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General interest

A strong interest in big data can be seen after 2010, where the term

machine learning took up in the second half of the ’80s and atrtificial
intelligence has measurable volume as early as the '60s, and it has
shown a decline through the '90s 2000s and the first half of 2010s as

well
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Academic interest

Big Data as an Emerging Field

The field of Big Data has 3,315 papers (310 authors) compared with
22,500 articles published in the field of central banking, from a total of
1,001,932 articles in the archive. In the following figure, we can see that
around 100 articles are being published in this field every month.
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Legacy Systems

Xopsoranis mop: Craractae  (mbrsd01) Tycnaox Tapax I @
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Our Impact

Project Impact In Numbers
Creation of a standard, unified database ||» Condensed 70+ reports and 250+ sheets of data
templates into a single standardized data acquisition
model.
Reduced time-lag of official statistics ||» Reduced the time between data collection and data
dissemination from t+17 days to t+1 day.
=
CED Data collection frequency ||- Increased average data collection frequency from monthly
CEID to daily.
(=

Increased recorded annual data volume x425, from 40GB to
17TB (26GB when data mirroring and more with backup).

(
.

': Data volume

= Increased labor efficiency Enabled 200+ workers in the banking sector to focus on
n‘ (cost reduction and human error) |I- higher-value tasks such as problem solving and analytics.

)|

Improvements of the Entire Central Bank and Partners

‘CS * Increased analytical capabilities that supervisors can use to provide
policymakers and upper management with instant access to reports and
key indicators.

* The standardized data model and staging database setup allow banks to
change systems without disrupting the data-sharing connection.
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Current Data
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Regulatory reports

B

Loan Report of Banks

SME Loan Report
Rural-Area Loan Report
Mortgage Loan Report
Consolidated Balance Sheet
Interest Rate Lending Report
Balance of Payments
Liguidity Ratio Report
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Data Acquisition Model of
Big Data (FinPulse) System

20+

70+ o=
reports Standards
Data Security Data Quality Flexibility New potential
Data Data-Driven : Data
OEncryption °Culture @ staging DB Qanalytic:s
Role-Based Metadata New
QAccess o Management ° DAM Q KPIs

Access Logs QUnified Data QAdaptabIe to

and Auditing Management meet demands Insights

Multiple Layers Automated Supports Data

of Security Testing with Scalability Interconnectivity
(closed circuit Assertion

connection)

Extra Actionable

Data Acquisition Model
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standards & guidelines

IFRS
IMF SDDS
0 Monetary and
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Guidelines
O Balance of Payments
Manual
The System of National
Accounts
Green Taxonomy
AFI Sex-disaggregated data
guidelines
The International standard
industrial classification of all
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Merchant Category codes
Zip postal code
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Architecture
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The Big Data platform uses staging databases (i.e., parallel warehouse) that are kept on the bank’s premises to hold raw, granular-level data using the
BoM’s Data Acquisition Model (DAM) format which is encrypted and transmitted to the BoM through a closed-circuit connection, and offers a single,

unified source of information for both supervisors and banks to access in near real-time. Besides DAM, the platform also collects data from commercial
banks and licensed institutions through manually filled Dynamic form.

1. DataAcquisition Model (DAM): The DAM generates an automated report daily with access in near real-time, eliminates data redundancy and
inconsistency both interdepartmentally and system-wide, and can acquire and assimilate more forms of data.

2. Dynamic Form: Data that is not readily available through DAM will be collected using a web-based dynamic questionnaire management solution
connected to the big data system. Dynamic form uses customizable data templates at a fixed frequency and is easy to make additional changes

and updates to the reports.
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ETL “job”

=0 =

TALEND ETL

Statistics

1440
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Total i ——
38 38 B L
- F--- Merged fact table » Talend Jobs J (@) b S : : - o
—_— _- on Table 1 Table 2 S o o

10 10
— OBT » Talend Jobs Tal en d

CLOUDERA

talend >

Oracle J

PostGre [ 7.

Sso

1896 1896 38 10 mm 3840
SDB SQL * BDS SQL * Merged fact * oBT 2 Total SQL
tables tables tables’ SQL tables tables
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Data Acquisition Model

Basic Information of the Individuals & Organizations

DIM_ENT_PROPERTY_TYPE
ENT_PROPERTY_TYFE

DIM_MARITAL _STATUS

E§¥RP§$EFE$TJ§;E/PE_NME MARITAL STATUS D DIM_ENT_RESPONSIBILITY_TYPE
DATA_END_DATE MARITAL_STATUS_MAME SR INESRELRE IS
DT ACTINIE DA S TR _PNE ENT_RESPONSIBILITY_TYPE_NAME
i ey | DA [ERIDLIDISTE DATA_START_DATE
| | DATA_IS ACTIVE DATA END_DATE
| | DATA_IS_ACTIVE
DIM_GENDER s l DIM_ENTITY
DIM_BANK GEMDER_ID DIM_INDIVIDUAL
BANK_ID GEMDER_NAME S DIM_BANK DIM GENDER o DM_BANK.D DIM_PROYINCE
DATA START DATE DIM_EMPLOYMENT_STATUS T T S— ——————— e PROVINCE_ID
BANK_CODE DikA_BANE_ID BAME D “ENDEE 1D CUSTOMER,_CIF |
BANK_NAME S | CUSTOMER_CIF EMPLOYMENT_STATUS_D = - f~—-® CUSTOMER_REGISTER P e
BANK_REGISTER IS L | CUSTOMER_REGISTER BANK_CODE GENDER_NAME e CUSTOMER_MNAWME L PROVINCE_NAME
PARENT_BAMK_ID CUSTOMER_NAME o —— - EMPLOYVMENT_STATUS_MNAME BAMNK_NAME DATA_START DATE - DIM_ENT_RESPOMSIBILITY_TYPE_ID Yt AR e
FROVINGE D [ 00000 i __o BIRTH_YEAR DATA_START_DATE BANK_REGISTER DATA END_DATE Dib_ENT_PROPERTY_TYPE e EHE DR
SoUMID 000 e ————— I CUSTOMER_IS_ACTIVE DATA_END_DATE PARENT_BANK_ID DATA |5 _ACTIVE BEGIN_YEAR e
BAG_ID IZ_CITIZEN_OF_MONGOLIA DN IELAETNE PROVINCE_ID — CUSTOMER_IS_ACTIVE DA ELAETE
ZIF_CODE DIM_SECTOR Dit_GENDER_ID SOUM_ID MANAGEMENT_CIF
BRAMCH_TYFE_ID SECTORID gm_ggng%lTDOR o BAG_ID LECUOROOUIOLOROL —o MANAGEMENT_REGISTER DIM_SOUM
DATA_START_DATE = _SUB_ L P CODE o ———— — DIM_GEMNDER_MAMNAGEMENT_ID
DATA_END_DATE SECTOR_MAME _ 4 DIM_EMPLOYMENT_STATUS_ID DIM_ENT_RESPONSIBILITY_TYPE BRAMCH TYPE |0 OWHNER CIF - SOUK_ID
DATA_|S_ACTIVE ggi_ELgRg_A%TE ETAMPLE%\’TEFF“_E%%[E\]SBIUW TPE D ENT_RESFOMSIBILITY_TvFE_ID DATA_START DATE OWMNER_REGISTER SOUM_STAT_ID
SR LISRT = . DATA_END_DATE DIM_SECTOR DIM_GENDER_OWHNER_ID e | 3
DATAIS_ACTIVE DIM_ENT_PROPERTY_TYPE | ENT_RESPONSEILTY_TYPE_NAME | phlie acrnie o — oM SECToR D R =y
o B = f
Lo DIM_SOUM_D ! DATA_IE_ATTIVE SECIORENAME T Dit_PROVINCE_ID DATA START DATE =
5 DIM_EAG_ID ro = DATA_START DATE L _ 4l DM E0UM_ID DATA END. DATE BAG_ID
DIM_SUB_SECTOR =t DATA_EMND_DATE Dikd_BAG_|D DATA_|IS_ACTIVE BAG STAT ID
SUE_SECTOR_ID BRI SETTAL ETATUR [ DIM_PROVINCE DATA_IS_ACTIVE ZIP_CODE BAG MAME
SUE_SECTOR_NAME b — — @ DIM_EDUCATION_LEVEL ID PROVINCE_ID ' i Er\NAEEOA\l;ElENCgNMTE _____ PROVINCE_ID
SECTOR_ID MONTHLY_INCOME PROVINCE_STAT_ID I [ D e TAET DATE e PROVINCE STAT ID
DATA_START_DATE FAMILY_MEMBER CMT ¢ PROVINCE_NAME e s sy DATA END DATE b SOUM_ID
DATA _END_DATE DATA_START_DATE DATA_START DATE . ht BETA B AETIVE o SOUM_STAT_ID
DATA_IS_ACTIVE DATA_END_DATE - DATA_END_DATE DIM_SUB SECTOR = = DATA_START DATE
DATA_IS_ACTIVE DATA_IS_ACTIVE e Do e ¥ ' DATA_END_DATE
L .l SUB_SECTOR_ID | DIM_ENT_PROFERTY_TYPE DATA_IS_ACTIVE
! i SUB_SECTOR_MAME | | | ENCHREAERINC RS
DIM_BAG DIM_SOUM SECTOR_ID ENT_PROPERTY_TPE_NAWME
= SOUM_ID DATA_START_DATE S
BAG_ID - DATA_ERD_DATE DATA_END_DATE
BAG_STAT.D SOUM_STAT_ID DATA_IS_ACTIVE DATA_IS_ACTIVE
SOUM_NAME
e AN PROVINCE_ID
PROVINCE_ID =
PROVINGE_STAT_ID IFFROMINCE_Tr D
A DATA_START_DATE
4 DATA_END_DATE
SO DATA_IS_ACTIVE
DATA_START_DATE SEL

DATA_END_DATE
DATA_IS_ACTIVE
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Payment Information

FACT PAYMENT table

DIM_TRX_SUB_SYSTEM DM TRX_SYSTEM DIMMERGHANE .- COLUMN_NAME [-] ] DESCRIPTION
e i L b L (AR MERCHANT_ID | " - ” ” = ”
TRX_SUB_SYSTEM_ID TRX_SYSTEM_ID - TRX NUMBER Iy ayTaap BaHKyYIEIH I'YIUT33 Oypisir OH JaBTarganmyi ID myraap
TRX_SYSTEM_NAME o | TRX SYSTEM NAME gi?chaATi%‘rN,ADbggrE DIM_ITRS CODE ITRS myraap Tapaan ryfinrss xuicss Toxuonmons DIM_ITRS table-n xapramzax ITRS_CODE opyyimHa.
giﬁf;i@"r—&ﬁ gﬁlﬁﬁ“ﬂﬁﬁ B:ﬁ,‘ESNEEE:/TEE DIM_TRX_SYSTEM_ID Tendep TOOLOOHE CHCTEMIGH Topaln Bank moTopx Iyfimr?? Gon danxyva Inner-bank, I'apaan ryiras Foreign transaction Tepnoep Tyc TYC 0pyyImHa.
DATA_END_DATE DATA_IS_ACTIVE = 7. | DIM_TRX SUB_SYSTEM ID Tonbep TOOUOOHE! CHCTEMIH 151 Topen |Bamk moTopxu ryfmas Gon Gamxyya Inner-bank I'apaan ryfinrss Foreign transaction Tepneep TyC TYC 0pyyMHA.
LR o ee— ERSaRE | TRANSACTION _DATE Tyiomrs? XIGTACIE 6/1ep, Iar, MEHYT YYYY-MM-DD HHMM:SS dopuaraap Gaima
| } | DIM_BANK_ID Bank, canbap Xapumrars candap 133p XMETACIE Iyivma? 6o candape Kogoop aBHa.
| | l CUSTOMER_ACCOUNT XapHmIar{iiH TaHCHE IyTaap Hnr33ra1giH Jasc mias3 12 opoHTol Too opyYIHA.
s = | | CUSTOMER_FULLNAME Xapmiar{ms Bp T'amaan TyHAmrs? XHiCIH TOXHOMTONT HIT 33T HiH JaHCHE] HIPIST TEKCTIIp OPYYIHA.
} } r ————————— - CUSTOMER._CIF Xapumiarymim CIF Bankaun OYpITaITIil Xapimarasis faxus gaeTaruryit CIF myraaper opyyiHa.
| (B DIM_CUSTOMER_CURRENCY ID |Xapmar4siH TaHCHE BEATHT DIM_CURRENCY table-n xapramsax CURRENCY _ID opyyma
DIM_ISSUED_CARD R sl NOT LR ) % EXCHANGE _RATE X apHIIrHitH BEATHOTHH XAHIT BaTOTEH X2HIILH TYHT 0pYVIHA
i DMBANK | [SUEDCARDLD = T DIM_RECIEVER_BANK_ID Xymon asarumis 6am DIM_BANK table-n xapramax BANK,_ID opyymia
! BANK_ID EAS.LFJ EDS:FC:‘;TD _Ii)iér'\EAE ______ @ TEX NUMBER Rt o ATA_START DaTE|  DIM_COUNTRY RECIEVER _ACCOUNT XYM29H aBarigi JancHs AyTaap XYJT33H aBar it JaHc HEga9 12 opoHTOl Too 0pyyIHa.
: BANK_CODE DATA_END_DATE DIM_ITRS_CODE DATA_END_DATE COUNTRY_ID RECIEVER_FULLNAME XYT29H aBardimiE Hp T'agaan TyHra? XHic3H TOXHOITOND 3T YIEH JaHCHE! H3PIGT TEKCTP OPYVIHA.
EANK NAE DATALISACTIVE DIM_TRCBYSTEMID | EEV RS DIM_RECIEVER_CURRENCY ID |X i DIM_CURRENCY tabl CURRENCY_ID
P e Dy -, DIM_TRY_SUB_SYSTEM_ID ISO_ALPHA_3_NAME P . _ Y/T33H AEar4IiH JaHCHE] EAGOT [ able-n xapramax _ID opyyma
| | PARENT_BANK_ID TRANSACTION_DATE Eggﬁéi@ﬁﬁm"& DIM_NETWORK_ID Harncsu GonoH ragaan cyJoissHmi Tepen |[DIM_NETWORK table-n xapramax NETWORK_ID opyyima
| : e Bl RECV S e ——— P S COUNTRY_MN_FULL NAVE DIM_COUNTRY_ID XyTa9m apargi ycus 1yraap DIM_COUNTRY table-tin COUNTRY_ID epyvima.
} P DM BAG 1D s LI e | DIM_NETWORK FOUNTRY_EN_FULL_NAME DIM_ACCESS SUB SOURCE ID | XaHTamTeis 3% yyCEID DIM_ACCESS_SUB_SOURCE table-s xapramax ACCESS_SUB_SOURCE_ID opyyma
2IP_CODE K 2 - -
| [ S ER TR DM CLISTOMER CURRENCY 1D METWORK_ID DIM_CHANNEL_ID Tyitraamai Tepen DIM_CHANNEL table-s xapramax CHANNEL_ID opvyma
| b DATA_START_DATE DIM_CURRENCY DIM_RECIEVER_BANK_ID R MO [IATE DIM_DEVICE ID ToxeopoMIasi Tepen DIM_DEVICE table-uim xapramax DEVICE_ID opvyima
| [ DATA_END_DATE CURRENCY_ID RECIEVER_ACCOUNT » DATA_START_DATE
| 1 DATA_IS_AC = RECIEVER_FULLNAME DATA_END_DATE DIM_ACCESS_SUB_SOURCE DIM_TERMINAL ID TexeepeM:#ImiE TEPMEHAN AVTaap DIM_DEVICE BRANCH table-wim xapramsax TERMINAL_ID opyymia
- CURRENGCY_SHORT_NAME [~ — — —@| DIM_RECIEVER_CURRENCY_ID 1 DATA,_IS_ACTIVE "
| [ DIM_CUSTOMER CURRENCY_NAME DIM_NETWORK_ID ACCESS_SUB_SOURCE_ID DIM_MERCHANT_CODE MepHanTiit Tepen DIM_MERCHANT table-u xapramax MERCHANT_CODE opyvimsa
| [ CUSTOMER_CIF DATA_START_DATE - — — —e| DIM_COUNTRY_ID SOURCE_NAWE DIM_ISSUED_CARD_ID GaHKHEI KapTeIH it Tepen DIM_ISSUED_CARD table-r xapramzax ISSUED_CARD_ID opyyma
| [ - DATA_END_DATE DIM_ACCESS_SUB_SOURCE_ID >~ ACCESS_SOURCE_ID DIM CARD SERVICE ORG ID KapTaE Topen DIM_CARD_SERVICE_ORG table-n xapramax CARD_SERVICE_ORG_ID THA
| [ REGISTER_NUMBER DATA_IS_ACTIVE DIM_CHANNEL_ID ] DATA_START_DATE = ~ e PTEIH TOD = — - P _ _ORG_ID opyy.
| | ] g\lg'FSEDNE'EER ***** e DIM_DEWICE_BRANCH_ID 1 ggﬁ_‘ESNEEEQTEE DIM_TRANSACTION_TYPE_ID KapTee 031 Tepen DIM_CARD_TYPE table-u xapranzax CARD_TYPE_ID opyymHa
L DIM_MERCHANT_ID 15 - -
| : | 15_FOPEIGN DIM_SECTOR DIUNSSUEDICARDIDINE  —— DESCRIPTION T yiirasmii yira Texcr yrraap opyyima
} i l %I%E&%SEC%%ETEACT SECTORUD 1 gm aig__?ss\é\lcg_oﬁs_@ IS_CASH BarsH MEHT oM TYHITY? 303% 1= T, 0 = Yryit
| | | DATA_START_DATE J— — = SECTOR_NAME | DESCRIFTION | IS_ORDERED_TRX 3aXMaNTaT TYHmrs? 303X 1 = T, 0= Yryit
Lol DoRsEmE | oo | oo ' AMOUNT Lyieoundt o oo YITap SpYITOn
I : : SECTORID DATA_IS_ACTIVE | 13_VALID 1 DIM_ITRS_CODE IS_CONFIRM XYHHETIH 3035 Bamkyyn ITRS KoOET 3accal TOXHONOONT | T3K Ayraapiana. OmMHex 0Vpyy VITaTal ryirssr 0 Goirox eepimHe.
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Asset Loan Balance
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Cloudera
Bank of Mongolia’s Big Data cluster includes more than 20 services and 8+ servers.
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(@ Core Configuration 8
2
=B . ; - X
[’ Cruise Control 1 ¢ ESfact_tables P
. - : Tables 42) + = 1 E IF EXISTS DIM_INDIVIDUAL; ~ s
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v dim_individual 15| DIM_SUB_SECTOR_ID BIGINT,
* Impala 6 dim_liability_co_owner 16| DI! JYMENT_STATUS_ID BIGINT,
- . 17| EMPLOYER_NAME STRING,
§: Kafka 5 fact_asset_cash 18| DIM_ENT_RESPONSIBILITY_TYPE_ID BIGINT,
§ 19| DIM_ENT_PROPERTY_TYPE_ID BIGINT,
; KUdU a fact_asset_detail_balance 26| DIM_PROVINGE_TD BIGINT,
fact_asset_fixed_balance 21 M BIGINT,
. 22 BIGINT
L, Ll'v’}" a fact_asset_fixed_detail 23 BIG]HTJ
4 fact_asset_investment_detail 24 AL_STATUS_ID EIGINT,
@ Cloudera Management Ser... 1 2 svel_mo
fact_asset_loan_balance 26| MONTHLY_INCOME
&l Oozie 2 fact_asset_loan_detail E; Ef;f*\gﬁ;E;EEiNT
28| DATA I
- . fact_asset_monetary_detail 29| DATA_IS_ACTIVE B
*1 YARN Queue Manager 1 fact asset_other detail 38| ENCRYPTED HASH_BASEE4  STRING,
= - 31| DATA_IS_VALID INTEGER,
@ Ranger 2 fact_asset_owned_other_detail 32 RY KEY(DIM_BANK_ID,CUSTOMER_CIF,DATA_START_DATE))
33| STORED A5 ;
E fact_asset_trading_detail o ’
@ Ranger KMS 1 34
9 fact_equity 3(5: DROP TABLE IF EXISTS DIM_INDIVIDUAL_CDC;
. 36
[z) Schema Registry 8 fact_expense » 37 LE DIM_INDIVIDUAL_CDC
% Solr 8 fact_income ?g N e
= 3
fact_lass
/1 Spark 8 fact_liability_cur_dep_balance
SOO0P_CLIENT a fact_liability_cur_dep_detail
- . . fact_liability_other Query History Saved Queries
4 Streams Messaging Manag... 1 fact_liability_resource —
*‘_‘ Tez 8 fact_off_balance loan SELECT * FROM common_dimensions.dim_access_source LIMIT B
8 fact_off_balance._loan_bal INSERT INTO fact_tables.FACT_ASSET_LOAN_DETAIL (
fact_off_balance_moved_loan DIM_BANK_ID, CUSTOMER_CIF, ACCOUNT_NUMBER, OFFICIAL_DECISION_DATE, FIRST_ISSUANCE_DATE,
. ; ISSUANCE_DATE, DUE_DATE, PAYMENT_FREQUENCY, PAYMENT_AMOUNT, DOWN_PAYMENT_RATE,
& ZEPPE“H ] fact_off_balance_other TSSUED_AMOUNT, ANNUAL_TNTEREST_RATE, GOV_PAY INTEREST RATE, IS_CANCELED_TNTEREST_SUPP,
fact_off balance removed T5_ISSUED_EXCH_RATE_RISK_PRSN, TS_DEBT_INCOME_RATIO_OF _BOM, IS_RESTRUCTRED, TERM_EXTENDED_CNT,
= ZooKeeper 3 TERM_EXTENDED_DATE, TRANSFERRED_CLASS_DATE, TRANSFERRED_MORTGAGE_DATE, IS_BRWR_USEDTO_GER_DIST,
' fact_off_balance_trd_balance IS_BRWR_BUY_APART_FIRSTTIME, BRWR_DEET_INCOME_RATIO, ERWR_COBRWR_CNT, DATA_START_DATE, v




Vz Fin Pulse

Talend Big Data

The Big Data

tem

Big data system of the Bank of Mongolia has installed the TAC with 4 servers and 10 cores.
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