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Advisor: Eli Tilevich
My Research Topic:

Software Engineering,
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\ Remote
Distributed Systems (Web), ™[ ./ Dr. Smaragdakis Executions

Wireless Computer Networking ‘ (HTTP, Restful APIs)
New “Refactoring”: “Client Insourcing” [Re-engineering]
Creating a Centralized Variant (P') for the Distributed App Enhancement

Distributed App/Cloud Service (P) (w/ defeats)
Value and Utility of “Client Insourcing”

“Pinpointing” Inefficiency of Distributed Programs and

“Assisting” Programmers for their changes Correction
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Applying state-of-the-art techniques from Software
Engineering to address problems in Distributed Apps



Client Insourcing Refactoring

» Correcting Distributed Apps
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Publications & Honors in PhD

(full list: https://kjproj84.github.io/publications)

No. Paper Conference Area
System 1st
1 Client Insourcing ‘q\(’?\!/vvz\q 72/?122% (V¥/eb) Author/2
: Refactoring ( o '
Top-tier)
. SANER 2020 Software | 1=
2. D-Goldilocks (21 % 42/1 99) Engineering Author/2
3 Catch&Release ICWE 2019 System 1st
~ | (Debugging) (25%, 26/106) (Web) Authorl2
Comm Web Vessels ICWE 2021 System 1st
4. (17%, 22/128, (Web) Authorf2
Best Paper %’)
5 EdgeFy: Edge-based Submitted System 1st
’ framework (Middleware) | Author/2
[Appendix] MobileSoft 2018 | Software 1
6. Project1: Differencing | (Nominated Engineering | Author/3
Cross-platform Apps for Best Paper)
; : GPCE 2018 Software | 2na
: [Appendlx] Engineering Author/3
Project2: Distributing
Embedded Apps Journal of Com. Lang. | Software 2nd
for Best Paper)

= Main work presented in WWW 2020 (Top-tier)

= One Best Paper Award & Two Best Paper Nominations

& * ICSE 2018 * (series) / MobileSoft 2018 (series) / A 5th IEEE/ACM International
Conference on Mobile Software Engineering and Systems /

Automatic Inference of Java-to-
Swift Translation Rules for
Porting Mobile Applications

Best Paper
Who Award

Candidat
Kijin An, Na Meng, Eli Tilevich andidate

Track
MobileSoft 2018

When

Mon 28 May 2018 14:00 - 14:20 at J2 room - S8: Resourcefulness Chair(s):
Alessandro Orso

= Two Doctoral Symposium Papers in
WWW 2020 and ICWE 2019

. Two Spothghts from CS@VT
@ e

@mobilesoftconf attendees Breno Cruz, Kijin An, and
more  Associate Prof of Computer Science Eli Tilevich represent
@VT_CS in #Gothenburg.

Kijin An & Eli Tilevich

11:26 AM - Jun 5, 2018 - Twitter Web Client
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for Video Data Transmission

* Routing Protocols for Ad hoc

Networking: AODV, DSR

MS: Computer Networking (2 years)

* MS Thesis: A Cross-layer Scheme

* MAC Scheduler: WLAN or Zigbee
* ICC 2009 (Conf), ACM/Springer
Wireless Network 2013 (Journal)

. "Computer Networking” && “Wireless Network”
"Cloud-based Dlstrlbuted Systems"

[4G Wireless Network Eqmpment R&D: Spectrum Analy5|s

Donor 0

s
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Monitoring
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BlasT
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[WiFi/Repeater
System for Metro
Environment]

Industry #1

(Network) System
Software Engineer
(3 years 4 months)

|
SKhi?lesys

* Developing/Optimizing Wireless
Network Equipment (3G/4G Base
Station, Repeater)

* WiFi/Repeater System : Remote
Management tool for Metro (TR-069)

* Developing Business Functions for
WiFi/VoiP System (Asterisk, SIP/RTP)

K]ST ARS| S AP

(Top Korean National Lab)

Scale
/Fault Tolerant

Distributed
S stem

{Who/
N ‘Where/

[ ]""’}

Industry #2 \/|pGINIA TECH.

Beginning my
PhD Program
(2015.8~)

Software Engineer/Researcher
(2 years 10 months)

Cloud-based Distributed
System for a Robot Service
Scale/Fault Tolerant for
Sensor Units x N
Web-based Service
Scheduler
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Client Insourcing Refactoring [WWW 2020]

Fuzzing HTTP records, Idempotent Executions

Server

Original Full-Stack
JS App

Replaying
HTTP —

Replaying

HTTP
—>

Dynamic Analysis Static Analysis
jalangi2 z3 Datalog Engine
Entry/Exit L
(Dldentifying (EO'T‘Q; (2 Solving
Entry/Exit acts Constraints for ) il
Points for Extracting | *

functionality

1

Function 4. —

Equivalent

Program States

\
\
\
\

Tool's
Dictionary

—

5

Instrument
Program

DB, Files, v;, v,,.].

Nldempotent Exec.

Entry/Exit
Points

Centralized Code

invoke(f ,"Start TRANSACTION")
db.query("DELETE FROM recipes
WHERE id=id", ..); "

invoke(f ,' ROLLBACK")

//Event Hooks in Jalangi2
write(name, val, 1lhs)
read(name, val, isglobal)

invokeFun(loc, f, args, val) VRGWUVECH



Application 1: Optimizing Cloud Services [SANER 2020]

Restructuring Distribution

Correcting ill-conceived Distributions

Ex) Nano-service anti pattern

BOOkWOI TY] Datainsights into dlassic stories

The Lady with the Pet Dog

by Anton Chekhov

I Client-Side
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Server-Side
(/api/ladydogq)

Ajlieinuelb Jo |anaT

Determine which functional distribution would
minimize the cost of distributions

Cosexec(r) = a:latency(r) + (1-a)- 2 resource(r)

Large Distribution Space: Our Tool automates!

Ex) 394 x 4139 ~=1.6 x 105 ULOCs
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'_Application 1: Optimizing Cloud Services [SANER 2020]
Restructuring Distribution

(Original Distribution) (Re-Distribution)  Distribution | Cost
r
_ R (p. 1c.)
-9 partition)--» =»{ batch* |» —» D, |C, Min Cost
E 2 Distribution
k-1 r
Ay
Rem ote \ (Equivalent Variant)
Local b= r_local,. Headless
Insogll'zzt Lr_local, ) r_local, = Remote B Testi Tool
9 |r_local r local, Eear rowser Testing Too
[ r Iocal., | f1.f2. 13
(_r local, ) r local,
Partitioning  Inline Functions Remote Batch
Refactoring Invocation

[Fowler '02, Ibrahim et.al ECOOP '09]
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Application 2: Bug Fixes in Distributed Apps [ICWE 2019]

5,18c1,16
<(original code for getObjsInArray)

//server/main.js...
function getObjsInArr(obj, array){
var foundObjs = [];

for (var i=0: i<array.length;i++){ > function getObjsInArr(obj, array) {

{Mapping Table} > var foundObjs = [1;
var keys = Object.keys(obj);
for (var i=0; i < array.length;

i++)9{

vV VYV

}F(obj [prop]===array[1][prop])

foundObjs.push(array[i]);
break;

>
13 > - :
return foundObjs; i Egzzﬂ?bjs.push(array[lj);
>
>

}

3.Release

Original
App

Full-Stack App

return foundObjs

A

FixedPart ...

Fixed JS

1.(Client Insourcing) Full-Stack App

| Improved? :
Mapp]ng I pr-Ofll'erbefore prOfllerafter
Table v Bug Inspection (CPU/Memory)

Centralized

Source —

Rewriter

Bottleneck Leak

2.(Bug Fixed in
Inspector  Inspector

Centralized Variant :Catch)

Fixing Bugs in Centralized Variants
and Generating Patches

90% Reduced Time to execute
Debugging Task

<Convent|onal Debugg|ng>
- erverner

<Our Simplification>

:
/ profilep o™ for

N ) T Reduced
e Steps

oo’
o, lebe ore]
o n" server
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Application 3: EdgeFying Cloud Services  cten
S b itt d Client2 B Cloud Cloud
( ubmitte ) Client3 'Network  Network Server
_ “{Goo imite >
Locality of Cloud services, Data Deluge on Network Bottleneck et e S oud Services
Replicating {state;,;;, ftn;,i} of Cloud Service ]
EdgeFyi
Synchronizing States: Cloud and Edge Replicas ey
Correctness of Transformation: Isabelle HOL framework Edge-based Services
Performance Compared to other Proxy Techniques Client1 gp- G s
result r:ROIs&Labels . ClientZE: - Syr;g:zgize Cloud

Network

4 1

1 Back

{ HTTP/1.1 290 OK ! Client3 (€09 :.i?-?.r?y_:d Server
i Content-t:json H @)

: ! —Slower 10 —

i data: [boxes:.., names:..] | ’ ; %

Relaxed \_____
Consistency

/‘/W\Network TX/Rx , <Cloud ] m :
00 " Program> _ _
W bad Regional Settings Client1 %ﬁ; _____________

Europe
Asia
North America,...

{ Req Headers

<Client ! » : Payload: ;
Program> Paramet : data: [255, 216, i
p4:Sensor i 255,224,..] }
Data
1 O (HTTP traffic)

ex) Apps of ML (tf.js) ex) Heroku: Cloud Platform /
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