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Domain-Specific Languages

A DSL is a focused, processable language for
describing a specific concern when building a
system in a specific domain. The abstractions
and notations used are tailored to the
stakeholders who specify that particular concern.

® Processable means that the ,,DSL Program® is to be
processed by some tool

® Analysis/Simulation
® Code Generation
® |Interpretation
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Interpretation vs. Generation: Basics

Graph-
Ical
Editor
i Inter- \ ’
preter BV
Text Textual AST
Editor/ Source (Model as
IDE Code Objects) e
Gene- Inter- \ gﬂg
EWreY/ i
rator GPL preter %J
Source '
Code
. Byte/
® Code Generation: Machine

Create some other (textual)
representation of the model, typically in

oA

a 3GL, interpret or compile it in order to execute.

® Interpretation:
Write a program (the interpreter) that directly executes the

AST, i1.e. walks it and creates sideeffects.
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Code Generation vs. Interpretation: Pros and Cons

® Code Generation is the mainstream for external DSLs.
® Maybe it is perceived to be simpler

® |t certainly has better tool support (template languages
such as Xpand, MofScript or JET.

® And code generation does have a number of
advantages:

® Can generate artifacts necessary for certain platforms
(config files, satisfy existing APIs)

® Can produce small, fast or optimized code if necessary

® Can be done ,,secretly” — nothing special required at
runtime of the final system

® Generated code is one meta level down — semantic gap
Is reduced, simplifies understanding and debugging

® Templates can be derived from existing (manually
written) code
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Code Generation vs. Interpretation: Pros and Cons 11

® There are some advantages of an an interpreter,
however:

® Faster Turnaround, because no regeneration necessary

® Embeddable, scripts can be edited and rerun in the
deployed application

® There are also combinations of the two approaches where

® A first stage generates something that a second stage
Interprets

® Or an interpreter works on some kind of low-level
language, where higher-level languages are transformed
Into those lower level languages.

® Interpreters should be used more in practice. This talk
shows how tool support could look like.
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Oitok — the oAW Interpreter ToolKit

® Oi1tok is the framework on which this talk is based.

® |t is in an early stage of development and not yet
released officially.

® Oitok is intended for relatively simple and small
languages (typical DSLs). It is not suitable for building
,real* VMs.

® |In the context of this talk, Oitok is more important to
Illustrate how to build interpreters as opposed to being
a production-ready framework for mission critical
Interpreter construction.

® This will hopefully change in the future.
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Overall Oitok Process
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Key concepts in Interpreters

® Symbol
® A named entity such as a variable

® SymbolRef
® A reference to a symbol

® RValue (Right-Value)
® Something that can be evaluated and

RV
yields a value, such as an expression
or a SymbolRef
® Literal
® An RValue with a fixed value, such as | hello* |

1 or ,hello*
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Key concepts in Interpreters 11

® | Value (Left-Value)

® Something to which something else can
be assigned, such as a Symbol or a
SymbolRef.

® Binding
® Assigns the value of an RValue to an

()
Lvalue (¢ }—o0——1 ,hello" |

O
s
=

® Scope

® An area of the program 0 o @ o RV

(execution) where symbols S
: . . ; i d ti o
are defined and bindings L B

are valid. Q@ ()

® Can be nested.
® Are kept on a stack.

e
=
o
o
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Key concepts in Interpreters 111

® Scope Creation

® A new scope is created as . :
a clone of an existing scope e ————

® Changes to symbols and bin-
dings in the new scope do not | i
affect original scope.

RV

>
©
(=)

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

® Scope Termination
® The current scope is ter- 00 =— |
minate, all its symbols and meez

® We return to original scope,
where symbols and bindings | | @ »
are unchanged, like before <_J[
the scope creation.

Q

Lhello*

= RV
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Key concepts in Interpreters IV

® Parameter Passing e

® \When creating a scope,
new initial bindings can
be created. This is called ° @
parameter passing. - | psespag

® When a scope is terminated, o
one or more values are re-
turned to the original scope. @ = i1
® They can be bound to sym- ° "
bols in the original scope.

® Parameters can also be :
passed by reference; changes ()
to them in the new scope also
affect the original scope. @

o]
-

o]
[§]

o]
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Key concepts in Interpreters 11

® Call
® A call jumps to a different location in the code
® Typically, scope creation is inherent in a call

® |f you call something procedure-like, the call is a
statement

® |f you call something function-like (i.e. it returns a value)
the call is an RValue

® |In Oitok, a call is basically a wrapper around scope
creation, termination and parameter passing.

® We also create call stack for error reporting.
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Example Program in Example Language

® Calculating the Factorial using a simple language.

local A Fac Res 1In
Fac := function(X)

1T X = 0 then
return 1

else local Xm Fm T iIn
Xm =X -1
Fm = Fac(Xm)
T = X * Fm
return T

Fac(A)

® The language has variables, simple expressions, functions,
assignments, blocks and calls.

® Challenge:
How can we build an interpreter for this language?
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Building an interpreter

® We need to be able to parse the textual syntax

® We use oAW Xtext to define a grammar, generate an editor
as well as a parser and an AST.

® We then need to implement the interpreter working on
the AST created by the parser.

® We simplify this task by mapping the AST concepts onto
the general interpreter concepts above.

® We then build the interpreter in Scala, supported by a

framework that knows about the generic interpreter

concepts.

® Because the generic concepts are a kind of AST for an AST,
It Is called Higher Order Abstract Syntax.
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Step 1: Defining the Grammar

® The grammar is defined
using oAW Xtext‘s
grammar editor

® It is basically an EBNF
notation

® Note how some rules
are collapsed.

[T] oitokcore,xkxt &3

1=Program:

2 (blocks+=Elock) *;

3

4= EBlock:

5 Tlocal™ j(decls+=VariahleDecl) ¥ "in'
& [statements+=3tatement) *

7 wbndr;

g

S=Wariahlelecl:

10 natne=ID;

11

la=3tatement:

13 Noop | Assign | Block | Debugltatemsnt |
14 ProcedurecCall | CallbackCall | IfStatement |
15 Feturnitatement;

16

17 Noop: "noop':

1z

18%CallbhackCall:[]
21
Z2¥ProcedureCall:[]
24
25 FunctionCall:
26 funcNawe=ID " (" [actuals+=Variablelccess)* ™M
27
ZEFIfStatement:[]
32
J3®Assign:[]
35
JEFRvalus:[]
1]
JO9®Expression:[]
41
d2HListop:[]
44
d5FListMod:[]

kil

ingenieurbtro fir softwaretechnologie
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Step la: The generated AS

. fﬂ_;l citokcore .ecare &4 = 0
® Xtext derives an abstract syntax 5 otokcre o

for the language from the grammar. T -t o ok
Elg Block. - = Statement
[ 5 statements : Statement

® It |S represented aS an ecore - = decls : variableDedl

=l E YariableDecl

metamodel so it can be processed [ = name ; Esring

----- H statement

. : kN, 1 H Moop -= Statement
usin g ECI I pse/OAW easl Iy - #-H CallbackCall - Statement
H ProcedureCall -» Statement
=~ H FunckionZall -= Rvalue
-2 funchame ; EString

® Note how

® the rules from the grammar =
become meta classes
- = yalue | Rvalue

® Attributes become properties
- = ref | YariableRef

® and all the concrete syntax | B Realue

Stuff iS IOSt. i H Expression-= Rvalll_le ”ﬂ

- &=t actuals | Yariabledocess
IfSkatement -3 Statemnent

-+ =+ glseStatement : Statement
~ =+ thensktatement @ Staterment
- = canditionExpr @ Expression
Assign -= Skakerment
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Step 2: Static Semantics (Constraints)

® Static Semantics is defined against the abstract syntax
using regular oAW constraints against the generated meta
model.

(), Checks.chk 23 =0
limport oitokcore: 1=
Z
Jextension org::openarchitectureware: ioitok: icore: :Extensions;

4

Scontext Returnitatewent ERROR "vyou cannot have a return statement outside a function.”™

[ allParents()] .exists(| p | FunctionDeclaration.isInstahce (p) ]!

o

Socontext VarisbleRef ERROR "wvarisbhle "+referencedVariable+4™ not declared™:

=] izDheclared( this, referencedVariable |;

10

llcontext Variableldocess ERRDR "varishle "+referencedVariahle+™ not declared™:

1z iglbeclared| this, referencedVariable |

13

l4context Assign ERROR "variabhle "+ref.referencedVariable+" not declared™:

15 igDeclared| this, ref.referencedVariahle);

16

17context FunctionCall ERROR "function "+funcMNawe+™ not declared™:

15 izDeclared( this, funcN=mne) !

19

Z20context ProcedureCall ERROR "procedure "+proclNamwe+"™ not declared™:

21 igDeclared| this, procName) :

2z

Zzicontext VariableDecl ERROR "variable named "+name+™ iz duplicate™:

24 [1Block)eContainer) .decls.select (d|d.name == name) .Size == 1;

z5 b

Zzocontext Forwal if Procedureleclaration.isInstance (eContainer) ERROR "formal nawed "+name+

27 [ IProcedureleclaration) eContainer) .formals.select id|d.name == name) .size == 1:

28

ZP%context Formal if Functionleclaration. islnstance(eContainer) ERROR "formal named "+naoe+™

30 [(FunctionDeclaration)eContainer) . formals.select (d] d.nate == nawe) .size == 1;

-

= ] | i
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Step 3: Editing the Program

® Usingthe editor generated with Xtext, editing programs

In this language is very convenient.
® Syntax Highlighting, Code Completion, Constraint Checking

—
2] *test.core &3
local 4 Fac Res in

BN cturn i
Fac = function ()
if ¥ = 0 then
return 1
else Jocal Zm Fm T in
a Fox iz X2 -
Fm := Fac (Zm)
T 1= X * Fm
return T

i

1= Fac (4]
enid t
b

= =
(21 Problems &3 @ Javadoc | [z Histu:ur*;.-'\l

3 errors, 0 warnings, 0 infos (Filker matched 3 of 2 items)
Descripkion = | Resource | Path | Location |
3 variable ¥m: nok declared kest.core kestfsrc line : 7
3 variable ¥m: nok declared kest.core kestfsrc line : 7
€3 you cannot have a return statement outside a function, kest.core kestsrc line : 2

© 2008 Markus Volter
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Step 4: Mapping towards HOAS / Example Program

A=S D]
Res := Fac(A) |°
L

I eee .~ ® Most of the

i {Fac = function(X)  (recj—o— runcten | i concepts in the

1 iF X = 0 then ' example language
I § § can be mapped to
| e e . the generic

i focalAmEm T T @@ ° i i inte?preter HOAS.

i i i Xm o= X -1 (J—o—ri-] E i i

) Moo= Facom P o i ® The diagram on the
D TeEx R (O] N . left mixes example
return T program text with
Ll end - i the HOAS notation
end ________________________________________ | introduced before.

ingenieurbiro fur softwaretechnologie www.voelter.de - - ©2008 Markus Vélter
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Step 4: Mapping File

® We first run the Oitok Wizard that creates an interpeter
project for a given Xtext syntax.

® To keep things

{z] *oitokcore.hoas &3 = B || 5= outiine 52 =8
m Od u Iar th e H OAS higher order ahstract syntax for ;I o @ rootProgram
"platform: fresource/oryg.openarchitecturemare.oitok. o < TCompoundType LIST
- - - i EI{:B main
mapping is kept in 58 b

root Program G Assign

sepearate file. commound type L15T o

(9 variableDed
types main { (D Rvalue
(& VariableRef

® T h e H OAS fi I e “ types basic {[] (D varisbledccessvalue

{3 variableAccesshef

- f ' d t h AS @ types functionsindProcedures { 8] H-E functionsandProcedures
Specitie e -6 terals
o B

types literals {[] H-H liskstuff

eCO re fi I e fO r Wh i C h a -H binaryOperations

types liststuff {[] EH conditionalandIf

it contains the HOAS | = twes snsrsoperarions @ -8 cabens
mapping & types conditionalindIf {[]

+

@ The edltor |S Of %  types debugstuff ([
course also built
with Xtext ©

ingenieurbiro fur softwaretechnologie www.voelter.de - - ©2008 Markus Vélter
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Step 4: Mapping File 11

abstract syntax

Ecore file \ ) *oltokcore.hoas ©3 =0
w:ﬂ' order ahstract syntax for =
"platform:/resource/org.openarchitecturevare.oitok.c
{

Hﬁ-"“"'-t root Program

I~ ——e compound type LIST

“*—-\__x —® types main {
Type Annotation \-\\. types basic {

maps AS type to —e type Assign is

roms conre /]un'hnﬂ lvalue=ref rvalue=valus
end

An Assignment -____-_______--

is a binding type Block is

O_O_El scope symbols={decls)
/:
A Blockis a

Scope, defining the / | & type CallbackCall is|

Symbols defined | & type VariableDecl isg]

returned by decls * type Rvalue is | ||
* type VariableRef is]

Root Element
Of language

Declaration

of compound type — ———u__|

package

type VariablelccesaValue is

VariableAccessValue _________————-‘ rvalue
..———'_'__-

) 5 iolref property=referencedVariable
is an Rvalue ymi prox ¥

- type VariablelccessRel isg|
It is also a symbol 4

reference; the property

referencedVariable con- :
’ + types functionsindProcedurss {
tains the name of the

symbol x
4 | »

end
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Step 4: Mapping File 111

(2] *oitokcore.hoas E5 T =

® Since the HOAS O

types basic {

editor knows a type issimn is

bhinding lvalue=ref rvalue=vdalue

about the ecore end -

I ' (%] Ype ck is

flle for WhICh the (%] 5 Siiﬂ: symbols={decls}

HOAS is defined, e -
type CallbackCall is[] |

It provides code
completion and K
constraint o type 1]

checks into the -

a A @ VariablefccessRef

eCO re fi Ie . @ YariableAccessvalue

types func @ yariableDedl

@ VariableRef
type P

sy

end -
<I _>I_I

= =
[0 Problems &3 fix) Javadnq = Histu:urﬂ
5 etrars, 0 warnings, O infos (Filker matched S of 11 items)

type VariableDecl is[]
type Rvalue is [
type VarisbleRef is[]

Descripkion = | Resource | Fath | Location |
@ mismatched input " expecting 'is' oitokcore,h... | org.openarchitecturesware, ... | ling : 36
& one of the properties not found oitokcore,h... | org.openarchitecturesware, ... ling : 17
@ ryalue property wdalue not Found oitokcore,h...  org.openarchitecturesware, ... ling : 13
@ type Blck not found oitokcore,h... | org.openarchitectureware, ... ling : 16
@ type ¥ not Found oitokcore.h... | org.openarchitectureware. ... | line : 33
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Step 5: Generating the Scala Code

[ Package Explorer &3 E Hierarchﬂ Lo Navigator} =0

® The next step is to generate the Scala ——
classes representing the language’s :
abstract syntax.

s =Assign.scala (ASCIT -kky)
5 =BinaryOperation.scala  (ASCIT -kl

5 =Block.scala  {ASCIT -kkv)

; =BooleanLiteral.scala  {ASCII -kkew)

3 =CallbackCall.scala  {ASCIT -kle)

i =ComparisonOperation.scala  {ASCIT -kke
- |5 =Conditional.scala  {ASCII -klky)

----- [ »DebugStatement.scala  {ASCIT -kkv)

s =DumpEnvironmentwithTypes.scala  {AS
® However, it generates Scala ©
----- [ »Factory.scala  (ASCIT -k
s =FormalByReference.scala  (ASCIT -kky)
access to the model only
----- [ =FunctionDeclaration.scala  {ASCIT -k
2 =ListAppend.scala  (ASCIT -kky)
----- [ =ListMew.scala  (ASCIT -k
® For each HOAS concept, there is a trait in
----- [2 =MinusOperation.scala  (ASCIT -kk)
----- [ =PlusOperation.scala  (ASCIT -kkv)
® The generator generates the implemen- B foriomigrooy

; =ProcedureCallscala (ASCIT -kkw)
""" [ =SmallerOperation.scala  (ASCIT -k

- - =g g B pmmep @ owmw e I."’I ion.scal It -k
® This is not unlike the EMF Java generator, e s
- |5 =DumpEnvironmentwithvalues,scala  {AS
|5 =EqualsOperation.scala  (ASCIT -kky)
----- [ =Expression.scala  (ASCIT -kkv)
® Th d cod id d | T
e generated code proviaes rea B S g
: » =FormalByvalue.scala  (ASCIT -kky)
- |5 sFunctionCall scala  (ASCIT -kkv)
® And takes into account the HOAS § e
|5 zlargerOperation.scala  {ASCII -kle)
Mmapping. T uavensedn (51 401
----- [ =liskOp.scala  (ASCIT -k
----- [ =ListTailscala  (ASCIT -kke
: s =LogOff.scala  (ASCIT -kky)
|5 zlogOn.scala  (ASCIT -kky)
the Oitok framework which is mixed into the | 5 bt 051
----- [ =Moop.scala  (ASCIT -kke)
CIaSS i =ProcedureDeclaration.scala  {ASCIT -kky
|5 =Program.scala  {ASCIT -kkw)
- ol TR | N R W I."’I s ]
tation of the abstract methods of the trait. - e
- |5 =Trueliteral.scala  (ASCIT -k}

|5 =Types.scala  {ASCIT -kkv) -
= R, _I
4 I I 3
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Step 5: Example Traits

package org.openarchitectureware.oitok.fw.hoas;

® HSymbolRef:
whenever something is a ref-
erence to a symbol

trait HSymholRef extends HL¥alue {

def hreferencedHame (] : String

def hzymbolWHame ()] = hreferencedHame ()

. H Rval u e packayge org.openarchitectureware.oitok.fw.hoas;
the important Character_ import org.openarchitectureware.oitok.fw.types.
= - = - trait HEValue extends HHoasRoot {
Istic Is that it can be eval-
def hevaluate () : Tuple?[Any, TType] = {
uated to retu rn a 2_tup|e throw new ProgramTerminated|"for some strange reason, hevaluate() iz not

+

ConSiSting Of Value and def hevaluate [expectedType: TType): Tuple2[Any, TType] = {

throw new ProgramTerminated|"for some strange redson, hevaluate() is not
type *

e HS package org.opeharchitectureware.oitok.fw.hoas:
] ] cope.:
@ H BI nd I ng : p trait HScope extends HHoasRoot |

package org.opeharchitectureware.oitok.fw.hoas; var isolated = false
trait HBinding extends HHoasRoot def setlIsolated| b: Boolean )] = isolated = b
def lvralue(): HLValue def hi=Isolated() = isolated
def rralue(): HEValue def hintroducedSvymbols ) : List[HSymbol]
¥

mvolter
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Step 6: Writing the Interpreter itself

® Subclass the framework class Engine and overwrite
handlelnternal and evaluatelnternal.

class CoreEngine (factory: ElementFactory) extends Engine (fackory) |

def handleInternal( £1: Base ]: Unit = el match /{
case o: => handleDefault (o)
¥
orerride def evaluateInternal| elemenfi: HEValue ): Any = element match |

case  =» super.evaluate (elemenk)
h

® handlelnternal deals with statements (things that do not
yield a value)

® evaluatelnternal evaluates things that return values.

® Use Scala‘’s pattern matcher to treat your AS classes
specifically
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Step 6: Writing the Interpreter itself 11

® Implement a case block for each of your AS classes that
have been generated by the Oitok generator.

clazs CoreEngine (factory: ElementFactory) extends Engine [ fackory) 1

def handleInternal| el: Base ): Unit = el match {
casze p:Program => ...
case b:Block => ...
case a:fAs=sign => ...

case 0: => handleDefault (o)
'

orerride def evaluateInternal| elemeni: HEValue ): Any = elemenk match
case bh:Binary0Operation => ...
case fd:FunctionbDeclaration => ...

case  =r super.evaluate(element)

-
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Step 6: Writing the Interpreter itself 111

def handleInternal| el: Base ): Unit = ef match {
case p:Program => handle| p.blocks(] ]

® Handling a program means to handle all the blocks in the
program sequentially

® handle(...) is a framework method that automatically
takes care of scoping, if the handled element is a
HScope.

def handleInternal( 1: Base ): Unit = &! match {
case p:Program => handle| p.block=s(] )
case bh:Block => handle| b.=statement=s() )

® Handling a block means to handle all the statements in
the block sequentially

® Statement is the superclass of Block, Program,
IfStatement, etc.

ingenieurbiro fur softwaretechnologie www.voelter.de - - ©2008 Markus Vélter




Model-Driven Interpreter Development _ = B

Step 6: Writing the Interpreter itself 1V

def handleInternal| el: Base ): Unit = el match {
case p:Program => handle | p.bhlocks ()] ]
case h:Block => handle| bh.=statement=s() )
case a:fAssign => rt.env() .bind{ a ]

® Handling an assignment simply means calling the bind(..)
method on the current environment (re: scopes!).

® Since binding is a HOAS concept, the framework knows
what to do in case of a binding — no coding required.

def handleInternal( el: Base ): Unit = e match {
case p:Program => handle | p.hlock=s() )
case b:Block => handle| b.statements() |
case a:fAssign => rt.env().bind{ a ]
case F:FunctionDeclaration => handle|( £.statement=(]) )

® Handling a FunctionDeclaration (when it is executed!)
simply means to execute all the statements in the
function body.

® The framework handles scopes
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Step 6: Writing the Interpreter itself V

def handleInternal| e1: Base ): Unit = el match {
case p:Program => handle( p.blocks() |
case h:Block => handle| b.statements(] ]
case a'h==ign => rt.envr() .bind{ a )
case F:FunctionDeclaration => handle| £.=statement=s(] )
case ret:BReturnStatement => |
ral res = ret.evalBRralue ()
throw new ScopeTerminatedires)

h

® |n case of a return statement, we evaluate the RValue
that comes with the return statement, and then we throw a
ScopeTerminated exception passing the result.

def handleInternal| el: Base ): Unit = e&! match {

® Finally, the IfStatement
should be Self—explaining case i:IfStatement => handleIfStatement (i)
h
by now.

def handleIfStatement | ZFfs: IfStatement | = {
ral [(rv:Boolean,t) = ifs.evralConditionExpr (]
if ( v ) handle| ifs.thenStatement )
else handle( ifs.elsestatement )

'
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Step 6: Writing the Interpreter itself VI

orerride def evaluateInternal( element: HEValue ) : Any = elemenkt match {
case va:vVariableldccezssValue => {
rt.envi(] .resolveltorage | va.referencedVariabhle(] ] .asTuplel]
¥

® Evaluating a VariableAccessValue is as simple as returning
a 2-tuple (value, type) of the variable that's referenced
by the VariableAccessValue

orerride def evaluateInternal | element: HREValue ) : Any = elemenkt match |
case wva:vVariableloccessValue => |
rt.envil .resolveltorage [ va.referencedWariabhle (] ] .asTuple|)

K
case fd:Functionheclaration => £d

® In case a FunctionDeclaration shows up in an RValue
position (e.g. on the right side of an assignment) the value
of the function declaration is itself.

® This assigns it to its symbol in the symbol table
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Step 6: Writing the Interpreter itself VI1I

ovrerride def evaluatelInternal| elemern¥: HEValuese ): &Any = elemenk match |

caze bh:BinaryOperation => {
val (1:Int,1t) b.evallLeft (INT)
ral [(r:Int,rt) b.eralRight [ INT)

h match {
case :MultiplicationOperation => (1 * r, INT]
caze MinusOperation => (1L - r, INT]
Ldxe ::EL]_L-H:l.l‘.:F':'I.II:'LbI.L-iI_IIl -+ L == ¢, BOOLEAN)
case => =zuper.evaluatelnternal (element)

K

® For BinaryOperations we first evaluate the two
arguments (which returns value and type)

® Then we perform the arithmetic or comparison operations
itself

® We then return the 2-tuple (new value, new type) as the
value of this RValue

ivé@
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Step 6: Writing the Interpreter itself VI1I

orerride def evaluatelnternal( element:

caze Cc:FunctioncCall => evaluateCall ()

HEValue ) : iny = element match |

® Because a HCall is a HOAS
feature, you can simply let
the framework handle the
call.

® A FunctionCall is an call,
It specifies the list of actuals
and the type of what it can
call.

® A FunctionDeclaration is a
callable, and it specifies the
formals.

types functionsindProcedures |

type FunctionCall i=s
symholref property = funclame
rralue
call target=FunctionlDeclaration
actuals=actuallirgs
end

type FunctionlDeclaration i=s
scope symbols={formallirgs:
rvalue type=FTUNC
callabhle formals=formallirgs
end

ingenieurbiro fur softwaretechnologie www.voelter.de - - ©2008 Markus Vélter




Model-Driven Interpreter Development

Step 6: Writing the Interpreter itself 1X

® That's It.

® The code on the right
IS the complete code
that needs to be written
for the interpreter

® (Of course you also need
the grammar and the
HOAS file).

class CoreEngine (fFactory: ElewentFactory) extends Engine (factory) |

def handleInternal( el: Base ): Unit = &1 match {
case p:Program => handle | p.blocks()
case h:Block =» handle| b.statewents(] ]
case a:bkssign => rt.envi).hind{ a )
case F:FunctionDeclaration => handle | f.statewents(] )
case ret:PReturn3tatement => returnFromScope | ret.evalBvalus ()] )
case 1:If3tatement = |
ral (v:Boolean,t)
it [ v ) o
handle | i.thenStatement |
} else {
handle | i.elsel3tatement |
i

= i.evalConditionExpr ()

i
casge o: =» handleDefault o]
H

orerride def evaluateInternal | elemenk: HEValue ): Any = elemenk match {
case va:VariableldccessValue = |
ro.envi).resolveitorage [ va.referencedVariable() ) .asTuplel()
}

case h:EBEinaryOperation => {

ral (1:Int,1t) = b.evalLeft |INT)

ral jr:Imnt,rt) = b.evalRight (INT)

b match |
case :tMultiplicationOperation => (1 * v, INT]
case _:MinusOperation => (1 - r, INT)
case :EqualsOperation =» (1 == r, BOOLELN)
case _ =r super.evaluateInternal (element)

}
H
case Fd:FunctionbDeclaration => £d
case c:FunctionCall => evaluateCallic)

case  =»> super.evaluatelnternal (element)
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Execution Trace

® The execution trace of a OF = Function(O
program can be written to A
en
stderr B := 10
A = F(B)
end
-2 Program[blocks={Block[] } 1

: - Block[statements={Assign[] Assign[] Assign[] } decls={A B F } ]
->(1)E:
;- Assign[value=FunctionDeclaration[] ref=ref(F) ]
bind F <- FunctionDeclaration[formals={X } statements={ReturnStatement[] } ]
i Assign[value=10 ref=ref(B) ]
bind B <- 10
:: Assign[value=ref(F) ref=ref(A) ]
.- FunctionDeclaration[formals={X } statements={ReturnStatement[] } ]
ref F <- {FunctionDeclaration|[formals={X } statements={ReturnStatement[] } ],FUNC}
ref B <- {10, INT}

o F A -~

m

1CTI1i A ~= 1]
E:A,B=10,F=FunctionDeclaration[]
->(2)E:A,B=10,F=FunctionDeclaration[]

bind X <- 10

.- ReturnStatement[rvalue=ref(X) ]

1l terminate scope with (10, INT)
<-E:A,B=10,F=FunctionDeclaration[],bX=10
(1)E:A,B=10,F=FunctionDeclaration[]
bind A <- 10

<-E:A=10,B=10,F=FunctionDeclaration[]
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Error Reporting

® There are three kinds of errors:
® Parsing Errors
® Constraint Violations
® Runtime Errors

® Parsing Errors are reported by antlr either inside the
editor or when parsing the program in batch mode.

L = 5
Rez 1= Fac (i)
(%] end

kT

o

=

{5 Problems 57 " ___lﬁ»! Javadoc ! ,5,' Histarsy |

1 errar, 0 warnings, 0 infos (Filter matched 1 of 7 items)

Description = I Fesource l Path

| Lacation |

@ mismatched input '<EOF =" expecting 'end' kesk.core keskfsre

lire @ -1
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Error Reporting 11

® Constraint Violations are also reported in the editor...

r Y
{i] *test,core &9 =8
3 -local L b k‘ac Fezs in *ll

Fac = function(X)
if ¥ = 0 then
return 1 -
K _'*I_I

— =
[%1 Problems &3 fiz! Javaduc} Bl Histurﬂ

Z errors, 0 warnings, 0 infos (Filker matched 2 of & ikems)
Descripkion = | Resource I Path I Location |
3 wvariable named 4 is duplicate test.core kestsrc line : 1
kest,core kestsrc line : 1

3 variable named 4 is duplicate

® ... as well as during parsing in batch mode:

program validation failed:
- line 14: you cannot have a return statement outside a function.

www.voelter.de © 2008 Markus Volter
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Error Reporting 111

® Runtime Errors are reported as Program-
Terminated exceptions (at runtime of course!):

® You'll get a call stack, incl. line numbers

program terminated:

VariableAccessValue[Fm]: type INT expected, but evaluated to UNDEF
at line 17, FunctionCall[Fac]
at line 11, FunctionCall[Fac]
at line 11, FunctionCall[Fac] local A Fac Res in
at line 11, FunctionCall[Fac] Fac := function(X)

at line 11, FunctionCall[Fac] if £ =10 then
local A in

Ao fhalla™
g 1
end
else local Zm Fm T in
m = X - 1
Fim := Fac [(Zm)
T := X ¥ Fm
return T

et
end
L =5

Fe=s = Fac (i)

encd
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Testing

® There's special testing support:

Testing environments, symbol bindings and types at the end

and in arbitrary other places in the program

Test Case extends the 5| FunctionTests.scala &5 . |5] CoreTestsRuniner scala | T} Fackary,xpk |S| Fackory,scala
EngineTestCase class : ) .

—a
16 class FunctionTests extends EngineTestCase | ™!

You have to implement
the runTest({) method

run ("""
then call run to execute _________,’-"“ jocal i Fas fes in

# override def runTest() = {

an actual program 21 Fac := functioni(X)
if X = 0 then
This uses Scala’ practical 23 return 1
T very |ﬂ|-|g stl-"ng ’—-_____”—-"—‘____‘. el=ze local Zwm Fm T in
with line breaks “~ Z3 #m o= X -1
feature © Fm := Fac (Zm)
27 T := X # Fm
return T
end
end
A =5
Here we express how the _
. Res := Fac(k)
environment should be

at the end of the program ) )
C®'E: 4=5, Fac=Functionleclaration[] ,Res=120"

35 H
This is where we instantiate 36
the engine we want to test 7 override def createBRuntime| prg: String ): Rt =
38 tandaloneEngine.run(prg, " ntar™ new CounterCallbhacki()]
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Simple Expression Language

® Simple Expression Language with arithmetic and
comparion features

26 =2 * (2+1);
: 20 = (4+1)*2 + (4+1)*2;
- false = true && false;

O wWDNLPER

- true = (true || false) && true;
> true =1 > 2 == (2 > 3);
> true = (2 * 16 + (40 - 8)) ==

(A2 + (4+1)*2 + (4+1)*2 + 12 + (4+1)*2 + (4+1)*2 +
12 + (4+1)*2 + (4+1)*2 + 12 + (4+1)*2 + (4+1)*2) / (1+1);

® Interpreter ca. 120 lines of code

® To be included in other DSLs that need to use a simple
expression language

ingenieurbiro fur softwaretechnologie www.voelter.de - - ©2008 Markus Vélter




CONTENTS

o 06 0 0 ¢

Intro to DSLs

Code Generation vs. Interpretation
Oitok Overview

Key Concepts of Interpreters

Building an Interpreter with Oitok
® Grammar & Static Semantics
® Generated Editor
® Higher-Order Syntax Mapping
® Implememting the Interpreter
Support Facilties
More Languages
Why Scala?

Further Reading

Model-Driven Interpreter Development SRS

ingenieurbtro fir softwaretechnologie www.voelter.de

© 2008 Markus Volter




Model-Driven Interpreter Development oY

Why Scala?

® Scala is generally a very nice language (my opinion: this
IS what Java 8 should bet!)

® The resulting program is much more concise than the
equivalent in Java — it has this Ruby/Groovy feel to it.

® However, it is statically typed (with a very advanced type
system and compiler) and hence has much better
performance than Ruby + Co.

® Finally, it is specifically useful for working with trees
(such as ASTs) because of its match/case facilities.

® And also: | really wanted to learn and evangelize it ©
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Is Scala ready for real-world use?

® IDE

® Complex: Conceptual complexity vs. ,,chaotic* complexity eg
In C++
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® openArchitectureWare: http://openarchitectureware.org

® Scala Language
Web Site: http://scala-lang.org
Scala Book: http://artima.com/shop/forsale o
Podcast: http://se-radio.net/podcast/2007-07/ |~

) ) 3
episode-62-martin-odersky-scala P o
® Languages Stuff in General SIS i e e

Recommended Book:

Concepts, Techniques, and Models
of Computer Programming

by Peter Van Roy, Seif Haridi
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