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HanHble

Obuwue ceefeHUs

@ [lpoxoann meHblle 2 MecaLEB: 2 UIOHS - 28 untons.

@ YyacTtHukam bbino npefgoctaeneHo 8 caiisios gis aHanusa,
cyMmMapHbiM obbemom bonee 38 Gb.

@ 414 y4yacTHukoB

@ Hu oanH y4acTHMK nocsie Bainaauum pesynbTaTos He bbin
ANCKBaNUMLUMPOBaH ;)
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HanHble

ObbsaBneHns

ObbsaBneHns GbIBAOT pasHbIX TUMOB...

h-] Cron oBefeHHLIA ¢ TOHMPOBaHHLIM cTeknom (MC
k4 4 680 py6.
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KyxoHHbI#H rapuuTyp apT. 3571
65 030 py6.

KyXOHHBIH rapHuTyp apT. 1982
64 400 py6.

Regular Ads

jaH mebent”- dhabpuuHbie KyxH!
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HanHble

[NlocTaHoBKa 3aga4u

33}],3‘13: no |/|chopmau,|/||/| O nonb3oBaTene, O61:$IBJ'I€HI/IVI,
KOHTEKCTE MONCKOBOW BblAa4 Npeacka3aTb BEPOATHOCTb KJIMKA Ha
AAHHOE KOHTEKCTHOE obbaBneHne
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HanHble

CBa3u Mexay pasHbiMu daiinamm

8 pasnnyHbIx Tabnu,
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IPID Position LocationlD P
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2 SearchLocationlD Title
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SearchParams UserlD
IPID Ca'ﬂgﬂry.'.s\l
Userinfosv AdID CatagoryD
UserlD ViewDate Level
Userigentd ParentCategorylD
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Gty
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HanHble

Pasgnenerune Ha obydeHne un Tect

DNannble ¢ 25 anpens (Start) no 20 mas (B). B Tectosyto Bbibopky
nonajaeT MociefHsisi CECCUst MOJIb30BATESSi COBEPLLEHHAs He
paHbLie 12 mas (A).

Timeline

Start A B

e

Train
user id T @ Testevent
Train

o

@ Testevent
@ Testevent

user_id 2
Train

user_id 3
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HanHble

HNanHble ans obyyeHus

B trainSearchStream ganHbie 0 392 munnuonax obvasnennii B
nonckosoii Beigaye. 13 Hux 190 MUNANOHOB KOHTEKCTHBIX.

28 Tbicsa4 Pa3nNYHbIX KOHTEKCTHbIX obbsBnEHN.
[Moytn 5 munnunoxos YHUKaNbHbIX nosib30BaTenNen.
KoHTekcTHble 0bbsABAEHUS BbINN TONLKO Ha 1 unn 7 no3nunsax.

Noruposanack nHopMaums Toabko 06 0bbasneHusax Ha 1, 2,
6, 7 n 8 no3nuunsx.
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HanHble

TecToBas BblbOpKa

@ [1ns 8 MUAINOHOB KOHTEKCTHBIX ODBABNEHMNIA HY>XXHO OblIO
MpefAcKasaTb BEPOSITHOCTb KJIMKA.

@ 4.3 MNH nonb3oBaTeNell AN KOTOPbIX HY)KHO CAenaTb
npeackasaHue

o B kadectBe dDyHKLI,VIOHaﬂa Ka4eCTBa NCNOJIb30BancCs

N
LogLoss = - & - [yilog(s) + (1 - yi)log(1 — )]

=
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MNepsble nogxoab!

[lepBble noaxonbl

MNepBble nogxoabl
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MNepsble nogxoab!

TprBuanbHble pelleHns

YTo BbINIO M3BECTHO C CaMOro Hayana?
@ HistCTR Benchmark: 0.05717
@ HistCTR + Position + RandomForest: 0.04836
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MNepsble nogxoab!

Boosting

PasbueHne TpeHMpoBOYHON BLIDOPKKU Ha HECKOBKO YacTeii:
@ [lepsasi wactb (go 12 mas) - ans noacyeTa CTaTUCTUK

@ Bropas uvactb (80% ceccnii ¢ 12 mas no 20 mas) - anst
0byyeHus

@ Tpetbst yacTb (20% ceccuii ¢ 12 masi no 20 mast) - gnst
BasMAALNN
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MNepsble nogxoab!

Xgboost

Feature importance

Cluster

1

e -

Features

Gain
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MNepsble nogxoab!

PesynbTathl

Jlyqwinii pesynbtat, KOTOpLIA yAanoCk NONYHUTH C
ncnonb3osaHuem byctunra: 0.04584 (nuHeiiHas kombuHauus 2
Mogaeneil 0by4eHHbIX Ha 2 pasHbIX NoABbIOOPKax).
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FTRL algorithm

FTRL (Follow the Regularized
Leader) algorithm
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Ad Click Prediction: a View from the Trenches

H. Brendan McMahan, Gary Holt, D. Sculley, Michael Young,
Dietmar Ebner, Julian Grady, Lan Nie, Todd Phillips, Eugene Davydov,

Daniel

Golovm Sharat Chikkerur, Dan Liu, Martin Wattenberg,

Arnar Mar Hrafnkelsson, Tom Boulos, Jeremy Kubica
Google, Inc.
mcmahan@google.com, gholt@google.com, dsculley@google.com

ABSTRACT

Predicting ad click-through rates (CTR) is a massive-scale
learning problem that is central to the multi-billion dollar
online advertising industry. We present a selection of case
studies and topics drawn from recent experiments in the
setting of a deployed CTR prediction system. These include
improvements in the context of traditional supervised learn-
ing based on an FTRL-Proximal online learning algorithm
(which has excellent sparsity and convergence properties)
and the use of per-coordinate learning rates.

We also explore some of the challenges that arise in a
real-world system that may appear at first to be outside
the domain of traditional machine learning research. These
include useful tricks for memory savings, methods for as-
sessing and visualizing performance, practical methods for
providing confidence estimates for predicted probabilities,
calibration methods, and methods for automated manage-
ment of features. Finally, we also detail several directions
that did not turn out to be beneficial for us, despite promis-
ing results elsewhere in the literature, The goal of this paper
is to highlight the close relationship between theoretical ad-
vances and practical engineering in this industrial setting,
and to show the depth of challenges that appear when ap-
plying traditional machine learning methods in a complex
dynamic system.

Categories and Subject Descriptors

15.4 [Computing Methodologies]: Pattern Recognition
Applications

learning. Sponsored search advertising, contextual advertis-
ing, display advertising, and real-time bidding anctions have
all relied heavily on the ability of learned models to predict
ad dlick-throngh rates accrately. quicly, and rlsbly [28,
15, 33, 1, 16]. This problem setting has also pushed the
field to r\ddmx issues of scale that even a decade ago would
have been almost inconceivable. A typical industrial model
may provide predictions on billions of events per day, using
a correspondingly large feature space, and then learn from
the resulting mass of data.

In this paper, we present a series of case studies drawn
from recent. experiments in the setting of the deployed sy
tem used at Google to predict ad click-through rates for
sponsored search advertising. Because this problem setting
is now well studied, we choose to foeus on a series of topics
that have received less attention but are equally important
in a working system. Thus, we explore issues of memory
savings, performance analysis, confidence in predietions, cal-
ibration, and feature management with the same rigor that
is traditionally given to the problem of designing an effec-
tive learning algorithm. The goal of this paper is to give the
reader a sense of the depth of challenges that arise in real
industrial settings, as well as to share tricks and insights
that may be applied to other large-scale problem arcas.

2. BRIEF SYSTEM OVERVIEW

When a user does a search q, an initial set of candidate
ads s matched to the query g based on advertiser-chosen
keywords. An auction mechanism then determines whether
these ads axe shown to the user, what order they are shown
in, and what prices the advertisers pay if their ad is clicked.

OcTaney, Angpeii Avito Context Ad Clicks



Anropntm

Algorithm 1 Per-Coordinate FTRL-Proximal with L; and
L> Regularization for Logistic Regression

# With per-coordinate learning rates of Eq. (2).
Input: parameters a, 3, A\1, A2

(Vi € {1,...,d}), initialize z; = 0 and n; =0
fort=1to T do

Receive feature vector x; and let I = {3 | z; # 0}
For i € I compute

0 if \z1| <A
i = Nz -1 .
. - (% + /\2) (z; —sgn(z;)A1) otherwise.

Predict p; = o(x¢ - W) using the w; ; computed above
Observe label y; € {0,1}

for alli € I do
gi = (pt —ye)x; Fgradient of loss w.r.t. w;

o; = é(,/ni +gi2 — 1/ni) #equals ﬁ — m_11 ;
Zi 4 Zi + gi — oWt i
ni < ni + 97
end for
end for
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[pagveHT

WNcnonbsyem noructuyeckyto perpeccuto, obydyaem
nocneposaTensHo. Ha ware t:

o x; € RY - Tekywmit 0bbekT
o w; € RY - Tekywynii BeKTOp BECOB

o [Mpeackasanue p; = o(wy - X¢), rae o(a) = m

Logloss: It(wy) = —y;log pr — (1 — yt) log(1 — pt)
Vie(w) = (o(w - x¢) — ye)xe = (pt — ye)xe
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FTRL

MeTopn cToxacTu4eckoro rpafueHTa

[ns nocneposaTensHocTH rpagueHTos g; € RY nepecuer Becos
OCyLLECTBAAETCA N0 hopMye:

Wi = Wi — 18 (1),

roe 7: - HeBO3pacTarowasd NocCneq0BaTENIbHOCTb (Hanpmmep,
_ L)
Nt = \/f
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FTRL-Proximal

[ns nocnepoeaTensHocTn rpagueHTos g; € RY nepecuer Becos
OCyLLECTBASAETCA NO hopMye:

t t
Wepr = argmin( Y gs - w+ 3 3 os[|w — ws|[3 + Aif[wl]1) (2),
w s=1 s=1

t
rae os - Temn obyyenus (Y o5 = i)
s=1
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FTRL

DKBUBAJIEHTHOCTb ABYX POpMY

Mpn A1 = 0 meTopn cTtoxacTuyeckoro rpagmenTta u FTRL-Proximal
BblAlOT COBEPLUEHHO OAMHAKOBbLIE NOC/EA0BATENILHOCTN BECOB Wi !
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FTRL

DKBUBAJIEHTHOCTb ABYX POpMY

BbipaxkeHune nog argmin B dopmysie (2) MOXHO nepenncatb B BUAE:

t

t t
(2 & — Zlosws)'WvL oWz + Adllwl]y + (const)
= s=

s=1
t—1 t—1
Ecnn mbl xpaHum z;_1 = ) gs — > 0sWs, TOrga
s=1 s=1
_ 11
Zr =2t 1+ 8t + (m P YW
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[lepecyeT Becos

Tenepb MOXeM MONYYNTb aHANMTUYECKOE PELUEHNE B
NOKOOPANHATHOI chopme:

0, ecnm |z i| < Ar;

Wet1,i =
I —ne(ze,i — sgn(ze,i)A1), wnHave.
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Temn obyyeHus

@ B metoge cToxacTuueckoro rpagveHta Temn obydeHUs ofuH
AN BCEX KOOpAUHAT

e B [M. J. Streeter and H. B. McMahan Less regret via online
conditioning] nokasaHo, 4TO ANs HEKOTOPLIX CEMENCTB 3aAad
Takoe MoBefleHNe aCUMNTOTUYECKU HEONTUMAJILHO.

@ [lns Kaxgoii KoopauHaTbl CBO TeMn oby4eHus

Nei = /@r\/% roe gs - i-as KoopfuHaTa BeKTopa gs
s=185,i
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Hashing trick

@ UcxopHble npusHakm: {'AdID": '13524889', 'Position’: '1’,
"HistCtr': '0.03’, 'UserID’: '1371072', 'SearchQuery": ", ...}

o [biTaemcst fo6aBuTh HoBbI npustak: AdID  UserID.

@ VHuKanbHbIX 00bABAEHNA 28 TbIC., YHUKANbHbBIX
nosib3osaTesieil 5 MJIH.

o HoBblii npustak nmeet 6onee yem 1.4 - 1011 3nayenniil
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Hashing trick

ObbeauHsiem 2 ncxopHsix npusHaka: 'AdID _UserID':
'13524889 1371072,

Bepem xaw oT aTOl CTPOKMU:
hash("AdID _UserlD 13524889 1371072') % bits, rae bits -
pa3sMepHOCTbL Npu3Hakosoro npoctpaHctea (bits = 2K)

B maccue X Ha mecTo 3TOrO NHOEKCA 3anncbiBaeMm 1
HOBTOpﬂeM ANnsa BCEX MPU3HAKOB

Monyyaem sparse vector X =[0,...,0,1,0,...,0,..., 1,0,
..., 0]

Pa3mepHOCTb BeKTOpa Npu3Hakos obbiuHo > 220 Ho ans
KaXK[oro 0bbeKTa HeHysIeBble ODbIYHO LECATKU NMPU3HAKOB.
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PesynbTathl

Tonbko 3a CHET CMeHbl MOAENN YAANOCh YAYHLLINTL Pe3yabTaT A0
0.04424
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Golden feature

PositionFactor = [Position: 1place:ObjectType; 2place:ObjectType;
6place:Object Type; 7place:ObjectType; 8place:Object Type]

Context Ad

Highlighted Ad

Regular Ads

1

Ocraney, AHgpeit

Cron oBenenHbiii G ToHMPOBaHHbIM CTexnom (MG

4680 pyb.
OBeeHHL# CTo NOROARBT K MioBowy HHTEpLEPY
bollucei-mebe

BuneApAHLIA cTon
13 000 py6.

01:19

KyXOHHLIii rapHUTyp apr. 3571
65030 py6.

KyxoHHuiii rapHuTyp apr. 1982
64400 py6.
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PesynbTathl

[obaeneHne ogHOro aToro NMpusHaka MOBLICUJIO Pe3yNbTaT 4o

0.04212
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PuHanbHble pe3ynbTaThl

CLICK PREDICTION

‘o, aviro conrext m [ Avito Context Ad Clicks

Dashboard Private Leaderboard - Avito Context Ad Clicks

See someone using multiple accounts?

Owen 28 20
M Gzs_icebergt 18

11 Dmitry & Leustagos « 1 * 4046 131

JA. Guerrero 4074 9
Gilbertog&Stanislav 4 108

1 ash hafez 4 28

11 typedef 4 7
Lars Ropeid Sels&s 4123 112

9 Andrey&Alexander 004155 112
Lulu Freyman 67 13

D&D 78

kipa 4

Kaffo 38 37

1 Sergey Yurgenson 1283 21
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