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Prof. Elisa Gonzalez Boix: distribution 
Prof. Coen De Roover: program analysis 
Prof. Frank Piessens: security

problems

demonstrators

follow-up projects

pilot studies
business cases

technology



Evolution of web application architectures

HTTP Request

entirely new page

multi-page application

m
onolithic application on server



Evolution of web application architectures

XML HTTP Request

data and code

single-page application

application distributed vertically across tiers



Evolution of web application architectures

rich internet application

replicated data and state



Evolution of web application architectures

µ-services on server tier

application distributed horizontally 
between instances of the same tier



Evolution of web application architectures

multi-page application single-page application

rich internet application µ-services on server tier

application logic and state is increasingly distributed 
vertically across different tiers 
offline and desktop-like functionality 
horizontally between instances of same tier 
collaborative functionality and scalability



Easier said than done

essential complexity

application logic and state is increasingly distributed 
vertically across different tiers 
offline and desktop-like functionality 
horizontally between instances of same tier 
collaborative functionality and scalability

accidental complexity

rich internet applications are distributed programs 
how to maintain consistency of replicated and shared state? 
how to ensure security of replicated and shared state?

mastering and reconciling a myriad of tier-specific technology 



Research is needed

[Casteleyn, Garrigós and Mazón, 2014]

“Ten years of Rich Internet Applications:  
A systematic mapping study, and beyond.”

Ten Years of Rich Internet Applications: A Systematic Mapping Study, and Beyond 18:13

Fig. 4. Bar chart representing the research topics facet over time.

Fig. 5. Bar chart representing the contribution-type facet over time.

ACM Transactions on the Web, Vol. 8, No. 3, Article 18, Publication date: June 2014.

only 9%, even though these are the 
concrete means for building a RIA!

“Few exceptions aside, we found very little evidence of 
research in RIA-relevant issues such as offline functionality, 

multidevice RIAs, performance, or security.  
Given the huge amount of legacy applications in the real 
world and the willingness for cooperation to bring these 

applications into the RIA age, additional research starting 
from practical problems (e.g., legacy HTML code) is needed.”

133 publications from 2002-2011 



The Vision of Tearless

enabling 
technologies

tierless 
programming

both published at “International Symposium on 
New Ideas, New Paradigms, and Reflections on 

Programming and Software” (ONWARD14)

“The Tearless project envisions a future in which 
 multi-tier applications are developed, tested and maintained  

as a single artefact that spans all tiers.  
 

This tierless programming relieves developers of vertical and 
horizontal distribution concerns, while ensuring the 
consistency and security of shared logic and state.”



tierless.js server.js

client.js

server-specific code

client-specific code
generated code implementing distribution concerns

generated code implementing security concerns

tier splitting

generated code implementing consistency concerns



based on a sophisticated 
analysis of your code



The Vision of Tearless

enabling 
technologies

tierless 
programming

“We will realize our long-term vision gradually through  
enabling technologies and accompanying tooling.”

for implementing distribution concerns  
for implementing consistency concerns 
for implementing security concerns

libraries

tools

migration assistant for existing code 
end-to-end debugger  
end-to-end security monitor



Example of library + tooling: consistency

prototype JS implementation of Cloud Types [Burckhardt et al, 2012]

replicated data 
and state

library

tool

CRDTs transposed to a cloud setting

how to determine which data needs to be replicated for a 
desired offline service level?



Major research questions per work package
Tearless 48

RIA
(@client focus)

WP4 case

Scalable Services
(@server focus)

WP4 case

WP1 - Tierless programming platform
(VUB - KUL)
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L) WP2 - End-to-end eventual consistency
(VUB)

WP3 - End-to-end application confinement
(KUL)

WP4 - Migration and adoption
 (KUL - VUB)

Figure 3.4: Overview of the project structure.

Description This work package will gather all efforts related to the management of the project,
production of yearly reports to IWT, relations with Industry Advisory Board and identification of
valorisation opportunities and possible follow-up industrial transfer projects.

Activities
• Activity 0.1: Project progress tracking Each year we will compile a report containing the deliv-

erables produced in all work packages. The report will also contain an assessment of the overall
progress of the project, identifying risks and proposing mitigation strategies. The reports will also
contain a summary of the result of the year’s IUB meeting.

• Activity 0.2: Dissemination and event organisation We will organize two large events, one for
launching the project in Q1 and one for closing the project in Q16. In addition to this, we will
organize two yearly IUB meetings. The IUB meetings will be of two kinds: a closed meeting
with only the IUB members, in which the progress of the project will be presented, and an open
workshop in which an international expert on one of the themes of the project will give a keynote,
followed up by a presentation by one of the IUB members to share their experiences, challenges
and insight in the domain of tierless technologies. The open meeting will close with a practical
presentation of one of the results of the project achieved that year. Open meetings will also feature a
“closed” IUB meeting. Closed meetings will take place in the middle each year (Q3,Q7,Q11,Q15),
while the open ones will take place at the end of each year (Q4,Q8,Q12,Q16).

• Activity 0.3: Identification of knowledge transfer opportunities and follow-up projects During
the last year of the project, we will undertake rounds of consultations involving all members of the
industrial user board aiming at identifying and securing financing for the effective valorisation of
the research results of each of the work packages; supported by the demonstrators constructed in

to what extent can tier splitting be automated? 
how to debug application logic across tiers, and 
third-party code?

how to support user-defined cloud types? 
how to determine which data needs to be 
replicated for a desired offline service level?

how to secure assets distributed across tiers, and 
isolate them from untrusted code on the same tier?  
how to track policy violations across tiers?

how to help developers renovate existing code? 
how to help developers identify assets to secure?

demonstrations of technology on 4 synthetic cases

“Does our technology help stakeholders make the leap towards rich client tiers with offline 
and collaborative functionality, and server tiers capable of handling global scales?”



Valorization opportunities
still up-to-date?

BRIEF ARTICLE

THE AUTHOR

PaaS

Providers

SaaS

Providers

Software-

Intensive

Consultants

WP1: Tierless Programming Platform A.-Lucent
Bell

HealthConnect
YesPlan
Xenit
Up-nxt

MobileVikings
IOS Int.

AE

WP2: End-to-end Eventual Consistency A.-Lucent
Bell

HealthConnect
YesPlan
Up-nxt
XAOP

MobileVikings
IOS Int.

AE

WP3: End-to-end Application Confinement IS4U Xenit
Up-nxt
XAOP

NVISO

WP4: Migration and Adoption IS4U NVISO
AE

UC1 (client): Rich Internet Applications Yesplan
Xenit
Up-nxt

UC2 (server): Scalable Web Services A.-Lucent
Bell
IS4U

Table 1. Matrix of valorization opportunities per IUB member.

1

based on your letters of intent
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RULES	OF	PROCEDURE	AND	CONFIDENTIALITY	AGREEMENT	OF	THE	SUPERVISORY	
COMMITTEE	

RESEARCH	PROJECT:	SBO	Tearless	

“Secure	Coordination	of	Rich	Internet	Application	Tiers”	

	IWT-150040		Strategic	Basic	Research	

	

1. Objective	of	the	Supervisory	Committee	

	

Vrije	 Universiteit	 Brussel	 and	 KU	 Leuven	 (hereafter	 collectively	 referred	 to	 as	 the	 ‘Research	
Partners’),	 have	 submitted	 a	 project	 proposal	 entitled	 ‘Secure	 Coordination	 of	 Rich	 Internet	
Application	Tiers’	within	the	framework	of	the	2014-2015	Strategic	Basic	Research	Programme	(SBO)	
of	IWT-Flanders.	This	project	proposal	was	approved	by	IWT-Flanders	(the	approved	project	proposal	
hereafter	referred	to	as	the	‘Project’)	and	an	agreement	was	concluded	between	IWT-Flanders	and	
the	Research	Partners	regarding	the	Project	(hereafter	referred	to	as	the	‘Basic	Agreement’).	
	
In	 implementation	 of	 the	 Basic	 Agreement,	 the	 Research	 Partners	 are	 seeking	 to	 assemble	 a	
Supervisory	Committee.	The	purpose	of	 this	Supervisory	Committee	will	be	 to	 serve	as	a	 sounding	
board	 during	 project	 implementation	 and	 to	 provide	 the	 Research	 Partners	with	 feedback	 on	 the	
relevance	of	the	valorisation	potential	of	their	research	as	well	as	related	advice,	recommendations	
and	 guidance.	 The	 Supervisory	 Committee	will	 also	 examine	 possibilities	 concerning	 the	 industrial	
implementation	of	the	project	results	in	their	business	operations.		
	
The	Undersigned	has	expressed	its	desire	to	take	part	in	the	Supervisory	Committee	and	as	such	to	
provide	 input	 to	 help	 achieve	 the	 aforementioned	 purpose	 of	 the	 Supervisory	 Committee	
(hereinafter	referred	to	as	the	‘Objective’).	
	

The	 Vrije	 Universiteit	 Brussel	 is	 responsible	 for	 ensuring	 that	 each	 member	 of	 the	 Supervisory	
Committee	signs	the	Rules	of	Procedure	and	confidentiality	agreement.		
	

2. Definitions	

	

‘Research	 Partners’:	 the	 institutions	 of	 the	 consortium	 that	 submitted	 the	 SBO	 Research	 Project	
Tearless	to	the	IWT	and	which	are	the	beneficiaries	in	the	Project.	
	

‘Steering	Group’:	the	senior	management	body	of	the	consortium,	as	set	out	in	Article	2	of	the	‘SBO	
Cooperation	 Agreement’.	 The	 Steering	 Group	 monitors	 and	 manages	 all	 aspects	 of	 the	 Research	
Project	 ranging	 from	 research	 to	 valorisation,	 as	 agreed	 in	 the	 SBO	 Cooperation	 Agreement.	 The	
Steering	Group	is	presided	over	by	the	Project	Coordinator.	
	

‘Confidential	Information’:	refers	to	all	proprietary	or	confidential	 information	that	 is	not	generally	
available	 to	 the	public	 (whether	 recorded	on	 a	 storage	medium	or	not),	 that	 is	 disclosed	or	made	
available	to	the	Supervisory	Committee	within	the	framework	of	the	Objective	and	which	relates	to	
the	activities	of	a	Research	Partner		or	member	of	the	Supervisory	Committee	(or	the	activities	of	its	
suppliers	 or	 clients),	 including	 but	 not	 limited	 to	 expertise,	 trade	 secrets,	 inventions,	 technology,	
research	 results	 (including	 those	of	 the	Project),	 technical	 information,	 statistical	data,	 techniques,	
methods,	 practices,	 processes,	models,	 experimental	 setups,	 protocols,	 concepts,	 plans,	 drawings,	
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Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16
WP0 D0.1.1 D0.1.2 D0.1.3 D0.2.1 D0.1.4

WP1 D1.1.2 D1.2.1 D1.3.1 D1.2.2 D1.3.2
D1.1.3

WP2 D2.1.1 D2.1.2 D2.1.3 D2.2.1 D2.2.2 D2.3

WP3 D3.2 D3.2.1 D3.1.1 D3.1.3 D3.1.2 D3.3.1 D3.3.2

WP4 D4.1.1 D4.1.2 D4.2 D4.3
D4.4.1 D4.4.2 D4.4.3 D4.4.4

2016 2017 2018 2019

Figure 3.5: Project planning gantt chart with deliverables

last year, both to prepare for the project’s closing, as to undertake the necessary actions to identify
and pursue possible avenues for the project’s continuation in the form of funded technology transfer
to the industry partners.

Work%plan Partner Y1 Y2 Y3 Y4 Total
VUB 1,75 1 1 6,75 10,5
KUL 0,5 0,5 0,5 4 5,5
VUB 11,75 11,5 12,75 8 44
KUL 3,5 1,5 2,5 3 10,5
VUB 10,75 10 9 9 38,75
KUL 2 1 2 1 6
VUB 2 1 1 1 5
KUL 11 12 8 11 42
VUB 0,75 3,5 3,25 2,25 9,75
KUL 7 9 11 5 32

TOTAL 51 51 51 51 204

1

2

3

4

0

Figure 3.6: Overview table of the deployed man-months

Table 3.6 accompanies the project’s Gantt chart by explaining the allocation of resources from
each of the academic partners to work packages per year. Work packages WP1 and WP4 are collab-
orative work packages in which the VUB and KUL take lead respectively. Together they represent
about 47% of the effort devoted to the project. This reflects the focus of the project on the challenges
of tierless system development, and on the importance of migration and adoption; tasks assigned to
WP1 and WP4 respectively. In work packages WP2 and WP3, while most of the research will be
carried out by individual partners (VUB and KUL respectively) we have allocated a small number of
man-months for cross-partner collaboration trough tout the project. This collaboration on the individ-
ual work packages will be devoted to the construction of demonstrators on each of the work packages.
We have opted to do this to assure that the demonstrators give an integrated view of the projected
achievements of the research efforts.

3.5 Project Budget and Requested support

Table 3.7 gives an overview of the project’s budget and requested financial support from IWT. The
project will employ one full-time doctoral researcher (PhD student) and one full-time post-doctoral

deliverables will be made available on website

confidentiality of 
shared information



Agenda for the remainder of the meeting

15:00 Technical presentation about the state of the art 
in securing RIAs (Philippe De Ryck, KUL)  
in implementing offline functionality for RIAs (Joeri De Koster, VUB) 

16:30 Reception with networking opportunities


