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Motivation

® Simple but generic attribute notion

® Cloning possibility

FASE 2014 - Transformation of attributed structures with cloning Duval, Echahed, Prost, Ribeiro



Example: Cloud Adm
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Example: Cloud Adm
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Create VM
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Create VM

Here it is...
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New request...

/Nowl\

want a copy |.

%f my VM )
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Replicate VM
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Replicate VM

Here it is...
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Replicate VM
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Replicate VM
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Replicate VM
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Replicate VM
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Cloud needs more Mch

4 h

| want aVM
of type img2.

P /
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Cloud needs more Mch

4 h

| want aVM
of type img2.
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Turn on Computer

4 h

| want aVM
of type img2.

P /
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Turn on Computer

4 h

| want aVM
of type img2.

P /

rf.ze 1)
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Create VM
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Create VM

Here it is...
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Turn Off Machine
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Turn Off Machine
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Turn Off Machine
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Attributed Structures

Structures Attributes
S$:G  Set T:A — Set

<~

AttG=(S 1 )
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Attributed Structures
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Attributed Structures

Structures Attributes
$S:G>Set T:A— Set
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Morphisms preserve attributes
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Partially Attributed Structures
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Partially Attributed Structures

Structures Attributes
S:G > Part T:A - Part
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Graph Transformation Rule

L < K > R
AttrG PAttrG AttrG

rule CreateVM

—— mSg: Req .’ SiZe' nvM —— ’, . —— .’ .
ident:idu [}~ =%~ ~ - > dent: idU size: nVM ident: idU . size: nVM
: type: tVM config: ¢ ident : 0 ’ ident : 0 config: ¢ ident : 0
type: tVM type: tVM type: tVM
E > ..
i 2 msg: newVM "~y 2
size: nM size:nVM size: nM .size: ”VM size: nM
ident : id ident : id ident : idVM ident : id
L 1 free: f K 1 type: tVM R-’ type: tVM free: f’

eqns: [dVM = newld(c) ;
< (nVM,f) = true;
ffF=f-nVM;
c’= newVM(c,idU,idVM,nVM,tVM)
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Graph Transformation Rule

L
AttrG

rule CreateVM

.é. msg: Req
ident: idU type: tVM

* | size: nVM
config: ¢ "lident : 0
type: tVM

size: nM
ident : id
free: f

< K

PAttrG

____________
- bl
- =~ -
- iy
~

- D A
* ize: nVM
dent: idU Size:-n
ident : O
type: tVM

size: nM
ident : id

h ~
........ size: nVM
K1 type: tVM
\_

eqns: idVM = newld(c) ;
< (nVM,f) = true;
" =1-nVM;

R

(A )y e
i
S c———— . i
ident: idU o size: nVM
config: ¢ ident: 0
type: tVM
q v“ .
msg: newVM S o 2
~ —
size: nVM size: nM
ident : idVM ident : id
R1 type: tVM free: f’

c’= newVM(c,idU,idVM,nVM,tVM)
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Rule Application

rule CreateVM

' d

R
v I -
. . * . | size: nVM
ident: idU config: ¢ " lident : 0
type: tVYM
size: nM
ident : id
L 1 free: f

-
~ma
-
= -

size: nVM

type: tVM

ident: 0
type: tVM

size: nM
ident : id
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msg: newVM
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config: ¢’

size: nVM

ident : idVM

type: tVM

2

ident : 0
type: tVM

size: nM

ident : id
free: f’
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Rule Application

rule CreateVM

ident: idU

| size: nVM

" lident : 0

type: tVM

size: nM
ident : id
L1 free: f
\

J

-
-
L.

ident: 0
type: tVM

size: nVM size: nM

ident : id

type: tVM

R1

ident: 0
type: tVM

size: nVM
ident : idVM
type: tVM

size: nM
ident : id
free: f’
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Rule Application

rule CreateVM

\G1

™
BB —
* | size: nVM
config: ¢ " lident : 0
type: tVM
1
size: nM '
ident : id “
free: f '
1
j ‘
1
1
1
1
1
1
1
1
1
[ ]
\/ '
]
]
\ 1
[ ]
C -
1 [ ]
) . . [ ]
' size: 30 '
) ident: M '
. free: 20 ]
ks ]
)
va -
— 0 MSg: RTe19 size: 10
ident: 1 > iype. ident : 0
type: “T1”
= 3
v . size: 40
ident: 2 [+ * msg: Req ident: 0
type: “T2” type: “T72”

-
.....
-

ident: 0
type: tVM

size: nVM
ident : 0
type: tVM

config: ¢’

size: nVM size: NM

S - size: nVM size: nM . .
ident : id ident : idVM ident : id
K 1 type: tVM R-’ type: tVM free: f’
S P j k — - - ? j
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rule CreateVM

Rule Application

| size: nVM

"lident : 0
type: tVM

size: nM
ident : id
free: f
= L
e msg: RTe19 size: 10 R
ident: 1 > iype. ident : 0
type: “T1”
- 5
R . size: 40
ident: 2 [+ * msg: Req ident: 0
type: “T2” type: “T72”

size: nVM

type: tVM

ident: 0
type: tVM

size: nM
ident : id

[ - - ?nsg: Req

type: “T2”

size: 10

type: “T1”

size: 10
ident : 0
type: “T1”

msg: newVM s

size: nVM
ident : 0

type: tVM

config: ¢’

size: nVM
ident : idVM
type: tVM

I 4

size: nM
ident : id
free: f’
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\G1

rule CreateVM

Rule Application

msg: Req

type: tVM

config: ¢

| size: nVM
" lident : 0

type: tVM

size: nM
ident : id '
free: f

J

type: “T2”

size: 10
ident: 0
type: “T1”

size: 40
ident: 0

type: “T72”

J \D 1

size: nVM

type: tVM

ident: 0
type: tVM

[ - - ?nsg: Req

type: “T2”

msg: newVM s

config: ¢’

size: nVM
ident : 0

type: tVM

FASE 2014 - Transformation of attributed structures with cloning

~
~
~,
size: nM .SiZGZ ”_VM size: nM
ident : id ident : idVM ident : id
R-’ type: tVM free:
— N T Y,
H—)l— / "—--... ..* \
~— —_ " y —_
4
size: 10 msa: neyvM size: 10
9 ,XN ident :“VM1’
type: “T1” rmmm == type: “T1”
_AB\--1" 2 » T,
size: 10 size: 10
ident : 0 ident: 1 ident : 0
type: “T1” é type: “T1”
™ & ™
size: 40 . size: 40
ident : 0 ident: 2 [ »* msg: Req ident : 0
type: 72" type: “T2” type: “T2”

)

Duval, Echahed, Prost, Ribeiro



Rule Application

rule CreateVM
- -,
m-sg-: ?iq_ ‘, | size: nVM
type: tVM config: ¢ " lident : 0
type: tVM
1,
)
1’
1
1
] size: nM
" ident : id
,‘ L 1 free: f
I\ Y
1
[ |
1
1
1
1
1
1
1
1
1
4

ident: 1
A
. L 4
ident: 2 ["» * msg: Req
type: “T2”

-
-
-
-

size: nVM

type: tVM

size: nVM
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type: tVM

size: nM
ident : id

[ - - ?nsg: Req
type: “T2”
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Rule Application

How to obtain this effect?
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Sesqui-Pushout Approach

| < K > R
| PBO) | (PO) |
G < D > H

Final Pullback Complement (FPBC):

Pushout (PO):
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Final Pullback Complement
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Final Pullback Complement
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Final Pullback Complement

L < K
(FPBC)
G_s D)5
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Final Pullback Complement

4 p 4
M, <
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Final Pullback Complement

LN <

k | )(FPBC)\ ’

L - K B |
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SqPO-Rewriting of

Attributed Structures

Structures:

A

/7 K e

my, M g mp
(FPBC) (PO)

G D " H
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SqPO-Rewriting of

Attributed Structures

Structures: Attributed Structures:
A £ 2
my, mg mp (mL-.a) ('mKﬁa) (7nR9C
(FPBC) (PO) (FPBC) (PO)
E;V< Il D r1 >é’ é{ (llaid:il) 2’5 (rlaidAl) >§_
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SqPO-Rewriting of

Attributed Structures

Attributed Structures:

A

E‘( (l,id 4) ,(\’ (r,id 4) >§

lml a m}\ a) l(ml%a)
(FPBC) (PO)

@ ‘ (11 ldAl ﬁ (7‘1 ldAl >ﬁ'
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SqPO-Rewriting of

Attributed Structures

X is context: keep attribute

[ chi—1z:t1 —> 4 -
Attributed Structures: 1(z) ezt —mi(z) : 4
Az
E‘( (l,id 4) ,(\’ (r,id 4) >§
lm’ ,a) (mi,a) l(mnﬂ)
(FPBC) (PO)
@ ‘ (11 ldAl ﬁ (7‘1 ldAl >ﬁ'
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SqPO-Rewriting of

Attributed Structures

X is context: keep attribute

li(z): i +—x:ti ——ri(z) :

" X is preserved by the rule:
Z . (l,id 4) I" (ryida) 4 }3 -
(;nL & A . - I(z):1+4 bt >r(x):t
(FPBC) (PO) gl keeplattribute Il
G . (l1,id A, ) D (r1,id ) Nz li(z):a(t) «—— z:a(t) —— r1(x): a(t)

[()x:t- (s )] >r(x):t

1 changelattribute I
li(z):a(t) 4—x: L——ri(z):a(t’)
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SqPO-Rewriting of

Attributed Structures

® A nice framework to define systems in the
presence of cloning (and merging) operations

® Simple attribute handling:
= allowing to use different kinds of values;

= enabling a modular approach to prove
properties (due to the independency of the
structure from the attributes)
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A-Terms as Attributes
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loud Administration

rule ReplicateVM

Bra®ew (B =
\":" «—

\L2

eqns: newld(c,id0) ; id1 #i1d2: nVWM < f ; ' =f-nVM ; c'= replVM(c,idU,id0)

rule TurnOnMachine

( N\ [
A 3,,[’/ _'%‘:"i [é%m A [
c - "img ident: idUfy oy : - g m:w,m;
ype: VM .
h q
\L3 3 \K3 ) \ms

eqns: not(enoughSpace(c,nVM)); newld(c,id) ; nVM < nM ; f'= nM-nVM ; c'=newMch(c,id,nM.f)

rule TurnOffMachine

mesl) \R4
eqns: nM1-f1 < f2; f =12 - (nM1-f1) ; ¢'= mergeMch(c,id1,id2)

el
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Future VWWork

® Analysis of SQPO-transformation systems
over attributed structures

® (Case studies

® Jool support
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Transformations of

Attributed Structures
with Cloning

Thanks for your attention!

Dominique Duval, Rachid Echahed, Frederic Prost, Leila Ribeiro
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