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Example Data Integration Problems
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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

6

Do these two tuples refer to the same entity?

y2 Apple Inc CA 51

x1 Apple CA

Not SureYes No



Example 3: Crowdsourcing for Data Catalog



State of the Art

¸ Academia

ïPioneering work in our group in 2003-2010

ïSuper hot in the DB community in 2011-2020

ïLot of papers, mostly solving ñpoint problemsò

ÁE.g., develop algorithmic solutions to solve entity matching, low CS cost, high accuracy

ïNo system development, no open -source software

¸ Industry

ïSolutions baked into bigger systems , e.g., CS solutions inside a data catalog system

ïCloud-hosted self-service solutions

ÁAmazon Mechanical Turk, Appen, Clickworker, Microworkers

ïContractors 

ÁSama, iMerit, Appen, Toloka
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Very Hard for Data Science Teams to Crowdsource

¸ Canôt use industrial solutions

ïHosted CS services: limited capabilities, hard to customize/extend, canôt send sensitive data

ïContractors: very expensive, take too long

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

¸ Canôt use academic solutions

ïNo general-purpose software

ïNothing that 

Ácan be deployed quickly and inexpensively

Áeasy to customize/extend

ÁSaves time by already taking care of mundane stuff 

¸ So today teams do CS in ad -hoc cumbersome ways

ïMost common method: emailing around Excel spreadsheets, writing custom code

ïVery time consuming, error prone
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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

ïDefine problem, operators, workflows

¸ Implementation

¸ Applying Cymphony to DI problems & evaluation

ïUsability, accuracy, scaling

¸ Customizing Cymphony for Data Catalog Systems

ïUser registration, operators, program, API

¸ Releasing Cymphony

ïStand-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



Building a CS Platform for DI

¸ Requirements

ïEnd-to-end system

ïCan solve many DI problems

ïEasy to use, customize, and extend

¸ Envisioned usage

ïStand-alone

ïAs component of a bigger system
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Challenge: Define CS Problems for DI

¸ Wide variety of DI problems

ïExtraction, cleaning, classification, matching, etc. 

ïVery different in nature

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

¸ Solution
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Product Title Price

"ASUS X205TA 11.6 Inch Laptop 

(Intel Atom, 2 GB, 32GB SSD, 

Gold) - Free Upgrade to 

Windows 10"

$199.00

"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

é é

Product Title Price Final Label

"ASUS X205TA 11.6 Inch 

Laptop (Intel Atom, 2 GB, 

32GB SSD, Gold) - Free 

Upgrade to Windows 10"

$199.00 32GB

"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

é é é



Challenge: Define CS Operators & Workflows

¸ This was difficult, taking a fair amount of time

¸ Consider a simple CS problem

ïGiven a table T, output T with a new column final_annotation

ïFor 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

ïUse three operators: assign, annotate, aggregate

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

ïAssign(T,w,A) => x

ïAnnotate(x,w) => a

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

ïThis is intuitive, but canôt define a clean workflow involving these three operators
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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)

ïx = assign(T,w,A)

ïRemove x from T and add (x,w) to A

ïa = annotate(x,w);

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

ïa* = aggregate(x, B); 

ï 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

ïTable T => crowdsource using 30 workers => table C 

ïTable C => random sample => Table S => crowdsource using 2 data stewards => table D

ïTable 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

ïNodes = operators, edges = flows of input/output data

¸ Cymphony operator: X = H(Y)

ïX and Y refer to tables, files, and other typical values (e.g., int, real, string, etc.)

¸ Cymphony program

ïSpecifies the workflow

¸ Example 

ïT1 = read_table(ñdata1.csvò);

ï(B1,C1) = 3a_kn(T1, ñinstruction1.htmlò, k=2, n=3);

ïwrite_table(C1,òfinal_annotations1.csvò);
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data1.csv read_table 3a_kn C1T1 write_table final_annotations1.csv



Another Example
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T1 = read_table(ñdata1.csvò);

(B1,C1) = 3a_kn(T1,òinstruction1.htmlò, k=2,n=3);

D1 = sample_random(C1,500);

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

(B2,C2) = 3a_kn(D2,òinstruction1.htmlò, é); 

prec = exec_sql(SQL query to compute precision, D1, C2);

write_table(prec,òC1-precision.csvò);

data1.csv read_table 3a_kn C1T1 sample_random

exec_sql

exec_sqlprec 3a_kn

D1

D2C2write_tableC1-precision.csv



More on Cymphony Operators

¸ We provide built -in operators

ïHuman operators: take a table I, crowdsource, produce a table O

ïMachine operators: any operator that automatically transforms table/files and other value types

ÁSample_random, arbitrary SQL queries

¸ Developers can

ïCustomize existing built-in operators

ïProvide new operators

¸ For Cymphony 1.0

ïHuman operators: 3a_kn, 3a_amt

ïMachine operators: sample_random, exec_sql
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Human Operator 3a_kn

¸ For each microtask t, get up to n votes

ïIf at least k agree, then return that as ñaggregated annotationò

ïOtherwise return null (undecided)

¸ Can capture many common crowdsourcing scenarios

ïGet up to 3 votes then take majority: k = 2, n = 3

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

ïUsing 1 trustworthy data steward: k= 1, n = 1

¸ Implement this operator using functions assign/annotate/aggregate 

discussed earlier



Human Operator 3a_amt

¸ For each microtask t 

ïGet n votes from AMT workers

ï If at least k votes agree, then Cymphonyreturns that as ñaggregated annotationò

¸ Example

ïT1 = read_table(ñdata1.csvò);

ï(B1,C1) = 3a_amt(T1, ñinstruction.htmlò, k=2, n=3, workers_from_location=[ñUS-CAò, ñINò], ...);

Amazon Mechanical TurkCymphony

API



Built -in Machine Operators

¸ Sample_random (D, k) => E

ïVery common operation in 

crowdsourcing workflows

¸ Exec_sql (a SQL query, tables) 

=> output table

ïThis allows user to execute 

arbitrary SQL queries to 

process the data
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/* queries to attach tuples to the labeled ids and separate out tuples that need more annotations */

(

AGREEMENTS_WITH_LABELS, 

DISAGREEMENTS_WITHOUT_LABELS

) = exec_sql(

ORIGINAL_DATA, 

C_1, 

queries = "

CREATE TABLE temp as (

SELECT _id,product_title,label

FROM ORIGINAL_DATA

INNER JOIN C_1

USING(_id) 

); 

CREATE TABLE agreements as (

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"

]

);



Sample Complex Cymphony Workflows
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Executing Cymphony Workflows

¸ Executable operators

ïA machine operator is executable if its inputs are available

ïA human operator is executable if its non-human inputs (e.g., tables, files) are available

¸ For each time epoch (e.g., each second)

ïExecute all machine operators that are executable

ï If a worker w arrives

ÁAssign w to (or let w choose) an executable human operator

ÁExecute that human operator

¸ Terminate when all operators in the workflow have been executed
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Executing Cymphony Workflows
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System Architecture

26

Account 
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Current Status

¸ Coding from 03/2020 ï03/2023

¸ 16,816 lines of code

¸ 69,716 total lines

ï 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

ïColor extraction from textual product descriptions

ïColumn classification in data catalog

ïEntity matching

¸ Showed that CS workflows to solve them can be very complex

¸ Showed that Cymphony can easily solve these complex CS workflows

ïSaving significant user effort, achieving state-of-the-art accuracy at a reasonable cost

ïDemonstrating the versability 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

ïDefine problem, operators, workflows

¸ Implementation

¸ Applying Cymphony to DI problems & evaluation

ïUsability, accuracy, scaling

¸ Customizing Cymphony for Data Catalog Systems

ïUser registration, operators, program, API

¸ Releasing Cymphony

ïStand-alone, as a system component



Data Catalog Systems



Example: Environmental Sciences
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Since 2007

87K data packages, 18K tables

60TB storage, 10K downloads / week

¸ Other lakes in environmental science

ïDryad, CUAHSI, Zenodo, Figshare, BCO-DMO, 

Artic Data Center, IDigBio



Crowdsourcing Needs for Data Catalog Systems

Often called curation



Bulk Curation & Drive -By Curation
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Users

Data stewards

External

crowd platforms



Curation Challenges

¸ Often need many different curation workflows

ïTable name expansion: 3 users agree OR 1 data steward agrees

ïColumn name expansion: 2 users agree OR 1 data steward agrees

¸ Workflows can be quite complex
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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

¸ Will study this in the context of SmartCat



Customizing SmartCat for Curation 

¸ SmartCat operates in epochs

¸ In each epoch

ïRuns feeders, enrichers, consumers

¸ Now in each epoch

ïRuns feeders, enrichers, curators, consumers

¸ System admin can write two kinds of 

curators

ïBulk and drive-by
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The Smartcat Data Catalog System
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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

ïE.g.,  200 expansions

¸ Admin writes a Cymphony program F to curate these expansions

ïE.g., for each expansion, solicit up to 3 yes/no votes, take majority

¸ In an epoch

ïSmartCat sends table E and program F to Cymphony (via APIs)

ïCymphony starts a run R to curate table E

¸ In subsequent epochs

ïSmartCat can ping Cymphony for status on run R 
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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
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Cymphony

(X, Y, Z) + Run IDItem  Y User X 

Annotation Z

Submission Status



Realizing Our Proposed Solution

¸ Support multiple worker roles

ïCustomize Cymphonyôs user management model

¸ Support SC -style curation workflows

ïCustomize Cymphonyôs operators and program model

¸ Support different forms of interaction required by SC

ïAPI-driven integration of SC with Cymphony
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Customize Cymphonyôs User Management: Summary

¸ The original Cymphony supports only a single user type

ïCalled ñregular usersò, can give noisy curations

¸ We modified it to support two more user types for SmartCat

ïStewards: give correct curations

ïAdmins: responsible for setup and maintenance
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Customize Cymphonyôs User Management

¸ Motivation

ïOriginal Cymphony platform primarily designed around a uniform user population

ïSC explicitly requires multiple human roles with different expertise assumptions

¸ Regular users

ïcorrespond to SC business users

ïcharacterized by noisy annotations

¸ Steward users

ïcorrespond to SC stewards

ïcharacterized by trustworthy annotations

¸ Admins

ïcorrespond to SC admins

ï responsible for setup and system maintenance

44



Design of User Management Customizations

¸ Conceptual user onboarding workflow

ïAdmin deploys Cymphony.

ïAdmin accesses a special admin-only interface or programmatic path to create accounts and 

assign roles such as admin, steward, or (regular) user.

ïAdmin shares initial account details with these users.

ïUsers accessing the public signup flow automatically assigned the ñuserò role by default.

¸ Design decisions to support the workflow

ïUse built-in Django role groups.

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

ïAutomated default role assignment.

ïMust 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: 

ïñadminò, ñstewardò, and ñuserò

¸ Enable and configure the Django admin interface

ïAdmins can create users, assign users to groups, and manage permissions

¸ Implement a Django management command: ñmanage_roles_and_users ò

ïEnables admins to create role groups, create user accounts, and assign users to groups

¸ Implement a ñpost_save ò signal handler 

ïAutomatically assigns newly registered users to the ñuserò group

ïEnsures self-service signups are categorized without manual intervention
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