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Language-Oriented Programming

Instead of simply writing your application in the
base language, you build on top of the base
language a language for writing programs like
yours, then write your program in it.

Paul Graham, Hackers & Painters, 2004

DSL = Domain-Specific Language

{IUR DISKUSSION GESTELLT / IDEALE PROGRAMMIERWERKZEUGE

Auf dem Weg zu idealen
Programmierwerkzeugen —
Bestandsaufnahme und Ausblick

Einleitung

Geprsgt durch jahrzehntelange Erfshrungen in der

Praxis der Entwicklung und dem Betrieb groffer
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Namen verdienen. Meist wird darunter nur die
Festlegung der Aufrufsyntax von Diensten ver-
standen, wihrend deren Semantik nicht prezise
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4 Insurance Application ' o ]
File Edit
2 Customer Management

D | 1034
|
Cu=t ] t
ustomer Managemen | Mame: I Meyer
Inzurance Request | Address: I Berlin

Rating Worklist |

Hame Address
1 | Meyer Berlin ;I
2 | Weber KMinchen
3 | Meier Kiln
4 | Huber Langen
5 | Ruf Kaizerzlautern
6 | Franz Mihlhausen
7 | Weber Augsburg
& | Humm Koblenz
5 | Humm Friedberg
10 | Schmidt KMinchen
11 | Ra=sch Bingen
12 | Wiiller Frankfurt
13 | Hugo Hamburg
IDE:
Allegro Common Lisp
Express Edition
= Franz Inc.
— o

of Applied Sciences. 2009



42 Insurance Application : X ;IEIEI
i

File Edit
2 Disability Insurance Request
— Perzonal Information
Mame: I Meyer
Customer Management | Mk IB - |
- erlin
Customer W (if known): I 1034

Inzurance Request I

Rating Werklist |

— Employment Information

UTEITEITE ADMINISTRATION-OFFICE = |

— Financial Information

Earned income before tax: | 45000 | EUR

Net worth: | 100000 | EUR

— Health and Lifestyle

Height | 185 cm

Weight | a0 kg

Have you been treated for INUNE j

any of the diseases?

Haz a close relative been treated IHEART—STRD KE j
=

for any of the diseases?

Do you smoke? I NO

Do you drink alcehol?

Submit
Sciences. 2009




4 Insurance Application -0 x|
File Edit
2 Rating Worklist

|1EI?:-3
|

Customer Management

Ingurance Regquest

Rating Worklist

Rating: 3

((2 :DAILY-DUTY :ADMINISTRATION-OFFICE) (2 :NET-WORTH :HIGH)
{-3 :BMI :0VER-WEIGHT) (-3 :RELATIVE-HAS-DISEASE ‘HEART-STROKE)
{-1 :-DRUGS :ALCOHOL))

Accept | Reject |
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Lisp = Lis_t Processing

List: the basic Lisp data structure

- (123 ‘keyl valuel
— (“This is a list” “ of strings”) Association list key?  value2
— ((keyl . valuel) (:key2 . VM Property list

— (tkeyl valuel :key2 value2) _— Binary Tree eﬂ

- (3)24)1(056) 5

Lisp Programs are data: Function call: prefix notation \

— (factorial 5)
- (+234)

— (if condiﬁmﬂaﬂon)) Function definition |
— (defun identit
(defun identity () X) | Classdefiniion

Lisp Programs are represented by their syntax trees
convenient transformation of Lisp programs via macro processor

Control structures

— (defclass Customer (name address))

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



£ C\WINDOWS\ Profiles\ humm\Eigene Dateien)_| aten|Research) o ]
untitludl inauranoc.wnrkﬂnw.t{:at.liapl lavguagz-oricnted-programming.package lap  Languege-Onemed Programming. lpr |

s: —%= lisp-uersinn: "f#_1 [Wndows] {Jun 15, 2009 9:45)"; rn= "1 _1A% .2 20" |

(in—-package =rg-nsev)
{(defpackage =l ANGHARF-NRTFNTED-PROGRAHMIHG )

{define-project :=name :|Language-Oriented Progranming]|
smodules [list {make-inctance 'module :=name “lisp-unit_licp™)
{make-inctance 'module :=name
"language-oriented-programming .package _lis
{make-inctance "YOdule :=name
isp-extensions lang_lisp"™)
module :name
"ligp-extensions.lang.test.lisp")
'module :name "type.lang.licp™)
'‘module :zname "entity.lang.lisp™)
module name "'query.lang.lisp™)
module name "'query.lang.test.lisp")
'module zname “rule.lang.lisp™)
dule zname “mapping.lang.lisp™)
dule name " i = i

=

Configuration data

{make-instance 'module : Program COde
"worlkflow.
{make instance ‘module :name "insurance.config.lisp")
{make instance ‘module :name "insurance.type.lisp®)
{make instance ‘module :name "insurance.entity.lisp')
{make instance 'module :name
"insurance .entity mngr-.lisp")
{make instance 'module :name
"insurance .entity-mngr.test.1isp")
(make-instance ‘module :name “insurance.mapping.lisp™)
{make-instance ‘module name “insurance.rule.lisp"}

Interactive console (REPL) \

IDE:
Allegro Common Lisp
Express Edition

Prof. Dr. Bernhard Humm, Darmstadt University of Appli Franz Inc.
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Excursus: The Quasar reference architecture

class Quasar Architecture

for business information systems

«Abstract T Compo...
Workflow
Management

d]

«Abstract T Compo...
Client Management

d]

d]

«Abstract T Compo...
Batch Management

d]

«A Component»
Workflow

4]

«A Component»
Dialog

Workflows

Dialogs

«Abstract T Compo...
Application Kernel
Facade

4]

«A Component»
Batch

pkg Application Component7/

Services (Use Cases)

Entity Managers (DAOs, |

UseCase 3.1

Igw

Controllers)

A-Controller
3.1

/

32

A-Cuntroller

A-Entity 3.2

A-Controller
33

v

A-Entity 3.3

I

«A Component»
Application
Component

«Abstract T Compo...

Authorization

Entities

\ Application data types

«Abstract T Compo...

d]

’ Persistence
Transaction

d]

«Abstract T Compo...

Queries
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Example:
A simple DSL for application data types
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Example:
A simple DSL for entity types
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Criteria for a good DSL

A DSL consists of:
— Syntax — needs an editor to program in

— Semantics — needs a compiler and a runtime environment to execute

Good Syntax is:
— Concise

— Easy and intuitively to understand

Semantics should be:
— Expressive / powerful

— Efficient implementation

Example DSLs:
— Query language
— Rules language

— Workflow language

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009
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A general object database query language

needed in result se

Local variable ‘ ‘ Persistent class ‘ ‘ Auxiliary variable — F\CU

\ [

N N

Conjunctive clauses
\

Any form of Lisp expression allowed. Here: object navigation

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009
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Excursus on semantic web technology:
RDF(S) — Resource Description Framework (Schema)

" Statement j\ | Subject Predicate | Object

has-income

Quber > 65.0D
rdf:type

Quber > PersD
rdf:type

Qerson > rdfs:cg
rdf:type

Qas-income > rdf:Pro@
rdfs:domain

Qas-income > PersD
rdfs:range

@income > xs:int@
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XML syntax for RDF(S):
no appropriate langauge for representating knowledge

<rdf :Description rdf:zbout="CIT2112">
<uni:isTaughtBy>
<rdf:List>
erdf i firsts
<rdf :Description rdf:about="949111"/>
</rdf:first>

<rdf irest> Meaning:
<rdf :List>
<rdf:first> j> Course CIT2112 is taught by
<rdf :Description rdf:about="949352"/> teachers 949111, 9493252, and

</rdf:first>
<rdf:rests
<rdf:List>
<rdf: first>
<rdf:Description rdf:about="949318"/>
</rdf:first>
<rdf :rest>
<rdf:Description rdf:about="&rdf;nil"/>
</rdf:rest>
</rdf :List>
<frdf:rest>
</rdf:List>

</rdf :rest> Source: Antoniou, van Harmelen:
</rdf:List> »A Semantic Web Primer*

949318

</uni:isTaughtBy>
</rdf:Description=

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Simplify URI syntax

(add-triple lins:Franz lins:has-disease lins:Heart-Stroke)

N

<http://www.fbi.h-da.de/insurance#Franz>
<http://www.fbi.h-da.de/insurance#has-disease>
<http://www.fbi.h-da.de/insurance#Heart-Stroke>

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Provide means for declaring classes and instances

(add-class 'ins:Person :comment "Natural Person" :see-also !ins:Profession)

(add-instance lins:Huber lins:Person)

N

(ADD-TRIPLE lins:Person !'rdf:type !rdfs:class)
(ADD-TRIPLE lins:Person !rdfs:comment (LITERAL "Natural Person™)) NIL
(ADD-TRIPLE lins:Person !rdfs:seeAlso lins:Profession))

(ADD-TRIPLE lins:Huber !rdf:type lins:Person)

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Provide means for declaring properties

(add-property lins:Person lins:has-desease lins:Disease)

(add-triple lins:Franz lins:has-disease lins:Heart-Stroke)

\//

(ADD-TRIPLE lins:has-desease !rdf:type Irdf:Property)
(ADD-TRIPLE lins:has-desease !'rdfs:domain lins:Person)
(ADD-TRIPLE lins:has-desease !rdfs:range !ins:Disease)

(add-triple lins:Franz lins:has-disease lins:Heart-Stroke)

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



A rules language oriented on Prolog

‘ j Facts \

Rules:
Head <- goal, ... goal

//

Variables

Unification of variables
and terms

Interactive Query j\

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Agenda

Introduction & Example
A few words on Lisp

DSLs for business information systems
— A query language

— Arules language

— A workflow language

The big picture
Agile development

Conclusion

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



AN




Named workflow

anhronous invocation of service

——

Manual activities can be accessed
via worklist dialogs

Voucher mechanism: waits until
value has been set

Worflows are services that can be
invoked

Asynchronous invocation of ‘
service

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Waiting for external events

/JﬁWaiting for timing conditions

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009
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Domain-specific languages (DSL) or different general  -purpose
languages (GPL) may be derived from a base language (B L)

Project-specific DLS
e.g., GUI style guide

Reference architecture includes dialogs,

BIS = Business Information Systems.

components, services, entity managers,
BIS DSL Family entities, data types
E.g., Quasar
Object-oriented GPL Query DSL Configuration DSL Test DSL
e.g., CLOS + extensions e.g., Scribble, XML e.g., LispUnit
— N 4 P
Functional GPL BusmessSProcess Rules DSL
e.g., Scheme DSL e.g., Prolog

==

Base Language (BL)
e.g., Common Lisp
S-Expressions

Language

—  » Based on

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Language design and application design are relevant for
application development

Level

Content

Example

M3: Meta-Meta-
Model

Base-Language

Common Lisp
S-Expressions

S-Expr ::= Atom | (S-Expr*)

- = Languages _ _ (defmacro define-entity
SEG M2: Meta-Model (GPL, DSL) Entity.lang.lisp (name attributes) ...
e € (Language-Design) )
a 8 o
550
FoR =2 g (define-entity Customer
x®3 M1: Model _Appllcatlons : Insurance.entity.lisp (id name address)
(Design & Implementation) )
. (Customer
MO: Instance Obl‘?‘CtS Entity Customer tid 42 :name “Smith*
(Runtime)

)

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009




The language stack describes the configuration of | anguage
versions (GPL, DSL) based on each other

Project-specific Insurance Entity
extension Version x.y.z
—
jab}
-]
Quasar Entity IS
' o
BIS Entity Language Version x.y.z &
Q)
S
o ' =
GP OO Language CLOS .extenS|ons &
Version x.y.z 3
§".
Common Lisp
Base Language S-Expressions
Version x.y.z
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Incremental language design allows scaling the langu age to the problem
domain.
Incremental application development allows stepwise increase of quality

Production-ready

Integratable

Prototypical

Vertical scalabiliy via quality levels:
Incremental application development
Conformance checks ensure quality levels

Horizontal scalabiliy via languages (GPL, DSL):
Incremental language design

Ad-hoc

v

Business Process

Query Language Language

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



Vertical scalabiliy via quality levels

Example for vertical scalability: Successively addi ng typing,
documentation, error handling, pre- / post-condition S efc.

Conformance checks for typing, documentation etc.

Parameter typing

Full documentation

N Pre- and Postconditions

\g Error specification

Undocumented

Ad-hoc:
Untyped
No error handling

No implementation

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009
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Conclusion and discussion

Language oriented programming (LOP) BUT Defining languages is hard
allows specifiying a solution to a problem

on the appropriate level of abstraction Language versioning is a problem

Lisp is well suited for LOP BUT Lisp is not widely adopted in industry

Programming of a high level of abstraction BUT Every complex abstration is leaky
is useful (Spolsky)

What is your opinion?

Prof. Dr. Bernhard Humm, Darmstadt University of Applied Sciences. 2009



