Zero to One Billion: The Path
for a Rich Product Graph
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Knowledge Graph Example for 2 Songs

: name
di127 “ _ ”
name 1 «“ o (W)
“Shake it off” mid345 | name
artist
mid128 name “Taylor Swift”
type 2 birth_date 12/13/1989
( “Love Story”
name _
genre ice2s name “Country pop”
Entity type
Relationship type
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Product Graph Example for 2 Products

L
VI T Plus Feb> \ <

| i ; -
| - m \ | variation
TH-E HUE- Fﬂh.-- "-._.'.L varialion I.'III #AR u‘an#ﬂpariatiun ll.'l T-m FFH And
| - \ -
e xra|}i'31j-:|n | | / variation

| variation -~ Brand \

- / brand ! A
. PP | - .- T \ / variafion

“fanctian ™.

Tida Plus Cal...

Tide F'_Iua Fat-_m;_e 3 functian . -
T et . — form— P1Tide Plus Col, eiati<-[V] Tide Original..
' r mr— m

T
variation

e - high “efic / '
T S Ss@e | E'“-\ V] Tide Plus Col
VI e Plus Feb.>  yariation | oo /| yanatsestrigbon
,—’j \ typa - variation | 3

L -
variation d - i
function | ! H b A .-"ll variation \
V] Tide With Fab... ,f"{ variation _laundry. laundryde... > / | —
3 S —Tida Coldwater Cl... >

-
&
-




:BFoduct
“sgraph ]

Product Graph

JIMission: To answer any question about products and related knowledge in
the world

amazon

Departments Your Amazon.com 12 Days of Deals Gift Cards Registry Sell Help

Customers who bought this item also bought

“Alexa, when is
Prime Day?”

Cars 3 Playland with 20 Step2 Push Around Sport  GOOD NIGHT, LIGHTNIN

Balls Playset Buggy » RH Disney
Wi irvryr 3 Yl iy 18 Wil vy 299
$28.55 vprime $49.99 vprime Board book

$7.70 vprime
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Use Case I: Providing Information

Brand Cetaphil

Ingredients Water, Cetyl Alcohol, Propylene
Glycol, lodopropynyl
Butylcarbamate, 2-Bromo-2-
Nitropropane-1, 3-Diol, Sodium
Lauryl Sulfate, Stearyl Alcohol,
Methylparaben, Propylparaben,
Sodium Citrate, Butylparaben,
Allantoin, Zinc Gluconate.

Formulated for Sensitive Skin

Scent Fragrance free
Gentle Skin Additional Non-Comedogenic, Fragrance-
Cleansing Cloths Item free, Natural
- Information
3:'%“'"*‘:‘" ':"" Skin Type  Sensitive
the most sensitive skin
About this item
25 CT. PRE-MOISTENED CLOTHS ¢ Gentle for everyday use; Cetaphil gentle skin
cleansing cloths will leave your skin feeling
TWlN PABK clean, refreshed and balanced after every
use

¢ Removes makeup & dirt: Thoroughly remove
makeup and dirt, leaving skin clean

¢ Mild & non irritating: Soap free formulation

Roll over image to zoom in won't strip skin of its natural protective oils

and emollients
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se Case II: Providing Choices

Visit the Bigmusdes Nutrition Store SRRt 6270 Visit the Bigmuscles Nutrition Store ' 2 2 2 o B Ss
Bigmuscles Nutrition Crude Whey kg, Whey Protein Bigmuscies Nutrition Crude Whey Tkg, Whey Protein
Concontrate 80%, 24g Proteoin, 5.5g BCAA, 4 g Glutaming Concentrate 80%, 249 Protoin, 5.5g BCAA, 4 g Glutamine
40% i
© o

Style name: 5 Style name: 3
Crude Whey [Unflavored] Crude Whey [Unflavored]
Flavor: by Flavor: Unflavored N
Unflavored

Unflavored Caffe Latte sola
- v 2 779.00 See availabl s

) ee available See a

1Kg[2.2lb$l o prime opLions optio

(27790/100y)

Deal is 34%
779 asor o R

MRP: 3-3,200.00 Save 7520
sprime

Size:
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Use Case lll: Improving Search

Al = k-cups dunkin donuts dark Q

1 DUNKIN'

“)DONUTS
DUNKIN' DARK®

T Lagg g0 R "7 LageLep FOF
Dunkin' Donuts Original Blend Dunkin Donuts K-cups Dark Roast - 48~ Dunkin' Donuts Dark K Cup Pods, Dark ~ Dunkin Donuts Dunkin Dark Coffee K-  The Original Donut Shop Keurig
Medium Roast Coffee, 88 K Cups for K-cups Roast Coffee, for Keurig Brewers, Cups For Keurig K Cup Brewers (96 Single-Serve K-Cup Pods, Regular
Keurig Coffee Makers iRy v 112 60Count Count) - Packaging May Vary Medium Roast Coffee, 72 Count
*A K KL 3395 53869 RRRRXK v 55 R AR V79 RRARL V9914

($38.69/Count)

$3859 ($0.44/Count) /prime FREE Delivery Fri, May 8 $3599 ($0.60/Count) $7057 ($0.74/Count) $2999 ($0.42/Count)
Save 5% more with Subscribe & Save More Buying Choices Save 5% more with Subscribe & Save ~prime FREE Delivery Sat, May 9 Save 5% more with Subscribe & Save
/prime FREE Delivery Sun, May 10 $28.00 (7 new offers) ~prime FREE Delivery Sun, May 10 More Buying Choices vprime FREE One-Day

88 Count 60 Count (Pack of 1) $66.95 (8 new offers) Get it Tomorrow, May 5
72 Count
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Use Case lll: Improving Search

Al = k-cups dunkin donuts dark Q

DUNKIN’ DARK®

h'GINAL BLF AD

F%M
0

Dunkin Donuts K-cups Dark Roast - 48 Dunkin' Donuts Dark K Cup Pods, Dark  Dunkin Donuts Dunkin Dark Coffee K-

K-cups Roast Coffee, for Keurig Brewers, Cups For Keurig K Cup Brewers (96
iRty v 112 60Count Count) - Packaging May Vary
wRERK 55 A AR v 79
$3869 (4$38.69/Count)
/prime FREE Delivery Fri, May 8 $3599 ($0.60/Count) $7057 ($0.74/Count)
Save 5% more with Subscribe & Save ~prime FREE Delivery Sat, May 9

More Buying Choices - A
$28.00 (7 new offers) vPprime FREE Delivery Sun, May 10 More Buying Choices
60 Count (Pack of 1) $66.95 (8 new offers)




Use Case lll: Improving Search

o L J
.lprodugt
.agrap —

Al = k-cups dunkin donuts dark

Dunkin Donuts Dunkin Dark, Dark
Roast Coffee K-Cups For Keurig K Cup
Brewers (96 Count)

Wikl v18

$7392 ($73.92/Count)
v/ prime FREE Delivery Tue, May 12

More Buying Choices
$69.98 (7 new offers)

96 Count

Dunkin Donuts K-cups Dark Roast - 48
K-cups
Wl oy v 112

$3869 ($38.69/Count)
~prime FREE Delivery Fri, May 8

More Buying Choices
$28.00 (7 new offers)

"%‘ounm f
K)DONUTS
DUNKIN' DARK®

#
T Lagg eo FOR

Dunkin' Donuts Dark K Cup Pods, Dark
Roast Coffee, for Keurig Brewers,
60Count

KA KKK V55

$3599 ($0.60/Count)

Save 5% more with Subscribe & Save
~prime FREE Delivery Sun, May 10
60 Count (Pack of 1)

\ DUNKIN'

JDONUTS
DUNKIN' DARK®

Dunkin Donuts Dunkin Dark Coffee K-
Cups For Keurig K Cup Brewers (96
Count) - Packaging May Vary
RARKL v79

$7057 ($0.74/Count)
vprime FREE Delivery Sat, May 9

More Buying Choices
$66.95 (8 new offers)

Dunkin Donuts K-cups Dark Roast - 24
Kcups for Use in Keurig Coffee
Brewers

wR ARy v 140

$2075 ($0.84/Count)

~/prime FREE One-Day
Get it Tomorrow, May 5

More Buying Choices
$13.20 (8 new offers)




Use Case |V: Improving Recommendation

KitchenAid KSM150PSER Artisan Tilt-Head Stand Mixer with Share ] i W
Pouring Shield, 5-Quart, Empire Red

by KitchenAid Qty: | 1

Wirfriydr ~ 6,331 customer reviews | 972 answered questions $249.09 + Fre

il | List Price: $429.96 Only 14 left in sto

. Price: $249.99 & FREE Shipping e

- You Save: $180.00 (42%) 7] Include 2-Year |
i Item is eligible for 6 Month Special Financing with your Amazon.com Store Card. Leam more $14.99

“‘ Note: Not eligible for Amazon Prime. Available with free Prime shipping from other sellers on o

Only 14 left in stock.
Estimated Delivery Date: July 28 - Aug. 2 when you choose Standard at checkout. TUmiohy 13CHcK: crden
Ships from and sold by GE Premier in easy-to-open packaging.

] Amazon,

Color: Empire Red Ship to:
— " = — KEVIN DAVENPOF
s (IDDDEUERDDD

) Add to Wedding |
Similar But Different

Add to List

More Capacity More Attachments Different Brand Other Sellers

$264.99
Prime

Sold by: Amazon.com

’ $264.99
+ Free Shipping

Sold by: Marcus AV

$289.00
Prime

fiou sA®r Splions Sold by: goidentech
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Product Graph vs. Knowledge Graph

(A) (B) (C)

Generic KG Generic KG

Generic KG




Product Graph vs. Knowledge Graph
(D)
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Knowledge Graph vs. Product Graph

(A) (B)

Generic KG

Generic KG

Generic KG

(Hardline, softline,
consumables, etc.)
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AutoKnow: Self-Driving Product Knowledge Collection

Taxonomy
Grocery FOd uct \
KG Grocery

Snacks Drinks

Catalog

o | on | nor | o

Product 1 Snacks Cherry

Snacks Drinks

Pretzels

flavor

Product 2 Candy ? ?
Chocolate
synonym

Product3 Candy Choc. Gold

Dong et al., AutoKnow: Self-driving knowledge collection for products of thousands of types, SigkDD, 2020.
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AutoKnow: Self-Driving Product Knowledge Collection

Taxonomy
Product
KG Grocery \

Snacks Drinks

Grocery

Snacks Drinks

Catalog
hasType

s | tpe | sowr | coor
Prod. 1 Prod. 2 Prod. 3

Product 1 Snacks Cherry

Pretzels

Corrected
Value flavor flavor color
Product 2 Cand ? ?
v Chocolate Choc. Gold
Product3 Candy Choc. Gold

New Value
Dong et al., AutoKnow: Self-driving knowledge collection for products of thousands of types, SigkDD, 2020.
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AutoKnow: Self-Driving Product Knowledge Collection

Taxonomy
Grocery Fod uct \
KG Grocery

Snacks Drinks

Snacks Drinks

Pretzels

User logs

Catalog I AutoKnow
| Product | Type | Flavor | Color
e #Types 1 3X
Product 1 Snacks Cherry e Defect rate —
Product 2 Candy ? ? up to 68 percent
points Chocolate
Product3 Candy Choc. Gold synonym

Dong et al., AutoKnow: Self-driving knowledge collection for products of thousands of types, SigkDD, 2020.



Generic KG

Product
Graph

(Hardline, softline,
consumables, etc.)

But, Is The Problem Harder?
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Challenges in Building Product Graph |

ISparse and noisy structured data

Scott's Cakes Dark Chocolate Toffee Cream Filling Candies with Dark Blue Foils in a 1 Pound Red Roses Box Price: $19.95 + $14.95 shipping

by Scott's Cakes You can get 5% back on all Amazon.com purchases with the

Be the first to review this item Amazon Prime Store Card. No annual fee.

Note: Not eligible for Amazon Prime.

In Stock. Ships from and sold by Scott's Cakes.

E 38 Flavors: 1 lb. Red Rose Box

1 lb. 1 Ib. Daisy “ 11b.Red |
Christma... Box | Rose Box | N
$19.95 $19.95 $19.95

19 Sizes: Dark Blue Foils

Aqua Foils Burgandy H Dark Blue

Foils Foils | N
$19.95 $19.95 $19.95

Get it Thu, Aug 22 - Tue, Aug 27
Get it Tue, Aug 20 - Fri, Aug 23 if you choose paid shipping at
checkout.

© Deliver to Yaging - Seattle 98109

Qty: 1 v Turn on 1-click ordering




Challenges in Building Product Graph I

_IExtremely complex domains

JHow to identify the millions of product types?

JHow to organize types into a taxonomy tree?

! Knife
[

Kitchen '
Knife QOutdoor
Knife

1 [ 1

{ Kitchen & Sports &
Diqning Fitlness
Cutlery & Ifnife I Huntingl
Acce]s.sones S—
Chef's I Bread] ' [ Knife | | Hunting
Knives | = knife Sets Knives

Bread Hunting
knife

Sellers’ view

Survival
Knife

Knife

Buyers’ view
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Challenges in Building Product Graph Il

-IBig variety across product types
IDifferent attributes apply to different product types

IDifferent value vocabularies and different patterns

Flavor
- /
. , Cute Rascals

: Cranberry[Taped Neck Girl Ruffle Cotton Long
) 4 Sleeve 3
| s ,,‘ Be the first to review this ite

Price: $30.99
R Color: Soft Pink

, j -~ Ingredient
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Challenges in Building Product Graph Il

-IBig variety across product types
IDifferent attributes apply to different product types

IDifferent value vocabularies and different patterns

Samsung UN58RU7T00FXZA Flat 58-Inch Caribou Coffee Caribou Blend. Medium
4K UHD 7 Series Ultra HD Smart TV with Taylors of Harrogate Classic Tea Variety Box, Roast Ground Coffee, 20 Ounce Bag,
HDR and Alexa Compatibility (2019 Model) 48 Count (Pack of 1) Rainforest Alliance Certified
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Scale Up in 3 Dimensions

Millions of categories

& Thousands of attributes

Big challenge: Limited training
Hundreds of languages labels for large-scale, rich data
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A 100-Year Project
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Deliver the Data Business




Deliver the Data Business

High
precision
models



Deliver the Data Business

High E2E pipeline
precision  + AutoML
models to reduce

modeling cost



Deliver the Data Business

1000s categories

High E2E pipeline 10s
precision  + AutoML languages 100s attributes
models to reduce Scale-up to
modeling cost reduce #models



Deliver the Data Business

Tide Free and Gentle Laundr
Unscented and Hypoallerger
isif ide Store

1000s categories

High  E2E pipeline 10s S
precision  + AutoML  languages 100s attributes oo <o
models to reduce Scale-up to Higher yield from
modeling cost reduce #models  multi-modal models



From O to 1: High-Quality Data




o L J
.lprodugt
~Jrapn =

From Zero to One: A Core Algorithm

High
precision
models
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OpenTag Extraction from Product Profiles

name form scent

Tide Detergent with Febreze Freshness

Gain Apple Mango Tango Liquid Laundry Detergent

Gain Joyful Expression Powder Detergent

Tide PODS Original Scent HE Turbo Laundry Detergent Pacs
81-load Tub

Tide PODS Free & Gentle HE Turbo Laundry Detergent Pacs
35-load Bag

Zheng et al., OpenTag: Open attribute value extraction from product profiles, KDD 2018.
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OpenTag Extraction from Product Profiles

35-load Bag

name form scent

Tide Detergent with Febreze Freshness Unknown Unknown
Gain Apple Mango Tango Liquid Laundry Detergent Liquid Apple Mango
Gain Joyful Expression Powder Detergent Powder Unknown
Tide PODS Original Scent HE Turbo Laundry Detergent Pacs Pods Original
81-load Tub

Tide PODS Free & Gentle HE Turbo Laundry Detergent Pacs Pods Unknown

Zheng et al., OpenTag: Open attribute value extraction from product profiles, KDD 2018.
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OpenTag Extraction from Product Profiles

9 Beginning of attribute value x={w,,w,,...,W,} input sequence
0 Inside of attribute value V={t1;t2;--o;§n} tagging decision
@ Outside of attribute value -

AL G End of attribute value

)
\38 {beef meal}‘* Flavor Extractions ——— {ranch raise Iamb}
O

g

A
\élo beef meal ranch raised lamb recipe X-
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OpenTag Extraction from Product Profiles
: B /I\ E (@]
CRF
r Ay A2 Ay As
Attention
Bi-LSTM

Word Embedding
L




'product

. graph

OpenTag Extraction from Product Profiles

0.90 | 0.90 Unknown Random

BiLSTM BN BiLSTM_CRF Bl BiLSTM Att CRH values values
0.85 . 851 g3.6

. B2.4%
, 81.1%81.2% ,

0.80 | 801
0.75 5
0.70 0.70-

Precisis Recall F-measure Precision Recall F-measure
(a)d t flavor from dog food title (b) Rand; alit V.S. Independent Split

Extraction on new values is comparable

BiLSTM+CRF+Attention obtains best results
to already known values

Zheng et al., OpenTag: Open attribute value extraction from product profiles, KDD 2018.



OpenTag in Practice

Train and fine-tune models

OpenTag

Understand domain
and attributes, and
generate LOTS OF
training data

® o o
Postprocess
extraction results

to further improve
data quality

Pre-publish evaluation as
gatekeeper to guarantee
high quality data



Still the Origin Point




From 1 to 1K:
Reducing Modeling Cost




From 1 to 1K: E2E AutoML Pipeline

High E2E pipeline
precision  + AutoML
models to reduce

modeling cost
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An End-to-End Pipeline

Train and fine-tune models iﬂiﬂﬁ

Understand domain OpenTag Postprocess Pre-publish evaluation as
and attributes, and extraction results gatekeeper to guarantee
generate LOTS OF to further improve high quality data

data quality

training data
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An End-to-End Pipeline

)

Train and fine-tune models ﬁﬂi‘w‘k

Automatic
Training Data OpenTag
Genergation Postprc.)cess Pre-publish evaluation as
extraction .results gatekeeper to guarantee
_ N to further improve high quality data
Distant supervision, data quality

i

Benchmarking
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An End-to-End Pipeline

\

Train and fine-tune models

Automatic

Deep Learning

Training Data OpenTag

Generation

Data Cleaning Pre-publish evaluation as
gatekeeper to guarantee

Distant supervision, o high quality data
Data programming
® o o
-, 1 Postprocess
w w extraction results
to further improve
data qualit

Benchmarking
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An End-to-End Pipeline

Train and fine-tune models

e o o
“.I.w
Automatic w w
Data Cleaning Scale-up pre-publish
evaluation w. lower

: . e labeling needs
Distant supervision,
Data programming m
® o o
“ﬂI@W Postprocess

extraction results
enchmarking

Deep Learning

Training Data OpenTag

Generation

to further improve

B data qualit
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An End-to-End Pipeline

/AutoML m

Automatic

—

Data Cleaning Scale-up pre-publish
evaluation w. lower
labeling needs

Training Data
Generation

Distant supervision,

fa®

Benchmarking
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Transformer-Based Anomaly Detection

Grocery & Gourmet Food * Candy & Chocolate * Mints

a Love of Candy Bulk Candy - Pink Mint Chocolate
, Lentils - 6lb Bag
— Brand: Love of Candy
F. Wwirvrvryy ¥ ldratings | 3 answered questions
i Price: $84.99 ($0.89 / Ounce) + $16.92 shipping

Pay $14.17/month for 6 months, interest-free with your Amazon Prime
Rewards Visa Card

Flavor Name: Pink

—
Blue Green Orange Pastel Assortmen( Pink ’ted

White Yellow

Size: 6 Pound

1 Pound 2 Pound 3 Pound 4 Pound 5 Pound

7 Pound 8 Pound 9 Pound 10 Pound

» Love of Candy's huge selection of bulk candy now includes Premium Mint
Chocolate Lentils in a variety of bold & striking colors. Available in small to
large sizes ranging from 1 to 10 lb bags. These beautiful chocolate morsels
feature gourmet, dairy free dark chocolate coated in a crispy and crunchy mint
candy shell. Similar to M&M's, these mint chocolate candy lentils are fun, bite-
sized snacks that can be enjoyed during any occasion.

» Sourced from the most esteemed candy makers from around the world, we've
put together an extremely broad collection of wholesale candy to fulfill your
every need. Whether you're in need of candy for vending machines, pifiatas or
candy buffets, you can trust that Love of Candy’s got you covered. Our
consistent product quality and unmatched customer satisfaction have quickly
made Love of Candy the market’s most trusted source of high quality,
wholesale bulk candy.

Wang et al., Automatic validation of textual attribute values in eCommerce Catalog by learning with limited labeled data, KDD’20
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Transformer-Based Anomaly Detection

Grocery & Gourmet Food * Candy & Chocolate * Mints

Love of Candy BulkjCandy PinkIMint Chocolate

e Lentils - 6lb Bag

T Brand: Love of Candy

Fj Wrrrdryr v l4ratings | 3 answered questions
: Price: $84.99 ($0.89 / Ounce) + $16.92 shipping

Pay $14.17/month for 6 months, interest-free with your Amazon Prime
Rewards Visa Card

Flavor Name: Pink # IS the flavor ”Pink”?

Blue Green Orange Pastel Assortmen( Pink ed

White Yellow

Size: 6 Pound

1 Pound 2 Pound 3 Pound 4 Pound 5 Pound

7 Pound 8 Pound 9 Pound 10 Pound

» Love of Candy's huge selection of bulk candy now includes Premium Mint
Chocolate Lentils in a variety of bold & striking colors. Available in small to
large sizes ranging from 1 to 10 lb bags. These beautiful chocolate morsels

feature gourmet, dairy free i i
candy shell. Similar to M&Mgs, these mint chocolate candy lentils are fun, bite-
sized snacks that can be enjoyed during any occasion.

» Sourced from the most esteemed candy makers from around the world, we've
put together an extremely broad collection of wholesale candy to fulfill your
every need. Whether you're in need of candy for vending machines, pifiatas or
candy buffets, you can trust that Love of Candy’s got you covered. Our
consistent product quality and unmatched customer satisfaction have quickly
made Love of Candy the market’s most trusted source of high quality,
wholesale bulk candy.

Wang et al., Automatic validation of textual attribute values in eCommerce Catalog by learning with limited labeled data, KDD’20
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Transformer-Based Anomaly Detection

O
O
DCJ
O

o o-oflig
0 0~0

Transformer

o s () ) - = )= +
ewi?ﬁawﬁ; —> | . I( es:lﬂl ) . LeSm ) [LeSm | : eSA) | - [ eSA
[

+ + + +

ewbesgr:;s | >[ . | ERT . (1 | - [efmm ] ng1,A1L.| o | efeny |
L . J " - _J L r J

[CLS] | Product description ‘ [SEP) Taxonomy [SEP] Target attribute value

Wang et al., Automatic validation of textual attribute values in eCommerce Catalog by learning with limited labeled data, KDD’20
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Transformer-Based Anomaly Detection

0

QOO

I

O O-0 O O0-0 O O -0
Transtormer O O o O O O ) O O O § O

O 0O -0 O O O O O -0
emﬁﬂg?nn; >| . ” EPP]' ] | eF:ﬁ} ]m[epim}] [e"l[n | [ eF'::k] |

emshzglmg > [ , I[ii@)_‘l [ e3(T) J [ ES}TJ J - 35}4&; EEE[AJ
embotdige L1 | [Fan) - (Fan] - (Fmn) (Fon) - (0n)

I J

[CLS) I Product description [SEP] ‘ Taxonomy ‘ [SEP] Target attribute value

Category as input for model

training

Wang et al., Automatic validation of textual attribute values in eComn eled data, KDD’20
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Transformer-Based Anomaly Detection

Jldentify 1.77MM incorrect values for Flavor and Scent for

Consumables with 90% precision

Love of Candy Bulk Candy - Pink Mint Chocolate Lentils - 6lb Bag

Scott's Cakes Dark Chocolate Fruit & Nut Cream Filling Candies with Burgandy
Foils in a 1 Pound Snowflake Box

Lucky Baby - Baby Blanket Envelope Swaddle Winter Wrap Coral Fleece
Newborn Blanket Sleeper Infant Stroller Wrap Toddlers Baby Sleeping Bag
(color 1)

ASUTRA Himalayan Sea Salt Body Scrub Exfoliator + Body Brush (Vitamin C),
12 oz | Ultra Hydrating, Gentle, Moisturizing | All Natural & Organic Jojoba,
Sweet Almond, Argan Qils

I Folgers Simply Smooth Ground Coffee, 2 Count (Medium Roast), 31.1 Ounce

Flavor

Flavor

Flavor

Scent

Scent

Pink

1 Ib. snowflake box
color 1

vitamin c body scrub - 120z &
body brush

2Packages (Breakfast Blend,
31.1 oz)



From 1K to 1M: Scaling Up
e
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From 1K to 1M: One Size Fits All

1000s categories

High E2E pipeline 10s
precision  + AutoML languages 100s attributes
models to reduce Scale-up to
modeling cost reduce #models
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Scale up for Millions of Categories

Millions of categories

>
A
A DR
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Scale-up |: Millions of Categories

Option 1. Train a single model? Train/Test Distribution shift -> Invalid predictions

Samsung UN58RU7100FXZA Flat 58-Inch Caribou Coffee Caribou Blend. Medium
4K UHD 7 Series Ultra HD Smart TV with Taylors of Harrogate Classic Tea Variety Box, Roast Ground Coffee, 20 Ounce Bag,
HDR and Alexa Compatibility (2019 Model) 48 Count (Pack of 1) Rainforest Alliance Certified

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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Scale-up |: Millions of Categories

Option 1. Train a single model? Train/Test Distribution shift -> Invalid predictions

Samsung UN58RU7100FXZA Flat 58-Inch

4K UHD 7 Series Ultra HD Smart TV with Taylors of Harrogate Classic Tea Variety Box,
HDR and Alexa Compatibility (2019 Model) 48 Count (Pack of 1)

Caribou Coffee Caribou Blend. Medium
Roast Ground Coffee, 20 Ounce Bag,
Rainforest Alliance Certified

Option 2. Train a model for each category?

1400

Store/orchestrate 100K+ OpenTag models 1200

B

T Most categories

ﬁééﬁjg

800

are very sparse =«

400

e

ﬁé*é

..__.._

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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Scale-up |: Millions of Categories

Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
BIOE Attribute Tags A Yr c’ Predicted Category
Pt 1
— i N
CRF . CategoryCLF |
AN J
A
T A I T T i Product Taxonomy
axonomy-Aware ' , ‘
Token Embeddings hy hy h Product Embedding

Tt -
( CondSelfAtt _ -

Token Embeddings hl hT e(_ Categormm/
[ CategoryEnc )

Product Category

Product Profile X Xr C

Figure 2: Our TXtract architecture for hierarchical multi-task learning.

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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Scale-up |: Millions of Categories

Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
BIOE Attribute Tags A Yr c’ Predicted Category
1 1
— i N
CRF . CategoryCLF |
AN J
A
I T T i Product Taxonomy
Taxonomy-Aware h: - :r- h Pradiirt EmbkhaddAina

Token Embeddings

e 4 -

¢. Category Embedding _—

ProductEnc [ CategoryEnc j/

Product Category

Token Embeddings

Product Profile X Xr C

Figure 2: Our TXtract architecture for hierarchical multi-task learning.

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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BIOE Attribute Tags

Taxonomy-Aware
Token Embeddings

Token Embeddings

Product Profile

Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
A Yr c’ Predicted Category
1 1 1
p N
CRF . CategoryCLF |
AN J
A
I T T i Product Taxonomy
h: - :r- h Pradiirt EmbkhaddAina

i I |

( CondSelfAtt J\

e 4 -

¢ . Category Embedding _—

C

ProductEnc [ CategoryEnc j/

Product Category

xl xT C

Figure 2: Our TXtract architecture for hierarchical multi-task learning.

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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Scale-up |: Millions of Categories

Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
BIOE Attribute Tags Y a Vr c’ Predicted Category
r 1 1 \
CRF ~ CategoryCLF |
. )
T I T Product Taxonomy
Taxonomy-Aware h: - h:r- h Dradiirt Emkhaddina

Token Embeddings

p
|K CondSelfAtt

oo Embocdings e f}fi?'-37:'-3:};;-:::::::.-::::::;;:;--- __ . P
ProductEnc |i CategoryEnc j| / . -
I | 1 " Attention conditioned on
Product Profile X Xy C Product Category Category representatlon

Figure 2: Our TXtract architecture for hierarchical multi-task learning.

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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Scale-up |: Millions of Categories

_ITrain one model on 4K categories, and improve state-of-
the-art by 10.4% in F1, and by 11.7% in coverage

Title OpenTag TXtract
1 | Controlled Labs Purple Wraath 90 Servings - Purple Lemonade flavor: - flavor: purple lemonade
2 | Click - Espresso Protein Drink Vanilla Latte - 16 oz. flavor: espresso | flavor: vanilla latte
3 | Mason Vitamins Melatonin 500 mcg Fast Meltz Tablets, Fruit, 60 Count flavor: - flavor: fruit
4 | Fashion Glitter Matte Eye Shadow Powder Palette Single Shimmer Eyeshadow | scent: palette scent: -
5 | Baby car seat cover, Nursing covers Breastfeeding cover carseat canopy (Style5) | scent: style5 scent. -

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands of product categories, ACL 2020.
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Scale up for Thousands of Attributes

Millions of categories

» o Thousands of attributes
R -
G-
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Scale-up II: Thousands of Attributes

First Aid Beauty Ultra Repair Cream: Vegan and Gluten-Free Intense
Moisturizer for Dry Sensitive Skin. Perfect for Skin Conditions and
Eczema. Pink Grapefruit (14 ounce)

About this item

j 7 | *  HEAD-TO-TOE: Head-to-toe moisturizer that provides
3 instant relief and long-term hydration for dry,
M‘ N distressed skin, even eczema. The beautiful,
¢ : i :
i whipped texture is instantly absorbed with no greasy

E ULTRA REPAIR CREA M after-feel. Grapefruit has a bright citrus fruit scent

INTENSE HYDRATION that is fresh, juicy and sparkling.
SKIN PROTECTANT *  CLINICALLY PROVEN: Formulated with Colloidal
| rm vt o o v Oatmeal, Shea Butter, Ceramide 3 and the FAB
USE T0: Help hydrate dry, parched skin, o ¢ § F . .
Temgorarily help relieve minor iritation and fching Antioxidant Booster, it provides immediate relief and

due to eczema and other conditions. &y % a a

600z FIRST AID BEAUTY" (1701 visible improvement for parched skin and it is
/J clinically proven to increase hydration by 169%

immediately upon application.
Product description

Banish dry skin with First Aid Beauty's Ultra Repair Cream. Suitable for all skin types, especially dry, flaky
' skin, this hydration wonder leaves skin feeling smooth, hydrated and comfortable after just a single use.

Mentioned Attributes: Brand SkinType Scent Quantity

N o o - — e S e = e = e = W W e e e e -

Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.
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Scale-up II: Thousands of Attributes

<value_tag> .. O B E O O O O O

Loss
predicted tag seq
— e = - = - - I.-r-r—r—:—mql— —————— I
| i Transition Weight ! |
I i | CRF Layer :
BiLSTM-CRF Model f : i Emission Weight i |
i - odel for s g
. : IX
<attribute> SkinType | e ] _________________________________ O number Of attrIbUtes
U :
| I e A
I .
l - .- .. . .-.-.._-._,,-— -, I I
: Bi-Directional LSTM |
I Word Embedding Layer I
<profile> For Oily Skin , 60 Count ) Mint

Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.
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Scale-up II: Thousands of Attributes

<value_tag> .. O B E O O O O O

Loss
predicted tag seq
__________ — T T T T T
I MoE 1 Transition Weight l I
| — ! |
I — — | :CRF Layer I
| Attribute :Et — Emission Weight i |
: Embedding Layer I
I-:attrlbute::- SkinType i )4 1
_________________________________________________________________ |
| r '
l i |
! i |
| Bi-Directional LSTM :
|
Word Embedding Layer I
<profile> For Oily Skin , 60 Count s Mint

Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.



o o
.'product
-=graph =

Scale-up II: Thousands of Attributes

MoE (Mixture-of-Experts)

* Question: Attribute -> Layer Weight (Matrix)
* Use a weighted combination of basis matrices to generate the weight.

Plexpert 2)

Linear Layer P(expert 1) I P{exiert 3)
+ E—

Softmax

Attribute Embedding Layer

<attribute> SkinType

Expert 1 | Basis Matrix 1

JJ—L Matrix Generated

Basis Matrix 2 E >

Expert 2 by SkinType

Weighted Combination

Expert 3 Basis Matrix 3

(learnable)

Layer with learnable weights

Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.
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Scale-up II: Thousands of Attributes

HyperNet (Hyper Network)

* Question: Attribute -> Layer Weight (Matrix)
* Use a network to generate the weight of another network.

Attribute Embedding Layer

Matrix Generated by SkinType
<attribute> SkinType

Linear Layer L, Reshape
(HyperNetwork) i

Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.
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Scale-up II: Thousands of Attributes

JTrain one model for 32 attributes, obtaining higher quality
than single-attribute models

mm AdaTag

69 | mmm SUOpenTag

68| mm BiLSTM-MultiCRF

7| ™= BILSTM-CRF (N tag sets)
= = BiLSTM-CRF (N models)

66
65
64
w63
62
61

41
40]
39

38

22
# Attributes

Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.
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From 1M to 1B: Multi-Modal Extraction

Tide Free and Gentle Laundr
Unscented and Hypoallerger
isif ide Store

1000s categories

High  E2E pipeline 10s S
precision  + AutoML  languages 100s attributes oo <o
models to reduce Scale-up to Higher yield from
modeling cost reduce #models  multi-modal models

Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Multi-Modal Signals

Beauty & Personal Care * Makeup * Face + Highlighters & Luminizers

Ownest 2 Colors Highlighter Stick, Shimmer Cream Powder
Waterproof Light Face Cosmetics, Creamy Self Sharpening
Crayon Stick Highlighter

Brand: Crwnest
e E08 ratings | 4 answernd questions
Price: £9.99 j30.09 / Count) FREE Shipping on orders over $25,00 shipped by Amazon or get Fast, Free . .
Shipping with Amazon Prime 8 FREE Returns ambiguous item_form:
Get 360 off instantly: Pay £0000 upon approval for the Amazon Rewards Visa Card. No annual fee. st ick

Returnable wntil Jan 31, 20271 ~

B =T

Color: A

Brand Dwmizst
Color A

Rug Size Light
Item Farm Sitick
Skin Tone Light
About this item

Fotl over image to mam in s [Makeup Highlighter] Creamy texture and radiant glow finish, feel beautiful on your skin and they

gave off the most radiant most amazing highlight ever. These cream highlighter sticks provide a

BO7VS51YSF subtie glow that is perfect for everyday use.

+ [Clever Design] The top of the stick is flat and wide enaugh to highlight your cheekbones with ane
swipe, and the edge can be used to apply color precisely to the bridge of the nose, cupid's bow, and
brew bone with relative ease.

+ [Long LastinghWaterproof] Long lasting, water-tight, sweatproaf. Let you keep the perfect makeup
all day long without worrying about getting cawght in the rain or pushed into a pool.

+ [Easy to apply] The shimmer sticks are quick and easy to apply. You just twist up the product and
swipe it whergver you would like to illuminate,

»  [Perfoct Gift for Girls] Two popular everpday colors, suit for various occasions, Unique design,
lightweight, easy to carry. Suit for personal use or send as gift.

Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Multi-Modal Extraction
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Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Multi-Modal Extraction
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Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Multi-Modal Extraction
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Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Multi-Modal Extraction

_IImprove over OpenTag (text-only) by 11% on F-measure

Models P(%) R(%) F1(%)

PAM w/o text 799 634  70.7
PAM w/o image | 88.7 721 795
PAM w/o OCR | 820 694  75.1

PAM 913 753 82.5

Lin et al., PAM: Understanding product images in cross product category attribute extraction, KDD 2021.
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Web Extraction

Laundry > Liquid Laundry Detergent

/_

ltemForm ARM & HAMMER™
Plus OxiClean™, Fresh S Scent
%k Kk kk 48 126REVIEWS Add your own Review (+)

THE SUPERCHARGED STAIN-FIGHTING DUO.

* Removes over 101 tough stains

+ Powers out dirt and odors using the power of ARM & HAMMER™ Baking Soda and
supercharged with OxiClean™ Stain Fighters

+ Long-lasting scent

+ Clean rinse with low-suds formula

* Works in standard and High Efficiency (HE) models

* Powered by OxiClean™, America’s #1 stain fighter Additive Brand*

* Long-lasting fresh scent

Size: 122.5 0z v WHERE TO BUY

+ Product Ingredients

+ FAQs

Dong, Ceres: Harvesting Knowledge from Semi-Structured Web, Keynote at CIKM, 2020.



Successful vs. Not-Yet-Successful Fields s

In Industry
SUCCESS SUCCESS NOT-YET
JEntity linkage ISchema mapping

ISmall scale: Manual
JLarge scale: “Replaced” by ClosedIE

1OpenlE
1“Replaced” by Reading comprehension

JKnowledge extraction (ClosedIE)
JKnowledge cleaning
JKnowledge-based Q&A

: : .. JKnowledge fusion
1. One cannot live without it~y s needed yet

2. The techniques are ready OKnowledge inference
1Quality not high enough yet
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Take Aways

IWe are building an authoritative product
knowledge graph for millions of categories,
thousands of attributes, and hundreds of languages

IHigh-accuracy modeling is the first step for
building an authoritative knowledge graph

JAutoML E2E pipelines, one-size-fits-all solutions,
and multi-modal models are critical for enriching
the knowledge
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