelis
RTV

Intui2
-QALD 4
Xser

gAnswer

-QALD 6 gAnswer

CANalLl TeBaQA

RO_FII PersionQA QASystem
-QALD 5 UTQA -Miscelleanous
APEQ KGWAnswer NLSearch
QAnswer NbFramework OKBQA
SemGraphQA UIQA DEANNA
YodaQA -QALD 9 FRANKENSTEIN
HAWK WDAqua-corel SINA

Start

TBSL
LODQA
AskNow
Platypus
Quepy
SorokinQA
questlO

QUINT

30



Tunbl QAS

1. C ucnonb3oBaHMEM MALUMHHOIO obyyeHun

2. C ncnonb3oBaHMEM ceMaHTUYeCKoro Beba

31



Tunbl QAS

1. C ucnonb3oBaHMEM MALUMHHOIO obyyeHun

2. C ncnonb3oBaHmMem cemaHTU4YecKoro Beba

32
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CepsBucobi
YMHOro ropoga

CBA3biBaHUe

3anpochbl
noJsibsoBarteneu
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CepBuchol 3anpochol
CBA3biBaHue .
YMHOro ropoga nonb3oBareneu

Kak peanusosaTb?
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ApXUTEKTypa
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Knowledge base node

Data extractor il
and converter E

SPARQL E SPARQL
endpoint REST API

Data extractor E Knowledge base O Access
and converter O ) restrictor " @

Data extractor, $:|
aggregator and
converter

Data source {l

mediator
REST API = ‘ . . Teli%:am
O\
4

Users profile node

Services
REST API

g] 1 IS

Social Network {() Knowledge base O)_ Profiles management Users
profiles reader and access component O REST API

36



Social Network

node

Social Network
service

Users profile node

=]

Social Network
profiles reader

Knowledge base

(O

Services register node

Knowledge base

=]
-

and search
component

Service register

REST API O/

Service provider node

(O,  web

interface

Service info @
management
component

Browser

Services
REST API
_OD_ Profiles management Users
and access component REST API
e
User interface rjode
Chat-bot @
interface
component
Search
2] REST AP . 2
@ component _O

Web interface
component

User PC

Browser
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ANropuTm BbiNnoJIHEeHUA 3aNpocos
Ha ecTeCTBEHHOM A3blKe

38



OnucaHue anroputma

1. bepem 6a3y 3anpocos n3 facebook c cywyHoctamu c freebase
2. Odenaem mannuHr freebase cywHocTten B wikidata

3. NoarotaBnmnBaem AaHHble (YMCTUM, NEPEBOANM, NEMMATUIUPYEM,
ybupaem ctoncnosa)

4. ObpabaTtbiBaem gaHHble (reHepupyem 3anpocbl SPARQL B wikidata)

5. CoxpaHsAieM NnoJiyyeHHble pe3ynbTaTbl /15 BblABAEHNA ONTUMANbHOM
cTpaTermMm nomcka cBA3aHHbIX CYLLLHOCTEN

6. BblumMcnaem TOYHOCTb dJITOPUTMOB ANA KaxXKA0ro BapmaHTA
npeactaBieHnAa CTPOK U ANA Pa3HOIo 4Yncjia pe3y/ibtatos

39



Mpumepsbl pabotbl anropmutTma
BbINOJIHEHMA 3aNpoOCoB
Ha eCTeCTBEHHOM fA3blKe

40



1. BBop 3anpoca: Kak pobpaTtbca go asponopra
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1. BBop 3anpoca: Kak pobpaTtbca go asponopra

2. OnpeaeneHue CyLWHOCTEN:
1. JobpaTtbca —> cywHoctb Mapuwpyr (id 7732)
2. AsponopT —> cywHocTtb Aaponopr (id 4380)

42



1. BBop 3anpoca: Kak pobpaTtbca go asponopra

2. OnpeaeneHue CyLWHOCTEN:
1. JobpaTtbca —> cywHoctb Mapuwpyr (id 7732)
2. AsponopT —> cywHocTtb Aaponopr (id 4380)

3. OnpepgeneHune cepsuca yMHOro ropoaa ana cywHoctnm Mapupyr:
1. CepBUC NOCTPOEHMNA MAPLUPYTOB
2. CepBUC TaKcH
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1. BBop 3anpoca: Kak pobpaTtbca go asponopra

2. OnpeaeneHue CyLWHOCTEN:
1. JobpaTtbca —> cywHoctb Mapuwpyr (id 7732)
2. AsponopT —> cywHocTtb Aaponopr (id 4380)

3. OnpepgeneHune cepsuca yMHOro ropoaa ana cywHoctnm Mapupyr:
1. CepBUC NOCTPOEHMNA MAPLUPYTOB
2. CepBUC TaKcH

4. OnpepeneHue napameTpoB cepBuUca

44



2.

3.

4.

BBopa 3anpoca: Kak aobparbca Ao asaponopra

OnpeaeneHme CyWHOCTEMN:
1. JobpaTtbca —> cywHoctb Mapuwpyr (id 7732)
2. AsponopT —> cywHocTtb Aaponopr (id 4380)

OnpegeneHue cepsuca YMHOro ropoga Ans cywHoct Mapwpyr:

1. CepBUC NOCTPOEHMNA MAPLUPYTOB
2. CepBUC TaKcH

OnpegeneHne napameTpoB cepBuca

BbinonHeHMe 3anpoca

45



Pesynbtatbl pabotbl anropmutmbl
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topl top3 top5 topl0 top30 top50 topl00
nls 20% 25% 27% 32% 36% 39% 45%
nls lemmas 29% 33% 36% 40% 43% 47% 51%
nls cutted begin 20% 23% 26% 31% 37% 40% 44%

nls cutted all 20% 21% 24% 26% 35% 37% 42%

nls cutted begin by lemmas 23% 25% 27% 34% 40% 42% 46%

nls cutted all by lemmas 17% 20% 22% 24% 29% 31% 35%

nls cutted lemmas, processed 14% 17% 19% 23% 27% 29% 33%

nls cutted start, processed 15% 20% 22% 26% 29% 32% 38%

nls cutted all, processed 12% 14% 16% 19% 22% 24% 28%

nls cutted start by ru lemmas, processed 10% 13% 15% 19% 22% 23% 26%
nls cutted all by ru lemmas, processed 9% 11% 13% 16% 19% 20% 24%
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UTOI'U
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Mnatdopma

« Caenann NnpoToTUN CUCTEMBI

« Apxutektypa OK

» OyeHb rMBKoO (Ba*KHO ANA HAay4YHbIX peLleHnn)
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ANropuTm BbiNOJIHEHUA 3aNpPOCOB
Ha ecTeCTBEHHOM A3blKe

« HU3Kaa TOYHOCTb

- MawwnHHOe obyyeHune (Hanpumep, aepeBbs
PELIEeHU) + onMcaHHble TPaMMATUKKN ONS

CepPBUCOB NyYylle noaxoaAaT Ana busHeca
(Cvpn, Anuca, ...)
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EBreHuu JIMNKuH

YHusepcutet UTMO

E-mail: elipkin@itmo.ru
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