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Theme I. Three Generations of Knowledge Graphs
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Theme Il. The Recipe from Innovation to Practice

1,000,000,000000

Feasibility Quality Repeatability Scalability Ubiquity
A prototype, Production E2E pipelines, Significant cost High coverage,
an experiment, quality, automations to reduction for long-tail use cases,
to show itis E2E MVP allow for scale ups assumption
possible experiences extensions to removal, to next

more domains cycle of inventions




From Roofshots to Moonshots

1,000,000,000000

Feasibility Quality Repeatability Scalability Ubiquity
- >

Roofshots



Generation #1: Entity-Based
Knowledge Graphs



Entity-Based KG Example

Entity name »
, name
genre mid127 @
“Shake it off” name name
artist
mid128 name “Taylor Swift”
M birth_date 12/13/1989
4 m
name _
genre mid125 name “Country pop”
Entity type
Relationship type




Entity-Based KGs

Characteristics of Entity-Based KGs
e Ontology (types, relationships) manually defined w. clear semantics
e Entities are named-entities, w. no overlap

Crazy ldea
Create a graph of entities and relationships to represent the world




Transforming Wikipedia to A Knowledge Graph

Taylor Swift

First pot of gold: Transform Wikipedia
Infoboxes to knowledge entities and
relationships

1

Feasibility
A prototype name “Taylor Alison Swift”
an experiment,
to show itis mid128 “Taylor Swift”
possible
T birth_date 12/13/1989

Born Taylor Alison Swift
December 13, 1989 (age 33)
West Reading, Pennsylvania,
U.8.

Other names Nils Sjoberg

Occupations Singer-songwriter - producer -
director - actress -
businesswoman




Transforming Wikipedia to A Knowledge Graph

1K

Quality

Production
quality,
E2E MVP
experiences

Fabian M. Suchanek, Gjergji Kasneci, Gerhard Weikum. Yago: A core of semantic knowledge. WWW, 2007.

High quality of Wikipedia data guarantees production
quality. Common practice in industry

Well-known Examples:

~ Freebase
-

VaGO

elect knowledge




Integrating Data from Different Sources

Tools for more data sources, long-tail domains
IMDB

WikiData

1M

Repeatability

E2E pipelines,
automations to
allow for
extensions to
more domains

AV ’

L8 Anahi
A\

B Actress = Musi

«4¢ SEE RANK
i

c Department | Soundtrack

Anahi was born in Mexico. She's had roles in Tu y Yo, in
which she played a 17 year old girl while she was 13, and
Vivo Por Elena, in which she played Talita, a naive and
innocent teenager. Anahi lives with her mother and sister
name Marychelo. She hopes to become a fashion designer

one day, and is currently pursuing a career in singing.
See full bio »

Anahi Puente (Qis0461)

Mexican singer-songwriter and actress
Mia

~ In more languages “""u®
Language Label Description
English Anahi Puente

Chinese FIA%E- BB

Mexican singer-songwriter and actress

Spanish Anahi Puente Cantante, compositora y actriz mexicana

Born: May 14, 1982 i}) Mexico City, Distrito Federal, Mexico (

More at IMDbPro
. Contact Info: View manager

[anectuan § 7m0 /e

imported from Italian Wikipedia

+ add reference

+ add value

Are they the same person? — Entity Linkage

Are “Born” and “date of birth” the same? —
Why “May 14, 1982” vs “7 November 19

Heterogeneity, Heterogeneity,




Integrating Data from Different Sources

1M

Repeatability

Biggest Challenge: Entity Linkage

(JRandom forest on attribute-wise similarity

LJResults between Freebase and IMDb movies

E2E plp?llnes, Precision/Recall Curve
oo | EENEEEEEN 00
allow for os \
extensions to Movie 99.0% 98.7% 08 .

more domains

People 99.3% 99.6%

1.5M labels




Integrating Data from Different Sources

1M

Repeatability

Biggest Challenge: Entity Linkage

JApply active learning to minimize #labels

Recall for 99% Precision vs. Training Data Size (log10)

® 1000+adaStratified500  ® randomSample

E2E pipelines,
automations to
allow for
extenS|ons.to For 99% precision and recall, 13
#labels by 2 orders of magnitude R prec=99% and rec="95% and rec=~99%
requires 1.5M labels
~0
2 2:5 3 35 4 4.5 5 5.5 6 6.5

L/ Training size (log 10)
Zhu et al., Collective multi-type entity alignment between knowledge graphs, WebConf 2020.

Zhang et al., AutoBlock: A hands-off blocking framework for entity matching, WSDM 2020.
Zhang et al., OpenKI: Integrating open information extraction and knowledge bases with relation inference, NAACL 2019.

Trivedi et al., LinkNBed: Multi-Graph representation learning with entity linkage, ACL 2018.



Extracting Data from Semi-Structured Websites

1B

Scalability

Significant cost
reduction for
scale ups

Watch Now
From $2.99 (SD) on Amazon Video

As students at the United States Navy's elite fighter weapor
class, one daring young pilot learns a few things from a civi
in the classroom.

Director: Tony Scott
Writers: Jim Cash, Jack Epps Jr. = 1 more credit »
Stars: Tom Cruise, Tim Robbins, Kelly McGillis | See full cz

Metascore Reviews Populari
From metacritic.com | 401 user | 173 critic M 40437

Two-stage extraction based on distant s
e I|dentify subject
e I|dentify (attribute, value) pairs

Lockard et al., Ceres: Distantly supervised relation extraction from the semi-structured web. VLDB, 2018.

EMEREZ EARESE (2000)

SR FR
R MR / IS / SRER
R R I BRR T KR BEE

SR RN /RO /BN AR HR ; B
IFERAR: &58/ F8 / £E / FEAM 3B S
AEEE 28 123%
| LBREHA: 2000-10-13(REKEE) / 2000-05-16 12 04
(RAEBETI) / 2000-07-07(&7E) / 2000-07-13
U0 Ot $3F 92% RRK

B 120 9%
X 4: Crouching Tiger, Hidden Dragon
IMDbE2#%: 110190332

FF 90% sER

8 #E
Aamir Khan is receiving rave reviews for Dangal. ©EER 7 SR+ #EE 5% =
Dangal BMRERRBINEET - - - -
8B ) ) —RARFHA (DRA%) MEHTEZE, FHIRNCHSET BRRY) BHRURLNYS
v Cast: Aamir Khan, Sakshi Tanwar, Fatim (gussee) s, ARSAESA (§74) DR, ASEHFTHOAROEEFAMATLRF, B8

Khurrana, Sanya Malhotra
Director: Nitesh Tiwari
G Rating: 4/5

NEOBEERRPATY, RGNS, EFHARNT REMDENMBIVE GBEMN) NORD, LRETEHR
HERERRABF. MERRRUHTARFECRERS/NE (KEN) OHH, BNAERE., XATRUGE
Z, OBEAFHARNERRATHRE, FOSIE, EERRNEEESAANE...... 05
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Extracting Data from Semi-Structured Websites

1 B Latest progress: Extraction on 30+ long-tail movie websites
1.0¢ | | | — CloseaIE
Production ready — gpe”:i'ﬁ“
oge enic-New
Scalability 0.8 P -
Significant cost § 0.6t
reduction for S
scale ups T 4l
0.2
08 0.5 1.0 15 2.0 25 3.0

Yield (in millions)
Lockard et al., Ceres: Distantly supervised relation extraction from the semi-structured we
Lockard et al., OpenCeres: When open information extraction meets the semi-struct
Lockard et al., ZeroShotCeres: Zero-shot relation extraction from semi-structured webpages, ACL 2020.



Web Knowledge Extractions & Fusion

3.2B

— = .
= — #Triples | 3B w. pr>=0.7)
2.5B
#URLs (28M Websites)

¢ y #Extractors 16
Ubiquity )K

High coverage,
long-tail use cases,
assumption
removal, to next
cycle of inventions

Solution: Extract knowledge from different types of web
knowledge fusion to remove noises and generate prg

Dong et al., Knowledge Vault: A Web-scale approach to probabilistic knowledge fusion. SIGKDD2014.




Web Knowledge Extractions & Integration

1T

Ubiquity

High coverage,
long-tail use cases,
assumption
removal, to next
cycle of inventions

Dong et al., From data fusion to knowledge fusion. PVLDB2014.
et al., Knowledge Vault: A Web-scale approach to
Dong et al., Knowledge-based trust: Estimating the trustworthiness of web sources. PVLDB2015.

Dong

Why NOT in Google Knowledge Graph?

Didn't reach production quality

©)

Accuracy=0.7 is far less than the

| 3.2B

#Triples (0.3B w. pr>=0.7)
2.5B

#URLs (28M Websites)

production requirement (Accuracy=0.99)

#Extractors

16

Didn't find an E2E MVP experience

©)

But underlying techs applied in long-tail
knowledge collection etc.

The 0.3B facts (vs. 70B in KG) are very
“long-tail” to support meaningful use cases

probabilistic knowledge fusio




Entity-Based KG Summary

Crazy idea: A graph of entities and relationships to represent the world
Main challenges: Heterogeneous data everywhere

Framework:

w->90% prec | |

io | |
. eady A&

Crazy idea not successful yet: Web-scale Extraction




What About the Product Domain?

17T

Ubiquity
High coverage, Can we do the same for products?

long-tail use cases,
assumption
removal, to next
cycle of inventions




Generation #2: Text-Rich
Knowledge Graphs



Text-Rich KG Example

Product
KG Grocery

Snacks Drinks

Taxonomy

Pretzels

flavor

Cappuccino
synonym




Text-Rich KGs

Characteristics of Text-Rich KGs
e Ontology (types, relationships) very complex with overlaps and
ambiguities; E.g., millions of product types

® Entities may not be named-entities, such as products
E.g., “Onus 2 Colors Highlighter Stick, Shimmer Cream Powder Waterproof Light Face
Cosmetics, creamy Self Sharpening Crayon STick Highlighter” vs. “Xin Luna Dong”

e Attribute values are oftentimes texts, with overlaps and ambiguities
E.g., “Coffee” vs “Cappuccino” as icecream flavors

Crazy ldea:
Finding structure and modeling ambiguity from
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Use Case I: Providing Information

Brand Cetaphil

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

Scent Fragrance free
Gentle Skin Additional Non-Comedogenic, Fragrance-
Cleansing Cloths Item free, Natural
Information
Dry, sensitive skin Skin Type Sensitive

Uttra soft and gentie for even
the most sensitive skin

About this item

25CT. PRE-MOISTENED CLOTHS * Gentle for everyday use; Cetaphil gentle skin
cleansing cloths will leave your skin feeling

TWl N PABK clean, refreshed and balanced after every
use

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

e Mild & non irritating: Soap free formulation

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

and emollients




Use Case II: Providing Choices

.-Br'oduct

3agraph 8

Visit the Bigmuscles Nutrition Store ke d 627
Bigmuscles Nutrition Crude Whey Thkg, Whey Protein
Concentrate 80%, 24g Protein, 5.5g BCAA, 4 g Glutamine

Visit the Bigmuscles Nutrition Store wRRdd g270
Bigmuscles Nutrition Crude Whey kg, Whey Protein
Concentrate 80%, 24g Protein, 5.5 BCAA, 4 g Glutamine

th

® °
Style name: v Style name: >
Crude Whey [Unflavored] Crude Whey [Unflavored]
Flavor: & Flavor: Unflavored A
Unflavored
Unflavored Caffe Latte Isola
o bd ¥779.00 See available See a|
$ Kg[ulhs] prime options optio|
(7790 /100 ¢)
Deal is 34%
779 @sasos 00 oK lsmed
MRP: 3-3,200.00 Save 7520
sprime e




Use Case lll: Improving Search

.l;')r'oduct

~egraph =

All ¥ k-cups dunkin donuts dark

Yo 5
T taggLeo FOR

Dunkin' Donuts Original Blend
Medium Roast Coffee, 88 K Cups for
Keurig Coffee Makers

AR AL V3,395

$3850 ($0.44/Count)

Save 5% more with Subscribe & Save
v prime FREE Delivery Sun, May 10
88 Count

Dunkin Donuts K-cups Dark Roast - 48
K-cups

R AL V112

$3869 ($38.69/Count)

prime FREE Delivery Fri, May 8

More Buying Choices
$28.00 (7 new offers)

"o o
7 LaggLeo FOR

Dunkin' Donuts Dark K Cup Pods, Dark

Roast Coffee, for Keurig Brewers,
60Count

1 8 888 4]

$3599 ($0.60/Count)

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

Dunkin Donuts Dunkin Dark Coffee K-
Cups For Keurig K Cup Brewers (96
Count) - Packaging May Vary
RRARL 79

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

More Buying Choices
$66.95 (8 new offers)

The Original Donut Shop Keurig
Single-Serve K-Cup Pods, Regular
Medium Roast Coffee, 72 Count
AR KXY v9,914

$2999 (30.42/Count)
Save 5% more with Subscribe & Save

vprime FREE One-Day
Get it Tomorrow, May 5

72 Count




.lproduct
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Use Case Ill: Improving Search

All ¥ k-cups dunkin donuts dark Q

“TM

0N GINAL BLF (D

"o o
7 LaggLeo FOR

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
ARRRY V112 60Count Count) - Packaging May Vary
1 8 888 4] AARALY v 79
$3869 ($38.69/Count)
/prime FREE Delivery Fri, May 8 $359 ($0.60/Count) $7057 ($0.74/Count)

More Buying Choices Save 5% more with Subscribe & Save /prime FREE Delivery Sat, May 9

$28.00 (7 new offers) vprime FREE Delivery Sun, May 10 More Buying Choices
60 Count (Pack of 1) $66.95 (8 new offers)
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Use Case lll: Improving Search

All ¥ k-cups dunkin donuts dark Q

ENDUNKIN'
DONUTS

DON
DUNKIY DARKS

Dunkin Donuts Dunkin Dark, Dark Dunkin Donuts K-cups Dark Roast - 48 Dunkin' Donuts Dark K Cup Pods, Dark  Dunkin Donuts Dunkin Dark Coffee K- Dunkin Donuts K-cups Dark Roast - 24
Roast Coffee K-Cups For Keurig K Cup K-cups Roast Coffee, for Keurig Brewers, Cups For Keurig K Cup Brewers (96 Kcups for Use in Keurig Coffee
Brewers (96 Count) ARREY V112 60Count Count) - Packaging May Vary Brewers
RRARL V18 1 8 88 6 dH RRARLY V79 v
$3869 ($38.69/Count) KA KA v 140
$7392 ($73.92/count) /prime FREE Delivery Fri, May 8 $3599 (30.60/Count) $7057 ($0.74/Count) $2075 ($0.84/Count)
prime FREE Delivery Tue, May 12 More Buying Choices Save 5% more with Subscribe & Save vprime FREE Delivery Sat, May 9 /prime FREE One-Day
More Buying Choices $28.00 (7 new offers) vprime FREE Delivery Sun, May 10 More Buying Choices Get it Tomorrow, May 5
$69.98 (7 new offers) 60 Count (Pack of 1) $66.95 (8 new offers)

More Buying Choices
96 Count $13.20 (8 new offers)




Use Case IV: Improving Recommendation

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

by KitchenAid Qty: | 1
Frirdrfrds ~ 6,331 customer reviews | 972 answered questions

$249.99 + Fre
List Price: $429.99 Only 14 left in sto
Price: $249.99 & FREE Shipping Prem
You Save: $180.00 (42%) T Include 2-Year |
i ltem s 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
Amazon. E Add|
Only 14 left in stock.
Estimated Delivery Date: July 28 - Aug. 2 when you choose Standard at checkout. T on;1:Gack ondan
Ships from and sold by GE Premier in easy-to-open packaging.
Color: Empire Red Ship to:
e . KEVIN DAVENPOF
YTEEENEEURRDRE D
= Add to List
) Add to Wedding |
Similar But Different
More Capacity More Attachments Different Brand Other Sellers
$264.99
Prime
Sold by: Amazon.com
< g $264.99
— + Free Shipping
Sold by: Marcus AV

$289.00
Prime

Sold by: goldentech



Do We Need Different Techniques?

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.

! 1 38 Flavors: 1 lb. Red Rose Box

o s, 11b. 11b.Daisy | [ 11b.Red

Christma... Box Rose Box | A4

$19.95 $19.95 $19.95
19 Sizes: Dark Blue Foils
. Burgandy (" Dark Blue |
Al

p ols Foils Foils 7
$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

|aty:1v| Turn on 1-click ordering

Different challenges: Unstructured and Nois
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AutoKnow: Self-Driving Product Knowledge Collection

Taxonomy /d \
Product
Grocery KG Grocery

Drinks

Pretzels

User logs
Catalog

b | e | i | oo

Product 1 Snacks Cherry

flavor

Product 2 Candy ? ? Cappuccino Gold
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

Product \
KG Grocery

New Type

Pretzels
User logs
Catalog hasType

b | e | i | oo

Taxonomy

Grocery

Drinks

Prod. 1 Prod. 2 Prod. 3

Corrected
Value
Product 2 Candy ? ? Cappuccino Coffee Gold

synonym
Product3 Candy Choc. Gold New Value

flavor color

Product 1 Snacks Cherry

flavor

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



Extracting Product Attribute Values

name form scent

Feasibility

A prototype,
an experiment,
to show itis
possible

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




Generic Knowledge Extraction

1@ oundedin 1975.
[

isFounder H
| > HE

Microsoft




Generic KE v.s. Product-Specific KE

‘Bill Gates founded Microsoft in 1975.

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

. First Aid Beauty Ultra Repair Cream: Vegan and Gluten-Free Intense |
! Moisturizer for Dfy SensitiVe Skin. Perfect for Skin Conditionsand !
| Eczema. Pink Grapefruit (14 ounce) H
H About this item H

HEAD-TO-TOE: Head-to-toe moisturizer that provides |

‘\\“W’ij S

REPAIR CREL after-feel Grapefrult has a bright citrus fruf scent
e that s fresh, juicy and sparkling.
e CLINICALLY PROVEN: Formulated with Colloidal
_:_':__‘,::_ Oatmeal, Shea Butter, Ceramide 3 and the FAB
Rt Antioxidant Booster, it provides immediate relief and
G T A BEARTT wisible improvement for parched skin and t is
clinically proven to increase hydration by 169%
immediately upon application.

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

Solution: OpenTag—
Applying deep tagging to
identify structured attributes
from product titles,
descriptions, and bullets

Obijects are often not

entities

Subject is given

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

@ Beginning of attribute value x={w,,W,,...,W,} input sequence
“ Inside of attribute value y={t1,t2,...,'gn} tagging dacician
@ Outside of attribute value -

& G End of attribute value
N

O\g\q {beef meal}

i g

A
\@0 beef meal ranch raised lamb recipe

Flavor Extractions ——— {ranch raise Iamb}




.lf)r'oduct

OpenTag Extraction from Product Profiles
CRF

Captures correlations
between BIOE tags

Attention

Identifies important terms

hy ha

leading to attribute values
it T ye Py 16
s (& —Cer— (o

C

o @)

Word Embedding
Captures semantics of ranch raised beef flavor

each token

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

85.9% 86.3%
0.85

81.1%81.2%
0.80

0.751

0.70°

Recall F-measure
alit V.S. Independent Split

Recall F-measure
t flavor from dog food title

. . . Extraction on new values is comparable
BiLSTM+CRF+Attention obtains best results P

to already known values

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



Building a Product Knowledge Extraction Pipeline

1K

Train and fine-tune models

il

Quality
Production Understand domain OpenTag Postprocess Pre-publish evaluation as
quality, and attributes, and extraction results gatekeeper to guarantee
generate LOTS OF to further high quality data
E2E ,MVP training data improve data
experiences quality

Quality goal: 90% accuracy for product attributes




Building a Product Knowledge Extraction Pipeline

1M

Repeatability

E2E pipelines,
automations to
allow for
extensions to
more domains

Train and fine-tune models

Understand domain OpenTag
and attributes, and
generate LOTS OF
training data

il

Postprocess Pre-publish evaluation as
extraction results gatekeeper to guarantee
to further high quality data
improve data

quality




Building a Product Knowledge Extraction Pipeline

M B

Train and fine-tune models

il

Repeatability Automatic
Training Data
E2E pipelines o Opentag Postprocess Pre-publish evaluation as
. ! Generation extraction results tek t t
automations to w0 further f“f" E eepfr ((:l)guaran ee
igh quality data
a"OVY for Weak Learning improve data
extensions to quality

more domains

fili

Benchmarking




Building a Product Knowledge Extraction Pipeline

M B

Train and fine-tune models

Repeatability Automatic Deep Learning
E2E pipelines, T(r;ael:zrit[i)j:]a OpenTag Data Cleaning Pre-publish evaluation as

gatekeeper to guarantee
high quality data

automations to

a"OVY for Weak Learning o
extensions to
more domains e o o
() (J
Postprocess
“‘WIW extraction results

to further

Benchmarking improve data
quality




Building a Product Knowledge Extraction Pipeline

1M

Train and fine-tune models

- -9y
Repeatability Automatic Deep Learning 'waw‘w
Training Data :

E2E pipelines, Generition OpenTag Data Cleaning

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

automations to

a"OVY for Weak Learning o
extensions to
more domains e o o
() (J
Postprocess
'n‘wIww extraction results

to further

Benchmarking improve data
quality




Building a Product Knowledge Extraction Pipeline

1M

Repeatability

E2E pipelines,
automations to
allow for
extensions to
more domains

/AutoI\/IL m

Automatic
Training Data

Generation

Weak Learning

-

~

Deep Learning

Data Cleaning

fili

Benchmarking

i

evaluation w. lower
labeling needs



Transformer-Based Anomaly Detection

Grocery & Gourmet Food » Candy & Chocolate » Mints

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

Brand: Love of Candy
WrwWyr 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

Blue Green Orange Pastel Assortmentf ‘m Red

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.




Transformer-Based Anomaly Detection

Grocery & Gourmet Food » Candy & Chocolate » Mints

@ Love of Candy BullJCandy I PinIIMint Chocolate

Lentils - 6lb Bag

— Brand: Love of Candy
Ki WrwWyr 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 llPink"?

Blue Green Orange Pastel Assortmentf ‘m Red

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 gasechasal e = < it
candy shell. Similar to M&Nt, these mint chocolate candy lentils are fun, bi H
sized snacks that can be enjoyed duning 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.




Transformer-Based Anomaly Detection

Transformer

Positional
embeddings

Segment
embeddings

Token |

embeddings

O
o O

qQo0
O O O O O -0Q 0O O O
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Transformer-Based Anomaly Detection
Qldentify 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 Oils

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

Flavor

Flavor

Flavor

Scent

Scent

Pink

1 Ib. snowflake box

color1

vitamin c body scrub - 120z &
body brush

2Packages (Breakfast Blend,
31 1 o7)



Scaling Up Product Knowledge Extraction

1 B Millions of categories

Scalability o~
Significant cost @ Thousands of attributes
reduction for - N
scale ups @
o
A\ ¥ P\f‘ ~

Hundreds of languages

Karamanolakis et al., TXtract: Taxonomy-aware knowledge extraction for thousands
Yan et al., AdaTag: Multi-Attribute Value Extraction from Product Profiles with Adaptive Decoding, ACL 2021.



Scaling Up for 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
HDR and Alexa Compatibility (2019 Model)

Taylors of Harrogate Classic Tea Variety Box,
48 Count (Pack of 1)

(0

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




Scaling Up for Millions of Categories

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

(0

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

Option 2. Train a model for each category?

1400

Store/orchestrate 100K+ OpenTag 1200

Most categories .,
are very sparse

2000 4000

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



Scaling Up for Millions of Categories

Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
BIOE Attribute Tags Y1 Yr c’ Predicted Category

P11

CRF | CategoryCLF |
Scalability I .
%i’é%"ﬁﬁéﬁﬁ;’; hy hy /‘1 Product Embedding
Significant cost P N |
reduction for | Condselrat ) | Att | -
scale ups T

Token Embeddings hy hy™ e. Category Embedding
T T T P I— ~ /
ProductEnc L CategoryEnc J

[

Product Profile X, Xr C Product Category

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.



Scaling Up for Millions of Categories

Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
BIOE Attribute Tags Y1 Yr c’ Predicted Category

P11

CRF | CategoryCLF |

L] o
Sca I a b I I Ity T I T ‘ Product Taxonomy
Taxonomy-Aware h! h’. h Dradiint Emhaddins

Token Embeddings

Significant cost P
reduction for \

scale ups

Token Embeddings

. “ i Attention conditioned on
Product Profile X, Xr C Product Categq( 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.



Scaling Up for Millions of Categories Multi-task

Learning
Taxonomy-Aware Taxonomy-Aware
Attribute Value Extraction Product Category Prediction
BIOE Attribute Tags Y1 Yr c’ Predicted Category

P11

CRF | CategoryCLF |
Sca I a b I I Ity T I T ‘ Product Taxonomy
Tﬁiﬁ?\ngr:&ﬁz:gs hy hy "1 Product Embedding
Significant cost I |
reduction for ST, “ £
scale ups .
Token Embeddings e, Category Embedding |_—

ProductEnc

|1 ﬁCategtl)ryEnc : J/
ot 1

Product Profile X, Xr C Product Category

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.



Scaling Up for Millions of Categories

(Train 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.




Product Knowl. Extraction from Broader Sources

Beauty & Personal Care » Makeup » Face 1 Highlighters & Luminizers

1 T Product knowledge extraction from images, reviews, etc.

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

Brand: Ownest
L2 8 % * 308 ratings | 4 answered questions

Ubiquit
q y Price: $9.99 (39,99 / count) FREE Shipping on orders over $25.00 shipped by Amazon or get Fast, Free
Shipping with Amazon Prime & FREE Returns

High coverage,
long-tail use cases,

Get $60 off instantly: Pay $0.00 upon approval for the Amazon Rewards Visa Card. No annual fee.

Returnable until Jan 31, 2021 ~

T EREF =

assumption S o
removal, to next - o
cycle of inventions Skin Tone s
About this item

Roll over image to zoom in «  [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
BO7V551YSF subtle glow that is perfect for everyday use.

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

* [Long Lasting&Waterproof] Long lasting, water-tight, sweatproof. Let you keep the perfect makeup
all day long without worrying about getting caught 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 wherever you would like to (lluminate,

«  [Perfect Gift for Girls] Two popular everyday 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.



Product Knowl. Extraction from Broader Sources

Text still plays the

1 ‘ ' Multi-modal knowledge extraction [iss ooy se il :
Ubiquity Models P(%) R(%) F1(%)
High coverage, PAM w/o text 799 634  70.7
long-ail use cases, PAM w/o image | 88.7 721  79.5
assumption
removaL to next PA.M W/O OCR 82.0 69.4 75.1
cycle of inventions
PAM 913 ‘753 825

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




Text-Rich KG Summary

Crazy idea: Finding structure and modeling ambiguity from text-rich sources

Main challenges: Sparse & Noisy structured data everywhere

\ Ready /¢ \ Ready /¢

Accuracy 8%+

Framework:

Coverage 12X

Cleaning

Imputation

a

Unmentionea Crazy iaea. AUtomatiC taxonomy extracCtic

Mao et al., Octet: Online catalog taxonomy enrichment with self-supervision. SigkDD, 20
Zhang et al., Minimally supervised structure-rich text categorization via learning on te
Zhang et al., OA-Mine: Open-World attribute mining for e-Commerce products with weak supervision. Webconf, 2022




Generation #3: Media-Rich
Time-Based KGs



Background: Virtual Intelligent Assistant

Respond to commands

[“Hey Siri, set a timer to 7pm”

\[“Ok, added to today’s reminders” }




Background: Virtual Intelligent Assistant

Control devices
[“Hey Alexa, turn off bedroom lights”




Background: Virtual Intelligent Assistant

Provide information

[“Hey, Google, when did winter start?”

- mr started on Wed, December 21” }




Meta’s Assistant

Empowering connection to people and experiences in your life

Meta Quest 2 Ray-Ban Stories

-~
f o Q‘—‘ ‘
" ad
“Hey Facebook” (double press the “Hey Facebook, take a picture”
button on your controller) --capture moments hands-free
“Who’s online?”--meet up with “Hey Facebook”--call friends on
friends Messenger, manage device
“Open Beat Saber”--jump straight settings, and more.

in the game, and more.




What is An Ideal Virtual Intelligent Assistant?

An intelligent assistant should be an agent that knows you and the
world, can receive your requests or predict your needs, and

provide you the right services at the right time with your
permission.




What is An Ideal Virtual Intelligent Assistant?

An intelligent assistant should be an agent that knows you and the
world, can receive your requests or predict your needs, and

provide you the right services at the right time with your
permission.

Public KGs



Evolution of Intelligent Assistant

Chatbot Voice Asst AR/VR Asst
Text input Voice input Voice + Visual + Context

- ‘ ‘v»

g I “o ,
S er Y

N~ ® v




What Is Different for An AR/VR Assistant?

'You_,wear.rywhere
AL A -

ay-not-have conne




From Voice-Only to Multi-Modal

You sge throug‘w it

P

« : : o e “What’s the name of this building
I?
How tall is Empire State Building” J - [and how tall is it?”




From Context-Agnostic to Context-Aware

You,wear .rywhere

P

“Show mv shoooing list” - “Remember to buy apples and bananas
y pPINg at the grocery store around the corner”




From Reactive to Proactive (Recommendation!)

“Today is sunny, 70 degree. Would you
like to play your favorite morning music?”

“What'’s the weather today?” J -




From Server-Side to On-Device




Two Sides of One Coin (1):
Great Vehicle for Life Recording

MEMEX (MEMory & EXpansion)
by Vannevar Bush (19




Two Sides of One Coin (2):
Great Vehicle for Personal Assistant Recommendation

@) >
Reactive conversational /

recommendation o

Proactive service
recommendation

Personal knowledge
(preferences, routines, etc.)



Personal KG and Memovoir

O way ) (0 memr ) [ mspiraton )

' Where did | put my key? At Lyon you can visit
‘ G the statue of
( | must have seen this Saint-Exupéry with the
Little Prince by his side.
lady before but when
y You read that book in
and where?

K t / K / K 2018 and loved it. /

Media
Snippets

EerEaa] Embeddings

KG

Personal Memovoir




Time-Based KGs & Media-Rich Memovoir

Characteristics of a Personal KG & Memovoir
e Rich audio/video, associated w. time, location, etc.
® Modeling

O entities at an abstract level; e.g., latte art coffee (from different stores),
my key for front door

O activities; e.g., dancing, watching ballet
e Historical—each activity is associated with a timestamp

Crazy Idea
Trace and abstract one’s life from rich audios/videos, and
experience Q&A, life journal creation, and life recomme




Research Problems for Personal KG and Memovoir

How to record one’s life with hardware (memory, battery) constraints?
How to extract personal knowledge from the recordings?

What is the best frequency, granularity, and domain richness to capture
one’s life?

How to leverage the Personal KG and Memovoir for utility, memoir, and
inspiration applications?

How to leverage Personal KGs to best understand contexts?

How to combine public and personal KGs for context-aware
recommendation?




Take-Aways l. 3 Generations of KGs

1. Entity-Based KGs 2. Text-Rich KGs 3. Media-Rich
Time-Based KGs

Resolving Extractions and

heterogeneity with cleanings from sparse Many new challenges

for knowledge
collection and
applications

entity linkage and web  and noisy source data,
knowledge extraction and handling
semantics ambiguities




Take-Away 2. From Roofshots to Moonshots

1,000,000,000000

Feasibility Quality Repeatability Scalability Ubiquity
- >

Roofshots



Shameless Advertisements

Book (2021) Two benchmark datasets

E o At M e DI2KG Challenge:
ot http://di2kg.dia.uniroma3.it/

10:24

H#challenge
® Extended SWDE benchmark:
https://homes.cs.washington

.edu/lockardc/expanded sw



http://di2kg.dia.uniroma3.it/#challenge
http://di2kg.dia.uniroma3.it/#challenge
https://homes.cs.washington.edu/lockardc/expanded_swde.html
https://homes.cs.washington.edu/lockardc/expanded_swde.html
https://homes.cs.washington.edu/lockardc/expanded_swde.html

Thank You

Q&A?



