Building a Collaborative Data Analytics
System: Opportunities and Challenges

Zuozhi Wang and Chen Li
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Tutorial Outline

1. Overview of collaborative data analytics

2. Challenges and solutions:
a. Shared workflow editing
b. Shared workflow execution
c. Interacting with runtime execution
d. Runtime co-debugging on Python UDFs

3. Open challenges
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Tutorial Outline

1. — Overview of collaborative data analytics (Chen)
2. Challenges and solutions:

a. Shared workflow editing (Chen)

b. Shared workflow execution (Zuozhi)

c. Interacting with runtime execution (Zuozhi)

d. Runtime co-debugging on Python UDFs (Zuozhi)
3. Open challenges (Chen and Zuozhi)
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Popularity of Collaboration Cloud Services

Bverleaf  BSeode -

draw.io

Benefits:

v/ Cloud services
v/ Shared editing
v'  Version control
v Sharing

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



)

Python Notebooks Jwr

e Support real-time collaborations

e For programmers

’ Deepnote

% Deepnote @ )ata Science | Customer Churn Detection e‘ﬂ m Publish

NOTEBOOKS
1. Data Exploration ® Ready > Run notebook

Z Predicting customer churn ) hype rq ue ry

INTEGRATIONS

& WestheriData column_names=[ 'monthlycharges', 'tenuremonths', 'contract', 'churnvalue']
where_filter=['DSL', 'Fiber optic']
FILES
#* Snowflake_warehouse Saved to variable df_1 -
> logs
project | sewecr {{ ', '.join(column_names) | sqlsafe }}
FROM demo_db.demo_schema.telco_dataset
[z Dockerfile SAMPLE (42)
i netservice in {{ where_filter | 1 1
7 requirements.txt
monthlycharges months c h I
test.df.c:
7 train_df.csv
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Big Data Processing Systems

Efficient and scalable

APACHE

CrlEEReD Spofll(\;

ASterIX@ j FIink
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Big Data Processing Systems

UCli

Testing databricks @yinon)

s ® testing cluster BFilev (@Editv (@ View: Standard®~

Cmd 1

Data Science Notebooks

e Start to support collaborations

1 print('hello world')l

e For SQL experts

Shift+Enter to run

Databricks notebooks

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



Need of Multi-disciplinary Collaborations

e Domain experts:
o Rich domain knowledge
o Limited IT/coding skills
e |T experts
o Limited domain knowledge

o Strong coding skills

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



Workflow Systems m RAPIDMINER

Open for Innovation

alteryx KNIME

Pros:

- Easy-to-use interface
- No coding required

) i
Caladate query |[Download page | [Parse JSON | [siit JSON valugs
metrics from

Cons: = o

@ Publish Data

- Pre-cloud architecture

- No collaboration features

- Limited scalability
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ChatGPT Code Interpreter

e Easy to use, no programming

e Integratable into a workflow system

Can you draw me a bar chart showing the count of tweets group by city location.

Finished working Hide work ~

python ) Copy code

import matplotlib.pyplot as plt

C1ltT
location_counts = {3}
for tweet in tweets:
city = tweet["geo"]["name"]
location_counts[city] = location_counts.get(city, 0) +

rt b

sorted_locations = sorted(location_counts.items(), key=lambda x: x[1], reveq

UCI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 10



System Requirements for Collaborations

GUI-based workflows for non-IT people
Collaborative editing

Interactions during runtime

Supporting multiple languages: Python, R, ...

Supporting machine learning (training, inference, ...)

o o kL h -

Scalable!

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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A system for collaborative data analytics

UCli

- Started in 2016; open source

- Used by many research projects

- Powerful features:

Cloud services b | 4
Version control "
Shared editing

Commenting 1-@)(@ ro
Sharing

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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UCli

emo!

N

Wildfire Tweet Inference

Saved 5t 07/02/2023 16

—

V

texera

v

Source

Search

v

Analytics B

v

> Join

Utilities

Yicong Huang
1.5k 2 1.5k 1.5k - 1.5k

Remove special chars ~ Tokenizer
Yicong Huang is viewing/editing.

User-defined
Functions

v

1.5k = 1.5k

Y

Filter

1.5k & 1.5k

Bert3
Visualization

v

View Results

collected tweets Length filter

Bei

B ® & @lal

New

rt1: Not Relevant

: Suggesting Actions

&

[
"t

t3: Linking wildfire

Ber

1:30:13

S

View Results

Agsign Not Relevant

> @

Merge Aggregate labels Show labels and counts

YV VIR

View Results

Shengquan Ni

Attr adv filter

linking wildfire filter suggesting action filter non-relevant filter

t3: Attributing Adv.

Shengquan Ni is viewing/editing.

Assign Not Relevanty
Add/Modify column(s)

Attribute Type *

boolean >

Expression
not tuple_['Suggesting
Actions'] and not
tuple_['Linking wildfire’] and
not tuple_['Attributing
Adversities']
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Collaboration Feature: Version Control

Version#

g

CSV File Scan

O

Keyword Search Regular Expression Python Lambda Function View Results

UCli

Version Diff

Timestamp

08/17/2023 02:57:54 GMT-7

08/17/2023 02:57:53 GMT-7

08/17/2023 02:57:52 GMT-7

08/17/2023 02:57:51 GMT-7

08/17/2023 02:57:50 GMT-7

08/17/2023 02:57:49 GMT-7

08/17/2023 02:57:47 GMT-7

Historical Version List
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Collaboration Feature: Resource Sharing

UCli

Share this file with others X

Target User

* E-mail:

Share

Access Level: |read v
Share

C Access:
e zuozhiw@gmail.com RS

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Collaboration feature: commenting

UCli

Comments

Zuozhi Wang

delete edit reply
@Chen can you take a look at this

Python code?

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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High School Students Using Texera!

UCli

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Tutorial Outline

1.

Overview of collaborative data analytics (Chen)

2. Challenges and solutions:

a.
b.
C.
d.

— Shared workflow editing (Chen)
Shared workflow execution (Zuozhi)
Interacting with runtime execution (Zuozhi)

Runtime co-debugging on Python UDFs (Zuozhi)

3. Open challenges (Chen and Zuozhi)

UCli

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Goal: enabling shared editing similar to Google Docs

UCli

.g,(.x.,.1.,,x(.z.x.[.,.3,l,|.x.4.,‘|,lx

Lorem ipsum

kate
Dolor sit ,émet, consectetur adipiscing elit. Suspendisse ac tristiquum. Nunc tellus justo,
eleifend sed fermentum non, interdum id felis. Suspendisse potenti. Nullam porta accumsan nisl
vitae condimentum. Donec ipsum nunc, aliquet id pellentesque et, blandit a nisl. Nulla sapien
enim, bibendum et mollis non, rhoncus eget ipsum. In habitasse platea dictumst. Lorem
ipsum dolor sit amet, consectetur adipiscing elit. AliquE erat volutpat. Sed gravida ornare
tristique.

(3]
(5]
Q
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Workflow shared editing

UCli

texera

Source
Search
Analytics
Join

Utilities

SymmetricDifferenc

Difference

ype Casting

Projection

Bulk Downloader

Training/Testin

Union

Linear Regression

Brain image stitching workflow

Saved at 08/18/2023 15:12:34 GMT-7

B @ & B ea @ X
121 121 1
%] E
Aggregate Bar Chart  Section Metadata Distribution
39 3951 ®
Yunyan Ding
II;M ‘
Q

Mosaic File Scan

Generate Section Info
Yunyan Ding is viewing/editing...

Yicong Huang

e

Generate Tile Metadata Loading Tiles Brightness

New

[
@ @

Deformation Trim
Yicong Huang is viewing/editing..

section info

“‘—;
a \ .

o e New |

tiles )

r—

J

gl
©

Group By

®F

Stiticher

o®

0

Section

]

Deformation

View code content

Worker count *

Specify how many parallel workers to lunch

Keep the original input columns?

Extra output column(s)

Name of the newly added output columns
that the UDF will produce, if any

Paths

Operator Version: f82d0af

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li




Shared Editing

UCli

a 2

Alice Bob

UC I UC I

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Two users doing concurrent edits

UCli

a 2

Alice Bob

UCXI UCY

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Shared Editing: Good (same result)

UCli

a 2

UCXYTII

v

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li

UCXYTII
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Shared Editing: Also good (same result)

a 2

Alice Bob

UCY X I UCY X I

v

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Shared Editing: Bad (different results)

UCli

a 2

Alice Bob

X

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li

UCXYII UCY X1
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Shared Editing: How to determine an order
1st method: Operational Transformation (OT)

- Using a central server

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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= Central Server

Document: U C I

Operations:

Alice

UCI

Version: RO

Bob

UCI
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= Central Server

Document: U C I

1
O

Operations:

RO: insert(“X”,

Alice

pos=2)

UCXI

Version: RO

RO: insert(“Y”,

Bob

1
.

pos=2)

UCYI



= Central Server

e U 09,4

Operations: .

Alice

UCXI

Received Alice’s request

Update RO to R1

Bob

UCXY]

Propagate
Alice’s Edit
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= Central Server

e JCXYI

Operations: ‘.

Received Bob’s request

on RO, insert(“Y”, pos=2)

on R1: insert(“Y”, pos=3)

o
v

Alice Bob

UCXYI UCXYI
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= Central Server

vocrmer:. JC XY

Operations: . .

Alice

UCXYI

Final Result

Bob

UCXYI

31



Shared Editing: How to Determine Order

2nd method: Conflict-free Replicated Data Type (CRDT)

- Peer-to-peer communication

- Everyone follows the same policy.

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li

32



CRDT (Conflict-free Replicated Data Type)

a 2

recent Alice Edit by Bob
sequence # Alice
Y}m( 6A 7A 8A
ID of “C”

UCTILI U C I

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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CRDT: concurrent edits

a 2

Alice Bob
9A: { 7ZA, ins(*“X”) } 9B: { 7ZA, ins(“Y”) }
newid pos  operation newid pos  operation
6A 7A 9A 8A 6A 7A 8A

UCX I UCYI

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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CRDT: transmitting edits to other users

2 2

9A: { 7ZA, ins(“X”) } 9B: { 7ZA, ins(Y”) }
R >
6A 7A 9SA 8A 6A 7A 9B 8A

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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CRDT: independently comparing edits

a 2

Alice Bob
9B: { 7A, ins(“Y”) } 9A: { 7A, ins(“X”) }
9A > 9B 9A>9B
6A 7A O9A'\ 8A 6A 7A \ 9B 8A

UC X'I UC'Y I

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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CRDT: following same policy to decide

a 2

Alice Bob

6A 7A S9A 9B 8A 6A 7A 9A 9B 8A

UCXYTL UCXYTI1

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Comparison of the Two Methods

Central server Implementation
complexity
oT Yes Complex
CRDT | No Simple

Performance

Good

Acceptable

Open-source
ecosystem

Less rich

Rich

UCI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Workflow Shared Editing

UCli

T

texera

> Source
> Search
> Analytics
> Join

v Utilities

Brain image stitching workflow

8 )

Deformation
View code content
121 121 1 workers to lun

:‘ IIII ‘? y
Keep the original input columns?
Extra output column(s)

Aggregate Bar Chart  Section Metadata Distribution
Name of the newly added output columns
39 391 i
Yunysn Ding that the UDF will produce, if any
1 a
Q 5T
Mosaic File Scan Generate Section Info 0
Yunyan Ding is viewing/editing..
ae . d
sectioninfo | ¢l by >4 %
s J Now
[ ] tile
Yicong Huang Stiticher Section Paths
New New New New New @ New @
Generate Tile Metadata  Loading Tiles Brightness Deformation Trim Group By

Yicong Huang is viewing/editing..

CRDT “documents’
are:

e Workflow DAG
e Properties

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 39



Adding Two Operators Concurrently: no conflicts

Alice ‘ "'("1 :

CSV File Scan 1

Bob "'("1

CSV File Scan 2

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Adding Two Operators Concurrently: no conflicts

UCli

® (.*)

' A o= b (*) o
Alice | |

CSV File Scan 1 Regular Expression

BOb II'" Ol - @ g

CSV File Scan 2 Keyword Search

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Moving Operators to Different Positions: conflicts

CRDT resolves it based on user ID

Alice Bob
®

Régular Expression
7o) J L I, (
CSV File Scan Aggregate CSV File Scan Aggregate
b (*)

Regular Expression

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 42



Changing Operator’s Properties: conflicts

CRDT resolves it based on user ID

L4 ° p
Regular Expression £ Regular Expression 2
[J Case Insensitive * [J Case Insensitive *
regex match is case sensitive regex match is case sensitive
Attribute * Attribute *
text v text
columnfto search regex on column fto search regex on
Regex * Regex *
foo| bar
regular expression regular expression

UCli

Alice Bob

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Tutorial Outline

1. Overview of collaborative data analytics (Chen)
2. Challenges and solutions:

a. — Shared workflow editing (Chen)

b. — Shared workflow execution (Chen and Zuozhi)

c. Interacting with runtime execution (Zuozhi)

d. Runtime co-debugging on Python UDFs (Zuozhi)
3. Open challenges (Chen and Zuozhi)

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Need of Shared Execution

If users have their own executions, then

collaboration is not possible.

Web Ul R Web Ul R
@ Alice Bob

CSV File Scan CSV File Scan

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



UCli

Benefits of Shared Execution

View same results

- Shared control
: Shared Execution State
- Co-debugging
e 5% a (o |
- e S i i
@H'f ®. H.H st e
CS\;;I Ai aaaaa —. v produce, if any
g -
Ila i Attribute
CSV File Scan double
v
current average distance: 168.8403712175798 o
current progress: 54000 tuples n
current average distance: 168.85837954154132 =] =
current progress: 55000 tuples n
2146 n
Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li

Web Ul
Alice

A

Web Ul
Bob

A
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Benefits of Shared Execution (cont.)

Web Ul
Charlie

A

Web wR Web U R
Alice Bob

Invite new collaborators at runtime

UCli

~_

Shared Execution State

28 Keep the original input columns?
R Extra output column(s)

Name of the newly added output
columns that the UDF will
e, if any

ute Ty,
dddddd

aaaaaaaaaaaaaaaaaaaa

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li

47



Shared Execution: Demo

UCli

) o L 4 B

828

CSV File Scan
507.4k

CSV File Scan

\4
current average distance: 168.8403712175798

current progress: 54000 tuples

current average distance: 168.85837954154132

current progress: 55000 tuples

current average distance: 169.02418725332146

o @

508.3k > 74.0k

Hash Join

58.0k - 58.0k

o §

Keep the original input columns?

57.6k Extra output column(s)

% Name of the newly added output
columns that the UDF will

Python UDF

udf-vl:process_tuple:28

udf-vl:process_tuple:27

udf-vl:process_tuple:28

udf-vl:process_tuple:27

udf-vl:process_tuple:28

produce, if any

Attribute Name .

dist

View Results

Attribute Type
double v

Building a Collaborative Data Analytics System

. Zuozhi Wang and Chen Li
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Workflow Status: Running/Paused/Failed/Completed

UCli

:
828
le
; rig
CSV File Scan
507.4k

g

CSV File Scan
\%

current average distance: 168.8403712175798

current progress: 54000 tuples

current average distance: 168.85837954154132

current progress: 55000 tuples

current average distance: 169.02418725332146

P

of @

508.3k - 74.0k

(6) em—>4

Hash Join

Python UDF

udf-v1:process_tuple:28

udf-vi:process_tuple:27

udf-v1:process_tuple:28

udf-vi:process_tuple:27

udf-vi:process_tuple:28

&t !

L

View Results

e 1

Keep the original input columns?

E 'y s N 1 £ 2%
AU Ua(PacCuiaiimmns)

Name of the newly added output
columns that the UDF will
produce, if any

Attribute Name -

dist

Attribute Type
double v

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Operator Status: Input/Output Tuple Count

Input # Output #

508.3k > 74.0k

I it ) b

rig

CSV File Scan
507.4k

Hash Join

IS ¢

CSV File Scan

Completed Operators

Python UDF View Results

Running Operators

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Execution Results

| i R PR

828

Iy

507.4k

CSV File Scan

)

508.3k - 74.0k

Hash Join

58.0k - 58.0k 57.6k

(@) e=—> ﬁmq I%,)

Python UDF View Results

CS\ Eile Scan

Result id long_low lat_low long_high
3b77caf94bfc81fe -118.668404 33.704538 -118.155409
cea1f774c62bb6fc -119.683292 36.677705 -119.538486
3b77caf94bfc81fe -118.668404 33.704538 -118.155409
ab592bd6ceb1319f7 -117.282538 32.53962 -116.9274403
3b77caf94bfc81fe -118.668404 33.704538 -118.155409

2 3 4 5 12480 >

lat_high id#@1
34.337041 1476765525984174000 Yes, let @FoxNews use your footage to add
36.721241 14756578758006337500 @ChaoticCoochiie @PFleeceman If you're a
34.337041 1475586396811264000 @ @& We are collaborating with @carlosfig
33.0804044 1475976318529388500 @Greenpeace 2.4 degrees in temperature r
34.337041 1476346495280443400 Articles like this (along with music news) is

o |

Keep the original input columns?

Extra output column(s)

Name of the newly added output
columns that the UDF will
produce, if any

Attribute Name -

dist

Attribute Type
double v

UCli

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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User Interaction History

UCli

5

PRI D)
828

508.3k - 74.0k 7.6}

ot &R

o New

; rg
CSV File Scan
Hash Join Python UDF View Results
507.4k

CSV File Scan

o |

Keep the original input columns?

Extra output column(s)

Name of the newly added output
columns that the UDF will
produce, if any

Attribute Name -

dist

Attribute Type
double v

self._context.operator_manager.operator.average_distance

155.36079087094146

self._context.tuple_processing_manager.current_input_tuple

Tuple['id': 'ele35d357ceefa52', 'long_low': -118.4019312, 'lat_low': -300.0,
'long_high': -118.352695, 'lat_high': -300.0, 'id#@1': 1471642336094396417, 'text':
'My number 1 motivation to stop climate change is so that I can make my son Cesar so
he can be CP3']

USER-1 I

(Pdb)

USER-1

(Pdb)

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Shared Execution: How to Share?

UCli

Alice Bob

Execution State

o 4004 B X 8 @

508.3k > 74.0k

1o P—— .
©
ile Scan rig %
Hash Joi

aaaaa Python UDF View Results

urrent progress: 54000 tuples

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 1: Periodically Broadcast State to All Frontends

I. 8 & Bob
g 4L 0L X8 @
828
508.3k > 74.0k
. B %
) rig
CSV File Scan
Hash Join Python UDF View Results
uuuuuuuuuuuuuuuuuuuu [}

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



Approach 1: Periodically Broadcast State to All Frontends

Adding a new user at runtime

UCli

8 Charlie
Alice 8 Bob
\ / (1) Joins (2) State

Hash Join

CSV File Scan

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Problems with Approach 1

UCli

@ Web UIR Web Ul

Bob

e Interaction history: growing

e Execution results: large

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Periodically Send Incremental Updates

Alice & Incremental & Bob
\UpdV

ol 4L b o @
828
508.3k > 74.0k
1A
Q left o—pd q=—>o @)
- rig
CSV File Scan
507141 Hash Join Python UDF View Results
Igy
CSV File Scan

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



Approach 2: Periodically Send Incremental Updates

An example

828

508.3k > 74.0k ‘ \

Dt AR '
. New
rg

rig

CSV File Scan . CSV File Scan
Hash Join Python UDF View Results Hash Join Python UDF View Results
507.4k 507.4k
1]
g |
CSV File Scan CSV File Scan

Before After

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Periodically Send Incremental Updates

UCli

° self._context.operator_manager.operator.average_distance

155.36079087094146

° self._context.tuple_processing_manager.current_input_tuple

All Workers

Before

Another example

self._context.operator_manager.operator.average_distance

155.36079087094146

self._context.tuple_processing_manager.current_input_tuple

Tuple['id': 'ele35d357ceefa52', 'long_low': -118.4019312, 'lat_low': -300.0,
'long_high': -118.352695, 'lat_high': -300.0, 'id#@1': 1471642336094396417, 'text':
'My number 1 motivation to stop climate change is so that I can make my son Cesar so
he can be CP3']

All Workers

After

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Periodically Send Incremental Updates

Adding a new user

Alice R RBOb 8 Charlie
(1) Join (2) Incremental
Updates

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Problem with Approach 2 When Adding a New User

@ Incomplete state
[l camm——
LD B
rig

CSV File Scan
Hash Join Python UDF View Results

[\ —

CSV File Scan

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



Problem with Approach 2 When Adding a New User

Incomplete interaction history

Tuple['id': 'ele35d357ceefa52', 'long_low': -118.4019312, 'lat_low': -300.0,
"long_high': -118.352695, 'lat_high': -300.0, 'id#@1': 1471642336094396417, 'text':
'My number 1 motivation to stop climate change is so that I can make my son Cesar so
he can be CP3']

All Workers

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 62



Approach 3: Keep State and Send Incremental Updates

Alice

Incremental

Updates

CSV File Scal
507.4k

g |

CSV File Scan

B ¥ e Q

508.3k > 74.0k

Python UDF View

|l
'—ﬂ’o-—> e
aaaaa i

Bob

Execution
state

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 63



Approach 3: Keep State and Send Incremental Updates

Adding a new user

Alice 8 &Bob Charlie

(1) Joins (2) State
(3) Incremental Updates

Execution
state

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 64



Tutorial Outline

1. Overview of collaborative data analytics (Chen)

2. Challenges and solutions:
a. — Shared workflow editing (Chen)
b. — Shared workflow execution (Chen and Zuozhi)
c. — Interacting with runtime execution (Zuozhi)
d. Runtime co-debugging on Python UDFs (Zuozhi)
3. Open challenges (Chen and Zuozhi)
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UCli

Supporting Interactions at Runtime

Requirements of Pause:

- Fast

- Interact with an operator after pause

Aggregate

| R

Bar Chart  Section Metadata Distribution

g

g

Defjormation

View code content

Keep the original input co

Extra output column(s)

Name of the newly added output columns

Building a Collaborative Data Analytics System.

Zuozhi Wang and Chen Li
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Approach 1: Using OS Signals

SIGSTOP (signal stop) / SIGCONT (signal continue)

V

(' Coordinator )
T

L/
O

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Using OS Signals to Pause

UClI

User Operator

(base) zuozhiw~$kill -SIGSTOP 39061

(base) zuozhiw~$l

-zsh X1 B

8 (base) zuozhiw~$java DataProcessor
N Current Process ID (PID):
8 Current progress: 20
§ Current progress: 40
| Current progress: 60
8 Current progress: 80
i Current progress: 100
Current progress: 120
Current progress: 140

Current progress: 160
zsh: suspended (signal) java DataProcessor
(base) zuozhiw~$\

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Using OS Signals to Resume

User Operator

¢ -zsh X1 |} N
(base) zuozhiw~$kill -SIGSTOP 39061 . 8 Current progress: 40
(base) zuozhiw~$kill -SIGCONT 39061 ?f f Current progress: 60
(base) zuozhiw~$}j 5 f Current progress: 80
g Current progress: 100
§ Current progress: 120
| Current progress: 140
Current progress: 160

zsh: suspended (signal) java DataProcessor

(base) zuozhiw~$Current progress: 180
Current progress: 200
Current progress: 220
Current progress: 240
Current progress: 260
Current progress: 280

|
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Approach 1: Using OS Signals

Pros: @

- Suspends immediately

- OS native support - little implementation effort

Cons: @

- Unable to interact with an operator

8% 13}

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Using Thread-level Signal

In Java: Thread.Suspend() / Thread.Resume()

UCli

A

( Coordinator )

e A
/ >\Q \Q

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Using Thread-level Signal

UCli

C Coordinator )

Operator

Control Processing (CP) Thread

Data Processing (DP) Thread

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Using Thread-level Signal

Pause operator execution

| ©000)

Input tuples

UCli

C Coordinator )

CP Thread

DP Thread

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Using Thread-level Signal

Pause operator execution

| ©00)

Input tuples

UCli

C Coordinator )

CP Thread

DP Thread
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Approach 2: Using Thread-level Signal

C Coordinator )

Pause operator execution

Pause
NS\
CP Thread DPThread.Suspend)
0 00) — ur
Input tuples Y

DP Thread
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Approach 2: Using Thread-level Signal

Inspect operator state

| 0)

Input tuples

UCli

C Coordinator )

Ins.pect‘lL i

CP Thread ¢

Operator state

E——

DP Thread

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Using Thread-level Signal

C Coordinator )

Resume operator execution

Resume
2 VaYi
CP Thread
DPThread.Resume()
o o) - + —
Input tuples DP Thread
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Approach 2: Using Thread-level Signal

Pros: @

UCli

Suspends immediately

Able to interact with operator after pause

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Problem with Approach 2 @

Stopping point is arbitrary and incomprehensible to users.

UCli

Operator’s call graph

E®/@§ (D)

RO

ONe
@ ®

User’s code

“Deep” libraries

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 3: Checking for Pause between Tuples

C Coordinator )

CP Thread

Paused flag: false
/

| o000

Input tuples DP Thread
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Approach 3: Checking for Pause between Tuples

C Coordinator )

CP Thread

Paused flag: false
A

| ©0e)

Input tuples DP Thread
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81



Approach 3: Checking for Pause between Tuples

C Coordinator )

CP Thread

Paused flag: false

| (X}

Input tuples DP Thread

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 3: Checking for Pause between Tuples

C Coord_inator )

Pause
CP Thread 44[ flag
Input tuples DP Thread

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 3: Checking for Pause between Tuples

C Coordinator )

NN

CP Thread
@ Paused flag: true

0 X)) _(>| paused A

Input tuples DP Thread

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 3: Checking for Pause between Tuples

Pros: @

- Meaningful stopping points

Cons: @

- Slower than approaches 1 and 2

- Runtime overhead of checking (10%)

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Comparison of three approaches

Approach 1 Approach 2
(OS signals) (Thread signals)
Pause Speed Fast Fast
Interactions No Yes
Meaningful NG No

Stopping Point

Approach 3
(Between tuples)

OK

Yes

Yes

UCI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Tutorial Outline

1. Overview of collaborative data analytics (Chen)

2. Challenges and solutions:

a. — Shared workflow editing (Chen)

b. — Shared workflow execution (Chen and Zuozhi)

c. — Interacting with runtime execution (Zuozhi)

d. — Runtime co-debugging on Python UDFs (Zuozhi)
3. Open challenges (Chen and Zuozhi)

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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User Defined Functions in Workflows

UClI

texera

Source

Search

Analytics

Join

Utilities

User-defined
Functions

Visualization

View Results

vldb co-debug test

Bz B 0|lL|d

om pytexera import x

datetime i datetine
ProcessTupleOperator(UDFOperat:
process_tuple(self

timestamp_str = tuple_['created_at']

timestamp = f.parse_time(timestamp_str)

tuple_['month'] =
eld tuple_

def parse_time(
formats =

for timestamp_format in

timestamp = datetime.strptime(timestamp_str, timestamp_format)
return timestamp

Saved at 08/30/2023 13:09:21 GMT-7

L2

Month Extractor ¢

Edit code conte

Worker count *

il

Specify how many parallel workers to lunch

Retain input columns *
Keep the original input columns?
Extra output column(s)

Name of the newly added output columns
that the UDF will produce, if any

Attribute Name -

month

Attribute Type
string v

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Runtime Co-debugging on Python UDFs

Data errors UDF errors
- misformated data - corner cases
- unexpected nulls - wrong parameters

- corrupted data -

UCI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Co-debugging Demo

Domain experts need technical assistance in debugging.

UCli

Alice

~"

g 4 & B X % @

828
508.3k > 74.0k

ol fe} B

CSV File Scan
Hash Join Python UDF View Results

507.4k

CSV File Scan

Worker ActorVirtualIdentity(Worker:WF5-PythonUDFV2-operator-b9f560ac-d404-4ebe-
Traceback (most recent call last): File "/Users/zuozhiw/workspace/texera-
dev/texera/core/amber/src/main/python/core/runnables/data_processor.py", line 5€
"/var/folders/nv/p64_153js3mSdtwbxw7x73bm80000dgn/T/tmpdeqgbfuftfsTempFS/udf-vl.py"
min(dist,hs.haversine((target),loc,unit=Unit.MILES, check = True)) File "/Users/
packages/haversine/haversine.py", line 219, in haversine _ensure_lat_lon(lat2, 1
packages/haversine/haversine.py", line 93, in _ensure_lat_lon raise ValueError(f
Latitude -300.0 is out of range [-90, 90]

8Bob

o |

Keep the original input columns?
Extra output column(s)
Name of the newly added output
columns that the UDF will
produce, if any

- _
s Runtime Error
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Approach 1: Attaching a Remote Debugger to a UDF

( Coordinator )
....//"/"jlf??“"”” 7 T~
v \ T~
~ \v \\.\\\\

= O

4
O/ Debugger fX

( Debugger Frontend )
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Approach 1: Attaching a Remote Debugger to a UDF

DEBUG D Python: Remote Attac ¥ &% {} launchjson X

P — Python: Current File

Python: Remote Attach
v Locals {

> :H:;i Add Configuration... I2b512(bd—

oot

.wvscode > {} launchjson > ...

"program”: "${fil
"console™: "i

"port™: 5678,
"host": "localhos
"pathMappings™: [
{
"localRoot™: "$
"remoteRoot™: "$

Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li



Approach 1: Attaching a Remote Debugger to a UDF

Pro: @

- Works out-of-the-box. (Adopted by PyFlink, PySpark)

Con: @

- Cannot co-debug: only a single debugger can be attached

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Approach 2: Coordinator Controls Debuggers

Co-debugging: coordinator manages multiple debug frontends

Alice 2 2 Bob

( Debugger Frontend ) ( Debugger Frontend )
o _( Coordinator l
- // T~
_ - Debugger T
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Approach 2: Coordinator Controls Debuggers

Execution model

UCli

N with debugger

( Coordinator )
. T e e e e e e e e e
| |
: CP Thread AN
| l
| |
| |
| |
¥ |
| |
| == DP Thread -— '
: A
| |
| |

e - - - - - - - - - o e e e e e e e e e o - o - o - - - - e e e e - - - - -

Operator UDF Line Debugger ==
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Approach 2: Coordinator Controls Debuggers
Setting a breakpoint

( Coordinator )

A
Read
= DP Thread = =
VA

N with debugger

e e o e - - - - - - - e S G G G G G G G G S S G G G G G G G S G G S G G G S G S - - - - - - -

Operator UDF Line== Debugger==
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Approach 2: Coordinator Controls Debuggers
Hitting a breakpoint

( Coordinator )
T l FE R
| |
: CP Thread . AN
: Write Read :
l bp_info is_hit |
| A |
: Read Writei Suspended I
, DP Thread ———— === == ANV
: with debugger :
| |

e o o e e e e e e e o e e e e e e e S e e e S S S S S e S S S G e G G e G G G S e S = - - - - - — -

Operator UDF Line== Debugger==
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Approach 2: Coordinator Controls Debuggers

Resuming from the breakpoint

UCli

( Coordinator ]
S .
|
| CP Thread |
| &Write Read :
| |
E bp_info is_hit can_resume :
A '
i ﬁ{ead Writei Suspended Read :
, DP Thread == — —— = UV
: with debugger ;
| |
"""""""""""""""" Operator ~  UDFLine= Debugger==
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Approach 2: Coordinator Controls Debuggers

Pro: @

- Supports co-debug

Con: @

- High overhead (5x): always running in debug mode

UClI Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li
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Reducing Overhead: Invoke Debugger on Demand
Starting without a debugger

( Coordinator )

CP Thread O

DP Thread ANV

Operator UDF Line Debugger ==
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Reducing Overhead: Invoke Debugger on Demand
Attaching a debugger

Debugger attached

( Coordinator )
B e .
i SIGINT i
' CP Thread . o ANV
: Write :
|
: bp_info E
i \: Read :
| |
| |

Operator UDF Line Debugger==
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Adoption of Texera

Deployments Users Projects Workflows Executions Versions Contributors

4 100+ 30+ 1000+ 10,000+ 100,000+ 100+

Statistics of Texera Service as of May 2023
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Tutorial Outline

1. Overview of collaborative data analytics

2. Challenges and solutions:
a. Shared workflow editing
b. Shared workflow execution
c. Interacting with runtime execution
d. Runtime co-debugging on Python UDFs

3. Open challenges
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Open Challenges

e Fault tolerance

e Serverless computation for elasticity

e \Workflow ecosystem for knowledge sharing in scientific communities

e Reproducibility of workflows

e Dynamic reconfiguration: our research talk “Fries”: 3:30 pm, C8,
Junior Ballroom AB

e Debugging Python UDFs: our SIGMOD 2024 “Udon” paper
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Acknowledgements

Speakers:

Dr. Chen Li Dr. Zuozhi Wang
Core Texera Team:

TR ( National
11~ Science
Foundation

National Science Foundation (NSF)
11 1745673, 111 2107150.

Dr. Sadeem Alsudais Yunyan Ding Yicong Huang Dr. Avinash Kumar

Xinyuan Lin Xiaozhen Liu Raj Mohanty Shengquan Ni

UcCli Building a Collaborative Data Analytics System. Zuozhi Wang and Chen Li 105


http://www.nsf.gov/
https://www.nsf.gov/awardsearch/showAward?AWD_ID=1745673
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2107150

Building a Collaborative Data Analytics
System: Opportunities and Challenges

Zuozhi Wang and Chen Li

\ S ) /3

W 6 YD ¢

\\'\f»:/\ ] /“A\e/
A /4

Texera GitHub Repo

texera 106



