bonbmye faHHbBIE ¥ MAIIMHHOE
oOyuyenue B HeadHunter: yMHEIN ITOUCK,
PEKOMEHOAlMU, IIPOr pPOBaHUE

Anexkcanap Cumopos
hh



Y Kaxxmoro cBou OOJIbIIIME OJaHHEIE

* [lnckosble nonkm B 2002

* MeguuUMHCKMe aKCcnepTHble CUCTEMbI
* AHTUBUPYCHI

* Beb6-aHTMBUPYCDI

* Be6-nonCK 1 NpU3HaKM No NOBeAEHMIO NONb30BaATENEN
* Classified



Big data - He TO/IBKO PO 00BEM JaHHBIX

J[ToCcTaTOUYHBIUA OOBEM

3a

[looxonoginue
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ABTOMAaTH3UPOBaHHASI MoJepalud pe3oMe

3a a L‘l a * [IpoBepPATb KAYECTBO 3aMNO/HEHUA PE3IOME Ha CAMOM
.ﬂ| BEPXY BOPOHKM Noabopa

® 3HaYMUTE/IbHAA YaCTb COMCKATENEMN MNJIOXO U HEMOJIHO
3adMNOJ/IHAKOT pe3rome

e MoaepupoBaTb BPY4YHYIO — A4OPOTO

[MTpobnema

* [lpoaon¥aTb MOAEPUPOBATb BPYUHYIO

Peu-IeH Me e MawwnHHoe obyyeHune




CxeMa pabOTHL aBTOMOIEPALIUU

2016: 20k HOBBIX pe3ioMe B fieHb, 20 MOepaTopoB

1. Pe3ynbTaTh PYYHOM MOJepalluy - uctopudeckue naHHwie, 200k pes:
2. Hayuunu mopmesns aBToMofeparnuu, 1k mpu3Hakos, auc roc 0.94

3. HoBBIE pe3ioMe MIPOBEPAIOTCSI aBTOMOOEPAaTOPOM

4., KaueCTBEHHBIE Pe3I0Me aBTOMATUYECKHU MOOTBEPKIAITCA

5. CIIOpHEIE CITy4yau OTIPAaBISIOTCA JIIOOAM

2017: >30k HOBHIX pe3roMe B feHb, T, 12 MomepaTOpoB ¥ KAYECTBO MC
const



IIOABEPKIEHO POOOTOM
(punpTpEI 063 ML);
P 152603; 11%

| ﬁonTBep}Kue
YeJIOBEKOM;
102990; 209




Dataset

| Splitter |
X ‘(/alid X TVFrain Y ’T'Frain
v ! ! Y Valid
: Categorica . |
He xBaTaer [ Numerical Dat} [ Data T L Text Data} I dlail.{ﬁ i
Kfold, bootstrapping I I I ciililierl
Feature engineering Convert to Binarize Text
[Polynomial] expansion Labels Transformers
[11/12] regularization v Sti K |
Vectorizers, encoders acker
Original PCA LDA QDA SVD
' ’ ’ Feature Selector ’ )
| Hyperparameter Sele ] ] AutoML
v I Sy oy I
ML Model Selector
"Evaluatof: XGboost - 3mecs,

Outf)ut: Best Models with Optimized Hyperpara

meters

http://blog.kaggle.com/2016/07/21/approaching-almost-any-machine-learning-problem-abhishe]

HerpoceTu «deep learning» - Opyrou Bapua




Keiic 2: ITporao3upoBanue BpeMeHHU PadoTh
KPI, prcka yxoma oy KOHKPETHOU KOMIIaHY

e CHU3UTb TEKYYECTb NepcoHana, CAKoHomuTb POT
® YBE/IMYNUTb NPOUN3BOANTENBHOCTb U BbIPYUYKY

CEVEQRE

e bonblie pabotbl HR'0B 1 pykoBogutenemn
e MawwnHHOe obyyeHune

PeweHue

e [lonncbiBaem K pe3tome KaHOANAATOB
NPOrHo3bl N0 BpemeHu paboTbl n KPI

OYyHKUUOHAN




CxeMa IIPOTrHO3UPOBAHUS BpeMeHU PaOOTHI U |

MR 26 000 000 pestome

OTOop o npo@d. obnacTu

? 3-5 npu3HaKoB

W OOIIOJIHUTEJILHBEIM KPUTEPUAM

Mopenb, pa3mengiolnas Iig )
BpeMeHu U KPI

PaHXupoBaHUeE II

Y
I.ll

{ ? ~1000 npU3HaKOB

BEPOSITHOCTH,
BpeMeHHu, KPI

7

10-200k pe3roMe B 00y4aromnyx BEIOOPKax



Pe3y.TIbTaTbI ITPEOITNIJIOTHEIX ITPOEKTOB

KoMmnanus bank 1 baHK 2 baHK 3 FMCG 1
[TpOIEHT HOBBIX COTPYOHUKOB,
KOTOPEHIE...
...paboTaroT Oosnee 2 roga 36,5% 34,0% 40,3% 30,5%
cenuac
...0ymyT paborath Oojnee 2 neT 48,6% 68,2% 75,9% 70,6%
C HalMM NPOAYKTOM
YMeHbIleHNEe TeKY4eCTU 1.33 pa3sa 2,05 pa3za 1,88 pa3s 2,31 pa3za
9koHoMusA ®OT Ha TeKy4YyecTH 2,9% 5,1% 4,68% 5,7%

« (CeHryac TEXHOJIOTHUS PEKPYTMEHTA Y KJIMEHTOB TaKas, YTO OHM HaHMMAKT KaHOUIaTOB, U3 KOTOPHIX TOIBKO 1/3 p
* MgI oTOMpaeM U IPefoCTaBiIsIeM pe3loMe KaHIUAaTOB, U3 KOTOPHIX 0 2/3 mpopabdoTaloT Ooblile 2 JIeT



Kenc 3: IlouCK, peKOMeHJalluy BaKaHCHH,
peKjiaMa BaKaHCHUU

* NopobpaTtb N0 pe3tome BaKaHCUU, NHTEPECHbIE
coucKaTento

e PNbTP NO NapameTPam BaKaHCUU, PyYHOM TapPreTUHr
e MalwunHHOe 0byyeHmne

PeweHue

e [NaBHas CTpaHWULa, pEKOMEHAyeMble BaKaHCUN B

(DyH KLI.MOHan CMUCKe pe3tome, PacCbiIKM € NOAXOAALLMMM

BaKaHCUAMMU




CxeMa pabOTH peKOMeHIaTeJIbHOU CUCTEMBI
a

490 000 BaKaHCUM

IBPUCTNYECKUM cbmanp ? 2 NpU3HaKa

PunbTpyrowaa mogens 1 ? 4 NpU3HaKa
PunbTpyrowan
moaenb 2 i 26 Npu3HaKoB

PaHXupytow,an _
Moaenb =4 538 npusHakos

44-500m nap B obyyatoLmMx MHOXeCTBax, nepenoabop 3a HOYb



CxeMa pabOTHI IIOKCKa

".’-.:' 490 000 BaKaHCUM

NMHpeKc Lucene

Pasgenatowaa moaenb +
NPOCTOE pPaHXMpOoBaHUE

CnoXHoe -
=4 =200 npu3sHaKkos

PaHXWpoBaHMe

44-500m nap B obyyatoLmMx MHOXeCTBax, nepenoabop 3a HOYb



C ML u Big Data cBsi3aHa TOJILKO YaCTh IIPOEE

[IocTaHOBKa 3amayw.
BEIOOD IIPHOPUTE"
IIPOLIECCH, KOMaHOa

[IpoToTHIHpOBal

PerynspHBIN IIEPECYE
CTATUYECKUX IMPU3HAKC 3,
IIOBTOPHOE 00y4YeHUe
Moneeu

MOHUTOPUHT
Cbop PECYPCOEMKOCTH,
NCTOPUYECKUX KOHTPOJILPYEMOE
MAaHHBIX II0BeJIeHNE IIPU

IIPEBLHIIIIEHNHN HAI'PY3KH

B 5 ABTOMATH3UPOBAHHOE
pFOOp-IIpHUSHAKORY TeCTHPOBaHUE
oOy4eHue Momesnen
Il "&\ m.
. A/B-TecCTHI,
PacueTt npu3HakoB ,
, coOmogeHue OanaHc:
1 paboTa Mopenen
«TI0JIb3a/pecypcel/
BO BpeMs1 00paboTKH
TPyOO3aTpPaTkl

IIONCKOBLEIX 34dIIPOCOB
Ha OIITUMH3AaLUIO»

OnTtuMmn3aunmsa
MCIIOJIb30BaHUS
pPecypcosB

PaboTa C
9KCIePUMEHTAIbHBIM
KOIIOM

CuHXPOHHOE, 063 OCTAHOE
OOHOBJIEHHE
Ha cepBepax
B production



COHUCKaATeJI

b

, Nginx

Frontend

g id conckares | API ana paGots ¢ BT, Java »/ BII pe3ioMe U BaKaHCHI
< “—| PostgreSQL
£ [‘pe3toMe gresQ
QC:; DESIOME CepBuC U3BI€YEHUSA CTATUYECKHX ML pipeline, Python
> IIpKr3HakKoB, Python A 2
& TpPU3HAKH MIIH p y | >, PacueT npu3Hakos (>200)
o pe3nMe ' I v
S Kelll mpr3HaKoB, HMupekcatop,
; PostgreSQL Java
)
- IIPH3HAKH
T p [Touck, Java
T IJIsI pe3I0OME, vvy ,
= | ycrnosus mouckd MHAEKC ¢ mpu3HaKaMu A BaKaLHch, T 3
@ » Lucene
2. ; / IonGop BrIrpy3Ka H
® - _— . YHCTKa
= CIIACOK PacuéT pairwise features, sconfig MOfieTIen, —
< HaliIeHHBIX T n3Mepenue | | #
BaKaHCHU Ounerpyromre Mmogenu, logit [ offline-
v METPUK
Pauxupymwias monesnb, XGBoost .
|
- ’| XpaHuIHIIe JIoroB
A/B-TecTs, Python  «— ya440p, 100 mam. samuces
Tableau «—— Pacuét online-meTpur— HEHD

|




Frontend (0ObIYHBEIM ¥ MOOUIIEHEIM CauT, TakKe API, yepe3 KOTOPHIK pabd0Tal0T MOOUILHEIE IIPUIIOKEH:
20 instances

HMHTerpanmoHHEIN CJI0u: 15 instances

Backend Backend nmoucka u pekomeHngaiuy mo Bakancusam: 30+ instances Kardinal
OCTaJIbHBIX
M 6 : (U3BIEYEHUE
CePBUCOB: eta (OanmaHCUPOBIIMK, HHAEKCATOP) 3 instances
. CTaTUYECKUX
30 instances
" ] . IPU3HAKOB)
Master (oOHOBsIET cerMeHTREBasesearch (Lucene, pacuer Pairwise’, i g
MHIOEKCOoB) 2 Instances features, momenu) 20+ instances

Data storage: =50 instances

\V

PostgreSQL 7 servers Hadoop cluster 30+ serversCassandra 7 servers

Instance 3To docker container, vin unm cej



O TKIIUKU HAd BAKAHCUU Hactpoiika, fopaGoTKa

1 651K
1 00K
1 508K
1 400K
1 200K o
HacTtporuka,
IlepeBof peKoOMeHaalUuY [TepeBon peKOMeHOANUH nmopaboTKa

oo Ha cauTe Ha ML " B pacceuke Ha ML

SO0k TTOK

TITK
T13K
G3I0K EEEK
SO0k 633K
529K
457K
400K 436k
29Tk
2o OTKJIMKM Ha IOOXOOSIIINE BaKaHCUU Ha CauTe
0K
MapT 2016 Man 2016 Fione 20116 CenTaSpe 20116 HoraSpe 2016 Aneape 2017 MapT 2017 Mad 2017 Mione 2017

HeTO 2016 Month of ResponseDate _T_[eTO 201 7



B C

e

YmMmuBIN mouck 1.0 + yMHasg pekjaMa BaKaHCH

©

<

/v NMoaxopsiwme npeMnymbl

 ———

% Moaxopsime cTaHAAPTbl U CTaaapT+

BakaHcuu u3 ClickMe

Nopxoasawme 6ecnnaTHbie

[IporHo3upyeMasi BEpOATHOCTE
OTKJIMKa BHIIIE 3aJlaHHOI'0 IIOPOT

Henoaxopswune npeMuymbl

Henopxopswue cranpaptbl (+)

Henopxopsiwue 0ecnnatHbie




BopoHka HariMa IIpu OOLIYHOM IIOMCKE, Obino

lMpocmoTp (knuk)




BopoHKa HaMa IP¥ YMHOM IIOMCKE, CTAaHOBUT

MpocmoTp (KNuk)




BopoHKa nipu yMHOM moucke u clickme, ckopo

MpocmoTp (KNuk)




Big data - He TO/IBKO PO 00BEM JaHHBIX

J[ToCcTaTOUYHBIUA OOBEM

3a

[looxonoginue
1 KQa4eCTBO HXOHATL
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MaHHBIX
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b -
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Bonbiioe cracudo!
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