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Example Data Integration Problems

Schema matching
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These Problems Are Often Solved Using Crowdsourcing
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Example 1: Data Cleaning
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Example 2: Creating Labeled Data for Entity Matching

id | name | loc
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Example 3: Crowdsourcing for Data Catalog
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State of the Art

Academia
I Pioneering work in our group in 2003-2010
I Super hot in the DB community in 2011-2020
I Lot of papers, mostly solving nNnpoint probl en
A E.g., develop algorithmic solutions to solve entity matching, low CS cost, high accuracy
I No system development, no open -source software

Industry
I Solutions baked into bigger systems , e.g., CS solutions inside a data catalog system
I Cloud-hosted self-service solutions
A Amazon Mechanical Turk, Appen, Clickworker, Microworkers
I Contractors
A Sama, iMerit, Appen, Toloka



Very Hard for Data Science Teams to Crowdsource

Canot use I ndustrial solutions
I Hosted CS services: |1 mited capabilities, ha
I Contractors: very expensive, take too long

A These are best suited for big companies, e.g., Google, Microsoft, Walmart

Candot use academic solutions
I No general-purpose software
I Nothing that
A can be deployed quickly and inexpensively
A easy to customize/extend
A Saves time by already taking care of mundane stuff

So today teams do CS in ad -hoc cumbersome ways
I Most common method: emailing around Excel spreadsheets, writing custom code
I Very time consuming, error prone



Especially Because CS Workflows
Are Often Quite Complex
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My Dissertation

Introducing the problem of building a CS platform for DI —
Designing Cymphony

i Define problem, operators, workflows

Implementation

Applying Cymphony to DI problems & evaluation

I Usability, accuracy, scaling

Customizing Cymphony for Data Catalog Systems

I User registration, operators, program, API

Releasing Cymphony

| Stand-alone, as a system component

Cymphony: A Crowdsourcing Platform for Data Integration, in preparation
Toward data cleaning with a target accuracy: a case study for value normalization, Ardalan et al., IEEE Big Data 2022
Entity matching meets data science: a progress report from the Magellan project, Govind et al., SIGMOD 2019



Requirements

Building a CS Platform for DI

I End-to-end system
I Can solve many DI problems
| Easy to use, customize, and extend

Envisioned usage
I Stand-alone

I As component of a bigger system

12



Challenge: Define'CS Problems: for DI

Wide variety of DI problems

I Extraction, cleaning, classification, matching, etc.
I Very different in nature

How to define a simple CS problem template that can solve most of them?

Solution

Product Title

Price

"ASUS X205TA 11.6 Inch Laptop
(Intel Atom, 2 GB, 32GB SSD,
Gold) - Free Upgrade to
Windows 10"

$199.00

Product Title

Price

Final Label

"Lenovo G50 Entertainment
Laptop - Black: DOORBUSTER -
Intel Core i7-5500U, 8GB RAM,
1TB HDD, 15.6\ FHD 1080P
Display, USB3.0,
HDMI,Bluetooth, Windows 8.1"

$799.77

"ASUS X205TA 11.6 Inch
Laptop (Intel Atom, 2 GB,
32GB SSD, Gold) - Free
Upgrade to Windows 10"

$199.00

32GB

é

"Lenovo G50 Entertainment

Laptop - Black:
DOORBUSTER - Intel Core
i7-5500U, 8GB RAM, 1TB
HDD, 15.6\ FHD 1080P
Display, USB3.0,
HDMI,Bluetooth, Windows
8.1"

$799.77

1TB

e
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Challenge: Define/CS Operators & Workflows

This was difficult, taking a fair amount of time

Consider a simple CS problem
I Given atable T, output T with a new column final _annotation
I For each tuple x in T, get 3 annotations from 3 workers, then take majority vote

How to create a workflow of operators to model this problem?

Initial idea

I Use three operators: assign, annotate, aggregate

I Use three tables A(x,w), B(x,w,a), C(x,a*)

I Assign(T,w,A) => X

I Annotate(x,w) => a

I Aggregate(all tuples <x,a>in C) => a*

i This is intuitive, but canot define a cl ean
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Complex Interactions Among Three Operators

Input: table T
Define empty tables A( x,w), B(x,w,a), C(x,a*)
Stopping -cond = all tuples in T have annotation a* in C

While (stopping -cond = false) and (a new worker w arrives)

X = assign(T,w,A)
Remove x from T and add (x,w) to A

a = annotate(x,w);
If a = null then {put x back into T; break} else {add (x,w,a) to B}

a* = aggregate(x, B);
If a* = null then {put x back into T} else {add (x,a*) to C}
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Other Problems

How to model crowdsourcing using hosted services, e.g., AMT?

CS workflows are often complex, involving non -crowd operations

I Table T => crowdsource using 30 workers => table C
I Table C => random sample => Table S => crowdsource using 2 data stewards => table D

I Table C, table D => SQL query => precision of table C
How do we model these?
Also want to ensure developers can easily customize and extend
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Our Solution

Cymphony workflow = DAG

I Nodes = operators, edges = flows of input/output data

Cymphony operator: X = H(Y)

I XandY referto tables, files, and other typical values (e.g., int, real, string, etc.)
Cymphony program

I Specifies the workflow

Example

i Tl=read table( Aidatal. csvo),;

I (B1, Cl1) = 3a_kn(T1, Al nstructionl. ht ml o, k
i write_ table( C1, of i nal _annotationsl. csvo);

datal.csv — read table — T1 —— 3a kn — C1— write _table — final_annotationsl.csv
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Another Example

Tl=read table( Aidat al. csvo

)
(B1,Cl1l) = 3a_kn(T1,0instructionl. ht ml o, k=2, n=
D1 = sample_random(C1,500);
D2 = exec_sqgl(SQL gquery to drop column final_label from D1 and make a new copy, D1)
(B2, C2) = 3a_kn(D2,0instructionl. htmlo, ¢€&);
prec = exec_sqgl(SQL query to compute precision, D1, C2);
write_table( pr e ep,roeGli si on. csvo) ;

datal.csv » read table — T1 —— 3a _kn —— C1— sample random — D1

|

exec_sql

|

Cl-precision.csv +— write_table < prec < exec_sql «— C2 «— 3a kn «—— D2

18



More on Cymphony Operators

We provide built -in operators
I Human operators: take a table I, crowdsource, produce a table O
I Machine operators: any operator that automatically transforms table/files and other value types
A Sample_random, arbitrary SQL queries
Developers can
I Customize existing built-in operators
I Provide new operators
For Cymphony 1.0
I Human operators: 3a_kn, 3a_amt
I Machine operators: sample_random, exec_sql
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Human Operator 3a_kn

For each microtask t, get up to n votes
i1 f at | east k agree, then return that as
I Otherwise return null (undecided)

Can capture many common crowdsourcing scenarios
I Get up to 3 votes then take majority: k=2, n =3

I Get up to 5 votes then take majority: k=3, n =5

I Using 1 trustworthy data steward: k=1, n=1

Implement this operator using functions assign/annotate/aggregate
discussed earlier

5

5

Input: table T
Define empty tables A(t,w), B(t,w,a), C(t,a*)
Stopping-cond = all tuples in T have annotation a* in C
While (stopping-cond = false) and (a new worker w arrives)
— t=assign(T,w,A)
— Remove tfrom T and add (t,w) to A
— a = annotate(t,w);
— If a = null then {put t back into T, break} else {add (t,w,a) to B}
— a* = aggregate(t, B);
— If a* = null then {put t back into T} else {add (t,a*) to C}



Human Operator 3a amt

For each microtask t
I Get nvotes from AMT workers
I If at least k votes agree, then Cymphonyr et ur ns t hat as

5

Naggregat e

, Example
I Tl=read table( hdatal. csvo),;
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Built-in Machine Operators

Sam ple_random (D, k) => E 2* gueries to attach tuples to the labeled ids and separate out tuples that need more annotations */
. : . AGREEMENTS WITH LABELS,
| Very common operation in DISAGREEMENTS_WITHOUT_LABELS
I ) = exec_sql(
crowdsourcing workflows ORIGINAL DATA
C_1,
Exec sql (a SQL query, tables) queries ="
- CREATE TABLE temp as (
=> output table SELECT _id,product_title,label
FROM ORIGINAL_DATA
I This allows user to execute ooty
arbitrary SQL queries to )
CREATE TABLE agreements as (
Process the data select * from temp where label!="undecided'

);
CREATE TABLE disagreements as (
select * from temp where label="undecided'
);
ALTER TABLE disagreements DROP COLUMN label;

mapping_to_output_variables = [
"temp:None",
"agreements: AGREEMENTS_WITH_LABELS",
"disagreements: DISAGREEMENTS_WITHOUT_LABELS"
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Sample ComplexCymphony Workflows

(2 votes agree)

exec_sql - C; » exec_sgl > C— sample_random —+ S

A—+3a amt—+ B —+ exec sql *D — 3a amt > E | 3a kn

(2 votes) (1 vote) l

» exec_sqgl — C, l
/ SO
l

» execsqgf —— F — 3a kn — G
(all 3 votes disagree,
or unsure)

exec_sql

l

P

Output = (C \ S) union S &nion G
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Executing Cymphony Workflows

Executable operators

I A machine operator is executable if its inputs are available

I A human operator is executable if its non-human inputs (e.g., tables, files) are available
For each time epoch (e.g., each second)

I Execute all machine operators that are executable

I If a worker w arrives

A Assign w to (or let w choose) an executable human operator
A Execute that human operator

Terminate when all operators in the workflow have been executed

24



Executing Cymphony Workflows

(2 votes agree)

exec_sql - C; » exec_sgl > C— sample_random —+ S

A—+3a amt—+ B —+ exec sql *D — 3a amt > E | 3a kn

(2 votes) (1 vote) l

» exec_sqgl — C, l
/ SO
l

» execsqgf —— F — 3a kn — G
(all 3 votes disagree,
or unsure)

exec_sql

l

P

Output = (C \ S) union S &nion G
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Current Status

Coding from 03/2020 71 03/2023
16,816 lines of code

69,716 total lines
I Including Python, HTML, JS, CSS, MD files

Deployed at Qatar Computing Research Institute

In 04/2022
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Applying Cymphony to DI Problems &
Experiments

Consider 3 problems

I Color extraction from textual product descriptions

i Column classification in data catalog

I Entity matching

Showed that CS workflows to solve them can be very complex
Showed that Cymphony can easily solve these complex CS workflows

I Saving significant user effort, achieving state-of-the-art accuracy at a reasonable cost
I Demonstrating the versabllity of Cymphony

Demonstrated scalability to realistically large dataset and worker sizes
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My Dissertation

Introducing the problem of building a CS platform for DI
Designing Cymphony

I Define problem, operators, workflows

Implementation

Applying Cymphony to DI problems & evaluation
I Usability, accuracy, scaling

Customizing Cymphony for Data Catalog Systems —

I User registration, operators, program, API
Releasing Cymphony
I Stand-alone, as a system component
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Example: Environmental Sciences

v M Inbox (4,405) - anhaid@gmail.cor: X @ Environmental Data Initiative X L

— (m] X v @ Environmental Data Initiative x @ Data Portal - Search Results | Envir X + = (m] X
& G M °5 edirepository.org a % ° & C M@ 25 portaledirepository.org/nis/simpleSearch Y Y, °
A Er M T W ﬁ hp @ zoom & gdrive E cal E schedule i:::G Canvas & 564 & KiU-me & KU & B » 3 All Bookmarks
ED) Data ~  Resources ~  Support ~  About ~ Search Documentation a a
Terms used in this search: lake, mendota
Displaying 1-10 of 1954 matching data packages
<< < 12345678910 11 > >
) Publication
Title a v Creators s v Package Id » ~ |
Date a v

North Temperate Lakes LTER Bythotrephes longimanus spiny water flea

Walsh, Jake 2022 knb-Iter-ntl.342.2
E n (4 r n e n ta I D a ta I n . t L4 a t (4 e population monitoring in Wisconsin and Minnesota 2009 - 2014 Vander Zanden, Jake

North Temperate Lakes LTER Yahara Lakes District Riparian Vegetation

Magnuson, John 2022 knb-lter-ntl.157.11
Carpenter, Stephen
o 3 Stanley, Emily
Create . Package . Archive . Discover . Reuse
v Spatially Distributed Lake Mendota EXO Multi-Parameter Sonde Measurements Beal, Maxwell R.W. 2023 knb-lter-ntl.428.1
) 2019-2022 Block, Paul J.

Since 2007

87K data packages, 18K tables , Other lakes in environmental science

60TB storage, 10K downloads / week i Dryad, CUAHSI, Zenodo, Figshare, BCO-DMO,

Artic Data Center, IDigBIio
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Crowdsourcing Needs for Data Catalog Systems
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Often called curation



Bulk Curation: & Drive -By Curation
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Curation Challenges

Often need many different curation workflows
I Table name expansion: 3 users agree OR 1 data steward agrees
I Column name expansion: 2 users agree OR 1 data steward agrees

Workflows can be quite complex

5

(2 votes agree)

exec_sqgl - C; » exec_sgl > C— sample_random =+ S

l

A —+3a amt—+ B - exec sql *D — 3a amt > E 3a kn
(2 votes) (1 vote) l

/ »exec_sqgl — C,

» execsqgf —— F — 3a kn — G
(all 3 votes disagree,
or unsure)

— NN «— |
(@)

exec_sql

l

: : P
Output = (C \ S) union S @&nion G



No Good Solutions Today

Curation workflows are often hardwired into the code of data catalogs
Very difficult to implement, debug, maintain, modify
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Our Proposal: Using Cymphony

T1 = read_table(“datal.csv”);
(B1,C1) = 3a_kn(T1,"instruction1.html!”, k=2,n=3);

D1 = sample_random(C1,500);
Employee Phone

D2 = exec_sql(SQL query to drop column final_label from D1 and make a new copy, D1)

EMPLOYEES (B2,C2) = 3a_kn(D2,"instruction?.html”, ...);

EName DTPh | DID Employee Name prec = exec_sql(SQL query to compute precision, D1, C2);

: Department Name write_table(prec,"C1-precision.csv”);

Dave Smith | 4399 d,

Jane Miller | 5603 d, l

Mike Davis | 2862 | d, — \
DEPARTMENTS _ Day Time Phone datal.csv + read_table — T1 3a_kn C1— sample_random — _ D1

ID | DName |

EName exec_sql
d; | Sales Match DName '
d, | Legal Has-col C1-precision.csv < write_table +— prec + exec_sqgl +— C2 3a_kn D2
EMPLOYEES DEPARTMENTS
Joinable

() amagon

mechanical turk

0

-

Will study this in the context of SmartCat



Customizing SmartCat for Curation

SmartCat operates in epochs EMPLOYEES
EName DTPh
In each epoch e Tseas
. . Mike Davis | 2862 d
I Runs feeders, enrichers, consumers DEPARTMENTS
ID | DName
dq S:lles
d, | Legal

Now Iin each epoch
I Runs feeders, enrichers, curators, consumers

System admin can write two kinds of
curators
I Bulk and drive-by

Employee Phone

Keyword search
NL querying
Browsing
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S1

S2

Sn

The Smartcat Data Catalog System

Graph Catalog

S3 Document

Enricher Pipelines

______________________________

Elasticsearch

Staging Store
| / \
» Crawler 1 —| Parser 1 |— Loader 1 l / \
| R R Replica | = Doc Index
® Crawler 2 — Parser 2 [—>| Loader 2 Manager | Generator Generator | |
Crawler n Parser n —{ Loader n \ /
I_ _____________________ Feeder Pipelines | kws_contig.json
Enricher 1 Enricher 2 Enricher m Curator 1 Curator 2 Curator p

Curator Pipelines

Cymphony
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Bulk Curators

Consider a bulk curator X that curates column name expansion

Admin obtains a table E of column name expansions
I E.g., 200 expansions

Admin writes a Cymphony program F to curate these expansions
I E.g., for each expansion, solicit up to 3 yes/no votes, take majority

In an epoch
I SmartCat sends table E and program F to Cymphony (via APISs)
I Cymphony starts a run R to curate table E

In subsequent epochs
I SmartCat can ping Cymphony for status on run R

39



EMPLOYEES

EName DTPh | DID
Dave Smith | 4399 d,y
Jane Miller | 5603 dy
Mike Davis | 2862 d,
DEPARTMENTS

ID | DName
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dy | Legal

Business Terms
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-

.-~ t;| Employee Name
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[ | ty| Department Name [ -
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Joinable

Workers = data stewards (1 vote), catalog users (3 votes)
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™
+ Workflow F .
>

<
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A J

Notify Completion

Cymphony

.

f

i
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Drive-By Curators

Similar to Bulk Curators

But allows catalog users to provide feedback on the GUI
Feedback is collected in a table G

Occasionally G is sent to Cymphony to be pushed into run R

Annotation Z

ltem | Y | [lUser X (X,Y,2Z)+RunID
> > Cymphony
= c , ..
difhoult to search Submission Status
EMPLOYEES 1 i
ENsme. DID % Expand colum
Dave Smith N % hames
Jane Miller | 5 d, y Tim
Mike Davis dy
DEPARTME
DDDDDDD
d; | Sales
Legal TMENTS

Workers = data stewards (1 vote), catalog users (3 votes)



Realizing Our Proposed Solution
. Support multiple worker roles

I Customize Cymphonyos us—management
. Support SC -style curation workflows

T Customi ze

mo d e |

Cymphonyds operators and
Support different forms of interaction required by SC

I API-driven integration of SC with Cymphony

5

program n

Business Terms
- Backend
_-~| t;| Employee Name
EMPLOYEES ’ t,| Employee Phone | ||| ~ files — ftables
EName DTPh | DID t3| Department N
Dave Smith (4399 | d,

,,' ' Day Time
Jane Miller | 5603 d,

EName \: Phone
Mike Davis | 2862 d,

N foocsv  |=
] E@ — O.csv %
DName / l.oy _[j
@ ; @
0 ID |
DEPARTMENTS l,  has-col DID ® l
ID | DName @ oo
d, | Sales @ (5 workflow Cl)—>D eeeeeeee
d, | Legal EMPLOYEES DEPARTMENTS

Joinable
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Cusitominziern Cyrmp-h.ony:0 sumlUser

The original Cymphony supports only a single user type
i Called Aregular userso, can give nNnoisy <cur at

We modified it to support two more user types for SmartCat
| Stewards: give correct curations
I Admins: responsible for setup and maintenance
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Cusitominziens Cyrmphonyd0s Us

Motivation
I Original Cymphony platform primarily designed around a uniform user population
I SC explicitly requires multiple human roles with different expertise assumptions

Regular users
I correspond to SC business users
I characterized by noisy annotations

Steward users
I correspond to SC stewards
I characterized by trustworthy annotations

Admins
I correspond to SC admins
I responsible for setup and system maintenance
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Design of User Management Customizations

Conceptual user onboarding workflow
I Admin deploys Cymphony.

I Admin accesses a special admin-only interface or programmatic path to create accounts and
assign roles such as admin, steward, or (regular) user.

I Admin shares initial account details with these users.

I Users accessing the public signup fl ow auton
Design decisions to support the workflow

I Use built-in Django role groups.

I Two ways for admin to manage users: GUI and programmatic approach.

I Automated default role assignment.

I Must be able to recognize user roles when they participate in labeling tasks later.
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Implementation of User Management Customizations

Create three Django role groups:

i nhadmino, fAstewardo, and Ausero

Enable and configure the Django admin interface

I Admins can create users, assign users to groups, and manage permissions

| mpl ement a Dj ango man amgnagseares and eisammaon d :
I Enables admins to create role groups, create user accounts, and assign users to groups

| mpl e mepodt sameon si gnal handl er

I Automatically assigns newly registered user s
I Ensures self-service signups are categorized without manual intervention
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