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Context

De-Constructing Transformation Languages

— Collection of MT primitives

Re-Constructing Transformation Languages
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MoTif-Core: a re-construction example
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— GReAT

Conclusion



De-/Re-constructing Model Transformation Languages
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De-/Re-constructing Model Transformation Languages

* Many different model transfromation languages (MTLs)

— Features [1]: atomicity, sequencing, branching, looping, non-determinism,
recursion, parallelism, back-tracking, hierarchy, time

— Transformation rule: matching + rewriting + validation

e Hard to

— Compare expressiveness

— Provide framework for interoperability

* Express MTLs in terms of primitive building blocks

— De-Construction: small set of most primitive constructs

— Re-Construction: discover new MTLs + interoperation + optimization

[1] Syriani, E. and Vangheluwe, H. (2009) Matters of model transformation. Technical Report SOCS-TR-2009.2. McGill
University, School of Computer Science.
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+primitives Primitive

T-Core Module

| | |
CompasifionPrimitive RulePrimitive ControlPrimifive

* 8 primitives

+success: Packet]")
+fail:Packet[*]

+exception:Exception

+packetin{ :Packet):Packet +packetin| ‘Packet): Packet
o o .
[ ) C p p +cancellin( :Cancel)void +cancelln( :Cancel)void +successin{ :Packet)void
omposition operator | G e e
3 f ? I
types of messages C .
Composer Matcher Rewriter Iterator Synchronizer Selector
+findAll:Boclean +exception:Exception +maxlterations:inflnt +threads.int
[ ] E h f -remiterations: Inflnt +exceplion:Exception
XChange Oor messages . ermfera except P +selact()Packet
Resolver : +nextlng :Packet) Packet -defaultMerge():Boolean +cancel():Cancel
th rough methOds +axternalMatchesOnly:Boolaan -customMerge(:Boolean
+axception:Exception zlt\ +merge() Packet
-defaultResolution] :Packet):Boolean Rollbackar
° 3 . ] e
o utp ut States : customResolution| :Packet):Boalean
0.1
— Success 1 | +condition 1 | +condition
1
. PreConditiocnPatterm PastConditionPattern
— Fail +pre 0.1 Message
{ordered } {_"i\.
. * ».
— Exce ptlon packetStack I I
MatchSet . Packet Exception
+condition:PreConditionPattern | + matchSets 1 +graph:Graph +packet:Packet
+/matchToRewrite:Match +current PreConditionPattern
1
Cance
+exclusions:PreConditionPattern[*]
= | +matches .
* pivots Pivot

Match

v +label:String

+matchedSubGraph:Graph +node: Node




De-/Re-constructing Model Transformation Languages

Mtchr Matcher

+izzucoe sz Boolean
+indAll:Boolean
+candition: PreCondition P attern

+packeting :Packet)Packet
+cancelln Cancellvoid

1. Find all matches (parameter)

2. Store result in packet

Algorithm 1 Matcher. packetIn (m)

M — (all) matches of condition found in
T.Jraph
if 3 (condition M) € mmatchSets then
_'1I f" - _'1I ..fl. |_|.1|-Jr
else
add {condition M) to mmatchSets
end if

m.current «— condition
1sSuccess — M £
return




De-/Re-constructing Model Transformation Languages

Rewriter

Algorithm 2 Rewriter. packetIn(m)

Rewriter

+exception: Exception
+candition: P ostC onditionP attern

+packeting :PacketlPacket
+cancelln . Cancellwoid

. Check validity of packet

Apply transformation

if m 15 1valid then
is8uccess — false
exception — y(m)

return m
end if
apply transformation on Ad matchToRewrite
for which {conditicn.pre M) &£

m.matchSets
if transformation failed then
izSuccess — false
exception — y(m)
return m
end if
set all modified nodes in M to dirty
remove (condition, ) from mmatchSets
1sfuccess — true
return

Propgate changes in all match sets

L W N =

. Consume match

Exception possible!



De-/Re-constructing Model Transformation Languages

herator

Iterator

+maxlterations int
-retmlterationsint

+packeting :PacketlPacket
+cancelln . Cancellwoid
+nesding (P ackett Packet

1. Check if match set is not empty

2. Randomly choose a match

Algorithm 3 [terator. packetInm)

if {m.ourrent, M) = mmatchSets then

choosem e M

1

MumatchToRewrite — m

remlteraticns — maxIlteraticns—1

1s8uccess — true
return

else
is8uccess — false
return m

end if

Algorithm 4 lterator. nextIn(m)

if {mourrent,M" £ mmatchSsts
remlteraticns = O then
choose m e M

1

M matchToRewrite — m

and

remlterations — remIteraticns —1

1z8uccess — true
return m

else
izSuccess — false
return m

end if
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Rollba cker

+isSucoe sz Boolean Ro I I ba c ke r
+maxlteration s int

-remlterationsint
+packetStack:Packet[*ordered]

+packeting :Packet:Packet
+cancellng (Cancel)void
+nexting :Packett Packet

1. Push packet onto stack

1. Match set not empty:
there are matches left (pass on)

2. No match set:
back-track to previous state

Algorithm 5 Rollbacker.packetIn(m)
push m onto I1
remlteraticns — maxIterations —1
1sfuccess — true
return

Algorithm 6 Rollbacker.nextIn ()

if (mourrent M) € mmatchfets and
remIteraticns = 0 then
remIterations — maxIterationz —1
1sSuccess — true
return
else if remIterations = 0 and IT = © then
it — pop I1
remlIterations — maxIterations—1
1s8uccess — true
return i
else
1s8uccess — false
return
end if




De-/Re-constructing Model Transformation Languages

Resolver

Resolver

+extemalt achesOnly: Boolean
+exception: Exception

+packeting :PacketlPacket
+cancelln . Cancellwoid
+defaultRezoldtion) P acket
+customResolution :Packef).Boolean

1. Conservative check for potential
conflict between different
matches in match sets (parameter)

2. Customizable resolution function

Exception possible!

Algorithm 7 Resclver. packetIn (m)

for all condition ¢ £ {c|ic M) £
mmatchfetzs} do
if externalMatchesinly and
¢ = m.current then
continue
end if
for all match m £ A do
if # has a dirry node then
if customBesoluticn(m) then
lzfuccess — frue
return
else if defaultResolution(n) then
1zfuccess — frue
return T
else
1sSuccess — false
exception — y(m)
return
end if
end if
end for
end for
1s8uccess — false
exception — y(m)
return

10



Selector

+sucess Packet*]
+fail: Facket*]

+zuccessing :PacketTvoid
+taillng :Packet): void
+zelect(1 P acket

+cancel (O Cancel

De-/Re-constructing Model Transformation Languages

Selector

1. successIn: add to success set

2 ° -Fa i 1 I n : add tO -Fa i 1 SEt Algorithm 8 Selector. select ()

if success = 0 then
it — choose from success
1s8uccess — true

elseif fall = O then
it — choose from fail
iz8uocess — false

else

3. Choose randomly first from o

success then from fail

is8uccess — false
exceptlon — yximy)

guccess — 0
fail — &

Exception possible! return 7
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Synchronizer Algorithm 9 Synchvonizer merge

if |success| = threads then
if defaultMarge () then
T «— the merged packet in success

1. successIn: add to success set teuccesa - mue

fall — @
return
= - Synchronizer else if custonMerge () then
° 0
2 () -Fa 1 1 I n ° a d d to -Fa 1 1 Set +sucess Packel*] 7 +— the merged packet in success
+fail: Packed*] ls8uccess — true
+threads:int success — 0
+exception: Exception fail — @
-defauith ergeTBoolean refurn
-cugtomM erg e Boolean else
+merge(:Packet izfuccess — false
= +zyccessing PacketTvoid exceptlon «— yimgs)
3. Merge only if all threads [&r5=a e T
end if

else if |success| 4 |fall| = threads then
SucceEdEd 7 — choose from fail
isfuccess — false
return m
° ° else
4. Customizable merge function Lsguccess — false
exception «— ¥(my)
return m
end if

Exception possible!

12
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Composer

Conposer

+izzucce s Boolean
+exception: Exception

+packeting PacketlPacket
+nesting . Packetl Packet
+++++ i Cancel; vaid

1. Meaningfully composes its sub-primitives

2. User-defined composition



De-/Re-constructing Model Transformation Languages

Motivating T-Core

De-construct up to what level?

What to include, what to exclude?

Pre/PostConditionPattern: rules, bi-directional, functions
Separation match/rewrite: queries, nested transformaitons

Packet: sufficient info to be processed by each primitive,
designed for concurrent transformations

Composition: scaling for large model transformations

T-Core module: open for more building blocks, extendable



De-/Re-constructing Model Transformation Languages @ McGill

RE-CONSTRUCTING TRANSFORMATION

LANGUAGES
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FUJIABA for-all Pattern [2]

N\

levels [this.choice] \ q
\x v U [end] = . L_‘\
. ' }—,a»\‘tms.step = this.step + 1 )

'-\H_L\
-,

hi T |
.\Eh|5.cho|ce = randam({].f::‘_l},| 4-Level | i
il II III I.'I
II II' Il‘,'l
[each time] /ﬁ
load
r : -l"ihis] _\
| Level I2 : | House |‘I | House | '
. ] levels levels levels levels
wallshl 2 3 4 2 3 4
| Person | : | Level ! = 1Ele\rator! = 1 Level | ' Level I] = 1EIevatorI = I Level ‘
en isn )
wantsTo

\

context House inv:
PreMatch(4) == PreMatch(1).levels[choice]

Person |5

=]
4
._"I

makeChoice

nextStep

:’:this} ‘('thisj
‘ House ‘] ‘ House ‘1 House ‘1

House ‘ L 1

PostMatch(1).choice = random(0,3)

PostMatch(1).step = PreMatch(1).step + 1

[2] Fischer, T., et. al., (2000) Story diagrams: A new graph rewrite language based on the UML and Java. In Ehrig, H., et al.,

(eds.), Theory and Application of Graph Transformations, LNCS, 1764, pp. 296—-309. Springer-Verlag.
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FUJABA for-—al;l Pattern

(r L -
I (this)
| Level |2 : | House |I | House | g
it ] levels levels levels levels
wal
I 2 3 4 2 3 4
1 - { a | | ] loadi:Matcher
| Person | 1 | Level |—|Ele\rator|—|ﬂ| | Level Elevator Level |
at | | | at ]
) T i )
1 1310 wantsTo )
1 P
context House inv: | Person |5 . .
! PreMatch(4) == PreMatch(1).levels[choice] — loadl:Iterator
\_ ] (p4) Y,
makeChoice nextStep _ y .
& ] L i A
P . cadC-Composar -~ loadW:-Rewriter
IS, 1S,
i T H
‘ House ‘1 | House |1 | House |1 ‘ House ‘1 makeChoicel.Matcher
PostMatch(1).choice = random(0,3) PostMatch(1).step = PreMatch(1).step + 1 loadR:Resolver
makeChoicel: terator

makeChoiceC:Composar

doSubDemoC:Composer

makeChoiceWW: Rewriter

nextStephd:Matcher

makeChoiceR:Resolver

naxiStepl:lterator

nextStepC.Composer

nextStepW:Rewriter

nextStepRResolver




De-/Re-constructing Model Transformation Languages & McGill

RE-CONSTRUCTING TRANSFORMATION
LANGUAGES

Algorithm 11 loadC packetIn{m)
m— loadM.packet In(m)

_ _ if not loadM.1s5uccess then
Algorithm 12 makeChoiceC packetIn (m) 1s8uccess — false

m — makeChoiceM packetIn(n) return T
if not makeChoiceM.158uccess then end if

1sSuccess — false m — loadl packetIn{m)
return while true do

end if . if not loadl.1s8uccess then
m — makeChoicel packetInin) 158ucoess — frue

if not makeChoicel 1s5uccess then
return
1s58uccess — true

return
T+ loadC packetIn(m) end if m +— loadW packstIn(x)

m — nextStepC.packetIn(m)  — makeChoiceW packet In () if not loadW.1s5uccess then
1sEuccess — true if not makeChoiceW 12Success then 1sSuccess « false
refurn isSuccess — false refurn m

return end if
end if m+— loadR.packetIn(m)

m — makeChoiceR.packetIn (m) if not loadR 1sSuccess then
if not makeChoiceW.128uccess then 1stuccess — false
is5uccess — false refurn

return m end if
end if m — makeChoiceC.packetIn (m)

isSuccess — true m— lpadlnextIn(m)
return end while

Algorithm 10 doSubDemoC packetIn(m) end if




De-/Re-constructing Model Transformation Languages

Amalgamation rules: Repotting the geraniums [3]

“Repot all flowering geraniums whose pots have cracked”

Algorithm 13 baseC packetIn(r)
m — baseM packetIn(m)
if not baseM_1s5uccess then
1s8uccess — false
base return T
end if
while true do

f f T — basel packetInim)
\_/ if basel 158uccess then
(M) (u m; n) 'r —_ !Jase'v".-"llra-:]-:etln i
if not baseW . 1s5uccess then
isBuccess — false
return m
end if
m — baseR.packetIn(m)
if not baseR.138uccess then

\'i/ is8uccess — false
i return T
\—/ wwV end if

{broken) unbroken m«— InnerC packetIn (m)
end if

m -— baseM packetIn(m)

if not baseM.1sSuccess then
1s8uccess — false
return T

1if
[3] Rensink, A. and Kuperus, J.-H. (2009) Repotting the geraniums;lﬁlﬁ.ﬁ@sted graph transformation rules. In Margaria, T.,
Padberg, J., and Taentzer, G. (eds.), GT-VMT’09, EASST.

inner
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.
Time DEVSBlock
+time:Real +name:String |+ Sub-modals
+alias:String
Fa 1
[ 1
AtomicDEVS 1 +etats GoupledDEVS
State
1
1
1 +externalTransition( :Event):State +select{ :List of DEVSBlock):DEVSBlock

+internalTransition( :Event):State

+oUtputFunetion( State):Event T

+timeAdvance( :State):Real

VA
CompositePrimitive
[ 1 1
Matcher Rewriter Iterator Selector Synchronizer Composer
+time:Real +time:Real +maxlterations:Infint +state: TCSelector +threads:int
+state: TCMatcher +stata: TCRewritar +state: TClterator +state: TCSynchronizer :

+matchToRewrite:Match

)

* .|+ matches

Match :

1

+matchedSubGraph:Graph

external Transitionie)

Algorithm 14 primitive.
Some pre-processing...

+current: PreConditionPattern

iﬁ 1 type
Resolver Rollbacker =< Enum >>
+state: TCResolver +state:TCRollbacker CompaserType
. | I
MatchSet Packet Cancel Excaption
+condition:PreConditionPattern | + matches 1 +graph:Graph +exclusions:PreConditionPattern[*] +packet:Packet

PreConditionPattern
+ pivols Pivot *pre
* | Hlabel:String nport
I
+node:Node np

+name:String

—

+time:Real
+path:String

FostConditionPattern

if 2 recerved from ACancelln then
gtate.cancellnie)

()

C: ort

+ \npoﬁ
Atomicinport

end if |APacKclln

|ACanchn |Ach:|n |A5ucccssln |

‘ AFailln |

if 2 recerved from APacketin then
gtate.packetIne)

else if e recerved from AMextln then
i if defined

Cuiport j

Hnports

| CPacketin

| CCancelln

| CNextin

+name:String

+outpaorts

state.nextIn(e)
end if

[4] Zeiglex BoR:{1984) Multifacetted Modelling@

AtomicOutport
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MoTif AtomicRule [5]

CPacketln CCancelln

o Y 2. ARul
e Time -

* Exceptions

AMextin

“ CExceptOut
"

L

\.

CSuccessOut  CFailOut
[5] Syriani, E. and Vangheluwe, H. (2009) Discrete-Event Modeling and Simulation: Theory and Applications. CRC Press,

Boca Raton (USA).
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GReAT Test/Case block [6]

* Asynchrony

 Parallelism

I3 7 Sl o

| e |

Casel oe1

L -0
o— u:.. 23. OR2
| 0

\ Case2 C‘y

[6] Agrawal, A., Karsai, G., Kalmar, Z., Neema, S., Shi, F., and Vizhanyo, A. (2006) The design of

transformations. SoSym, 5, 261-288.
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More Readable: Repotting the geraniums

i e
’f? e \
base2:Matcher base1:Matcher

X

base

ot ) ot s

(broken) (unbroken)

inner

\Ai/\_/ \aww’\i

{bnaken unbnaken




De-/Re-constructing Model Transformation Languages

Collection of MT primtives: T-Core
Re-construction of existing MTLs (comparable)

New-Construction of novel MTLs: MoTif-Core

Future Work

— Efficiently implement these primitives

— Compare MoTif-Core with QVT-Core
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Let’s discuss



