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Distributed Applications

Remote computing resources

RemOte. improve performance and/or
Executions efficiency




Evolving Distributed Web Apps

 Why hard and error-prone?

Complex control flows
(middleware libraries and
frameworks)

Server misconfigurations
Network volatility

Web app
(Released
Version)

Enhancement

Correction
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Re-engineering Tools

Flame Graph

* Memory/CPU Profilers, Debuggers

e Refactoring Tools
* rename, extract/inline functions, etc.

* Being parts of modern IDEs
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1 function printAll() {
2 printHeader() Inline

function printAll() {
printHeader ()

1
2
3 Function |3
4 // Print details. . 4 // Print details.
O printDetails(name, balance) 5 console.log("name: " + name)
Inline Function ctrl+i vg } <4— 6  console.log("balance: ‘"Kw“ balance)
| "niin€ Function e+t | 7
Extract Function _ctrl+e 8 function printDetails(n,b) { Extract |rﬂmeFur\rtmn' clrl+
Rename Function ctri+r 9  console.log("name: " + n) Function (S AN Clite
10  console.log("balance: " + b) Rename Function ctrl+r
11 3}

[}




Re-engineering Tools

 Memory/CPU Profilers
e Refactoring Tools

* renaming, extract/inline functions, etc

* Major Disconnect between modern
software apps and mature software re-
engineering tools
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e How about Research frameworks?

PERIETO | e [mERO * Cloud Refactoring [56], ZQ Compiler [38],
u |
4 // Print details. > 4 // Print t?ilsA ;
32 S (pane, baience : 4 ; Zons:i::loiz"szﬁ.lance:‘*‘"%im:: lllll ) CCRepIay [98]’ Scalpel [15]’ [N )
Extract Function__ctrl+e ; function printDetails(n,b) { Extract ¥ Inline Func| o trl+
Rename Function _atrl+r 9  console.log("name: " + n) Function (SR UIEED_ GHRe . .
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Client Insourcing Refactoring

Simplifying or Abstracting ~ __.e7 ~
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Dissertation Contributions

* Introduce new refactoring: Client Insourcing
* Demonstrate the value and utility of Client Insourcing in
* Correcting
* Enhancing
* Optimizing
of Distributed Web Applications



Applications of Client Insourcing

* Re-engineering Distributed Web
Apps with Client Insourcing

e Dissertation is based on

1.

Client Insourcing Refactoring
[WWW 2020]

Debugging Full-Stack Apps [ICWE
2019]

Correcting Distribution
Granularity [SANER 2020]

Adapting Full-Stack Apps for
Responsiveness [ICWE 2021]

Evolutionary
Modifications

l Correction \

l Enhancement \

l Adaptive \l Perfective \l Corrective \l Preventive \

e Adapting
Web Apps
(ICWE 21)

* Sandboxing
Web Apps
(WWW 20)

* Adapting

Web Apps
(ICWE 21)

* Debugging Full-Stack Apps

(ICWE 20)

e Correcting Distribution

Granuality (SANER 20)



Applicability & Limitation of Client Insourcing

e v Subject Domain

Full-Stack JavaScript apps (Node.js Backend)

To catch up with rapidly growing user base,
the backends follow a lower load time
development

Netflix, Uber, LinkedIn,...

Popular in Backend and open source

REPOSITORY
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C++
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Applicability & Limitation of Client Insourcing

* Subject Domain: Full-Stack JS apps

e = RESTful HTTP protocols
* Executions: HTTP Request/Response, GET/POST/...
 What else? Socket.lO, gRPC, ...

(Correspondence for “Marshaling” Points)

(000 ] Marshaling Send HTTP W Get HTTP Unmarshaling
client-input fesuesi | Request client-input
_> )
Client (Client-side) (Server-side) Server
Unmarshaling Get HTTP fSend HTTP Marshaling
server-output Response LReSponse server-output
Update
Browser

------------------------------------------------------------------------------------------------------------------

(Middleware )



Applicability & Limitation of Client Insourcing

Subject Domain: Full-Stack JS apps

RESTful HTTP protocols
* Executions: HTTP Request/Response, GET/POST/...
 What else? Socket.lO, gRPC, ... Programmer-written

Middleware API Calls (Server-side)

v |[nsourcing Business Logic only

usiness Logic ¥

(Server-side)

* What else? Failure/Exception handling Logics Chenteide)

= Server State Isolations/Replications
Programmer-written

* Database with SQL, Files, and global variables Middleware AP Calls (Client-side)

* What else? Framework specific CRUD/Data Structures

12



Client Insourcing Refactoring [WWW 2020]

* Phrasel: Identify Entry/Exit Points of Remote Functionality

Client Insourcing

Server :|_| @D 1dentifying (2 Searching
IS Code []=——pp| Entry/Exit |Jpi all dependent »‘4*/_

Client Points for code for the
functionality functionality L
C“en JS Code
Centralized

Distributed Dynamic Static Variant
Analysis Analysis

Apps 13




Client Insourcing Refactoring [WWW 2020]

» Execution Model for Distributed App: Marshaling/UnMarshaing

* |dentify Entry/Exit Points of Remote Execution both in Client/Server
(Correspondence for “Marshaling” Points)

(User Event) .

Marshaling Send| Unmarshaling
i client-param| (REQ client-input
R - HTTP -
Client Traffics
Code

Unmarshaling Get Send Marshaling
server-return RES RES server-return

AS | <A

. . 1. Decode {client-parameter, server-return} by capturing HTTP traffics
(Cl]ent S]de) 2. Instrument code parts that RWs these values 124

sssssssssssss

Update DOM




I//SERVER server.js

|:| Client parameter 1) HTTP Request From Client |app delete('/properties/favorites/'
------ :, properties.unfavorite);
| - ' Server Return DELETE . I//server/properties.js
/properties/favorite Ivar favorites = require('./property').favs;
ﬁ%%zd;ﬁ."cit'“ ¥ Ifunction unfavorite(requestygrasnonsar
. | - y o | var id - irequest.body} id;/ <Entry Point
//CLIENT: app/../property-details.ts ) ! for (| ."1=8; 1cfavorites.lengtn; 1++){
unfavorite(event, property){ ) 2)HTTP Response From Server : if (favorites[i].id == id){
//Mar‘shDng I favorites.splice(i, 1);
this.pServ.unfavorite{property) gTTE/lélt”O OK ! break;}}  mmeeee
.subscribe(favorite //unM_a_r_c,halllng gﬁitimjson | response.isen favorltes,) &EExit Point
=>{ this.favorites Jfavor‘lte . | 1{"id":2,"city".] } ) 1
y T il ) }//SERVER: server/property.js

:expor‘ts .data = [{id: 1,...}];
iIexports. favs = [{id:2,..},..,{..}];

(UserE\/ent) AEEEEEEEEEEEEEEEENESN

A_M'espondence for “Marshaling

Marshaling
client-param REQ

Unmarshaling Get
server-return RES

4 )
Unmarshaling

client-input
\_ J

HTTP
Traffics

J Send Marshaling
server-return

Server
Code

ssssssssssss

Update DOM

15

. et 1. Decode {client-parameter, server-return} by capturing HTTP traffics
(Cl]ent S]de) 2. Instrument code parts that RWs these values (jalangi)



Client Insourcing Refactoring [WWW 2020]

* Marshaling its response output differently, Entering the remote
ftn through a different point

* 1. Achieving the Idempotency Executions (jalangi framework)
* Testing HTTP REQ changes the server states

* “Restore” ops, interleaving between executions

e 2. Fuzzing HTTPs (de/encoding HTTP records)
* Fuzzing the original HTTP for built-in primitive types
e e.g.1->90001, “str1”->“str1_JSRCIStr”

16



Client Insourcing Refactoring [WWW 2020]

* Phrase2: Searching all Dependent JavaScript Statements

Server
JS Code

Client
Cllen JS Code

Distributed
Apps

II.|

Dynamic Static
Analysis Analysis
@ 1dentifying (2) Searching
Entry/Exit |——jp! all dependent [P [} H -
Points for _| code for the
functionality [FDEV/EXIE  functionality 4 —
Points
al invecations Equivalent
Centralized
Client Insourcing Code
17



Client Insourcing Refactoring [WWW 2020]

 Searching all dependent JS code in Entry/Exit points
e Extending Declarative approach for JavaScript Analysis

* Logically representing/analyzing JS program by means of facts and rules

 GATEKEEPER [USENIX Security’09]: Point-to-Analysis
e JSDep [FSE’15]: JS Stmts Dependency Analysis (extension of GATEKEEPER)

G Facts
Program Write(s,v_a)
— Read(s,,v_a)
S1 —wvarv_a="DATA”; Write(s,,v.b) ...

s., — fuctionabc(){..
var v_b=v_a;

}

,,Generated from
a JS Program

Rules

DataDep(stmt;,stmt, ) «
Read(Stmtl, Vl) N\ write(Stmtz, Vl)

Query DataDep(stmt;,s;)
>>S1

18



Client Insourcing Refactoring [WWW 2020]

* Detecting Un-/Marshaling Point in Server Program

;;Rule for Detecting Entry Point at the Server ;;Rule for Detecting Exit Point at the Server

UnMarshal(stmty, VunMar, Vosiar) Marshal(stmt, vygr, Vil

< Write(stmty, Vynmar) A Ref( vynmar, V;Irilcllv[ar) « Write(stmt;, vjyar) A Ref( vy, 1\1/1[?1«)
Generated Fact From

Generated Fact

JSDep From Stage 1

* Querying JavaScript Statements to extract the functionality

;;Find all Statements that are dependent in Entry and Exit Points

ExecutedStmts (stmt,, Vur‘l‘fv[ar, l\lj[fr) «

(DataDep (stmt,,stmt; ) A Marshal(stmtl, VMar Vl\l,l[?r )

unMar

A (ﬁDataDep(stmtn ,stmt, ) A UnMarshal(stmty, vynmar, V14 ))



Client Insourcing Refactoring [WWW 2020]

;;Query results for
ExecutedStmts

Original
Client Cod

//SERVER: server/property.js
exports.data = [{id: 1,...}];
exports.favs = [{id:2,..},..,{..}];

//SERVER:server.js
app.delete('/properties/favorites/"

, properties.unfavorite);
//server/properties.js

var favorites = require('./property').fay

function unfavorite(request, response) { _IRefactorh1g
var id =frequest.bodyl id;//unMarshallin

for (var 1=0; i<favorites.length; i++){
if (favorites[i].id id){
favorites.splice(i, 1);

break;}} ______ -

response.json(f?avorite Y)//Marshalling
l ------- ,

<. Extract Function’]
J —

Insourced Client Code

//CLIENT: app/../property-details.ts
unfavorite(event, property){

//Marshalling

| this.pServ.unfavorite(property} Transforming

~.subscribe(favorite //%g Client Code
=>{ this.favorites H;

}

. /

//app/../b8f9%a.]js
lexports.favorite =

35

//app/../j5ga2.js

var favorites =
require('./b8f9a"').favorites;

export function j5ga2( wput){

var tmpvl = input; var id = tmpvl.id;
for (var i=0; i< favorites.l-ongth;
i++){..}

tmpve = favorites; var output =
return output;}//extracted fun tion
//CLIENT: app/../property-details.ts
import {j5ga2} from './j5ga2’;

[{id: 1,city:'Bo’,

//default: non-blocking call

new Promise((resolve,reject) => {
var out_j5ga2 = j5ga2(property);
resolve(out_j5ga2);
}).then(res => this.favorites =

Invoking the Insourced Client Code

Asynchronously!!

\_/

tmpvo;

junfavorite {...code for synchronized call

res);

} ]

20



Overall Process: Client Insourcing Refactoring

//Migrating database to client: See the detail in paper
..;CLIENTDB.query("SELECT * FROM recipes WHERE id=id", ..);

Databq_s_g_—_c.iep Code
: : Extracted
T g -2 Dependency (__y, Remote Re-Engineering
REQ/RE S N —p| Analysis(z3) Functionality
tgﬁcﬁcss Normallzatlot\ & | )| Restoring ~ Fuzzing | \Server N
Instrumentation Init State  HTTP Cmd | ¢ .% ’
®_ {CHent Position —
—> for Remote —p Equivalent
Full-Stack Record & Replay  Entry/Exit Invocation Centralized Code
REQ/RES traffics . Points AST Rewriter
15 App I‘ Y 4 Y J Perfective,
(@ Identifying Entry/Exit Points () searching/Transforming Adaptive Tasks
(Dynamic, jalangi) dependent code (Static, z3)

//Event Hooks in Jalangi
invokeFun(loc, f,
write(name, val,

Va]_) SQL
Grammar

db.query("SELECT * FROM recipes
WHERE id=id", ..); 21



Evaluation:
RQ1. Effort Saved by Refactoring Operations

Subjects . C&P/M
(T1,T2,T3) HTTPyrethods Services (ULOC)
GET /recipes 22/45
recipebook GET/PUT/DEL /Fecufeszld 72/172
POST /ingts 25/48
(AngularJS, . .
GET/PUT/DEL /ingts:id 74/207
Express,MySQL) K R !
POST /directions 26/57
GET/PUT/DEL /directions:id | 60/130
GET/POST /donuts 22/88
DonutShop GET/POST/DEL | /donuts:id 29/155
(Ajax GET/POST /employee 20/71
Exbross ' GET/POST/DEL | /employee:id 29/138
xpress,knex)
GET/POST /shops 16/83
GET/DEL /shops:id 19/128
res-postgresql GET/POST /user 22/71
(axios,restify, GET/PUT/DEL /user 40/120
Postgres)
shopping-cart GET/POST/DEL | /cart-items 79/130
(Angular2,Express)
GET/POST/DEL | /prprts/favs 34/73
realty rest POST /prprts/likes 291/304
(Angular2,Express) GET /prprts 284/297
GET /prprts:id 287/300
Stateful

Subjects

GET | /brokers 86/99 :
GET | /brokers:id 90/103 e 61 SUbJECtS from 10
med-chem | GET | /hbone 9K /9K _
(fetch,koa.js | GET || /molecular 9K /9K fu ” StaCk Ap psl
Jknex) H H
e Rl Yy 76 wrltten.W|th po!oular
(AngularJS | GET | /u/search/id 36/64 JavaSCnpt L|ba ries
,Express)
GET | /ladywithpet 394/409 . . .
GET ;thedea 3947109 o 2 tiers or 3 tiers (with
GET theredroom 394 /409
Boolworm | gt | /thegift 394/409 database)
. ery, )
Express) GET fwallpaper 394?409
GET offshore 394 /409 :
il e 304409 o HTTP protocols with
GET | /amont 394/409 different Commands
GET | /findpeakers 13/66
(C:n.f/?'p';z) GET | /findSpeaker 15/68
E:TL:) GET | /findSessions 43/117
PP GET | /findSession 46/119
Emp_ Dir GET | /employees 22/44
(Angular2 GET | /employees/id 38/60
JExpress)
Total 61 24K /26K

22



I_Application #1: Catch & Release: Debugging

[ICWE 2019]

//server/main.js...

function getObjsInArray(obj, array) {

var foundObjs = [];

for (var i=0; i<array.length;i++){

Ef(obj[prop]===array[i][PPOP])

foundObjs.push(Carray[1]);
break;

113}

return foundObjs;

Catch&
Release

Buggy JS
Full-Stack App !

____________________________________

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

> function getObjsInArray(obj, array) {
> var foundObjs = [];
var keys = Object keys(obj);

vV V.V

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

VVVVVYVYV

eturn foundObjs;

r
ky

_______________________________

Fixed JS |
Full-Stack App |

________________________________

23



Application #1: Catch & Release: Debugging

[ICWE 2019]

___________________________

Buggy JS

___________________________

1.Client Insourcing :

Full-Stack App

3.Path Generation for Original App :Release

_______________________________

{Mapping Table}

|
Patch

D) B

Original \A/

App

________

FixedPart ent

Fixed JS

Full-Stack App !

Mapping [
Table

“ Centralized

. Improved? :
profilerpefore profileraster

Bug Inspection (Profilers)

Leak Bottleneck

Inspector Inspector Source

—>

Code(Buggy) > &
7 =%

Rewriter

(Memory Profiler) (CPU Profiler)

2.Bug Fixeq
Centralizeq

1in
| Variant :Catch

24



Catch & Release: Decreased Debugging Efforts

[(Run HTTP methods in client) ’—>|Jollect profil eb f " | profil eb f l "t for

k(_

Locate tn’ﬁ: s entry/exit points in server|—|Insert Start/End Profiler for
mote y p
o server - | Insert Start/End Profiler in client ftncllent for profllegef lre t] -
* CanDoR reduces the

—IApply Bug patches P1- to ftnremot /ftnlocal] [(Run HTTP methods

complexity of debugging
distributed apps.

* 90% Reduced Time to
execute Debugging Task in
Centralized Variant

oo (A s '™ server . n"‘,client . n'tall *
mchent)] [Collectprofl [ profileg s/, forproflleafter]m

L
/@?"

all

{Compare prof llebeféae and prof Llesa}‘g

1. 1.
Run test-suits M[ centrallzed] [Apply Bug patches P to f tncer;ntralized]_)

[(Run locally in cllent)] [Collect/Compare profi e;e]l’oré and profiles, ftef”

n cllent]

(_/
@isplayResu@

25



Catch & Release: Regression Analysis[ICWE19, WWW20]

ATcent(%)
35 X * The result shows that
30 /users/searchiig,lgce;;ﬁcient ATdist and ATcent are
L us®Ss/search almost perfectly
25 /
p correlated.
avo ,
20
/api/big % api/thered
15  /api/wa ,,( /api/lady * So centralized variants
i ¢ thed .
/api/thepX /api/the can indeed serve as
10 .
2X /api/amont p _p . _
PR , before — Fafter  reliable and convenient
5 ’ misused P, .
>2 Japi/offs APls efore proxies for performance
0

o 5 10 15 20 25 30 35 debugging.

ATdiSt (%) 26



I_Application H2:

D-Goldilocks: Correcting Distribution [SANER 2020]

Client-Side Server-Side e
/api/ladydog ﬁ
’——-—-~~ "
N N
’ N
Execyted Sequentially \
BOO].(WOI TY) Datainsights into classic stories l \\
GetSentence—>
— 1
1
I
I
!
The Lady with the Pet Dog HNO RESU ItS \\ ,l

| Until All tasks \\

/4
/ u
to completel” Execute in Bulk!
L @ |

~
~--—_—’

Initial distribution

27



I_Application H2:
D-Goldilocks: Correcting Distribution [SANER 2020]

Client-Side Server-Side Independent of
/ apl/ Ladydog each other

g
/

\\
---------- ’ ’—— -~~
-
_[[Ehee ./ - N
BOOkWOI TY) Datainsights into classic stories \
a’\‘ ,)
\ / o "y
/ -y, ]
- y
The Lady with the Pet Dog > _ 1
by Anton Chekhov N \ /’
\NS
o ___________>:_ | TS o
-
“It’s Faster Execution!” \ !
\\ y
-

By invoking all together, == _
Splitting into smallest Units

Asynchronously to invoke Remotely 28



Application #2:

D-Goldilocks: Correcting Distribution [SANER 2020]

Client-Side
Too Small
. . . o T
Distribution ,” getVoc  GetC \
---------- 2 | GetSen GetDial  J
Y. getCol 7
BookwormDatainsightsintocass[cston‘es -_——______—————---———————:————-—::-: ———————
_ (Right boundary)
ng.ht. | ,—---\\ -
Redistribution " ) SN
| getVoc h GetC \|
""""" > Saeeeo” |1 GetDial |
__________ > R :
The Lady with the Pet Dog i GetSen !
\ getCol ¢
by Anton Chekhov \~__—.—.—/
R Too Much R Ss pemmms ~
. . ( getVoc )/ GetC
Distribution ____ ~7 70 A2
Commutation o = S 'éetDiaI )
"~ Gverheads > GetSen ) “CITTEL
_________________ > ———_e -~\
mmmmmm-mmm-m-----S»  {getCol )

A

Server-Side (/api/ladydog)

L—-

“Too Crude”
(Long Latency)

Goldilocks
Principle

@

“Too Fine”
(T¢® much Overheads)

29

—————



D-Goldilocks: Problem Formulation

* Determine which functional distribution from the client’s
standpoint would minimize the cost of distributed execution

Cosoec(r) = a-latency(r) + (1-a): X resource(r)

Execution Time Consumed Resource
(Performance) (Efficiency)

Scale

Parameter

30



'D-Goldilocks’s Solution: Insourcing->Partition->
Batch Remote Invocation

(Original Distribution) (Re-Distribution)
Fy
.\ I
--->{partltlon]---> --P{ batch* ]--p
Fk-1
\ Fi
Remote \\( Centralized Variant)
Local [_r_local, ) r_local, .
_r_local, | local ‘7 DTO,
Client I IOcaI i o i :_IEEZIH //’R,emote Facade
Insourcing B Lr local, 1 \— X_J 7 Distributing Pattern
_r_local, | r_local,
(Inline Function Refactoring)
Partitioning Batching

31



80 80 100
C 0OS t 70 /api/thereadroom 70 /api/thebigtrip 28 /api/ladypet
. 60 60 70
Function s 50 60
40 4 >0
0 40
30 30 30
1 2 3 45 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
80 180 80
RQ3:—Ut|I|ty of 70 /api/thegift 128 70 .
/api/the_d /api/thecask
Cost Model 60 I 60
50 130 50
40 120 40
110
30 100 30
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
t 901 2 3 4 5 6 7 8 260
80 /api/wallpaper 510 /api/offshore
Too Small Too Much 70 160
Distribution  Distribution 60
110
50
40 60
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

32



Application #3: Communicating Web Vessels(CWV)
[ICWE 2021]

* Design and Execution Time Mismatch — Mobile App

Powerful Device Poor

Network
\

leferent Device

Execution
Time

Device GOOd

i Network

Design Time

33



Application #3: Communicating Web Vessels(CWV)

[ICWE 2021}

* Adaptively Insource or Revert based on Execution Conditions

Client

Server
<> ‘

/service_r

:(Fixed)l

Full-Stack
JS App

CWv
Transform

=
oy

Client Server

|

| Client

Server

(Empty .
Vessel) w
service_r

u}remoteﬂ ¢ ~
insource — § Y X
D PP 7V.<....}' e\o’
revert Server ¢
(Good A (Bad Network)
Network) AT
fyv
\Vj

Network Condition 34



Application #3: Communicating Web Vessels(CWV)

Serves

Capturing/Replay
ing HTTP traffic

lient

Full-Stack
JavaScript App

Program States

Isolating States -Database Files

Remote Vessels Obj

rewv.main, rcwv.ftns[0],--
rcwv.gvars[0],--
rcwv.sql[0],-

-, rewv.f tns[k]
-, rcewv.gvars|l]
-+, rewv.sql[m]

Local Vessels Obj

1
1
i | lewv.main, rcwv. ftns[O] Jlcwv.f tns[k]
& Repllcatlng >i E E_) Generate lcwv. gvarS[O] lewv. gvars[]
States : ] : cwv le lewv.sql[0],-, lewv.sqgl[m]
. Program 37 v, E
L‘iirla_b_"is;f';'_____J CWV
Obj
Dynamic Extract
Analysis Function Transforming
Both Client
& Server Code
(emerel
CWV-enabled
Templates: | | ocal App
Web Vessels _Vessel

35



I_Application #3: Communicating Web Vessels(CWV)

CWV-enabled Client
1. Monitoring Network Condition

by Remote Exec info. I ‘ . I
I 18 i aten

2. Removing Fluctuations with an
Adaptive Filter

215

3. Determining Switching Points by
Remote Exec — Local Exec

(

Tserver (fr) + RTT™et Remote Ilo‘wn 'Latency Low Uatency
Exec. 15
RT(fr) = 9 . (f) zero - - ‘ marginal offsets ‘ -70 -100 -100
] Local Exec.
\ client\Jr] LOC xec

Delay Offsets [ms]
(Ground of Truth)

36



Application #3: Communicating Web Vessels(CWV)

CWV-enabled Client

1. Monitoring Network Condition
by Remote Exec info. Hich Lat
: : : I atenc
2. Removing Fluctuations with an &
Adaptive Filter 515 ¥ 2 5
3. Determining Switching Points by
Remote Exec — Local Exec )
Applying Filter g
Tierver (fy) + RTTet Remote Lo atency ency
- Exec. 15 @ Kt
RT(f,) =« . ) +100  +100 ] marginal offsets -70 -100 -100
] Local Exec.
 * client Ur Delay Offsets [ms]

(Ground of Truth)
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Application #3: Communicating Web Vessels(CWV)

CWV-enabled Client

1. Monitoring Network Condition

by Remote Exec info.

2. Removing Fluctuations with an Cutoffs[ms]
Adaptlve Fllter 21 5 N — I - N I — I - '”ﬁ ( - ¢ Sy T 2 ----------: ------------

7(0)
3. Determining Switching Points
by Remote Exec — Local Exec

7
@)

. & & B B 8 B B B B B - -
(Ca

(1)

Raw RTT
—+— Applying Filter 2

f'mrrm.

-100

(Tserver (fr) + RTT"et Remote

= Exec. 15 o
RT(fr) = +100 - ’ marginal offsets -70 -100
Tclient (fy) Local Exec.

\ Remote ] Local () Remote

Clientge—> _>Serjer Clienlge—s
’ " lient g ||
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Application #3: Communicating Web Vessels(CWV)

RTTnet ICutOff || ORGIN && RTTnet
1 t
* Implemetations Web Vessels <CutOff ~_RTT™' > CutOff RTT™® > CutOff  >cutoff
RTTnet code,.ryer = insourcingREQ() fuzzMode(LOCAL) RTTret

CutOffyey = setMargin(ORIGIN) = estimateRTT()

= estimateRTT()

* Reducing transmitting Overhead

* Initially Attempting Insourcing
remote vessel (rcwv). After that, Insourcing
only changed part is transmitted

: : R 4
* lgnoring Temporal or Marginal : b ;
changes via Adaptive Filter and (init) "~ _ _ _ -7 Te—e______ -
. LOCAL&&
Ma rgin Param (coNDITION) + RTT"et <CutOff RTT" < CutOff
H (ACTION) fuzzMode(ORIGIN) clearLocalVessel()
* Sandboxing the Local Vessels e gn(LOCAL

* iframe sandbox
— Insourcing

* Lightweight DB for Client Browser, wasm - -» Reverting 39



Application #3: CWV

* Response time on different Nets

* Original versus CWV-enabled apps

Response| [ Response i Ve
Time[ms]| ¢ 1.5k} Time[ms] | eee”
o'. : | °
| .o'. L
300¢ o T 1K
o[].’. L amCWY }
200 : ----- Before ~ 500;
100 | 200 300 3500 iki 1.5k
cutoff ~ RTT[ms] 100 cutoff RTT[ms]
Rgsponse i [Response |
‘Time[ms] | Time[ms] |
1k | 500 |

500 |

800 1.1k
RTT[ms] 190

100 ¢ i
cutoff

300

| cecee Before
L |
400 600 800 1k

cutoff RTT[ms]

Server Wireless
(Node.js) Router e Client
"7~ "\ (Native App)
8_\\ \“_h N
- | 1 1
C\t:\llvd £ /7 / Android
Snavie N A .-© ori0oSs
I ! -
A
Control Latency ﬂ Apache
Y i Cordova
' ' Ll
Network RSSI 4
Emulator Levels CWV-ed Src
(*.js,*.html,..)

Response
Time[ms]

cutoff RTT[ms]

100[*

- Response | .
- Time[ms] | ..o
5 e

1K |

RTT[ms]
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-
Application #3: CWV

* Energy Consumed under different
network conditions

* Original versus CWV-enabled apps

__—/X/J n
j Mobile Device

@-55d Bm\.
* r
WLAN
_|_|= S‘erver ’_i)

Environment: 28x14m?
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] 2000
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(a) /string-fasta

bled
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1000

0
[mW] 2s 16s

(d) /hbone
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Future Work Direction

1. Transitioning Partial Stack to Full Stack

* Increasing Applicability of Client Insourcing

Transpiler-based Approach Virtual Machine-based Approach
10ca1,]§ ( local )
Insource App!s%gé‘l,ler Transpiler}’Appserver Insource Appls%gil/ler [Appserver]
Appdist—> S AppdiSt —_— s U-VMs |
J . S
Appclient >\Applc?ient, Appchent App]client

2. Edge Refactoring
* Replicating Cloud Apps for Edge-based Services

* From “Client” & “Cloud” To “Client” < Edge < “Cloud” architecture

* Rejected from ICDCS 2021 with 2 Accepts
42



Future work --Edge Refactoring

* Locality of Cloud-based services
e RTT across different continents: one order of magnitude
* The network transmission bottlenecks (Sensor Data Deluge)

* Negate all performance advantages
10x

....................

{HTTP/1.1 200 OK 1x -
__ {Content-t:json : ¢
idata:|/[boxes:..,names:..] !

AWtwork Tx/Rx . <Cloud - ! w

%QQH bad " Program>

_____________________________

 Req Headers

<Client _> A i Payload: |
e : [255,216, | i i
Programs parameter | 2;;&122[4 ] : Cloud Platform & Regional Settings (Heroku)
_ b ’ = ; Europe
pi:SensorData @ ed | "B 0 - W

"~ (HTTP traffic) *  North America,... 43



Future work ---Edge Refactoring

—— * 1. Replicating {state,,;, ftn;,;} of Cloud Service
Client1 < > .
o ; * 2. Synchronizing States between Cloud and Edge
Client2 = gy Cloud Cloud Replicas
Client3 | '(Good)  (mited) Server
e - * RQ1. Correctness of our Execution Model:
Client4 < g ) proving it with Isabelle HOL framework

Cloud IServices

RQ2. Performance: Throughput, Latency

Edge
Refactoring _ _ _
Edge Replica/Cloud Execution model to synchronize states
Edge-based Servi Client1 %{Fﬁ@% ——————————————————
Client! e M |jefel > Edge1 ___6________/__' _______________ -
(@) 0 .
Client2 Yegge | 7 | Sieone Cloud e 8
INetwork (Background) Cloud S
: (Good) . | Server Edge2
Client3 %
Client4 << | T [ > Client2
—

Relaxed
Consistency 44



Conclusion

« Introduce a new Refactoring: “Client Insourcing”
« Demonstrate the value and utility of “Client Insourcing”

- Saving Effort for Programmer to Analyze and Modify Distributed Apps
- Optimizing Distributed Apps
» Granularity, Performance, Efficiency, Response Time

- Evolving/Maintaining Distributed Apps

« Adaptive: CW-Vessels, D-Goldilocks
» Perfective: Automated Sandboxing, D-Goldilocks

= Corrective: Catch & Release
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Q&A and Thanks

[Dissertation]

The Client Insourcing Refactoring to
Facilitate the Re-engineering of
Web-Based Applications

Introduction

Background

Chapter 1. Client Insourcing
Chapter 2. D-Goldilocks
Chapter 3. Catch & Release
Chapter 4. Comm. Web Vessels
Related Work

Future Work

Conclusion
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No. Paper Conference Area
- : Web Conference 2020 Web 1st
1. | Client Insourcing (19%. 217/1129) Engineering | Auhor
: SANER 2020 Software 1st
2. | D-Goldilocks (21%. 42/199) Engineering | Author2
3 Catch & Release ICWE 2019 Web 1t
" | (CanDoR) (25%, 26/106) Engineering | Author/2
4 Comm. Web ICWE 2021 Web 1st
- | Vessels (22%, 25/118) Engineering | Author/2
5 Panert Web Conference 2020 Web 1st
| Doctoral oper Engineering | Author/f
g |Symeosum | | ICWE 2019 Web st
' aper Engineering | Author/t
7 | Proiect Panert MobileSoft 2018 Software 1st
' : aPETT | (Nominated for the Best Paper) | Engineering | Author/3
3 Banert GPCE 2018 Software 2nd
' aper Engineering | Author/3
Project2
9 Paer? Journal of Computer Lang | Software ond
' P (Nominated for the Best Paper) | Engineering | Author’3
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Appendix



