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Hands-on full-stack developer, innovator, strategic thinker, leader and evangelist for
new technology and product, 25+ years of experience, 22 patents granted

Database Engine — Web Services — Tax Engine & Platform — App Ul and Products —

E2E Data Arch & Strategy — Knowledge Engineering

Recent focus: How to elevate data to knowledge!
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Introduction



Intuit’s mission: Powering the Prosperity of the World
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Intuit’s platform described in Knowledge Graph

Small Business Self-Employed Consumer
< IsA ———— IsA >
/
Uses Uses
v Intuit '

Small Business Platform <«—

> Personal Finance Platform
r Provides —‘— Provides r
SMB Finance I \_r Personal Finance
Products ./ . Products
Accounting, Partner - J
Tax, Payroll, ax, Credit,
Payment, <—— Provides — — Provides > Payment, Budget,
Loan Loan ...
, Expert _

SMB Finance Personal Finance
Domain Expertise <“——— Pprovides — — Provides > Domain Expertise
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Al-Driven Platform Example: A Smart TurboTax Assistant
Powered by Intuit’s Tax Knowledge Engine and CUI Platform
o

TurboTax Mobile App

File smarter from anywhere

Your maximum refund is now at your fingertips with
the TurboTax app. Seamlessly switch between your
phone, tablet, or computer as you do your taxes.
Learn more

GETITON
» Google Play

Knowledge Graph played a huge role in delivering a
personalized experience to get taxes done right
with minimal effort and high confidence

infurf PATENTED INTUIT INNOVATION
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https://docs.google.com/file/d/1nyz3VuFQK0pZtl4OoBuFo3zxHBHBracB/preview

Knowledge Graph definition - our approach

Webster’s Dictionary

Definition of knowledge

1 a (1) :the fact or condition of knowing something with familiarity gained
through experience or association

(2) : acquaintance with or understanding of a science, art, or technique

b (1) :the fact or condition of being aware of something

(2) : the range of one's information or understanding
// answered to the best of my knowledge

¢ :the circumstance or condition of apprehending truth or fact through
reasoning : COGNITION

d :the fact or condition of having information or of being learned
// a person of unusual knowledge

2 a { Definition of graph (Entry 1 of 4)
4 1 :adiagram (such as a series of one or more points, lines, line segments, curves,
or areas) that represents the variation of a variable in comparison with that of
b« one or more other variables

2 :the collection of all points whose coordinates satisfy a given relation (such as a
function)

3 :acollection of vertices and edges that join pairs of vertices

INnTuIt

knowledge

What: information, truth, facts,
condition, principles, understanding

Who: mankind

How: apprehending, reasoning,
learning, acquired

From: experience, association

graph
What: vertices, edges
How: edge joins pairs of vertices

(c)2020 Intuit Inc. All rights reserved.



Knowledge Graph definition - our perspective

knowledge A graph ...

What: information, truth, facts, condition,

S ) e to represent data (facts, information) and logic
principles, understanding '

(conditions) into concepts as vertices, and

Who: mankind relationships between concepts as edges,
How: apprehending, reasoning, learning, q ched . d1 .
acquired e created/enriched from experience and learning,
From: experience, association e used for understanding and reasoning,

e by human and machine
graph

What: vertices, edges

How: edge joins pairs of vertices Foundation to bring Al approaches together:

e Symbolic Al (Explainable / Semantic)

e Machine Learning
Webster’s Dictionary

DATA GRAPH + LOGIC GRAPH

In'i'UI'i' (c)2020 Intuit Inc. All rights reserved. 8



Data + Logic Knowledge Graph Use Cases at Intuit

TAX PROGRAMMING (LOGIC GRAPH)

GRS Add/Updates | o hoTax App Ul
/ Services

User data

Tax Knowledge

Expanded iteratively Engine

overtime When the tax
return is not done

Tax

Knowledge

Graph When the tax
return is done

Intuit Knowledge Engine Platform

ENTITY RESOLUTION (DATA GRAPH)

Intuit Data Curation Platform

Other use cases: Fraud Detection, Customer 360 Graph, Company Graph, Product Taxonomy ...

INTUIT

(c)2020 Intuit Inc. All rights reserved. 9



Use Case #1: Tax Programming
(LOGIC GRAPH)



The big challenge

INTUIT

NUMBER OF PAGES IN THE FEDERAL TAX CODE
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ource : Wolters Kluwer

80,000+ pages of instructions and
requirements

Thousands of tax forms can appearin a
tax return

Changes yearly, could change in the
middle of a tax filing period

50,000+ TurboTax Ul screens

How to scale the tax logic development
for a highly personalized experience to
get taxes done done with minimal effort
and high confidence?
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Conventional approach - procedural programming

17 Federal income tax withheld from Forms W-2 and 1099

19 Add lines 17 and 18e. These are your total payments .

20 If line 19 is more than line 16, subtract line 16 from line 19. This is the amount you overpaid

L17 = getTaxWithheld() # from

e Procedural programming

e Tops-down sequential execution

L19 = L17 + L18e #
if L19 > L16:
L20 = L19 - L16 #

else:
L20 = ¢

e Allinputs required to calc

e Implicit explainability hidden in code

IhT"UI'i' (c)2020 Intuit Inc. All rights reserved. 12



Knowledge Graph approach

17 Federal income tax withheld from Forms W-2 and 1099

19 Add lines 17 and 18e. These are your total payments .

20 If line 19 is more than line 16, subtract line 16 from line 19. This is the amount you overpaid

/ Input1 e o <—‘ w2  Bounded Calc Module
ADD v @l

Output ‘<—‘ . SUBTRACT
/‘ 20 @
. ADD
Generic Calc Pattern

(GIST) nPut o ‘ ‘ L16

\ L18e

INTuIt PATENTED INTUIT INNOVATION ()2020 Intuit Inc. All rights reserved.
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Calculation Graph

Chaining calc modules together 17 m#ﬁHELD ) ‘ we

. <—‘1099

L18a

CALC
EIC

SUBTRACT

L20 ‘II’<P———‘|II')

e Declarative programming

e Granular, incremental composition

L18d
e Visible calc dependency and data flow
e Built-in and intuitive explainability
PATENTED INTUIT INNOVATION (c)2020 Intuit Inc. All rights reserved. 14
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Explainability

Built-in Explanation: backward chaining CALC . w
dependencies in Calc Graph WITHHELD
<_‘ 1099
L19 ADD ‘_‘ cALC
EIC

L18a

7 .
" M

// L16
¥

Explain Explam

L20 is the result of L19 is the result of ADD L18d
SUBTRACT L16 from L19 L17 and L18e

INTuIt PATENTED INTUIT INNOVATION ()2020 Intuit Inc. All rights reserved. 15



Completeness Graph

Sample tax benefit rule:
1. If a person is not a resident of California, he/she is not qualified;

2. Otherwise, he/she must be older than 18 to qualify for the benefit.

>(18) ge ==("CA’) Residence
True True

COMPLETE ‘«—‘ ‘_7 START

Qualified False y

NotQualified COMPLETE

What data is missing before we can complete the decision?
Given age = 17, is residence info Data-driven, personalized experience that
necessary to determine qualification? minimizes questions for data collection

INTuIt PATENTED INTUIT INNOVATION ()2020 Intuit Inc. All rights reserved. 16



Tax Knowledge Engine

Based on Tax Knowledge Graph, at any moment and for any (partial) user data, be able
to tell what's missing, what's wrong, and explain back how it's done.

_———._ Add/update

Q ) TurboTax app Ul -
/services =
User data [*
>
. y Tax Knowledge What is still
Engine missing?

Expanded iteratively
over time When the tax
return is not done

What is
Tax wrong?
'ﬁ‘/[ Knowledge
- e -

return is done

Explanations

INTuIT PATENTED INTUIT INNOVATION ()2020 Intuit Inc. All rights reserved. 17



Automating Calc Graph construction

17 Federal income tax withheld from Forms W-2 and 1099

19 Add iines 17 |anci 18e. |I hese are your total payments .

ig If\'Q‘e 19 i\aq)‘re than.line 16, subtract line 16 from line 19. This is the amount you overpaid

1. Calc instruction parsing (NLP)

L19 ADD L17 L18e |— N

\ \ T——a N\ L17
\\ \\ Input \\ ADD '/‘
> ADD \ 9 @-—E0)

\
\ I
Out t'
utpu | 3.Calc Graph generation \‘ L18e

/
2. Semantic pattern matchin& InputN ¥
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Comparison between 2 approaches

Logic
Execution
Modularity
Explainability
Personalization
Automation
Testability
Optimized for

Target Developer

INTUIT

PROCEDURAL

Procedural

Sequential

By best practice

Blackbox

Hard-coded, limited

Not manageable

Harder

Exceptional complex logic

Engineers

KNOWLEDGE GRAPH

Declarative
Dependency-driven
By design

Built-in

Dynamic, automatic
Manageable

Easier

Most tax logic

Domain experts

Clear Winner!

(c)2020 Intuit Inc. All rights reserved. 19



TurboTax Explain Why results

First year production deployment (2015) with initial limited
tax topics coverage, used by 16M customers:

46% 77%

Reduction in care Customers found
contacts for W-2 it helpful

INTuIT ()2020 Intuit Inc. All rights reserved. 20



Use Case #2: Entity Resolution
(DATA GRAPH)



The big data challenge: quality, silo ...

Mame pbose  leml

DATA SILO 1 Bob 923-456-7890 xyz@domainl.com
Robert 123-456-7890 xyz@domainl.com

DATASILO 2

Robert (923)456-7890 xyz@domain2.com

JN/NCTICE R Name _mobile  Jemail

Robert +11234567890 xyz@domain2.com

patasios LR N

Robet zyzl(@domain2.com

INTUIT

e Different field names
e Multiple values
e Missing value

e Wrong value (by mistake)

How many customer records
across data silos are duplicates?
How can they be merged ?

(c)2020 Intuit Inc. All rights reserved. 22



Preparation - data cleansing

Mame pbose  leml

wame | pione lemal

Bob 923-456-7890 xyz@domainl.com Bob
Robert 123-456-7890 xyz@domainl.com Robert
Robert (923)456-7890 xyz@domain2.com Robert
Nome mobie lemal
Robert +11234567890 xyz@domain2.com Robert
STANDARDIZATION

INTUIT

9234567890 xyz@domainl.com
1234567890 xyz@domainl.com

9234567890 xyz@domainl.com

1234567890 xyz@domain2.com

(c)2020 Intuit Inc. All rights reserved. 23



Procedural approach (1 of 2)

mame phone — lomat

Bob
Robert

Robert

Robert

INTUIT

9234567890
1234567890

9234567890

1234567890

xyz@domainl.com

xyz@domainl.com

xyz@domainl.com

xyz@domain2.com

1. Pairwise

compare

1Bob
1Bob
1Bob
1Robert
1Robert
2Robert

3. Repeat

1Bob_2Robert

1Robert 2Robert

1Robert 3Robert

Robert
Robert

Robert

1_Rober 0.5

2 Robert 1.0

3 Robert 0.0

2 Robert 1.0

3 Robert 1.0

3 Robert 0.5
2. Merge

9234567890

1234567890
9234567890
1234567890

xyz@domainl.com

xyz@domainl.com
xyz@domain2.com

xyz@domain2.com

(c)2020 Intuit Inc. All rights reserved. 24



Procedural approach (2 of 2)

CustomerID Telephone Email 3. Pairwise

1Bob_2Robert 9234567890  xyz@domainl.com compare

1Robert_2Robert Robert 1234567890  xyz@domainl.com 1Bob_2Robert 1Robert_2Robert 1.0
9234567890  xyz@domain2.com 1Bob_2Robert 1Robert 3Robert 0.5

1Robert 3Robert Robert 1234567890 xyz@domain2.com 1Robert 2Robert 1Robert 3Robert 1.5

4. Merge
e Purpose-fit procedural logic

e [terative and sequential execution

, . CustomerID Name Telephone
e Blackbox processing, hard to explain -

Merged_CustID 9234567890  xyz@domainl.com
Robert 1234567890  xyz@domain2.com

Result after converging

INTuIt ()2020 Intuit Inc. All rights reserved. 25



Knowledge Graph approach (1 of 5)
Customer HasName —>‘ Name
fname | phone ___email ‘

Bob 9234567890 xyz@domainl.com Customer ‘ HasPhone —)‘ Phone
Robert 1234567890 xyz@domainl.com
Customer ‘ HasEmail —>‘ Email

Name

Robert 9234567890 xyz@domainl.com

Customer

Robert 1234567890  xyz@domain2.com Phone Email

BUILD ONTOLOGY

INTuIT ()2020 Intuit Inc. All rights reserved. 26



Knowledge Graph approach (2 of 5)

wame | pione lemal

Bob 9234567890  xyz@domainl.com
Robert 1234567890 xyz@domainl.com

, 7 SEA A

Robert 9234567890  xyz@domainl.com / /éobert/ / \

| / \

IsA / ? . IsA
\ IsA 3Robert |
\ \ / .
1234565\890 xyz@do;ﬁamZ.com

Robert 1234567890 xyz@domain2.com N S

LOAD KNOWLEDGE GRAPH

INTuIt ()2020 Intuit Inc. All rights reserved. 27



Knowledge Graph approach (3 of 5)

Initial graph after loading Enriched graph
1Bob 1Bob
B 9234567890 Graph 9234567890
ob . ‘\
analysis & ‘

inference
xyz@domain1.com xyz@doma|n1 .com

‘ Robert 1Robert ‘ Robert
A 2Robert \’/ZRobert

1234567890 3Robert xyz@domain2.com 1234567890 3Roberl: xyz@domain2.com

1Robert

ENRICH KNOWLEDGE GRAPH

INTuIt ()2020 Intuit Inc. All rights reserved. 28



Knowledge Graph approach (4 of 5)

Enriched Graph Master
1Bob
> @ 9234567890 HasChlld

/ HasChlld HasChlld
i ' 1 (0] o
Derive /

/ I

master / Bob ‘\’l_ 9234567890
~ I \
N node ' '
1Robert ‘ Robert | xyz@domain1.com

\

1Robeﬂ

xyz@doma|n1 .com

e i

/’ﬁ ;
HasChlld /
Robert

»
1234567890 3R°bert xyz@domain2.com \ \ 2Robert
e Semantics and lineage preserved H‘\
e Declarative logic (inference, derivation) 1234567890

3Robert xyz@domain2.com
e Built-in visual explanation

o DERIVE RESULT: NEW MASTER NODE
INTUIT

(c)2020 Intuit Inc. All rights reserved. 29



Knowledge Graph approach (5 of 5)
Result 1 Result 2

1Robert

NotSame

\ | 9 ZRobert

-

1234567890 3Robert xyz@domain2.com

FEEDBACK AND VARIATION

INTUIT

Validation input

(c)2020 Intuit Inc. All rights reserve
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Comparison between two approaches

PROCEDURAL KNOWLEDGE GRAPH
Schema Relational Graph
Relationship Relational join Graph traversal
Logic Procedural Declarative
Explainability Blackbox processing Built-in visual explanation
Extensibility Purpose-built Easy to extend, continuous enrichment
Scalability Leverage Spark processing  Leverage native parallel graph DB
Tuning Batch rerun Rapid iteration
Optimized for Batch processing (bootstrap) Near real-time processing (streaming)
Target Developer Engineers Domain experts

Hybrid: Bootstrapping (Procedural) + Real-time updates (KG)

In'i'UI'i' (c)2020 Intuit Inc. All rights reserved. 31



Entity resolution result

Initial effort to clean, detect and resolve 180M customer
records from 6 sources:

19% <1%

Reduction False positive

INTuIT ()2020 Intuit Inc. All rights reserved. 32



Summary



Key takeaways

e Knowledge Graph is a natural fit for many use cases.
e Knowledge Graph can be used to model logic, beyond data.

e Knowledge Graph can be automatically created/enriched via Al.

e Knowledge Graph makes Intuit products smarter with tangible customer
benefits: More Money, No Work and Complete Confidence.

Intuit has been leveraging and innovating on Knowledge
Graphs to bring tangible benefits to our customers!

In'i'uﬁ' (c)2020 Intuit Inc. All rights reserved. 34



Food for thought: KGs are the core of third era of computing

The Procedural Era An
swers
frograms Answers
Procedural Explanations (Why)
Code (Rules)

? Rules
MAcivie (10M weights)

—

The Knowledge Graph Era L; Knowledge

Answers
Machine [
Courtesy: Dan McCreary Learning ]—> Explanations (Why)

“Knowledge Graphs are at the core of the third era of computing were we use machine

learning to continuously enrich our shared knowledge”
https://medium.com/@dmccreary/knowledge-graphs-the-third-era-of-computing-a8106f343450

The Machine Learning Era

In'i'UI'i' (c)2020 Intuit Inc. All rights reserved. 35


https://medium.com/@dmccreary/knowledge-graphs-the-third-era-of-computing-a8106f343450

Thank you!

Interested in applying Knowledge Graphs to challenging
personal/business financial problems?

Contact jay_yu@intuit.com



