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Etsy — A Global Marketplace

What can you sell on Etsy?

Handmade Goods Craft Supplies

(20 years or older)



By The Numbers

1.9M 31.7M S2.8B 45+M

active sellers active buyers annual GMS items for sale
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Work and Culture
352 > 54%

employees around offices in 7 countries female employees
the World AS OF MARCH 31, 2016 O
AS OF MARCH 31, 2016 46 /O

male employees

AS OF DECEMBER 31, 2015
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1.6M

active sellers

AS OF MARCH 31, 2016

Work and Culture
36% 95%

of sellers of sellers run
are women their Etsy shop
from home

2014 ETSY SELLER SURVEY

2014 ETSY SELLER SURVEY

76%

consider their
shop a business

2014 ETSY SELLER SURVEY




Passionate and Loyal Business Owners

30% 65% 79%

focus on their started their Etsy started their Easy
creative businesses as shop as a way to shop as an outlet for
their sole occupation supplement income creativity

2014 ETSY SELLER SURVEY 2014 ETSY SELLER SURVEY 2014 ETSY SELLER SURVEY
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Engaged and Thoughtful Buyer Base

25V

active buyers

AS OF MARCH 31, 2016

87%

of Etsy buyers
are women

2014 ETSY BUYER SURVEY

92%

of buyers agree Etsy
offers products they
can't find elsewhere

2014 ETSY BUYER SURVEY




Al In E-commerce

Al Challenges

For Buyers

* How to choose unique and satisfied products among millions?
How to lead and guide buyers to discover products that they wouldn't buy at the first place?
How to recommend appropriate products for different occasions?

For Sellers

* How to reach larger audience and potential buyers?
How to run advertising campaign more effectively?

How to communicate with buyers through different channels?

For Platform

llllllllll\lll

* How to build a healthy platform? B

How to speed-up buyer and seller communication?




Al In E-commerce

Al Challenges

* Search and Discovery
Query Modeling
User Intent Modeling
Learning to Rank

* Personalization and Recommendation
User Profiling
ltem Modeling
Recommender Ranking

 Computational Advertising

Click-Through Rate Modeling ‘|||||||||‘||||.

Conversion Rate Modeling B
Bid Optimization E




Al In E-commerce

Al in E-commerce at Etsy
* Multi-modal Deep-learning based Search Solution (KDD 2016)
* Probabilistic Graphical Model based Personalization Recommendation (KDD 2014)
* Ensemble Learning based CTR Prediction Solution (AdKDD 2017/KDD 2017)

* Buzzsaw: A System for High Speed Feature Engineering (SysML 2018)




Promoted Listings



Et Sy wedding dress

Jewelry & Accessories

Promoted Listings at Etsy

Sell on Etsy ﬁ ' ‘ h

Home Favorites You Cart

Clothing & Shoes Home & Living Wedding & Party Toys & Entertainment Art & Collectibles Craft Supplies & Tools Vintage

boho wedding dress | lace wedding dress bohemian wedding dress ‘ [ simple wedding dress beach wedding dress unique wedding dress | [ fairy wedding dress

Special offers

On sale

All categories
Clothing
Weddings
Craft Supplies & Tools
Accessories

+ Show more

Shipping

Free shipping
Ready to ship in 1 business day

Ready to ship within 3 business
days

Shop location
(®) Anywhere
United States

Custom

Enter location >

All categories » “wedding dress” (298,968 Results) Sort by: Relevancy

Wedding dress hanger, Rustic weddi... Handmade Irish Linen First Communi... Soft Wedding Veil Couture Lace Baby Girl Baptism Dres...
HangingMemories4ever embroideredheirlooms BlancaVeils ForEverlyCouture
$14.99 $249.00 $28.00 $99.95 Free shipping
& Bestseller ok Aok ok (483) & Bestseller * %k %k (161)
% % %k (4,583) % % % % % (6,070)




Et Sy wedding dress

Jewelry & Accessories

Clothing & Shoes

Promoted Listings at Etsy

Home & Living Wedding & Party

Toys & Entertainment

Sell on Etsy
Home

Art & Collectibles Craft Supplies & Tools

{ boho wedding dress |

lace wedding dress

bohemian wedding dress ‘ [ simple wedding dress

beach wedding dress

unique wedding dress | [ fairy wedding dress

Special offers

On sale

All categories
Clothing
Weddings
Craft Supplies & Tools
Accessories

+ Show more

Shipping

Free shipping
Ready to ship in 1 business day

Ready to ship within 3 business
days

Shop location
(®) Anywhere
United States

Custom

Enter location >

All categories > “wedding dress” (298,968 Results)

Wedding dress hanger, Rustic weddi...

HangingMemories4ever

$14.99
Bestseller

% % % % % (4,583)

embroideredheirlooms

$249.00
% %k (483)

Handmade Irish Linen First Communi...

$28.00

Soft Wedding Veil

BlancaVeils

& Bestseller

ForEverlyCouture

$99.95 Free shipping
1.8.0.0.8 4

% % % % (6,070)

i © 3§

Favorites

Vintage

Sort by: Relevancy

Couture Lace Baby Girl Baptism Dres...




Promoted Listings at Etsy

For Sellers
e Specify a campaign with listings

e Specify daily budget (maximum you want to spend daily)




Promoted Listings at Etsy

For Sellers
e Specify a campaign with listings

e Specify daily budget (maximum you want to spend daily)

* No need to specify which queries or keywords
* |n general, bidding is automated but could specify bids

* Could set a maximum Cost-Per-Click (CPC)




Promoted Listings at Etsy

For Etsy
* Determine queries
 Determine bids (most of time)

* Determine whether to show the promoted listings




Promoted Listings at Etsy

For Etsy
* Determine queries
 Determine bids (most of time)

* Determine whether to show the promoted listings

* Charge a fee per click (CPC)

* Revenue attributed to this click — purchase within 30 days




Promoted Listings at Etsy

For Etsy
e S0.20 USD to list an item

e a3.5% transaction fee
a 3.0% transaction fee + S0.25




Buyers

Uis

Buy an ltem

Promoted Listings at Etsy

) 3.5% of Transaction Charge S
+ Cost of Prolist Click

Transaction Charge SS

Sellers



Buyers

Promoted Listings at Etsy

Etsy

Cost of Prolist Click

Sellers



Promoted Listings at Etsy

Sellers
* Increase sales while keep cost minimized
Etsy

* Increase both Promoted Listing’s revenue and/or transaction revenue

Buyers

* Find most relevant/interesting item to purchase



Promoted Listings at Etsy

Sellers

* No increased sales while the Promoted Listing cost remains/increase
Etsy
* Increased both Promoted Listing’s revenue

Buyers

* Not finding most relevant/interesting item to purchase




Other Promoted Listings

ebay s~ sewnioranie v - [ e

Seller Center

Get Started ~ Listing and Marketing ~ Run Your Store ~ Shipping ~ Service and Payments v Start Selling [Search Seller Center Topics m

Seller Center > Promoted Listings

Promoted Listings

Get your listings seen by more buyers.

. A spotlight on your listings Why you'll love Promoted Listings Benefits for Top Rated Sellers and Anchor Store subscribers What sellers are s:
On This Page gntonyourtisting Y 9

amazon . vces Solutions Support Contact Us Sign into your Seller Account @
How it works and what you get Short tutorials on setting up campaigns Understanding your dashboard Strategies for promoting your listings ]

Make the most of your Promoted Listings Weekly ad rate trends Have a question?

Increase product discovery and sales
s o s o s with targeted advertising

and it's available to all Stores subscribers and Top Rated Sellers.

Promoted Listings puts your merchandise in front of more active Advertise on Amazon
shoppers, boosting item exposure by 30%* and increasing the
likelihood of sale.

> Try It Now

Get $50 in free click credits when you sign up*

FAQ



Joint Revenue Optimization



Joint Revenue Optimization

 Wei Qian, PhD candidate in Operations Research from Cornell University
 Kamelia Aryafar, Director of Machine Learning at Overstock.com

* Liangjie Hong, Head of Data Science at Etsy




Joint Revenue Optimization

Assumptions

 Each seller manages one promoted listing and k slots are allocated for each search query.
 For each seller, Click-Through-Rate (CTR) and Conversion-Rate (CVR) are the same across all slots.

* For simplicity, only discuss First-Price-Auction.



Joint Revenue Optimization

Main Utility

The expected utility of g; to the platform with bid B, ; for search query g;

expected biading expected s ared puighase

Click-Through-Rate Bid Conversion-Rate Sales Revenue Shared Revenue



Joint Revenue Optimization

Main Constraints

W

L’

indicates whether seller a; wins the auction for search query g..

allocation constraint bidding constraint:
M o
mei,j — k Vi Bj,j < mCPCj Vi,j
j=1

budget constraint:

N

ZC,’JVV}JB,‘J < Bj Vj
=1



Joint Revenue Optimization

Main Constraints

W, , indicates whether seller a; wins the auction for search query q..

e performance constraints:
The performance constraints are designed by the platform
to balance the performance of itself and the advertisers. If it
sets the goal for total number of clicks, then the constraint
is of the following form:

N M

Z Z Wi jcij 2 GelieckN

i=1 j=1

where Ggjck € (0, 1) is the target global click through rate.
If it sets the goal for the purchase revenue, then it is:

N M
Z Z Wi, jci, jpi,jRj 2 Gattribution

i=1 j=1

where Gtribution € R™ is the target amount of the pur-
chase revenue. If it sets the goal for the global rate of return
for the advertisers, then it is:

N M N N
2 Z Wi jcijpiiRj - (1=1) 2 Gror ), ) Wijci.jBi;

i=1 j: i=1 j=1

where the left hand side is the expected revenue obtained by
an advertiser, the right hand side is its expected spending
and Gror > 0 is the target rate of investment,



Joint Revenue Optimization

Main Objective

N M
max Z Z Wi, jci,j(Bi,j + pi,j X Rj Xr)

=1 j=1



Joint Revenue Optimization

Main Objective

M

N
max Y’

=1 j=1

A
N~

Model Parameters Known



Joint Revenue Optimization

Main Objective

N M
max Z Z Wi jci,j(Bi,j + pi,j X Rj Xr)
i=1 j=1

Non-Convex! Need
Approximation



Relaxation



Relaxation

Relaxed Objective

e let Z,-,j = W,,jB,.’j

* Relax W;;to [0, 1]



Relaxed Objective

e Let Z,-,j = W,,jB,.’j

* Relax W;;to [0, 1]

Relaxation

N M

\ A
i=1 j=1

M
st ) Wij<k Vi [i]
J=1
N
¢i,jZi,j < Bj Vj L]
=1
Zi,j <mCPCjWj j Vi, j [9,',]']
Wi i, Zi,j =20 Vi, j
M/i,j <1 Vi,j [Yl,]]

Linear-Programming
Problem



Relaxation

Dual Linear Programming Formulation

N M
min Zkﬁl + ZBJ'(X]' + Zyi’j
i=1 =1 i
s.t Oij+cijoj >cij Yi,j [ Zi, ;]
pi — Qi,ijPCj + Vi, j = Ci,jpi, jRj Xr Vi [VV,]
ajsﬁiagi,ja)/i,j >0 Vi, j




Relaxation

Optimal Solution Structure

PROPOSITION 3.1 ( SOLUTION STRUCTURE). There exists a dual
optimal solution {(xf"}, {ﬂ;} {9;“]}3’ and {ylf“j}s’ that will satisfy

l
the following conditions:

° a; e [0,1] Vj

o (9;]. = (1 —a}’f)ci,j Vi, j

° IB:‘ = max}‘*l Ci,j((l — a}‘)mCPCj + pi, jRj X I‘) Vi, j

o y;:j = max(c,-,j((l — a;)mCPCj + pi, jRj X r)—ﬁf, 0)

where max<+1

means the k + 1 th largest value. Moreover, let
Si,j = Ci,j((l — a}’f)mCPCj + pi, jRj X r) Vi,j

If the top k scores are distinct for all query i, there exists a primal
optimal solution {M/l*]} {Z;"J} where W; ;j € {0, 1} for alli,j.



Relaxation

Optimal Solution Structure

Assume that the optimal solution &;s™ are known, the following

simple bidding and allocation rule will be used: set the bid for ad j
to be mCPC; for each query i, and rank the ads by the following
SCOTIce:

Ci,j((l — a}‘)mCPCj +pi,jRj * r))

The advertisers with top k ranking scores will be allocated for the
ad slots. In the case of first price auction, each winner will pay their
mCPC. In the case of the second price auction, each winner will
pay the amount of money such that the its ranking score is equal

to the second highest ranking score (below him), i,e,

Ci,j+1((1 = aj,  )MCPCjt1 + pi j+1Rje1 )/ cij — pi jRj * 1

1—aj

max (0,



Relaxation

Optimal Solution Structure

We do not know a;s a-priori.

Need to solve LP offline. Very expensive.



Relaxation

Optimal Solution Structure

Use Adaptive Control to estimate OC;S :

Throughout a day’s auction, we set a few checkpoints to update
ajs’. Let No = 0 < N; < Ny < --- < Nr be the checking points,
and define:

Ny
Sj(t) = ) B jl[clicked == 1]
1=0

S;(t) is the actual spending of advertiser j between 0 and N; search
queries/impressions. Let Bj(t) be the planned spending budget
between 0 and N; search queries. The updating formula for « is:

a;j(0) =ao
Si(t)
Bj(t)

-1).1) (7)

aj(t +1) =max(a;j(t) exp(y(



Relaxation

Algorithm | without Performance Constraints

Data: Ads budget, maximal CPC
{ao}, v, checkpoints ;

while not the end of day do
current query = q;:;

for advertiser j = 1...M do
predict ¢;, j, p;,j for all ad campaigns using pre-trained

click and purchase model;
set b;, j = min(mCPCj, remaining budget):
compute ranking score:

si,j = €i,j((1 = aj)bij +71*pi jR;);

end

determine the actual CPC for winners;

update the remaining budget for winners depending on
user actions(click);

if time is a check point then
‘ update «; using eq (7) for all advertisers;

end

end
Algorithm 1: The Bidding and Ranking Algorithm for the Simple
model Without Performance Constraints




4.

Joint Revenue Optimization
Non-Convex

Relaxation
Dual

Adaptive Control

Summary



Experiments



Experiments

Data

* Log
2 weeks of search logs with timestamps and queries

e Ads
id, description, price, historical clicks, purchase information and

* Auction
budget, predicted CTR, bid, max bid, pacing factor

 Label
clicks and purchase



Experiments

CTR and CVR
* Logistic Regression

* Features
word2vec, historical features, ...



Experiments

Simulation Setup

* For each query, we rank promoted listings for 8 slots, treating the first 4 slots winning.

Category || Constraints

Click Zi,j Ci,j M/I,J > GC]iCkN

Dual Ranking function

0. c,-,j((l—aj)mCPCj + 0, +p,-,jRjr)
Category || Constraints

SP 2, j ci,jWi, jpi,jRj Xr = Gp

Dual Ranking function

Qp Ci,j((l —aj)mCPCj +p,-,jRj(r+9p))
Category || Constraints

ROI 2i,j Ci,jWi jpi, jRj X (1 = 1) = Gr(2i, j ¢i,jZi, j)
Dual Ranking function

0, ci,j((l—aj — %Hr)mCPCj +pi,jRj(9r +r))

Table 1: Constraints and Ranking functions



Experiments

Evaluation Metrics

total bidding cost
eCPC=———— 5
total number of clicks
oD — total purchase revenue change of percentage = metriCproposed — MetriCeurrent

~ total number of purchases metriCeyrrent
~ total bidding revenue

~ total first price revenue

~ total purchase revenue

~ total bidding cost



Experiments

Logged Budget

performance against current system: revenue performance against current system: ROI
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Figure 1: Comparison Between Current Model and Proposed
Model: Revenue and ROI



Experiments

Logged Budget

comparison of shared revenue per purchase comparison of competitive ratio
1 0.68

O proposed PR O current PR Mo\_o
0.875 0.668
0.625 N 0.643

O proposed CR ©O current CR

0.5 0.63

Figure 2: Comparison Between Current Model and Proposed
Model: RP and CR



Experiments

Varying Click Penalty

-0.09

performance against current system: revenue performance against current system: ROI
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Figure 3: Varying Click Penalty



Experiments
Varying Shared Revenue Percentage

performance against the current system: revenue performance against the current system: ROI
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Figure 4: Varying Shared Revenue Percentage



Tight Budget

Experiments

Budget Ratio 0.8: We modified the budget for each advertiser
to be 0.8 *max(actualspending, mCPC), where actualspending is
the amount of money that has been spent by that advertiser under
the current system with logged budget, and mCPC is the max bid it
is willing to pay (same as the first set of experiments). The adaptive
updating rule of « is designed based on the discrepancy between
the planned budget and actual spending. Intuitively, we want the
planned budget guided the actual spending throughout the day. To
verify this hypothesis, we compared three three types of planned

budget spending {B (1) }:

e uniform: Bj(t) = + * B;j. The budget spending is linear
with respect to time.

e convex: Bj(t) = (%)4 + Bj. The budget spending is convex
with respect to time.

e concave: Bj(t) = (3)°*  B;. The budget spending is
concave with respective to time.



Experiments
Tight Budget

Budget Usage with Different Update Rules

0.75

Percentage
o
(8]

0.25

< uniform < convex concave

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Checkpoint

Figure 5: Budget Utilization for Multiple Clicked Advertis-
ers



Conclusion



Conclusion

Etsy is a three-party marketplace.
Promoted Listing program needs multi-objective optimization.
Proposed a joint-revenue optimization solution and demonstrated its relaxation.

Simulation experiments shows that the proposed framework is effective.



Questions?

W7




