% INRIA

Toward Structuring The Development
Of A DSL Using A Program Family

Charles Consel

(joint work with many members of Compose)

Compose Research Group
INRIA -LaBRI

September 2003

Compose Group Sept-03



Domain-Specific Languages:
The Basic Idea

* Specification
Problem e Declaration
 DSL program
A 4

Problem 1 »| Program 1

* Application generator

Problem 2 »| Program 2 * Preprocessor

* DSL compiler

bHE

Problem 3 »| Program 3
o
(]
[ J
Program
Problem family Program family
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Domain-Specific Languages:
Issues

vV @ & ©

When to develop a DSL?
What is the scope of the DSL?
How to design the DSL?

Key concept: program family

e How to implement the DSL?

Approach: stepwise methodology
» Data coding/marshalling
» Device interface layer

How to assess the benefits?
Key concept: program family

Compose Group Sept-03

* Specification
Problem  Declaration
* DSL program

{

v

Program

* Application generator
* Preprocessor

* DSL compiler
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A Program Family with a DSL.:
Machine Independent Data Coding

e Commonalities: data traversal, type description...
e Variations: coding direction, size, format...

User Application

-

TCP UDP
V\AA /
IP

¢

Hardw. Interf.
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A Program Family with our DSL.:

Device Driver Interface
<

e Commonalities: API, bit operations...
e Variations: parameters, registers...

Application
API

System
API

Driver
DI
Device

DeviIL
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A Program Family with our DSL.:
Application-Specific Protocols

e Commonalities: API, packets operations
e Variations: routing policies, packet processing...

Plan-P

Router

< %
Resident Resident Resident Resident Resident
Serv 1 Serv 2 Serv 3 Serv 4 oo Serv n
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Program Family Characterization:

A Key Step Towards DSL Design
/]

e Nature of program family
— Existing(Devil)
- Virtual (* Plan-P)
e Scope of programs
—- Layers (Devil)
-~ Components (Plan-P)

e Range of commonalities
(size of program family captured)

e Scope of computations
(kind of expressible computations)
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Beyond Program Families
e

e Technical literature

e Documentation

e Domain experts

e Current and future requirements
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Domain-Specific Languages:
A (Conceptual) Definition
/0007

e Program family

e Domain-specific abstractions and notations
Conciseness, readability

e Declarative (often)
What to compute, not how to compute it

e Restricted/enriched semantics
- Program verification: making critical properties decidable
- Program optimization: customizing implementation
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Our Approach to DSLs
o

e DSL structure

- Static semantics: interpreter/compiler
- Dynamic semantics: Abstract machine

e Stepwise methodology:

10

Program family

Library/components
Abstract machine

DSL
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Program Family:
Libraries / Components

e Commonalities = Library entries
e Variations = Parameters

Programs

Libraries /
Components

11

Application 1 Application 2 Application 3

FARaN

| Im 11l | (TN} | (TN} | (TN} | (TN} | HTHINI] | HTH ]

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7
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Program Family:
Libraries / Components

» Poor performance
> Interpretation layer

> Bloated code
> Numerous cases

e More commonalities = More entries
e More variations = More parameters

Application 1 Application 2 Application 3 Application 4 Application n
Programs .o
\ 4 > > > vy
TTMTNNY AT LU TR TN T I TR TR T (N TN TR
Libraries /
Components
Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Coding Programs:
XDR Library

xdr int Integer size
xdr long Coding direction
XDR PUTLONG Generic marshalling
xdrmem_putlong Buffer write + overflow check
htonl Byte ordering
Application 1 Application 2 Application 3 Application 4 Application n
Coding eoe
Programs
\ 4 > > > \
i W W W i | HIHTHIN] | M TWTHIN] W [N im[HTN] W W
XDR library

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Program Family:
Libraries / Components

e For a given set of problems :
invariants

Application 1 Application 2 Application 3 Application 4 Application n

Programs .o

4 [ ) >

Libraries /
Components coe

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Libraries/Components :
Need For Customization

e For a given set of problems : » Optimize time (and/or)
Invariants > Optimize space

Application 1 Application 2 Application 3 Application 4 Application n

Programs .o

v ) >

v
Libraries /
Components

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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XDR Library :
Need For Customization

xdr int Integer size
xdr long Coding direction
XDR PUTLONG Generic marshalling
xdrmem_putlong Buffer write + overflow check
htonl Byte ordering
Application 1 Application 2 Application 3 Application 4 Application n
Programs

P v K >

v
Libraries /
Components

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Program Family:
Applications

e General-purpose language
e Lack of software architecture

Application 1 Application 2 Application 3 Application 4 Application n

Programs ceoe

v ) >

¢ b
Libraries /
Components

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Program Family:
Applications

e General-purpose language > Prologues/epilogues
_ > Prepare invocations
e Lack of software architecture > Maintain state

> Perform checks

» Results: complex, repetitive,
expertise required

Application 1 Application 2 Application 3 Application 4 Application n

Programs

V ’ I‘] VIII
Libraries /
Components

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Applications:

Need for Abstract Machine (intermediate step)
<N

e Interface to libraries > More concise

e EXxplicit run-time model

- State definition and operations » More usable

- Dynamic checks » Factorized expertise
— Operation encapsulation > Abstraction layer
— Operation combination
Application 1 Application 2 Application 3 Application 4 Application n
Programs cee
| e e
Abstract Machlne

| 1 | I I | I
v v v V 4 4 4
Libraries /

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Coding Applications:

Need for Abstract Machine (intermediate step)
<N

> More concise e XDR Data Coding Machine
— Instruction set: XDR library

» More usable - State: XDR structure

» More explicit expertise - Parameterized instruction set

> Abstraction layer

Application 1 Application 2 Application 3 Application 4 Application n
Coding XK
Programs ‘ ‘ ‘ ‘ ‘
\ 4 \ 4
Abstract Machlne

| 1 | I I | I
v v v V 4 4 4
Libraries /

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
20 Compose Group  Sept-03 INRIA - LaBRI



Program Family:

Applications
-

e General-purpose language > For each call
» Prologues/epilogues (still)
» For each call sequence
» Repetitive/required call patterns
» Repetitive/required checks

Application 1 Application 2 Application 3 Application 4 Application n
Programs cee
\ 4 \ 4
Abstract Machlne

| 1 | I I | I
v v v V 4 4 4
Libraries /

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Applications:

Need for Domain-Specific Language
/]

Interface abstract machine > Re-use
Designate a family member g Expertlse
D . " ruct > Conciseness
omain specific constructs > Verification
(abstractions/notations) > Performance
e Restricted/enriched semantics > Productivity
Application 1 Application 2 Application 3 Application 4 Application n
Programs { | | | T
v v v v v
Domain-Speciﬁc Language | |
v v v v v
Abstract Machlne

v
| 1 | I I | I
v v v V 4 4 4
Libraries /

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Key concept:

Data Structure Descriptions
o

XDR language > Re-use_
union result switch (int error) { > Expe_rtlse
case O: > Conciseness
char data[MAX SIZE]; > Verification
default: B > Productivity
void; > Performance
}
Application 1 Application 2 Application 3 Application 4 Application n
Coding { cee
Programs | | |
A 4 A 4 A 4 A 4 A 4
| Domain-Speciflc Lalnguage | |
\ 4 \ 4 \ 4 \ 4 \ 4
Abstract Machlne

|
\ 4
v v v V v v v
e H H H H H H H H H H H
Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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A Program Family with our DSL.:

Device Driver Interface
<

e Commonalities: API, bit operations...
e Variations: parameters, registers...

Application
API

System
API

Driver
DI
Device

DeviIL
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
] - : T
1(].0010 0|0 0 Direct register 0 Pk px & ik [T, |, <
Jr T ETINEY _
index 2 ERERTN » Register array
* N\ | | )
v
buttons dy
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
11 Jolo00lo|pirect register 0 EERERE AN
Jr 1 kRN
index 2 FRFFITT » Register array
'* ]
ST
buttons dy
(busmouse.h)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
11 Jolo00lo|pirect register 0 EERERE AN
Jr 1 RN/
index 2 FREFETTN » Register array
'* ]
vy
buttons dy
(busmouse.h)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
1(0l0Jololololo]irect register 0 EEEREALIN
N _/_/
index 2 FREFETTN » Register array
pk ]
vy
buttons dy
(busmouse.h)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
10/Toooolo]pirect register 0 EEEREIALIN
Jr 1 RN
index 2 FRFFITIN * Register array
'* ]
vy
buttons dy
(busmouse.h)
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Driver Example : Linux mouse
/00—

base + 2 base + 0 _wdx
11 Jolo00lo|pirect register 0 EERERE AN
Jr 1 RN
index 2 FRFEET TN * Register array
'* ]
v
buttons dy
(busmouse.h)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
10l0Jolo0lolo]Direct register 0 EEEREIALIN
Jr TN
index 2 FRFFITT » Register array
'* ]
ST
buttons dy
(busmouse.c)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
10/0Joo00fo]|Direct register 0 ERpL L L]
AN _/_/
index 2 FREFETTN » Register array
'* ]
v
buttons dy
(busmouse.c)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
10[T00l0jo0]Direct register o EEERATIN )
'F N _/_/ _
indesx 2 FREFTTN » Register array
'* ]
v
buttons dy
(busmouse.c)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wvdx
10/Dololo00]Direct register 0 EEEE AN )
Jr 1k Pk Pk Px
index 2 FRFFITIN * Register array
'* ]
vy
buttons dy
(busmouse.c)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
11 Jolo00lo|Direct register 0 EEREpE AN
Jr 1 RN
index 2 FRFFITIN * Register array
'* ]
vy
buttons dy
(busmouse.c)
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Driver Example : Linux mouse
-

base + 2 base + 0 _wdx
11 Jolo0olo|pirect register 0 ERERERE AN
Jr 1 RN
index 2 FRFEET TN * Register array
'* ]
vy
buttons dy
(busmouse.c)
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Family of Layers:
Device Interface Library

e Bit operations
e Input/output operations e Fine grained

e Directly mapped into machine
instructions

e Implicit state

Device
drivers

Device
Interface
Library

37

e [ow level

Application 1 Application 2 Application 3 Application 4 Application n
o0 o
\ 4 > » > A
TTMTNIN TN TN TN i T | TRRINN ] T (TN TN AN
[ 3 N ]
Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Applications:

Device Interface Abstract Machine
]

e Bit extraction operations e Dedicated set of bit instructions
e Bit concatenation operation e Higher level
e I[nput/output abstract operations e More concise
e I[nput/output checks e More robust
Application 1 Application 2 Application 3 Application 4 Application n
Device X
drivers ‘ ‘ ‘ ‘ ‘
\ 4 \ 4
Abstract Machlne

| 1 I I | I
\ 4 \ 4 \ 4 V \ 4 \ 4 \ 4
Device
Interface
Libraries

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Program Family:

Applications
-

e General-purpose language » General purpose glue for device
communications

» Checks subject to programmer’s rigor
» Repetitive communication sequences

Application 1 Application 2 Application 3 Application 4 Application n
Device XK
drivers ‘ ‘ ‘ ‘ ‘
\ 4 \ 4
Abstract Machlne

| 1 I I | I
4 4 4 V 4 4 4
Libraries /

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Key concept:

Layered Device Interface
/]

e Port e Variable
—  Communication point — Collection of register fragments
— Different media: I1/0, memory mapped - Semantic value

e Register

-~ Repository of data in the device
— indexed / paged, read / write, size, mask,

Application 1 Application 2 Application 3 Application 4 Application n
Device { cee
drivers | | |
A 4 A 4 A 4 A 4 A 4
| Domain-Speciflc Lalnguage | |
\ 4 \ 4 \ 4 \ 4 \ 4
Abstract Machlne

v
| 1 I I | I
\ 4 \ 4 \ 4 V \ 4 \ 4 \ 4
Interface
Libraries

Proc 1 Proc 2 Proc 3 Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Direct Access to Register
S

base + 2 base + 0 /dx
1. 0000p|® index_reg o kFEA LN )
Jr 1 ke e e N _\_/_/I
index 2 P AT }Register array
F NG LK
buttons dy
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Private Variable
-

base + 2 base + 0 /dx
1. 00000 |® index_reg o Kk LN )
Jr 1 e P prpe N _\_/_/I
index 2 P AT >Register array
F NG LK
buttons dy
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Indexed Registers

base + 2 base + 0 dx
= . —— /
11\;50 0000|® indexreg o [EEEE]LIN® x_low
v 1 EEEENL e x_high
index 2 ***_’_\\® y_low
- FING LK ® y_high
buttons dy

43 Compose Group Sept-03

INRIA - LaBRI



Variables

base + 2 base + 0 dx
= . o /
1<\ﬁjo\o 010]0|® index_reg xp LN e® x_low
. AL LK ® x_high
index ****_’_\\®y|ow
- *INL LK ® y_high
buttons dy
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Comparison
S

Existing
code

Devil
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Applications:

Need for Domain-Specific Language
/]

. > Re-use
Devil language » Expertise
variable dx = x high[3..0] # x low[3..0], volatile :
. .= : — » Conciseness
: signed int(8); - .
variable dy = y high[3..0] # y low[3..0], volatile |~ Verification
: signed int(8); » Productivity
» Performance
Application 1 Application 2 Application 3 Application 4 Application n
Programs { | | | T
h 4 h 4 h 4 h 4 h 4
| Domaln-Specq“lc Lalnguage | |
\ 4 \ 4 \ 4 \ 4 \ 4

Abstract Machlne

Y
Libraries /
Components

Proc 1
46

I
ﬁ

v
l 41
T Hﬁﬂﬂ T

Proc 2 Proc 3

Proc 4 Proc 5 Proc 6 Proc 7 Proc 8 Proc 9 Proc 10 Proc m
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Two Final Points
-

e Assessing a DSL
e DSL variations

47 Compose Group Sept-03 INRIA - LaBRI



Assessing a DSL
-

e EXxisting program family

—- (Almost) objective comparisons:
e Conciseness (Devil: -, Plan-P: 3 x smaller)
e Robustness (Devil: specification consistency, interface usage )
e Performance (Devil: equivalent to C)

— (Likely) subjective comparisons:
Readability, maintainability, usability
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DSL Variations

> DSLs:
Interfaces to the AM

» EXpressiveness
» Safety

> AM:

Interface to libraries
» Implementations

> Non-functional
properties

49

DSL 1

DSL 2

DSL 3

Abstract Machine

- A

\ 4

[mplementation 1

[mplementation 2

[mplementation 3
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Hexible, Safe, and Efficient

k=

Bynamic Generation of XML

—

——
™

i — - L

P
1
e —

p—
- —

Claus Brabrand
LaBRI/INRIA

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




r\ J = t ~

er*reﬂ;rfg HTVIL/ XML documents on the \Welb are dynamically
eI EUNN A EIEEE Ed SEVET=SIUENSEHPURGN NG USGES) SUCrasS PiH P,
eERendidSE. [However, this has five serious limitations: it forces linear
dBEUMENRt construction, intermixes designer/programmer aspects, yields
igpliciRconinel-low, prevents static XML validation, and precludes

celorlipie)

[
-

R

= This alk presents a flexible, safe, and efficient language for dynamically
== gaferatlng XML documents that soIves the above problems. We also
— shiow how to augment XHTML documents with form-field validation

~ through declarative specifications.

More information;
The <bigwig> Project:
httP://www.brics.dk/bigwigi
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Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁ_FITML Validation

F s Caching
® Form-Field Validation

® Conclusion
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Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁ_FITML Validation

F e Caching
® Form-Field Validation

® Conclusion
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eractive (Form- Based) .

\/\/ 2it) Serwces

ANEl servers on which clients can initiate sessions
tiiaiiinvoelve several exchanges of information
£ edlated Py HTML forms”.

— g

® Script- Centered
® Page-Centered = ‘
e Session-Centered client Internet  server

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




——
Seript=Centered:

e/ COlEE

4

\ VVESS
delice

CLIENT INTERNET //;ERVER
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——
Seript=Centered:

e/ COlEE

R ﬁ request

4

\ VVESS
delice

CLIENT INTERNET //;ERVER
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_——
-Centered:

e
:ffliii N OHw//

\Jj/
. B

1 2

CLIENT INTERNET SERVER
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——
Seript=Centered:

e/ COlEE

=
=
=
=
iy
-

= HTML
ﬁ 4

Serice

CLIENT INTERNET SERVER
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——
Seript=Centered:

e/ COlEE

=
=
=
=
iy
-

T

Serice

CLIENT INTERNET SERVER
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G RIIPUITE

CLIENT INTERNET SERVER
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_——
-Centered:

CLIENT INTERNET SERVER
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_——
-Centered:

esione

CLIENT INTERNET SERVER
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PaEe-Centered:

FP) ASP, JSP; ...

‘/,,
\\

esione

e e N
<

CLIENT INTERNET SERVER
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S~
FaEEsCentered

9 VICETCOUE EMPETECET agsranad
glenpreted by specialized Web server

F creased level of abstraction:

——

:' -8 CGI protocol details abstracted away

~ % Easy to add dynamics to static pages:

2 <html><body>Time: <%= Now() %></body></html>
® Scalability:

® Specialized Web server

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003
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Sept*= Vs, Page-Centered"

EWASIIE SENVICE cOomplexity INcreases:
‘age Centered ® Script-Centered
WA ot of HTML is generated by script elements

R

=
=

‘__::'.:'Tnterestlng duality:

= ® Script-centered:
— Default: programming, Escape: printing (print)

® Page-centered:
— Default: printing, Escape: programming (<%...%>)

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




S
OL6.

"

LIf amental Drawbacks!

SRiErpretation-based:
SSIEfrors at runtime
I Si(Efficiency)
= ST service = A collection of scripts/pages!
- — Implicit control-flow:

¢ No interaction correspondence:
T - SN

<input name="x"> - —
e * \‘ submit ~ * [DSaA %>\‘

a script another script
LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




= —_—
EEigliage Reguirementsi=

SNEEIpllation-bDased:
_ W Efrors at compile-time
L (=file(ale)
i—:'{ ’:‘-A complete service specification
— Explicit control-flow:
e Statically check interaction correspondence

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




Session-Centered:

Vgl and <bigwig>! =

D |

submit

CLIENT INTERNET

LaBRI / INRIA, Bordeaux Dynamic Generation of XML

e, —

Web Service

suspend

save.
Fastars.

resume

one process

SERVER

September, 2003




W
WHEES <bigwigs? e

SHA *h-level domaln-specific programming
EEUagE forr developing interactive Web
SEIVICES.

_— HTML

JavaScript

Complete
Service CGl Scripts

Specification

HTTP Auth.

Java Applets

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




ﬁ__
AvGollection of

-

PBmain Specific Languages

IJ e core langliage with
®ISession-based! runtime system
_- o Dynamlc documents
& s Form-field validation
— ® Relational database
¢ Concurrency control
® Semantic security
e Cryptographic security
¢ Syntactic-level macros
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ﬁ__
AvGollection of

-

PBmain Specific Languages

IJ e core langliage with
®ISession-based! runtime system
_- o Dynamlc documents
& s Form-field validation
— ® Relational database
¢ Concurrency control
® Semantic security
e Cryptographic security
¢ Syntactic-level macros
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Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁ_FITML Validation

F e Caching
® Form-Field Validation

® Conclusion
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Oyl

SNpbedUcton
y Jv‘ 1amic Documents

1ype Safiety
= 'gﬁ_FITML Validation

F e Caching
® Form-Field Validation

® Conclusion

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




h
aDynamically Generated XML
Cu s"ent Problems

2 [l |t|onaIIy
B prlnt( .) in Perl/CGlI, ...
© <% print(...) % in PHP, ASP, ISP, ...

[
-

—

=P Sroblems:

—
o
 ——

® Forces linear document construction

® [ntermixes programmer / designer aspects
® No interaction correspondence

e No static XML validation

e No common fragments caching

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




:'h_r
PuESelution: _ -

ML documents;in <“bi§*\7\'/ig>

SNiEmplates (1%t class, higher-order values):
SSXVIE fragments with named gaps:

<html>
Hello <[what]>'!
</html>

———

-
—_

—
—
o

m—

- ® Operations:
® plug: for document construction
® show: for client interaction

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003
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html

.
o/

html

html

hello
world

= <html>Hello <[what]>'</html>;
<html><b>World</b></html>;

h i:iéiio <[what = wo%EEIZD

LaBRI / INRIA, Bordeaux

Dynamic Generation of XML

September, 2003




suspend
resume

CLIENT  INTERNET SERVER
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N suspend
resume

= CLIENT  INTERNET SERVER
Example

html hello = <html>Hello <[what]>!</html>;
html world <html><b>World</b></html>;

—
—
o
 ——

html h = hello <[what = world];
show h;

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




S

Sozeby =i,

CLIENT  INTERNET SERVER
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- e
WERECeIve.

h(\\*

il

~ i
-

Submit

= -
'—1 -

:_,,;p CLIENT  INTERNET SERVER
= s Example:

—_ — -
 —

strlng B
html input = <html>

Enter email: <input type="text” name="email”>
</html>;

snow 1nput receivel[s = em

aii]; —
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W
Example: “Welcome s

-

Wtml greeting = <html>

Héflo <[who]>, welcome to <[what]>.
</ neul>g

7 cover = <html>
EEhead><title>Welcome</title></head>

e

E=<body><|[contents]></body>
</html>;

html h;
h = greeting <[who = ”“Stranger”];

h = h <[what = <html><b>BRICS</b></html>];
show cover <[contents = h];
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e

SNEEof results (e.g. “search engine”):
SeiOne template with 10,20,30,
= 0r 40 hardwired server-side

Script elements:

® One template with one big
“generate-all” server-side
script element:

» Script-centered
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= L
Xty <bigwig> =

J Lyc iesults (e.g. "search engine ’)
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s N
EHEXIity: <bigwig> =

o L] 35 f results (e.qg. “search englne ’)
SHIWO templates: “1ayout” and “entzy”...

_'ayout = <html><ul><[items]></ul><html>;
entry = <html><1i><[num]><[items]></html>;
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. .
Fle;-‘s Ity <bigwig> =

BSiHor results (e.g. “search engine”):
BSHIWo templates: “1ayout” and “entry”...

3 'éyout <html><ul><[items]></ul><html>;
ntry = <html><11><[num]><[1tems]></html>

A\ II

...and one recursive function:

~html £(int n) {
if (n == 0) return layout;
return f (n-1) <[items = entry <[num = n]];

}
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~
FEXIIity: <bigwig> s =2

<1li>1
<1li>2
o List gftresultsi(e.g. “search englne ’) <1i>27
</ul>
®Hwoe templates: “1ayout” and “entry”... 1

3 'ayout <html><ul><[items]></ul><htm}f;
ntry <html><li><[num]><[items]></ ml>;

...and one recursive function: “£” /

~html £(int n) {
if (n == 0) return layout;
return f (n-1) <[items = entry <[

}

® Example usage: show £(27);
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. — W

HEXIPIILY: Separates

-

PESigner /. Progdrammer Aspects

I

iéyout = <html><ul><[items]></ul><html>;
e ntry = <html><li><[num]><[items]></html>;

html £ (int n) {
if (n == 0) return layout;
return f(n-1) <[items = entry <[num = n]];

}
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HEXIDIILY. Separates -

PESigner / Programmer Aspects

= .

syl i TS ><[items]l><is >

html e sX11><[num] ><[1te AL

—

h”@f-layout = <html><table><[items]></table><html>;

Shtml entry = <html>

> <td><[num]></td></tr>
=< T[items]>

html £ (int n) {
if (n == 0) return layout;
return f (n-1) <[items = entry <[num = n]];

}
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- h
OBIEMS?.

" D)1 Plefet
Seliemplates with named gaps
Plug and show

=
=

Sroblems:
o Forces linear document construction
® [ntermixes programmer / designer aspects
® No interaction correspondence
® No static XML validation
e No common fragments caching
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- h
HOBIEMS?

" D)1 Plefet
Seiiemplates with named gaps

il

r,- RPllig and show

.
— O

—

® [ntermixes programmer / designer aspects
® No interaction correspondence
® No static XML validation

e No common fragments caching

— : foblems:

- &
o
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- h
HOBIEMS?

" D)1 Plefet
Seiiemplates with named gaps

il

S eIPllg and show

.
— O

—

— P oblems
= = p I I :
Il :  dec
® No interaction correspondence
® No static XML validation
e No common fragments caching

—
o
m—
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- h
HOBIEMS?

" D)1 Plefet
Seiiemplates with named gaps

il

r,- RPllig and show

.
— O

—

Tl . | dec
® No interaction correspondence
® No static XML validation
e No common fragments caching

— : foblems:

- &
o
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———
PrOIEmS 2

=

another script

® No interaction correspondence
® No static XML validation
e No common fragments caching
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Oyl

SNpbedUcton
y Jv‘ 1amic Documents

1ype Safiety
= 'gﬁ_FITML Validation

F e Caching
® Form-Field Validation

® Conclusion
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Oyl

| fduction
o ;namlc Documents
D 1VI:)e Safety
gﬁ_HTML Validation
__ s Caching
® Form-Field Validation

® Conclusion
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oJe E?fe‘ty

INEENMS Of “bigwigs>)

W/Receive correspondence

<html>
Seeemail : <input type=“text” name=“email”>

how d receivel[s = age]; ()

" Gap presence:

html hello = <html>Hello <[what]>'<html>;
html world = <html><b>World</b></html>;
html h;

h = hello <[contents = world]; C)
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- :h
SiglicyAnalysis]

'iy standard, data-flow analysis technigues,
& but with highly domain-specific lattices

—

=

—
- i ——
E = — b -
.
e
—— —

— _-.
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oJe E?fe‘ty

INEENMS Of “bigwigs>)

W/Receive interaction correspondence

<html>
Seeemail : <input type=“text” name=“email”>

how d receivel[s = age]; ()

" Gap presence:

html hello = <html>Hello <[what]>'<html>;
html world = <html><b>World</b></html>;
html h;

h = hello <[contents = world]; C)
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N
ARalysis!

NServatively apprOX|mate '

--.p “alllHTML variables & program points:
.. Their

~ all possible runtime values

* Forward data-flow analysis:
e (Control-flow graph (trivial for <bigwig>)
® Finite lattice:
¢ Monotone transfer functions: plug, assign, ...
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... -

) O)z)] -Fielcj_l__;attice-_-f"* e
GKir

= ——

~» An abstract document is:

(GName ® ) X (FName ®
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- h
Yipetone Transfer Funetions =

SPINGE | %, <[g = x,]
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S
Vienetone: Transfier Funetions ™

J PJLJC x, )<[g —@5
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S
Vienetone: Transfier Funetions ™

o Plief
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S
Vienetone: Transfier Funetions ™

o Plief
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S
Vienetone: Transfier Funetions ™

o Plief
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S
Vienetone: Transfier Funetions ™

o Plief
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. N
Vigrotone lransfer Funetions

o Plie)
i
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- ——
IENET Check Solutions

SRINEVETSE SO|UtoN: TNLErCEPL
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S
IIRER Check Splutions s

SMINEVETSE SOIULION: TALErcEPL”

11 /= -2 FName ®
J \ 2 =t EZ] [l GName ®

a >

gap present
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_—

IHENT Check Selutions

BRIEVErSel SOIULIOn: INtercep

I = . — EName ®
2 \= ‘[g = EZ] [| GName ®

a >

gap present

> ——

show@l:e&ive [V e

field present
type check: v ~

—> |
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.
arety?.

si—

' JREeceive interaction correspondence:

dh= <html>

how d receive[s = agel; &

html hello = <html>Hello <[what]>'<html>;
html world = <html><b>World</b></html>;
html h;

h = hello <[contents = world]; C)
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—~
T\/pf feW!

*kx receive.wig:S: input field ‘email’ not received
no such input field ‘age’

~_:rr cw d receivel[s = age];

=5 Gap presence:

html hello = <html>Hello <[what]>'<html>;
html world = <html><b>World</b></html>;
html h;

e

*** plug.wig:5: no such gap ‘contents’

h = hello <[contents = world];
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- h
OBIEMS?.

" D)1 Plefet
Seiiemplates with named gaps

il

S eIPllg and show

.
— O

—

— P oblems
= = p I I :
Il :  dec
® No interaction correspondence
® No static XML validation
e No common fragments caching

—
o
m—
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HOBIEMS?

" D)1 Plefet
Seiiemplates with named gaps

il

S eIPllg and show

[
-

—

— P oblems
= = g I I :
Totarm | deas
N : I
® No static XML validation
e No common fragments caching

—
o
m—
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HOBIEMS?

" D)1 Plefet
Seiiemplates with named gaps

il

S eIPllg and show

[
-

—

— P oblems
= = g I I :
Totarm | deas
N : I
® No static XML validation
e No common fragments caching

—
o
m—
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Oyl

| fduction
o ;namlc Documents
D 1VI:)e Safety
gﬁ_HTML Validation
__ s Caching
® Form-Field Validation

® Conclusion
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Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁHTML Validation

F e Caching
® Form-Field Validation

® Conclusion
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W
Example: “Welcome s

-

Wtml greeting = <html>

Héflo <[who]>, welcome to <[what]>.
</ neul>g

7 cover = <html>
EEhead><title>Welcome</title></head>

e

E=<body><|[contents]></body>
</html>;

html h;
h = greeting <[who = ”“Stranger”];

h = h <[what = <html><b>BRICS</b></html>];
show cover <[contents = h];
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S
Exaimple: Welcome™ s

html greeting = <html>
HENNG <[ who] >, welcome to <[what]>.
yaseml > ;

hWEml cover = <html>

o

¥r*ﬁ;;<head><title>Welcome</title></head>
&= <body><[contents]></body>

</html>;
— Valid HTML !?
html h;

greeting <[who = ”St Sar”] ;

;hﬁf%§§§</b></htm1>];
=h];

—
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N
Analysis,(again)lmes

o Servatively approxmate

J:@ 2alll HTML variables & program points:
:- . A ~ all possible runtime values

" Forward data-flow analysis:
e (Control-flow graph: (trivial for <bigwig>)
e Finite lattice:
¢ Monotone transfer functions: plug, assign, ...
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=t greeting <[who = ”"Stranger”];
h* <[what = <html><b>BRICS</b></html>];
show cover <[contents = h];
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;fﬂ' greeting <[who = ”“Stranger”]:
: t="h <[what = ICS</b></html>] ;

show cover <[contents = h];

greeting

who
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== greeting <[who = "Stranger”];

h =h < — RICS</b></html>] ;
- cover <[contents = h];

— ——

greeting

contents who

cover what brics
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- h
Yipiotone Transfer Funetion ™

SPINGE | %, <[g = x,]
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e
Yippoetone Transfer Funetion

e

x,)<[g =G<D
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- h
Yipoetone Transfer Funetion

SPINGE | %, <[g = x,]

e

il
£

[
-

— g

e
i

—
U
== =
e
-

—
pr— =

—
o
—

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




.\___-‘
Yipoetone Transfer Funetion

SEINGE | x, <[g = x,]
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- h
Yipoetone Transfer Funetion

o Pl

e

il
£

[
-
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—

Menotene Transier Funehion

2 P]_I <[ = X,]
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.\___-‘
Yipoetone Transfer Funetion

SEIUGE | x, <[g = x,]

i,
all A
L
o
e —
S———
o=
— 2
==
=

= g

& o

<[g=

open gaps
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.\___-‘
Yipoetone Transfer Funetion

SEINGE | x, <[g = x,]

i,
all A
L
o
e —
S———
o=
— 2
==
=

= g

& o

<[g=

open gaps
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ScPIack Analysis

SNEEpIIrack datia-flow analysis:
— -_': pregrami points compute: [t : GName ®

0 “liracks the origins (templates) of open gaps”

—

e —
S———
o=
— [z
=
=

= _g

& o

<[g= I®

t(g) t
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T— :h
VRIItEtion?

SN BV “ show statements
_ hen what...?

greeting <[who = "Stranger”];

h = h < = RICS</b></html>];
cover <[contents = h];

—_ E————

greeting

contents who

cover what brics
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P
ValiEation?

A SUrmrme
JESCIES:

| 2t of
(1998l
AMLE cdaes
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o S

Valleation? ..
A surnrr oI A DTD describes

JESEHES! (e.g. XHTML 7.0):

] ]

.
wr

| Sat of <l Sait Of

-

= lgaciljf Vellic)

-

= VL docs SME does

i
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o S

Vaelldation! ..
A surnrr I A DTD describes

C -

JESEribES: (e.g. XHTML 7.0):

V)
. BT

.
wr

| Sat of <l Sait Of

-

= lgaciljf Vellic)

=

QA [REOESISR, validation! “QRANIBEGES
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Velle

* Decidable!.
« Summary graph traversal (parsing vs. DTD)
 Memoization P termination
« Sound and complete!

| et of I’
IOET;
AMIE cloes validation!
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- h
soiplier Validation Recipe

Oh

data-flow analysis
data-flow analysis
ummary Graph  data-flow analysis
alidation (" shows) graph analysis
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S
EXPERIMENLS —
SOOMIEZ Pentium il /. Linux

Program # Lines # Templates | Time (sec.)
chat 65 3 0.1

guess 75 6 0.1
calendar 77 5 0.1
xbiff 561 18 0.1

~|webboard 1132 37 0.6
~— |cdshop 1709 36 0.5
jaoo 1941 /3 2.4
bachelor 2535 137 8.2
courses 4465 57 1.3
5345 133 6.7

Many validation errors found, no spurious errors

eatcs
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html greeting = <html>
Hello <[who]>, welcome to <[what]>.
</html>;

html cover = <html>

# <head><title>Welcome</title></head>
i <body><[contents]></body>

1 </html>;

html h;
h = greeting <[who = ”“Stranger”];

show cover <[contents = h];

h = h <[what = <html><b>BRICS</b></html>];
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html greeting = <html>
<td>Hello <[who]>, welcome to <[what]>.</td>
</html>;

html cover = <html>
8 <head><title>Welcome</title></head>

i <body><table><[contents]></table></body>
1 </html>;

html h;

h = greeting <[who = "Stranger”];

h = h <[what = <html><b>BRICS</b></html>];
show cover <[contents = h];
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--—- welcome.wig:13 HTML Validation:
welcome.wig:7
warning: possible illegal subelement ‘td’ of ‘table’
template: <table><[contents]></table>
contents: td
plugs: contents:{welcome.wig:13}

html greeting = <html>
<td>Hello <[who]>, welcome to <[what]>.</td>
</html>;

html cover = <html>
<head><title>Welcome</title></head>
<body><table><[contents]></table></body>
B </html>;

html h;

h = greeting <[who = "Stranger”];

h = h <[what = <html><b>BRICS</b></html>];
show cover <[contents = h];
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-— h
HOBIEMS?.

" D)1 Plefet
Seiiemplates with named gaps

il

S eIPllg and show

[
-

—

— P oblems
= = g I I :
Totarm | deas
N : I
® No static XML validation
e No common fragments caching

—
o
m—
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e
HOBIEMS?

SRIDyIDOC
SSiemplates withi named gaps
S wP|lig and show

L
—
— g

"
i

= =S ibroblems:

o —

__:.: - = ki | | | E
_ Totarm | deas
N . I
No-ehart eVttt
e No common fragments caching

i
—
—
o
- —
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- h
HOBIEMS?

" D)1 Plefet
SSRiemplates with named gaps

il

e Pllig and show

.
— O

— g

=

e
=

= Problems:

e No common fragments caching

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁHTML Validation

F e Caching
® Form-Field Validation

® Conclusion
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Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁ_FITML Validation

F s Caching
® Form-Field Validation

® Conclusion
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T

PEEUMENt Representation

© what
© conkents
brics
{ancmymous
fragment)
O= O~
/ ., / \

[ r#sogeee )

calor who person

wha

contents

greating
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T

PEEUMENt Representation

document structure @ what

© conkents
brics
{ancmymous
fragment)
O= O
/ ., / \

[ r#sogeee )

calor who person

wha

contents

greating
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PEEUMENt Representation

document structure @ what

© conktents
brics
{ancmymous
fragment)
O o
k / \
BT :

calor who person

wha

string

greating
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-

PEEUMENt Representation

document structure @ what

© conktents
brics
{ancmymous
fragment)
O o
k / \
BT :

calor who person

string | templates

greating
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PEEUMENt Representation

dynamic ©

© conktents L
brics
/ \ {ancnymous
fragment)
0= o-
Z i

SN

parson

(= #gﬁasfflj

wha

greating
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B .

PEEUMENt Representation

dynamic O =

/ \
o> o

< Y
Fd

hrics

{ancmymous
fragment)

[ HB9GEEE" |

parson

wha

o EEV

static
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PEEMENT Representation:

dynamic O o=

"-\-\_\_\_\_\_\_\_\-L

“Transmit JavaScript

recipe for client-side © sontants
doc. reconstruction” |-

hrics

* {ancnvmous
== fragment)
== '.'—_":“- Q colar © who
—— N\ SN
— % rg
[ r#sogeee ) o

parson

wha

o EEV

static
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e
PEEUMENT Representation

dynamic O o=

"-\-\_\_\_\_\_\_\_\-v

“Transmit JavaScript

recipe for client-side © sontants
doc. reconstruction” |-

IIIIIIIIII----:!!III

(:::) colar

[ 490EGEEN )

hrics

(anonymous
fragment)

parson

“Write each template
to a separate file so
that it can be cached”

static

e
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B original HTML
B JavaScript reconstruction
...all templates cached

[1 o
T — E—
bachelor Jaoco

Cut to 2.6% — 25% size

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




B .

EXIIEN héil:lhts
YAOOMIHZ, 26.8 Medem))

J 'F]y‘_ (dewnload~+render): M original HTML
i ...all templates cached

30 - e
25 -
B =z0- [ i
'j_".-,%' 15 =
—— 10 = _ =
T
B 1
0 : o e
lycaos bachelor Jaoo webboard dmodlog

2.2X — 10x faster

LaBRI / INRIA, Bordeaux Dynamic Generation of XML September, 2003




- h
HOBIEMS?

" D)1 Plefet
Seiiemplates with named gaps

il

S eIPllg and show

.
— O

—

==Problems:
= = r I I :
Intermi ' dec
Mo : I
No-ctatie XMi_atdat
e No common fragments caching

—
o
m—
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e
HOBIEMS?

SRIDyIDOC
SSiemplates withi named gaps
S wP|lig and show

L
—

S
i

49 oblems

o —

-
-
e
T —
' ——
 —

= - ’ I I l :
. :

Ne-statieXMivalid I.

N : I i
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Oyl

| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁ_FITML Validation

F s Caching
® Form-Field Validation

® Conclusion
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| fduction
o ;namlc Decuments

1ype Safiety
= 'gﬁ_FITML Validation

F s Caching
e Form-Field Validation

® Conclusion
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W
Example: “EnterEmail= s

'-ut = <html>
BEESEsenter your email :<br>
_ 5_meput cype="text” name="email”>

- |html output = <html>Your email is: <[email]></html>;

string s;
show input receive[s = email];
show output <[email = s];
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Exaimple: “EnterEmail s

e

= regexp (”< >@< >(\.< ) e

Apiit-= <html>
_;:se Enter your email:<br>

nput cype="text” name="email”>
1>;

html output = <html>Your email is: <[email]></html>;

string s;
show input receive[s = email];
show output <[email = s];
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sormiField Validation:
PBWErFornms™

SNYBIaIN Specific language:
Silniguely: for form-field validation

5 cIarative specification (regexps):
o Abstracts away operational details

HTML HTML

\
\
" Regoxps JavaSeript

® PowerForms also available as stand-alone tool
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SrEFicldiinterdependency.

Have you attended past WAV conferences? ~ Yes ~ No

If Yes, how did WAWAVE compare? ~~ Better « Same - ‘Worse

-'."q

_-‘ Favorlte Letter”
~ e Select filtering

e "NYC Office”

® Complex interdependency
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SIgwig > Dynamic Documentsi.

gEStatic Analyses:

e

Elexible, Safe, and Efficient
Dynamic Generation of XIVIL
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,
\r-_ gwigd> Dynamic DOCUMERLS,«

Static Analyses:

1 Y]?_; Elexible, Safe, and Efficient
B Pynamic Generation of XML

e

.fJﬂND
=~ s on-linear document construction

® Separates programmer / designer aspects
® Guaranteed interaction correspondence

e Static XML validation

e Common fragments caching
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e
IE=<DIgwigz=.Compilerss

e

SNVETSIon 2.0:
SSimplemented in C (for UNIX / Linux)

S SiComplete source code available

— Approximately 2.5 MB source

;
‘. T
N

e [ icense: GPL (Gnu Public License)
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N
=BIGWIg> Publicationspsss

eEIClEncy Control FASE,
r{ur_" System WWW. 8,
Dyieiic Doclments POPL,
_ rm ~FField Validation WWW Journal,
g;s ESPITML Validation PASTE,

i

—

*The <Pigwig> Project TOIT,
~ & Syntax Macros PEPM,
¢ Document Caching WWW Journal,

-
—
o
_._—- -
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-Z}rlu- bamig > Projeck - M Enternut Explorer - [Werking 0ffloe]
| Fie Bt Vew Pawies Took feln

| ok = =+ - @ [E] | Bmeah Eraoies JPremy | B- 35 - (5

o rlorrld
e [ @] il bonmn, brics A bzl

hd Links
’ ; . —L —
feduction e

1 Inkodaian b 2 L
Y e <D1gWlg>
Esarmples: g
c@mples

Feneamh

Compla chigwigs 13 @ high-bevel programming linguage for developing Interactive Welb services. Compkte speifications
Shtend-ahre Packaggs | are compilad inta a condomerate of lower-level tachnalogies such as HTRL, SE Scipls, davaSonipt, HTTR

ef . m a n u a I o AifbBntCEt o, anif JveApisks
= [jutorials =

Sarvien | _,.

]
e
t

g

The compilslion arocscs

Cur goalis bo remove mary of the obetacles that face current dewelopers of Web sarices ta lower cost whils increasing
funchonality and relakiiby, compared to CEWPed scnpts, ASF, or PHF based sdutions. The <bigeig- language i1s an
int=llectual descendant of the ilAWUL project, inherting the concepls of sessiors and documan! lemgielas

L]
P re Se n ta t I O n S F 085 15 90U First i sic Lo e cbagw s ge- DOMELS0e We encourage you 1o read the Introduction.

The ISIEEE Wershon Of < iguig- 15 14,2 &nd 5 @vailable for downlead (GPL licance]

DOW n I Oa d S | Fyoi ara 3 DAIMI ctudent, you havie 3C0ass 10 freewd o, bedos . dic 100 COMPIMG S0 ROSTINGD WO G0N <bigeigs BARICES
[
IT'J\.M.’J\.'\. .\.J\.'\.J\.J\_.|'\.A '\.J\.J\.n .-J\.Il'-u\.h.au\.a.rﬂ J\.'\.M

| Language-Based Caching of Dynamically Generated HTHL
® SrC / bln :D:a:ti.j!hﬂﬂﬂ | Eibsgeag b pe IS ATar g i}r

— 2 Recorded Presentations (MS & IBM Research)

I' mm

[FEEE e
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- h
SBIgWIg> > JWIG (Java)*®

" _:"http ://www.brics.dk/JIJWIG/
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Communication Services:
A Rapidly Evolving Area

Physical Client
layers equirements °e

E-mail
HTTP
Telephony
Alert

Chat
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Client-Server Model

Client 1

e Communication services
e Distributed systems
e Protocol-based interaction

Physical

Client
equirements

(¥

Server

)
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Client-Server Model: Limitations

Client 1

Physical
layers

(¥

Server

Client
equirements

)
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Overcoming the Limitations
of the Client-Server Model

Customizing the clients

Physical Client
layers equirements

Server

(& )
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Overcoming the Limitations
of the Client-Server Model

Customizing the server

Physical Client
layers equirements

« Server implementations
* Server scripts

]
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Making the Server Programmable

Physical

Client 1

[« Conciseness
Service J * Expressiveness
description * Robustness

_* Performance

qurog/ Rspprog

Programmable
Server

(¥
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Making the Server Programmable

Client
equirements

Physical
layers

Client 1

Service
description

Communication Services
» Program-family based

» Multi-level
» Case studies

qurog/ Rspprog

Programmable
Server

(¥
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Program Family-Based Approach

Variation Factors Family of
Variations DSL DSL program

Service
description

Protocol —
Physical [ Server
Domain layers Programmable
of
services Client
equirements y v

[ Server } Server variation
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Program Family-Based Approach
e

Server

Libraries /
Components
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Program Family-Based Approach

Family of
Variations

ﬁ

Server

Server

11

Libraries /
Components

|

DSL ProgramJ

p

Domain-Specific Language

Abstract Machine

<

Programmable server

)
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Mono-Level Programming
o

e Unique development group
e Unique DSL DSL program |
e Unique compiler

_ Service
implementation
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Multi-Level Programming

e Different capabilities for
different developers | DSL program |
e Variations of the DSL

e Capability-based compiler

_ Service
implementation
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Multi-Level Programming

Platform developer

e Different capabilities for
different developers | DSL program |
e Variations of the DSL

e Capability-based compiler

_ Service
implementation
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Multi-Level Programming

End-user

e Different capabilities for
different developers | DSL program |
e Variations of the DSL

e Capability-based compiler

_ Service
implementation
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The Nova Platform:
Functional Decomposition

Reqlﬁtsprogram Reqlﬁtsprogram
-mail Processing Call Processing
Server Server
Req':iStsprogram Req':iStsprogram
o
d S d
»
R
tream Processing emote Doc. Proc.
Server Server

Requestspmgram
C =
& 4
HTTP
Server
QY
® o ©o

‘b&%

16
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Domain of Services:
Call Processing

e \Variations:
— Call services
- Web applications

17

Domain
of
Services

Req';istsprogra

=

!

Call Processing
Server

m

C
&

incoming (call in)

{

location 1;

switch proxy(sip:dana@labri.fr)
{
rediction(1l) :
if (! match(l::host,"voicemail"))
{
redirect 1;
break;
}
default:
proxy(sip:john@voicemail.labri.fr);
}

}
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Domain of Services:
Remote Document Processing

e \ariations:
— Sink definition
— Conversion rules

18

Domain
of
Services

Reqllistsprogram
=

!

emote Doc. Proc.
Server

00

SINK d2r2

HLP This is the printer on_ the third floor
CAPA Overleaf boolean

IFACE /usr/bin/d2r2

SPOOL /var/spool/sinkd/d2r2

FORMAT ps

FORMATS gif jpeg ps ipq plain pdf
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT

plain ps /usr/local/transform/enscript
jpeg ipq /usr/local/transform/jpgipgq
gif ps /usr/local/transform/gif2ps
jpeg gif /usr/local/transform/jpeg2gif
ps pdf /usr/local/transform/ps2pdf
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Domain of Services:
E-mail Processing

e \ariations:
— E-mail services

- Remote doc.
processing

19

Reqlﬁtsprogram
Domain @ &
of -mail Processing
Services Server

view accesspoint PDA {

Mailbox view = nomadic (I1MB);
}
view mailbox nomadic(size s) {

if (From == "joelmail.fr") bind boss;
if (Size > s) ignore;

}

view message boss {

From as cst ("The Boss!");

Date; Subject; Body;
Attachment[] as bwlImages (30KB) ;
}
view field Attachment bw(size s) {

if (Attachment.size > s)

return "too big" + Attachment.size;

T
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Domain of Services:
Stream Processing

Reqllistsprogram
=

!

L

Domain %éx
of tream Processing
Services Server

e \ariations: merger Frame Merger ({
. interface |
- Stream processing stream in bit[7] nc;
_ Composition stream in bit[2] bc;

stream in bit[2] Mc;

stream in bit[1l3][3] xMc;

stream in bit[6] xmaxc;

stream out bit[56] bits;

}
map {

nc # bc # Mc # xmaxc # xMc -> bits;
}
}
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Domain of Services:
Adaptation of Web resources

Requests

!

Web Adaptation
Server

program

Domain
of
Services

ACEesipoint PDA meteo {
. g . tm -
e \ariations: title |
setTitle (name + “ (with hades)");
- Web resource keep () ;

: }
processing element {

. keep () ;
~ Composition P
image {
if ((name == “meteo/france.jpg")
keep () ;
else
remove () ;

}

text {

\ keep () ;
}
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A System Architecture
For the Nova Platform
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Ongoing/Future Projects (1):

Service Description Languages
T

e Multi-level programming

— Capability models

- Capability-based analysis

— Capability-based compilation
e Service cost

- Resource usage

— Cost model
- Composing models
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Ongoing/Future Projects (2):

Programmable Servers
/]

e Evaluation studies
- Robustness/memory usage/bandwidth usage/...
— Individual servers

e Methodology for programmable servers
- Making a server programmable
- Proving correctness of a programmable server
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