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'L(‘ Formal Notation

P even more

L > R compact

|

!

pQmMm
m PO m' : Gf\G,
!
N
v p’ - ll’ =1 compact representation
G l---oea- > G| of a rule application
| -

(aka direct derivation)
\_ Y,

G2 G, 2. .2 q
*
G = Gn derivation ofJ

length n > 1
compact representation]

of derivation
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'L(‘ Formal Notation

G= G = - =G,
i :> Gn derivation ofJ

length n > 1
compact representation]

of derivation

compact notation for derivation
with rules of a TGG

G:>* G’ ETGG<:>
131G = G = - =2 G,,Vie{l,...,n},p; € TGG
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Transformation) Correctness: Intuition
X )

intuition: (fpg, bpg) should be
consistent with its underlying TGG

use rules specified by the A
user to characterise a subset
S of “consistent” triples P
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Transformation) Correctness: Notation
X )

A<+>B I '

TGG

= {A—— B|30= A BeTGG}

use rules specified by the A

user to characterise a subset

4 ) « . , b
< R just compact notation for A ei Rl pies /
consistent triples
\/ o
r r:C
A«— Be(C<s A+— B
a
Cs={A| 345 B) A:Cs — A" Cs

~ \

this is the set of all consistent source models
(consistent target models analogously)

\_
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’ \
let’s call such
a source delta

\ consistent P




f | L
'L(‘ (Transformation) Correctness: Laws

A<I+{>B l '

TGG
Qraﬁ)nsistent triplej
. C ;
( A [< 4 > B A < r:¢ > B
and a consistent £ | | b
source delta '\, @{9 b i a y\ b

\_ |

Y " C _)1’_1 _jl’_1 r': C Y

A Csle--t--Zo-> B A e ool >|B:Cyr

fpg is correct if it produces
a consistent triple

Anthony Anjorin: An Introduction To Triple Graph Grammars




'L(‘ (Transformation) Completeness

R

A <

TGG

//\

> B

\_

remember: the supplied TGG
only covers a small subset of all

deltas!

~

J
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intuition: (fpg, bpg) should be
defined for any consistent delta

ST SEEEEEEEN

‘ formally, completeness just means that |

H (fpg, bpg) must be total on all consistent
source/target models and consistent

l source/target deltas '
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'L(‘ Stability

r.C r.C
A |< > B A |< >| B
i ‘ b
id /&g idi id | PY id
|
v r:C ry—1 —y—1 r:C
Alle------—-- > : : :é ———————— >| B

don’t do anything for
the “idle” delta

4 )
- 4 sounds trivial, but it rules

out “batch mode” TGG tools
\_ J
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'L(‘ Stability

>
N
\4

A

( ) y r:C -~ =

a batch forward transformation Ale-mmmn- > B |

only takes the current source
model as input

J
W iand extends it to aJ

consistent triple

r:.C after target changes that
b do not affect consistency
Stability is  id y
violated B
b*,
fwd v r:C _11’_1
A H Ale--—------ > B* !
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:‘Hospital

name = "Springfield
General Hospital"

doctors patients

pharmaceuticals

:Doctor

name = "Nick Riviera"

patients prescribed

:Patient
name = "Lisa"

:Hospital

name = "Springfield
General Hospital"

doctors patients

pharmaceuticals

:Doctor

name = "Nick Riviera"

patients prescribed

:Patient
name = "Lisa"

fwd

—

—

source

:Doctor

name = "Nick Riviera"

ECT

:Hospital <—
name = "Springfield
General Hospital"
doctors patients
pharmaceuticals
patients prescribed
:Patient

name = "Lisa"

:HospitalTo

target

DosagePlan

source

:MedicationTo
Dosage

target

:DosagePlan

dosages

| :Dosage |

:Doctor

name = "Nick Riviera"

( :DosagePlan
entering a concrete
)
: d brand doesn’t affect
consistency Dosags
\ / Brand = Ascriptin
b*
. . source :HospitaITo target .
‘Hospital DosagePlan :DosagePlan
name = "Springfield
General Hospital"
doctors patients dosages
pharmaceuticals
2 souree | :MedicationTo target
<— b | :Dosage
osage
| /
patients prescribed
:Patient

name = "Lisa"

but cannot be retained by a
batch transformation




'L(‘ Other laws

1. Hippocratic—ness
2. (Weak) Undoability

3. (Weak) Invertibility

4. Functional Behaviour |

5. Domain Correctness
6. Domain Completeness

7. Local Completeness
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'L(‘ Other laws

1. Hippocratic_ness

Diskin et al. calls such

|2. (Weak) Undoability
3. (Weak) Invertibility || SPLS “well-behaved”

4. Functional Behaviour

‘5. Domain Correctness

6. Domain Completeness

7. Local Completeness
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'L(‘ Other laws

| 1. Hippocratic_ness
2. (Weak) Undoability
3. (Weak) Invertibility

4. Functional Behaviour

5. Domain Correctness
6. Domain Completeness

7. Local Completeness

in general TGG-based synchronisation
does not obey any of these laws ...

e —— e e ‘1;

... but suitable restrictions can be posed to

determine adequate subclasses of TGGs

R e . S

e e

TGGs offer a “playground” for exploring
formal properties and how to guarantee
them (statically or dynamically)

. . A
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PART 4: FROM TGGS TO SDLS



'L(‘ What do TGG tools do?

a TGG tool does
(MediSoft 4i> MediSupply} some magic

-+

eMoflon and produces a
symmetric delta lens!
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'L(‘ Notation

1. AII arrows are monomorphic (injectivé)
. (my head hurts otherwise)

2. Colours indicate deletion (red) and
creation (green)
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'L(‘ Running Example

R
[MediSoft 4> MediSupply}

+
p1 : ‘Hospital |€——= Sg(s):gg%l;on —=—>| :DosagePlan
:Hospital - [:)g::gg%l;on bl >| :DosagePlan
patients
pharmaceuticals dosages
2. 'Me?‘jication *$"° | :MedicationTo target o D
p . : 7 Dosage .-0sage
prescrﬁed
:Patient

\_
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'L(‘ Running Example

R
{MediSoft 4> MediSupply}

:HospitalTo
DosagePlan

( )
p1 Hospital ~|€—== 5?;:22;';20” : :DosagePlan
:Hospital [ [S;:zgz:lg)n‘ L &gePlan
p2: Medication |<——| ‘MedicationTo _wae . source
vvvvvvvvv :Hospital <
— - name = "Springfield
General Hospital"
pharmaceuticals doctors patients
/ pharmaceuticals
:Doctor ASDIr /s,ource
] . CASPINN <
name = "Nick Riviera" D
~ 7
patients prescribed
N
:Patient

:Ibuprofen

<& prescribed == Nname = "Lisa"
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:MedicationTo
Dosage

target
: :DosagePlan
dosages
target
> :Dosage

Brand = Ascriptin
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'L(‘ What do TGG tools do?

P
basic idea: . .
realise correct fpg 1. (Re_)A“gnment' C
in three steps Al > B
. , ~
fAlgn ' [ this does not
a /& id | change the
' target model
r:.C v 7 l-ll'-, <
A |< > B Allefg------- >, B :
: L - —
. /ﬁg 5! [note that the result is not fAlgn recomputes J
| necessarily consistent! correspondence links
Y r'.C . y- 1
Alle-------- > B
[ I —
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L\

Running Example: Re-Alignment

R
{MediSoft 4> MediSupply}

+

([ )
QTE,T} !!!!!! ‘&:é:g@ﬂ:" ...... @
p2: N
:Patient
— J
r:C
A < >| B
I
fAlgn
|
d | :
|
v A
Alle-------- > B :
|
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:Doctor

name = "Nick Riviera"

pharmaceuticals

doctors

:Doctor

name = "Nick Riviera"

:Ibuprofen

:Hospital o= big:gg%ll-;on i :DosagePlan
name = "Springfield
General Hospital"
doctors patients dosages
pharmaceuticals )
' —— U | :MedicationTo target
:Aspirin j<=—— :
. P Dosage Dosage. :
Brand = Ascriptin
patients prescribed
, 0
:Patient
name = "Lisa" '
¢
¢
0
: :HospitalTo
:Hospital = DosagePIan bt :DosagePlan
name = "Springfield
General Hospital"
patients dosages
:Dosage
Brand = Ascriptin
patients
:Patient

<€ prescribed =i NAME = "Lisa"




'L(‘ What do TGG tools do?

fAlgn
1. (Re-)Alignment: ; /XI d;
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P P s 2. Rollback:
y r'.C —yﬂ
Ale - - >i_B__:

[

re-establish consistency
by deleting elements

22



L\

R
{MediSoft 4> MediSupply}

+

1 . . . :HospitalTo .

. " \ eeeeee [ :HospitalTo \ ...... .
:Hospital DosagePlan :DosagePlan
patients
dosages

pharmaceuticals

Running Example: Rollback

:Hospital

source

name = "Springfield

General Hospital"

doctors patients

:Doctor

name = "Nick Riviera"

pharmaceuticals

:|buprofen «€— prescribed = Name = "Lisa"

patients

:Patient

- - -

:Hospital

source

name = "Springfield

General Hospital"

doctors patients

:Doctor

name = "Nick Riviera"

:Ibuprofen

patients

:Patient
name = "Lisa"

Anthony Anjorin: An Introduction To Triple Graph Grammars

:‘HospitalTo target .
DosagePlan :DosagePlan
dosages
:Dosage
Brand = Ascriptin
(]
0
0
0
0
:HospitalTo target _
DosagePlan :DosagePlan
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'L(‘ What do TGG tools do?

1. (Re-)Alignment:

: | Del |
s P 2. Rollback: i NG b
I -V PO
f | A <-------- 9'[_Bi|
a /ﬁg b :
|
v - _Y_. 3. (Re-)Translation:
I I
Alfle-------- 9{-5--: — r - <
[starting from a f iA < > B
consistent triple i /@?d i
al | | bl
[ | |
apply rules of the TGG : :
until the final source Y., ' C .“W"
model is obtained A S > B

\_
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'L(‘ Running Example: Re-Translation

R
{MediSoft 4> MediSuppIy}

\ eeeeee [ :HospitalTo \ ..... .
Hospital DosagePlan a :DosagePlan
= | :MedicationTo target
osage
:Patient
o ./

e R .
A e m T > B!

:Hospital

source

name = "Springfield
General Hospital"

pharmaceuticals doctors patients

:Doctor
name = "Nick Riviera"

patients

:Patient

:Ibuprofen name = "Lisa"

v

:Hospital

source

:HospitalTo
DosagePlan

target

name = "Springfield
General Hospital"

pharmaceuticals doctors patients

:Doctor
name = "Nick Riviera"

patients

:Patient

:|buprofen <€ prescribed == N@Me = "Lisa"

source
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:‘HospitalTo
DosagePlan

target

:DosagePlan

<

:Medication
ToDosage

target

:DosagePlan

dosages

:Dosage
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'L(‘ What do TGG tools do?

" r:C 5

fAlgn

1. (Re-)Alignment: ; /XI <.

L

L

Al r B

o | Del |

e S5 2. Rollback: g & !
: i C T h
a fog | e
: 1{1 r:C 7

\ G rll'_, 3. (Re-)Translation: ' ’ﬁfd |
Al le-------- > B y . y
S Aot
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Some remarks on implementation
A p

/

easy: TGG tools A

represent correspondence
links explicitly so can just

r.C

A |< > B

fAlgn

a /& id |

r:.C v ~ |

A < > B ‘ O PO
f ! N Del P

| | |

\J ~ \/

~ - ==

Y r':C i A S d > B

Al ------- > B i fAdd |
L - — a' : /& :b'
v A
A :e--f-'-C--->:lB |
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delete “dangling” links

< (formally a pullback)

g )
A |<— AB >| B
A (PB) 1\
A< AB
vV
AI
_ PN _J

arrows in this diagram are
monic typed graph morphisms
(and not deltas!)
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Some remarks on implementation
A p

)
L/%
Q
-
a

hard: requires a complete
remarking of all elements

B
'XD‘GI ‘b | (very inefficient), most TGG
v

>

2 [H]<
)
¥

; Qtools employ some kind of
~ o ~= optimisation technique
v e -V P G i e
1 I [ | | |
Al -------- > B . fAdd
| I, al : & : bl
v v
A :e--f-'-C--->:lB i
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Some remarks on implementation
A p

r:C

QO

_ !
Ty PR -y R
f ! Ai Del iA
| I I
Voo V.
v e Y, Al
Al -------- > B' | i fAdd |
L - — a': /& :b'
v . v
A -t ]
/\ \

B

fAlgn
L

but: requires backtracking in
general, so most TGG tools pose
some (rather technical) restrictions

Anthony Anjorin: An Introduction To Triple Graph Grammars

\
easy: just apply TGG rules

wherever they match
(typically quite efficient)
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'L(‘ Proving stability

r:C r:C

e A |< >| B A |<

a TGG tool that actually | :

iInspects the delta to be id /@Q id | id | bpg id
propagated is trivially stable ! !
\ y r:C - jl’_1 V. : r:C v

Ale------—-- > : : :é ————————
4 )

so incremental TGG tools are
stable, batch TGG tools are not

o J
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'L(‘ Proving correctness

r:C
A |< > B
fAlgn
a & id |
\ _ v
A l< r:C > B Al e T I B
fpg | N Del EA d hard: show that Del A
4 > Q, /& ib (whatever strategy is applied)
Lo Y, v y J always produces a consistent
Tae il TE e 7€ L[FRK_ imormediae resul
Sl il s[5 intermediate resu y
: ﬁid |
| o
Yo b D
(A S e > B easy: in each step, a TGG rule is

applied, so if translation succeeds,
the result is consistent by definition

J
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'L(‘ Proving completeness

A e D20 _>:'|'37{easy: if backtracking strategy is taken
" (but very inefficient)

hard: show that translation process
\_ succeeds without backtracking Y.
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(o] K T “least ch ’
'L(‘ Some closing remarks on TGGs and “least change

r
A [< >| B

~

Af ( completeness is achieved by
Interpreting every delta that is not
N\ ¥ | already explicitly fixed by the TGG .

... as a rollback to a state from A' T

which a delta to the final state can L---

be derived from the TGG
\_ J

a

A

-
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(o] K T “least ch ’
'L(‘ Some closing remarks on TGGs and “least change

/ fpg
a) /\

Anthony Anjorin: An Introduction To Triple Graph Grammars

-

/b

A

.

the result is not
always what is

“expected”

J
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'L(‘ Some closing remarks on TGGs and “least change

—
~-§
~

\% v r - == ,f’/
/\ Al - ooo - > B 1<

4 In the worst case, this can
result in a complete rollback and
re-translation (just as bad as

S
\_ batch, and less efficient!) )
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'L(‘ Some closing remarks on TGGs and “least change

having this as a last resort
(fallback) is often nice ...

) e A

K%v r
Ale-------- >

e ————— E— R I

[ ... but there is currently no elegant
way to exercise fine granular control
over the behaviour of TGG-based
synchronisers

—
—-s
~
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'L(‘ Running Example: Least Change?

: :Hospital T target

‘Hospital o DogZSePlaon ik >| :DosagePlan
name = "Springfield
General Hospital"

[
pharmaceuticals doctors patients dosages
/ pharmaceuticals
:Doctor } —— U | :MedicationTo target : v
name = "Nick Riviera" el UUN Dosage > :Dosage
A |_Brand = Unset

< |
patients prescribed source
~N V7
:Patient
:Ibuprofen |«&— prescribed — name = "Lisa"
/ would be helpful to be able to \

“‘optimise” the default algorithm in a
problem-specific manner

\(and remain correct, complete, )/
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'L(‘ TGG Research Challenge (one of many! see [1])

/,

Desired Behaviour
(based on requirements)

Implementation
Effort

B e

TGG-based synchroniser
development is not “smooth” :)

[1] 20 Years of Triple Graph Grammars: A Roadmap for Future Research. A Anjorin, E Leblebici, A Schurr - ECEASST, 2016
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https://scholar.google.com/scholar?oi=bibs&cluster=14288618022898365866&btnI=1&hl=de

'L(‘ TGG Research Challenge (one of many!)

Implementation
Effort

~

Solver-Based

-

|

Putback-
Based

Get-Based

|

Combinator-
Based

o

Control

Anthony Anjorin: An Introduction To Triple Graph Grammars
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'L(‘ Task 3: A suite of examples with TGGs

3. Open VM, start Eclipse with shortcut on desktop

4. Choose workspaces/task3 as your workspace

5. Follow instructions from https://db.tt/GJ8fyeVm

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

Anthony Anjorin: An Introduction To Triple Graph Grammars
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https://www.virtualbox.org
https://db.tt/gYgQMShZ
https://db.tt/GJ8fyeVm

