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What and why:
Interpreters

&9 TrafficLight_Test2 &9 Trafficlight Test1
. . test for Trafficlight v test for Trafficlight
Execute user programs immediately TrafficLight_Test2 { TrafficLight_Testl {
assert state red = assert state red
trigger pedestrianButton trigger pedestrianButton
assert state error assert state green
I3 trigger pedestrianButton
. assert state red
Interactive responses - Excel $ TrafficLight trigger evt2
state machine TrafficlLight { v assert state green
Easy to implement e
)/ F) event pedestrianButton assert state green
event evt? trigger evt3
event evt3 assert state red
var decimal = 0.0003 trigger evts
var counter = 3 assert state error
var name = "test" trigger evt2
var run = true assert state red
trigger evt3
initial state red { assert state error
on pedestrianButton [counter == 3 && run] -> green trigger evt3
on pedestrianButton [counter == 8] -> error assert state green
onevt2 [decimal == 0.8003] -> green }
on evt3 [name == "test"] -> error

}

state green {



What and why:
Truftle

Part of Oracle GraalVM
Framework for high performance interpreters

Community edition available

GraalVM.

Runs on any JVM
High Performance. Cloud Native. Polyglot.

Lots of tooling



What and why:
Tartufo — Separate DSL and aspect in MPS

New aspect in MPS language
v L de.nikostotz.tartufo.example.SimpleLanguage.Lang
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Demo



Demo screenshot: Asynchronous live
Update on change

main ( << ... >>)
{

num = 6153

if (num < 1)

{

return 0

F

else

<no else>

nl =20

n2 =1

i=other (1)
while (i < num)
{
next =n2 + nl
nl =n2
n2 =next
i=i+1
}

return"Fibonacci of " + num + " is " + n2

Fibonacci of 6153 is 7578169833136364237021012202010403170775413004212948824618262738679303447578902320172628784927¢



Demo screenshot: Breakpoint in user
program with variable inspector

main ( << ... >>)
{

num = 6152

if (num < 1)

{

return 0

}

else

<no else>

nl=20

n2 =1

® i =other (1)

while (i < num)
{
next =n2 + nl
nl =n2
n2 =next
i=i+1
}

return "Fibonacci of " + num + " is " + n2

/

Debug: T, SomeNode main

Debugger B Console 2 X 1

TS IE] Frames Variables
Dn1=0
On2=1

Wil 16 53380796554552735400 [ num = 6152

main v



Demo screenshot: Stepping into function

N SimpleLanguage * ™) main ¥ W S1z ¥ N other

main ( << ... >>)
{

num = 6152

if (num<1)

{

return 0

¥

else

<no else>

nl=20

n2 =1

@
while (i < num)
{
next =n2 + nl
nl =n2
n2 =next
i=zi+1
¥

return "Fibonacci of " + num + " is " + n2
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Demo screenshot: Stepping out of function

N/ SimpleLanguage ¥ W main ¥ N Sz ¥ (N other
other ( a)
{
is= d +a
return
}

Type error at other line 5 col 1: operation "+" no!

Debug T, SomeNode main

Debugger B Console 2 * 1
bF
D ] Frames Step Out Shift ariables
other v a=1
Di=9

L_Inull():9 1118180674890109063()

null():17 5338079655455273540()



program

Demo screenshot:

main ( << ... >>)

{

num = 6153
if Cnum < 1)
.{
return @
}
else
<no else>
nl =20
n2 =1
i =other (1)
while (i < num )
{
next =n2 + nl
nl =n2
n2 =next
i=i+1

}

Xport model with user

return "Fibonacci of " + num + " is " + n2

Fibonacci of 6153 is 757816983313636423702101220201040317077541300421294882461826273!

sole

B Console

Type an expression or {statements} to execute.

Type ? for a list of commands.

Press Ctrl+Enter to execute command.
Use Ctrl+M, Ctrl+R and Ctrl+L to add imports and languages.

> node<> input =

MpsNodeSerializer serializer = new MpsNodeSerializer();

serializer.serialize(input);
NodePersistor persistor = new NodePersistor(Path.of("C:/temp/nodeOutput.dat'));
persistor.save(serializer.getRootNodes());



main ( << ... >>)

{

num = 6153
if (num < 1)
{
return 0
}
else
no else
nl1=0
n2 =1
i=other (1)
while (i < num )
{
next =n2 + nl
nl =n2
n2 =next
i=i+1

}

return "Fibonacci of " + num + "

is

Demo screenshot:
program outside M

"+ n2

Run exported

PS with 32 Mi

user

5 heap

Fibonacci of 6153 is 7578169833136364237021012202010403170775413004212948824618262738679303447578902320172628784927856813001917150530568141392692834406

Terminal:  Local +
C:\Users\User52\git\tartufo>"C:\Program Files\AdoptOpenJDK\jdk-16.0.1.9-hotspot\bin\java.exe" -Xmx32m -jar c:\Users\User52\git\tartufo\standalone.jar C:/temp/
nodeOutput.dat
log4j:WARN No appenders could be found for logger (###MESSAGES_VIEW_TOKEN###).

log4j:WARN Please initialize the log4j system properly.

log4j:WARN See http://logging.apache.org/log4j/1.2/faq.html#noconfig for more info.

result:

Fibonacci of 6153 is 757816983313636423702101220201040317077541300421294882461826273867930344757890232017262878492785681300191715053056814139269283440
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Truffle M3 representation
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Types of M3 elements

«ConceptDefinition» [ Concept Definition }

«ConceptDefinition» [ BaseConcept]

«ConceptDefinition» | VariableDefinition

«Node» int size

Legend

(— system
manual
( generated

«Class» Class

«Class» [ Truffle Node }

«Class» [ VariableNode ]

«Object»



No MPS in Truffle realm

all MPS

«ConceptDefinition» { Concept Definition }

«ConceptDefinition» [ BaseConcept]

«ConceptDefinition» | VariableDefinition

«Node» int size

Legend

(— system
manual
( generated
all Java
no MPS

«Class» Class

«Class» [ Truffle Node }

«Class» [ VariableNode ]

«Object»



Manual MPS elements generated

to Truffle realm

«ConceptDefinition» [ Concept Definition }

«ConceptDefinition»

«ConceptDefinition»

«Node»

MPS

[ BaseConcept }

VariableDefinition

int size

Legend

(— system
manual
— generated
Truffle

«Class» Class

«Class» [ Truffle Node }

Tartufo Generator «Class» | VariableNode I
Node Converter «Object»




Legend

Custom serialization M3 representation

(— system
manual
generated

ot Class
meta meta model

M2 - ..
meta model [ SerializedNode }
M1
model C SerializedNode R

type = VariableDefinition
property name = size
MO g child type = int
real thing

J




MPS serialization,
deserialization to Truffle

{ Concept Definition }
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VariableDefinition
Node

Serializer

int size

Class

| SerializedNode |
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Types of M3 elements

«ConceptDefinition» { Concept Definition }

«ConceptDefinition»

«ConceptDefinition»

«Node»

[ BaseConcept }

VariableDefinition

int size

«Class»

«Class»

«Object»

Class

| SerializedNode |

SerializedNode

~\

type = VariableDefinition

.

property name = size
child type = int

J

Legend

(— system
manual
( generated

«Class» Class

«Class» [ Truffle Node }

«Class» | VariableNode l

«Object»




No MPS In serialization or Truffle realms

all MPS

«ConceptDefinition» [ Concept Definition }

«ConceptDefinition»

«ConceptDefinition»

«Node»

[ BaseConcept }

VariableDefinition

int size

all Java
no MIPS

«Class»

«Class»

«Object»

Class

| SerializedNode |

SerializedNode

~\

type = VariableDefinition

.

property name = size
child type = int

J

Legend

(— system
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( generated
all Java
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«Class» Class

«Class» [ Truffle Node }

«Class» | VariableNode l

«Object»




Focus on Java part — without MPS

all MPS

«ConceptDefinition» [ Concept Definition }

«ConceptDefinition»

«ConceptDefinition»

«Node»

[ BaseConcept }

VariableDefinition

int size

Java

«Class»

«Class»

«Object»

Class

| SerializedNode |

.

SerializedNode R
type = VariableDefinition
property name = size

child type = int P

Legend

(— system
manual
( generated

Java

Class

«Class»

«Class» [ Truffle Node }

«Class» | VariableNode l

«Object»



Serialization could also be model server eoene

(— system
manual
r generated

Java Java

«Class» Class «Class» Class
«Class» «Class» [ Truffle Node ]

«Object» | VariableDescription «Class» | VariableNode l

«Object» number size «Object»




Java

«Class»

«Class»

«Object»

«Object»

made-up
Model Server

Class

VariableDescription

number size

Legend

( system
manual
— generated

Java Truffle standalone

«Class» Class

«Class» [ Truffle Node ]

«Class» | VariableNode I

«Object»




Model server to Truffle converter

«Class»

«Class»

made-up
Model Server

Class

VariableDescription

number size

Node Converter

Legend

(— system
manual
(— generated

Truffle standalone

«Class» Class
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API| call instead of node converter

made-up
Model Server

VariableDescription

number size

T

Legend

(— system
manual
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Truffle
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| VariableNode I



Model server in any language

any
language

made-up
Model Server

VariableDescription

number size

Legend

(— system
manual
(— generated

Truffle
Interpretation Server

Class

Java

| Truffle Node |

| VariableNode I




Tartufo Languages

Implementation Infrastructure
Tartufo Interpreter —Converter

Tartufo Abstraction? Service
Tartufo Base Dummyclass
Tartufo Mixin Aspect
Truffle Annotations BLintegration
Java

Byte code



Language: Tartufo Interpreter

Interpreter SimplelLanguage

Evaluators
AddExpression specialized
exception on ArithmeticException
lLong lhs, long rhs {
Math.addExact(lhs, rhs);
Iy
type BigInteger 1lhs, BigInteger rhs {
lhs.add(rhs);
Iy
guard Object 1lhs, Object rhs
if lhs instanceof string || rhs instanceof string;|q{
lhs.toString() + "" + rhs.toString():



Language: Tartufo Base

public abstract Speclalized Node Add extends Binary {

Description <no description>
Short Name +
Generate Wrapper false

Refers to Type System false

Tags << ... >>
Implemented Libraries << ... >>
Shared Caches << ... >>
Frame Kind <no frameKind>
Node Children << ... >>

protected string add

(
specialized Object left
specialized Object right

)

@Specialization (| guard return left instanceof string || right instanceof string;

{
return left.toString() + "" + right.toString();



Language: Tartufo Mixin

@NodeInfo(shortName = "+"
public abstract class SLAddNode extends SLBinaryNode {

@Specialization(rewriteOn = ArithmeticException.class)
protected long add(long left, long right) {
return Math.addExact (left, right);
¥
@Specialization()
@TruffleBoundary()
protected SLBigNumber add(SLBigNumber left, SLBigNumber right) {
return new SLBigNumber(left.getValue().add(right.getValue()));
Iy
@Specializatiori(quards = isString(left, right))
@TruffleBoundaryl)
protected String add(Object left, Object right) {
return left.toString() + "" + right.toString();
t

protected boolean isString(Object a, Object b) {
return a instanceof String || b instanceof String;

5

[@Fallback
protected Object typeError(0Object left, Object right) {
throw SLException.typeError(this, left, right);



Language: Truffle Annotations

@NodeInfo(shortName = "+")
public abstract class SLAddNode extends SLBinaryNode {
iSpecialization(rewriteOn = ArithmeticException.class)
protected long add(long left, long right) {
return Math.addExaoct(left, right);
Iy
@Specialization
@CompilerDirectives. TruffleBoundary
protected SLBigNumber add(SLBigNumber left, SLBigNumber right) {
return new SLBigNumber(left.getValue().add(right.getValue()));
Iy
QSpecielizeticmEguards = "isString(left, right}”]
@CompilerDirectives. IruTTLleEoundary
protected String add(Object left, Object right) {
return left.toString() + "" + right.toString();

I3

protected boolean isString(Object a, Object b) {
return a instanceof String || b instanceof String;

Iy

@Fallback

protected Object typeError(Object left, Object right) {
throw SLException.typeError( cperation: this, left, right);

h



Language: Java

iGeneratedBy (SLAddNode.class)
public final class SLAddNodeGen extends SLAddNode {

1 usage

private SLAddNodeGen(SLExpressionNode leftNode, SLExpressionNode rightNode) {
this.leftNode_ = leftNode;
this.rightNode_ = rightNode;

1 usage
private Object executeGeneric_genericl(int state_@, VirtualFrame frameValue) {
Object leftNodeValue_ = this.leftNode_.executeGeneric(frameValuve);
Object rightNodeValuve_ = this.rightNode_.executeGeneric(frameValue);
if ((state_® & 6bl) !'= 8 /+ is-stote_0 odd(long, long) #/ && leftNodeValue_ instanceof Long) {...}
if ((state_d & 0blO) !'= 8 /* is-state_0 add(SLBigNumber, SLBigNumber) #/ && SLTypesGen.isImplicitSLBigNumber((state_0 & 0b118000) >>> 4 /+#

SLBigNumber leftNodeValuve__ = SLTypesGen.asImplicitSLBigNumber((state_8 & 8b118008) =>>> 4 /+ extroct-implicit-stote_0 0:SLEigNumber #/,
if (SLTypesGen.isImplicitSLBigNumber((state_0 & 0b11000008) >>> & /+ extroct-implicit-state_0 1:S5LBigNumber +/, rightNodeValue_)) {
SLBigNumber rightNodeValue__ = SLTypesGen.osImplicitSLBigNumber((state_0 & 0b11808808) »>>> 6 /# extroct-implicit-stote_0 1:SLBigNum
return add(leftNodeValve__, rightNodeValue__);
F
H

if ((state_® & 0b1180) '= 0 /+ is-stote_0 add(0bject, Object) || typeError(0bject, Object) */) {
if ((state_B & Bb10B) != 8 /+ is-stote 8 add(Object, Object) */) {
if [(isString(leftNodeValue_, rightNodeValue_)))|{
return add(leftNodeValuve_, rightNodeValue_);




Language: Bytecode

Epes 7 0. +y. (z. (- ¥ (™ (M. (€. (..00-N. 0NN _ N (0N
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. OLde/nikostotz/tartufo/sexanple/SimpleLanguage/Lang/interpreter/SLExpressi
onHode ;. -RuntimeUisibleAnnotations- §. -Child. .InnerClasses. )Lcomforacle
/truffle/fapi/nodes/Node3Child;. .rightHode . -state 8. .I- . -Compilation
Final. <Lcom/oracle/truffle/api7ConpitervirectivessoonpilationFinal;. -excl
ude . -%assertionsDisabled. .2. -<init>. ;{Lde/nikostotz/tartufo/example/Si
mpleLanguage/Lang/interpreter/SLExpressionHode ;Lde/nikostotz/tartufo/fexampl
efSimpleLanguage/Lang/interpreter/SLExpressionHode;)}U. -Code. -LineHumberTa
ble. -LocalUariableTable. -this. KLde/nikostotz/tartufofexample/SimpleLangu
age/Lang/finterpreter/SLAddNodeGen;. -leftMode. .rightHode. -fallbackGuard .
{({ILjava‘lang/0bject;Ljavaflang/0bject;)2. .state 8. .leftHodeUalue. -Ljav
aflang/f0bject;. -rightHodeUalue. _.StackHapTable. .executeGeneric. ?{Lcomfor
acle/truffle/api/frame/VirtualFrame;)Ljavaslang/0bject;. .frameValue. +Lcom
foracle/ftrufflefapi/frame/UirtualFrame;. -executeGeneric_long_longf. @E{ILco
mforacleftrufflefapi/frame/UirtualFrame;)Ljavaslang/0bject;. .leftHodeUalue
- -J. .ex. BlLcomforaclejtrufflefapi/fnodes/UnexpectedResultException;. -rig
htHodeValue . -lock. tLjavafutil/concurrent/locks/Lock;. .Ljavaslang/Arithm
eticException;- @- 2. &. -executeGeneric_generici. -rightHodeVUalue . -left
HodeUalue . JLde/nikostotz/tartufo/example/SimplelLangquage/Lang/interpreter
fSLBigHumber ;. -~. -executelLong. .{Lcomforacleftruffle/api/framesUirtualFram
e;)J. .Exceptions. -executeloid. .{Lcomforacle/trufflefapi/frame/VUirtualFra
me;)V. -executeAnd3pecialize. 8{Ljava/slang/0bject;Ljavaslang/0Object;)Ljavas
lang/0bject;. -sLBigMumberCast1. -sLBigNMumberCast@. -hasLock. -exclude- -.
-getCost. )Y{)Lcomforacle/trufflefapi/nodes/HodeCost;. -create. e{Lde/nikost
otz/tartufofexample/SimpleLanquage/Lang/interpreter/SLExpressionHode ;Lde/nil



Language: Base Language integration

Object interpretationResult = interpret ( node , editorContext.getRepository() );

CompletableFuture<0Object> interpretationFuture = interpretAsync ( node , editorContext.getRepository() );



Maturity

MPS Truffle integration engineered, no production

Async editor cell prototype, usable base
Debugger prototype, usable base
Node (de)serializer proof of concept
Standalone executor proof of concept
Languages
Interpreter design ideas
Base concepts almost complete, generator missing

Mixin engineered, no production



Issues

MPS Java facet vs. Java Annotation Processors
Line numbers

Language ease vs. extensibility



Outlook

Remote debugging

Debugging interaction, e.g. change values
Node replacement

Higher level languages

Async editor cell as separate language

Update to current MPS / Truffle versions
used: MPS 2021.1 / GraalVM 21.1
current: MPS 2021.3 / GraalVM 22.2



Future

Typesystem integration

Interop objects language



Summary

Interpreters useful for DSLs
Truffle provides speed and tooling
Tartufo simplifies usage

Enables use cases inside and outside MPS



F1IRE &

forge dslis

niko@f1re.io



mailto:niko@f1re.io

Addendum: Links

Jobs @ F1RE: https://www.f1re.nl/alle-vacatures

GraalVM: https://www.graalvm.orqg/

Truffle: https://www.graalvm.orqg/22.2/graalvm-as-a-platform/language-implementation-framework/

Tartufo will be Open Source, we first need to sort out some licensing details. Contact niko@f1re.io
for early access.
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