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Modeling with Graphs

« Graph based models are wide

y used in software engineering

System models Data structures -
& money Service ,Q ()2 L) @
% i lectA h drink %
Ready wselect — Z:jigggcajqe Filling,_¢|
N = T ry Tz ry
0 YA Kslta!?olm!?m';: slec . Y lflled Sagiv, M., Reps, T., & Wilhelm, R. (2002). Parametric shape analysis via 3-valued logic.
e Data bases @neoqj Test environments
‘. —50 4
k . https://github.com/BerkeIey_Lc-e.a-r.r;\-/'ez.rify/Scenic j

» Testing, benchmarking or design space exploration scenarios

Generating (consistent | realistic | diverse | scalable) models

I https://refinery.tools 2 I



Refinery: Graph Solver as a Service

* Logical reasoning and model generation over graphs

- Web-based editor: @ -;:; @
- Live editing and feedback = 0’2 o S

- Support for partial models, graph constraints : §
and propagation rules P oveds s3e%astasastestss

- Efficient storage of model versions @

¢ Incremental quel’y engine https://refinery.services/

 Calculating difference between model versions

« Framework for further graph processing tasks
 /deas?
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https://refinery.services/

Models and Partial Models

Input Output

Abstract models Concrete models
(Metamodel + Constraints) (Labelled graphs)

symLink4

SymLink ® File

® SymlLink

l\ ® FileSystem
\__7_—1———-‘—’/ . File

N u
® SymLink : i : target
O selfLoop :

File ® File ® File ® File
® Dir ® Dir ® SymLink ® SymLink

element element
e ment

Consistent + Diverse +
Scalable: up to tens of thousands of nodes

https://refinery.tools



,>:. Refinery <>CODE  $= GRAPH T TABLE ¢ [l ) > GENERATE &

k B = A Q v T &

class FileSystem {
contains File[1] root

}

class File.

class Dir extends File {
contains File[0..10] element

}

class SymLink extends File {
File[1] target

T
F o o0t
0 o o0
o0 o
o0 o
NXEREX)
oo oo
Dir( ) e° 20¢% % * % “cenee’
ir(resources). 0¥%%° o° ceed %02,
element(resources, img). 0o o 0000 0 o o "%
1Dir(img) o000 8¢ 008 *%68%0 S00d0
'Dir(img). 4 o o 444
element(resources, 1ink). ¢ 00000 200 2% %2 o0
ik, 4 EX X 1% M
target(link, img). ° iy PO
e o o0 o0
® 00 00 00000
0000 © © 00 000
e0e0® o0 0 o o
error pred selfLoop(s) «— target(s, s). . .
error pred emptyDir(d) ¢<— Dir(d), 'element(d, _). https.//reflnerv.serwces/
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https://refinery.services/

,>:. Refinery <>CODE  $= GRAPH T TABLE ¢ [l ) > GENERATE &

k 2 = A Q v T &

class FileSystem {

contains File[1] root Metamodel:
} Captures classes and
class File. relations

class Dir extends File { (in xcore)
contains File[0..10] element

}
class SymLink extends File {

File[1] target

o000 o
F o %8
0 © o0
eo0 o
o0 o
X RX)
oo oo
Dir( ) e 30¢% % ® % “cecee’
ir(resources). o¥%%° of ceed 702%°,
element(resources, img). 033 o.o.ooo ® :' : ...3
1Dir(img) o000 20 008 *%8% ¢ S0000
'Dir(img). 4 o o 44
element(resources, link). ¢ 00000 200 o8 %208 o0
e 2032
target(link,img). ® 0080000
o0 o0 o0
o 00 00 00000
0000 © © 00 000
00000 o0 0 o0 o

error pred selfLoop(s) «— target(s, s).
error pred emptyDir(d) ¢«— Dir(d), !element(d, _
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https://refinery.services/

? Refinery <>CODE  $= GRAPH T TABLE ¢ [l ) > GENERATE &

k 2 = A Q v T &

1 % Type system
2 class FileSystem {
3 contains File[1] root
4}

5 class File.
6 class Dir extends File {

7 contains File[0..10] element
8

9

! Initial (seed) model:

class SymLink extends File { ; :
10 File[1] target needs to be included in
11} each generated model
12

13 % Facts about objects

14 Dir(resources).

15 element(resources, img).

16 'Dir(img).

17 element(resources, 1ink).

18 target(link,img).

19

20 % Simple constraints:

21 error pred selfLoop(s) «— target(s, s).
22 error pred emptyDir(d) ¢<— Dir(d), 'element(d, _).

I https://refinery.tools 7 I



? Refinery <>CODE  $= GRAPH T TABLE ¢ [l ) > GENERATE &

3] = A~ QO v T &

% Type system

class FileSystem {
contains File[1] root

}_

class File.

class Dir extends File {
contains File[0..10] element

F .ps
class SymLink extends File { Initial (Seed) model:

File[1] target needs to be included in
each generated model

0 00 1] O~ O1 In NN B

[
N RO
-

=
()]

% Facts about objects
Dir(resources).
element(resources, img).
'Dir(img) .
element(resources, 1link).
target(link, img).

e
o 01 I

Explicit support for:
* Negation: excluded elements
e Uncertainty: optional elements
e Assignments for derived predicates

=
J

N
©® 0 00

% Simple constraints:
error pred selfLoop(s) «— target(s, s).
error pred emptyDir(d) ¢«— Dir(d), !element(d, _).

I https://refinery.tools 8 I
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? Refinery <>CODE  $= GRAPH T TABLE ¢ [l ) > GENERATE &

k 2 = A Q v T &

20 % Simple constraints:
21 error pred selfLoop(s) ¢«— target(s, s).
22 error pred emptyDir(d) ¢— Dir(d), 'element(d, _).

23
24 % 0Object equality with =: (Graph) Predicate:

. . s ) . .re
22 pred importantFile(f) target(11, f), target(12, f), 11 == 12 Domain SpECIfIC |anguage
27 % Transitive closure, and equwalent to
28 pred containsFile(fs, file) «— First Order Relational Logic
29 FileSystem(fs), root(fs, file) e \W.ith transitive closure
oo _ - e Without full recursion
31 FileSystem(fs), root(fs, rootDir), element+(rootDir, file).
32

33 % Predicate reuse
34  error conflictBetweenTwoFileSystem(fsl, fs2, 1, t) ¢«—

35 containsFile(fs1, 1),
36 containsFile(fs2, t),
37 fsl = fs2,

38 target(l, t).

39

40 % Model scope
41 scope node = 25..30, FileSystem = 2, importantFile = 1..x*.

I https://refinery.tools 9 I



? Refinery <>CODE  $= GRAPH T TABLE ¢ [l ) > GENERATE &

P 2 = A Q v T &

20 % Simple constraints: . o -
21 error pred selfLoop(s) ¢— target(s, s). (GraPh) Constral_nt.

22 error pred emptyDir(d) ¢— Dir(d), 'element(d, _). Predicate capturing

23 violating cases

24 % UbjE’Ct equalitg with =: (no matches are a”owed)
25 pred importantFile(f) «— target(11, f), target(12, f), 11 == 12.

26
27 % Transitive closure, and
28 pred containsFile(fs, file) ¢«—

29 FileSystem(fs), root(fs, file)

30 ;

31 FileSystem(fs), root(fs, rootDir), element+(rootDir, file).
32

33 % Predicate reuse
34  error conflictBetweenTwoFileSystem(fsl, fs2, 1, t) ¢«—

35 containsFile(fs1, 1),
36 containsFile(fs2, t),
37 fsl = fs2,

38 target(l, t).

39

40 % Model scope
41 scope node = 25..30, FileSystem = 2, importantFile = 1..x*.
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Refinery <>CODE 3= GRAPH mTABLE ¢+ [ ) » GENERATE &

3] = A~ QO v T &

% Simple constraints:

error pred selfLoop(s) ¢«— target(s, s). } :

error pred emptyDir(d) ¢ Dir(d), !element(d, _). Predicate capturing
violating cases

% Object equality with =: (no matches are allowed)
pred importantFile(f) ¢«— target(11, f), target(12, f), 11 == 12.

(Graph) Constraint:

% Transitive closure, and
pred containsFile(fs, file) «—
FileSystem(fs), root(fs, file)

FileSystem(fs), root(fs, rootDir), element+(rootDir, file).

Continuous consistency checks:

% Predicate reuse

error conflictBetweenTwoFileSystem(fsl, fs2, 1, t) ¢« y Type CheCkmg
containsFile(fs1, 1), e Containment hierarchy
containsFile(fs2, t),  Feasibility of derived predicates
fsl = fs2,

target(l, t).

% Model scope
scope node = 25..30, FileSystem = 2, importantFile = 1..%*.




Refinery <> CODE  $= GRAPH iii TABLE » GENERATE () @&

~ ~ (2 Q v T & 3=

1 // Type system =

2 class FileSystem {

3 contains File[1] root

4 }

5 class File. :

6 class Dir extends File { ; :

7 contains File[0..10] element ! W o
. : /] i File g
8 } E ," :..SymLink EZ""‘\"‘E
9 class SymLink extends File { § ﬂyﬂi\"fTEZEQ:gmm¥\\
10 File[1] target L ¢ A4t =
& moéelement‘.‘ 5

12
13 // Facts about objects
14 Dir(resources).

15 element(resources,img). Updating the specification

16 1Dir(img). refines the model

17 element(resources,link). +

18 target(link,img) |

19

20 // Predicates and constraints s s 2
4 G b
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Refinery <> CODE  $= GRAPH  iii TABLE » GENERATE () @&

~n ~ (E|lQ v T & 3=

1 // Type system = B W By HE

2 class FileSystem {

3 contains File[1] root :

4} fwrie § 71

5 class File. il ,,i,;_?__; i

6 class Dir extends File { ! opteet” ' A 'Wf i

7 contains File[0..10] element ;'I". '." :

f% } : ®» File : ,"taréee:e "')"e":'c root

g ) ! ! ® Symlink & 1 1/ i

9 class SymLink extends File { \“7'«'573&‘5' e‘.' A ;

10 File[1] target f%‘e"‘é‘{““\ Vemw‘:' :

11} " -

12 \ ]

3 // Facts about objects v

14 Dir(resources). O

15 element(resources,img). Updating the specification \

, o . \ hent -y 1

16 1Dir(img). refines the model " ——d

17 element(resources,link). Y +
8 target(link,img).

19 !SymLink(img). -
")j o2 rn

“J

- 4
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Refinery <> CODE  $= GRAPH  iii TABLE » GENERATE () @&
LR = Q v T & INITIAL MODEL GENERATED AT 18:37:56 (1)
1 // Type system = —r
2 class FileSystem { == <
FileSysem
3 contains File[1] root ,,
5 [ ,/il.iirmlg
5 class File. o AF B!
6 class Dir extends File { .f pLLE o
7 contains File[0..10] element it f
8. ) é
9 class SymLink extends File { Q:Qium }f"‘ ?
10 File[1] target ,r‘"TTFK“éwd" i
2 3 :
12

13 // Facts about objects
14 Dir(resources).

15 element(resources,img).
16 !'Dir(img).

17 element(resources,link).

Error: h Igh I Ightl ng y - ; 'Sgr"g-;r:\sldru tplicity S

© seiftoop

. SO inconsistency \ =
18 target(link,img). e 5x\‘ !

19 1SymLink(img). ~
20 target(link,link).| 1 2 (® Fie) e

- L4

I https://refinery.tools




=

20
21
22
23
24
25
26
27
28
29
50
31
32
33
34
35
36
37
38
39
40
41

I https://refinery.tools

Refinery <>CODE 3= GRAPH mTABLE ¢+ [ ) » GENERATE &

3] = A~ QO v T &

% Simple constraints:
error pred selfLoop(s) ¢«— target(s, s).
error pred emptyDir(d) ¢— Dir(d), 'element(d, _).

% Object equality with =:
pred importantFile(f) ¢«— target(11, f), target(12, f), 11 == 12.

% Transitive closure, and
pred containsFile(fs, file) «—
FileSystem(fs), root(fs, file)

FileSystem(fs), root(fs, rootDir), element+(rootDir, file).

% Predicate reuse

error conflictBetweenTwoFileSystem(fsl, fs2, 1, t) ¢« S h
containsFile(fs1, 1), earch parameters:

containsFile(fs2, t), Target number of

fs1 = fs2, * (Class instances
Predicate matches

target(l, t). o

% Model scope
scope node = 25..30, FileSystem = 2, importantFile = 1..*.




> Refinery <>copE 3= GRAPH m TABLE A W © > GENERATE ¢

< 2:45(14) GENERATED AT 23:32:46 (15) GENERATED AT 23:32:47 (16) GENERATED AT 23:32:48 (17) GENERATE 3:32:50 (18) X

-t
i

Generation with the

push of a button

® FileSystem

symLinkSw

® File
® SymLink

ﬂ_&@\ (symLink6w (symLmkuw (symLink3w (symLinkItq

®» File ® File » File
Seiaani ® Dir ® SymlLink ® SymlLink

® File ® File
® SymLink ® SymLink
ﬁle3 ﬂ o ( symLkaW (symLmk1ﬂ
» Flle © Fule . e . Be ® File
l SymLmk ® SymLink -

:zi)fnLink :?y':mnk Problem size Largest model
#class | #ref | #error #node
! FileSys 4 2 0 19750
FAM 9 13 4 15750
Yakindu 11 7 8 4250
Ecore 20 33 1 2000
Social 2 4 2 230

Table 1: Largest models generated in 60 seconds
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Applications

front
visible

visible &

Automated test scenario synthesis for verifying collision
avoidance of autonomous vessels

Functional scenario

crossingFromPort

*> Logical scenario i

o
- -«

-

‘ﬂ

(“vessels in sight
of one another™)

" risk of
x collision
~ X y

Actor placement — > Static trajectories

Concrete scenario Test execution

(simulation)

“safe distance™

20kn e, e

..... W
4 ’I > 30°\7 t

.12 kn (“readily apparent™) .]2 kn

I https://refinery.tools 18 I

Cost optimization of satellite network
by combining numerical and structural reasoning

Jet Propulsion Laboratory
California Institute of Technology

Ny
CommunicatingElement,, .- |
CubeSatup, =1
CubeSatblly,, =I
Spacecrailum, =l
\ ¥
I S—
r 1 [CommunicatingElement,,
= CubeSalyy,
Spacecrafluw,

chaincodey




Models and Partial Models

Input Output

Abstract models Concrete models
(Metamodel + Constraints) (Labelled graphs)

symLink4

SymLink Dir ® File

® File : | ® File | me ® SymLink
® SymLink : | ® Dir e : target
O selfLoop : | @ emptyDir

éelementg (d'rzw (Syml-mkzw (syml_m}‘(dmw

File ® File ® File ® File
® Dir ® Dir ® SymLink ® SymLink

element element

( ﬁleﬂ ( ﬁleﬂ ( fileﬂ

File

I https://refinery.tools



Models and Partial Models
Input Intermediate state Output

Abstract models Partial models Concrete models
(Metamodel + Constraints) explicitly represent uncertainty (Labelled graphs)

ent, yae . symLink4
SymLink o7 element .
4

’

: ® File
® File y - ' — ® SymLink

® SymLink R N N L target
© selfLoog '

- \Y
\elemé‘nt
I ~voo

® SymLink

element

Model generation: exploration process that gradually reduces uncertainty

I https://refinery.tools



Partial modeling with 4-valued logic

( )
src child ( -
root : child,! mpir — -Frﬁzn
[ git ’_>| .Fl))r:;_(:‘JeCt \(®File ) \
®FileSystem . 4 N 1A ( .
®File - resources child img target
child™| ®=Dir | ®File |
\®File
child link )
®File
®Symlink )

* Represent all potential extension with uncertainty
* Logic abstraction: ®TRUE | False | DUnknown | ®Error

I https://refinery.tools



Partial modeling with 4-valued logic

( )

_ src child ( 23n
root : child,! mpir — > mFile
[ git I | .FI))?:‘JeCt \®File J h g
®FileSystem . (" N\child ( - |
®File - resources child img target
child"| ®™Dir | ®File
\®File . target(link,img):true.
child Link
®File
®Symlink

* Represent all potential extension with uncertainty
* Logic abstraction: ®TRUE | False | DUnknown | ®Error

I https://refinery.tools



Partial modeling with 4-valued logic

( )

_ src child ( .
root child_ | mpip Em— Fn.'iln
. : ®File
git -%E?eCt \(®File )
®FileSystem »Fil (resources child(  img
1lle ) . b ; target
child™ ™Dir | ®File |
t(git, link):fal —
root(git, link):false. child link )
®File
®Symlink )

* Represent all potential extension with uncertainty
* Logic abstraction: ®TRUE | False | DUnknown | ®Error

I https://refinery.tools



Partial modeling with 4-valued logic

( )

. src child  5in )
root child,! mpir — T -
. project ®Fil (®File '™,
[ git »Dir \2File J % target
P L ®File (resources \child( img |
child"| ™Dir | wFile %
(®File
child R Uncert-am .reference .
®File .~ any combination may exist
®symlink ) target(link,img): unknown.

target(link,main) :unknown.

* Represent all potential extension with uncertainty
* Logic abstraction: ®TRUE | False | DUnknown | ®Error

I https://refinery.tools



Partial modeling with 4-valued logic

s N e : N
' src child main :
root ject ' on mDir =pir Mayorlljvr;cye;tj;;;t:ihe type
: projec B =
[ F'1g;t . l_,l ®Dir L / (=File Dir(main): unknown.
B®File yS em . ( ) hild (" . )
®File - resources lchi img target
child™| ®=Dir | ®File |
\®File
child link )
®File
®Symlink )

* Represent all potential extension with uncertainty
* Logic abstraction: ®TRUE | False | DUnknown | ®Error

I https://refinery.tools



Partial modeling with 4-valued logic

( )

, Src \child (T

root : child,! mpir — > mFile
[ git .Fl))r:;_(:‘JeCt \(®File ) \
WFileSystem ®File (resources child(  img
child™| ®=Dir | ®File |
| ®File ®target
child link Invalid value
BFile |> e.g., forbidden loop
®symlink ~ target(link, link):error.

* Represent all potential extension with uncertainty
* Logic abstraction: ®TRUE | False | DUnknown | ®Error

I https://refinery.tools



Partial modeling with 4-valued logic

( )
src child ( : b
root child,! mpir —P-Fn.liln
ir
DFileSystem N hi1Ad( . )
®File r‘es.our*ces child img target
child™| ®=Dir | ®File |
\®File
child link
®File
®Symlink )

e 4-valued exists: added or removed
* 4-valued equals: merging or splitting

I https://refinery.tools



Partial modeling with 4-valued logic

( )

src child ( : R
root child,! mpir — -Frﬁzn
[ git .r:)r'OJect | ®File ) . )
: ir
DF11eSystem ®File (resources child( img | target
child"| ®™Dir ©
\(®File

Uncertain existence
object may be removed
exists(link) :unknown.

* 4-valued exists: added or removed
* 4-valued equals: merging or splitting

I https://refinery.tools



Partial modeling with 4-valued logic

g
src child .
root child,! mpip -Fn.liln
[ git project | ®File —2°

\
J

®Dir

DFileSystem BFile ( resources \child ( img
\®File

Uncertain existence
object may be removed
exists(link) :unknown.

* 4-valued exists: added or removed
* 4-valued equals: merging or splitting

I https://refinery.tools



Partial modeling with 4-valued logic

equals
( src child( pain )
root child,l mpir — »File
[ git .r:)r'OJect | BFile ) Q )
: ir

DF11eSystem BFile (resources \child(  img
child"| ™Dir | ®File J™\ Uncertain equivalence
(®File equals(main,main):

child link ) unknown.
®File target
®Symlink )

e 4-valued exists: added or removed
* 4-valued equals: merging or splitting

I https://refinery.tools



Partial modeling with 4-valued_ lagic

child clone 1
- ~ ®File clone 2
src child -

root child,! mpir hild WFile
[ git -%r;?nJeCt (®File clone 3 ]
DFileSystem ®File (resources \child img WFile
child"| ™Dir ®File J™\ Uncertain equivalence
(®File equals(main,main):
child link unknown.
BFile target
®Symlink )

e 4-valued exists: added or removed
* 4-valued equals: merging or splitting

I https://refinery.tools



Partial modeling with 4-valued logic

( )
src child ( -
root : child,! mpir — -Frﬁzn
[ git ’_>| .Fl))r:;_?"JECt \(®File ) \
®FileSystem . 4 N 1A ( .
®File - resources child img target
child™| ®=Dir | ®File |
\®File
child link )
®File
®Symlink )

* Refinement: reduces uncertainty = concrete models

I https://refinery.tools



Refinement: 4-valued logic

« Model generation is executed with respect to model refinement

7N

N

SUnknown prm—

refinement

. +true
Eg target(_, ):unknown ——— target(_,_ ):true
+false
target(_, ):true —— target(_, ):error

I https://refinery.tools



Model transformation

« Generation - Refinement rules
e Find uncertain value
e Refine with True or False

* Model transformation rules
« Subgraph to match (precondition)
« Modify the model (postcondition)

« Same logic with more complex rules

I https://refinery.tools



State space exploration

 Default algorithm: DFS with random jump backs
« Custom algorithms easily implemented

 Use of objective function

« Guaranteed completeness

I https://refinery.tools 35 I



Graph Transformation
« Model = Labelled Graph

I https://refinery.tools

List

first l

Cell

|_next Cell

value l

|_next Cell

value l

Object

|_next Cell

value l

Object

value l

Object

Object




Graph Transformation rule

« Graph rewriting rule, defined with two graphs
Left Hand Side Right Hand Side

List L1~ T~ List
fwstl R M
7
7/ \s
Cell Cell |DEXtyf o
valuel
Object
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Graph Transformation rule

« Graph rewriting rule, defined with two graphs
Left Hand Side Right Hand Side

I https://refinery.tools 38 I



Graph Transformation: Pattern matching

« Matching: find the subgraphs containing LHS in the source

graph
LHS
List List
first l flrstl
Cell Cell next,| cen |[DEXtyl  cen REXLS g
valuel valuel valuel valuel
Object Object Object Object

I https://refinery.tools 39 I



Graph Transformation: Pattern matching

« Matching: find the subgraphs containing LHS in the source

graph
LHS
List List
first l fwstl
Cell Cell next,! cenn DXty o REXL, el
valuel valuel valuel valuel
Object Object Object Object

I https://refinery.tools 40 I



Graph Transformation: Pattern matching

« Matching: find the subgraphs containing LHS in the source
graph

next ]  cenl DXt o REXL, e
value valuel valuel valuel
Object Object Object Object

https://refinery.tools




Graph Transformation: Execution of rewriting

* Rewriting the graph by the match: - ~

: LHS\RHS = Delete
replace LHS with RHS. RHS\LHS > Insert

RHSNLHS = Leave it

T \ :

List
V
cell X cell next f o DX o [REXLS g
valuel valuel valuel valuel
Object Object Object Object

I https://refinery.tools



Graph Transformation: Execution of rewriting

« We get a new graph

List
cell P& cell next,! cen [Ny cen  [DEXL cell
valuel valuel valuel valuel valuel
Object Object Object Object Object
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Reasoning over abstract models

* Infinite state space

« Complete state space exploration is impossible
 Abstraction must be used

* Logical reasoning required

I https://refinery.tools 44 I



Reasoning over abstract models

equals
[ sre \ehild (Tooi, )
root ' child ®Dir — ®Fil <.
it project ®File N 1le J ™,
. g ®»Dir \ J target
®FileSystem ®File (resources child( img |
child'| ™Dir "|wFile % |

J

s (®File :

. i P poomomen,
child equals child : link

, “{ Dirinew \Wsymlink ;
* Partial model ot
. . . i\-File _,E
* Multiple file operations T A hi1d

* Adding, removing and modifying files and directories

* Possibly called asynchronously

* Can we have a File without any reference pointing to it?

I https://refinery.tools




Reasoning over abstract models

equals
[ sre \ehild (Tooi, )
root child, mpir — ..
. project BFil (®File )~
[ git BDir \—rilié J target
B FileSystem BFile ( resources ) [ img ]
child'| ™Dir | ®File
- (®File / po— S Object
child = equals child "\ 1.1nk wihtout
= | BFile feren
- By A mSymlink S
Partial model < opir i
. . \®File
* Multiple file operations . Achild

* Adding, removing and modifying files and directories

* Possibly called asynchronously

* Can we have a File without any reference pointing to it?

I https://refinery.tools




Reasoning over abstract models

Abstract model 1

Concretization Abstraction

I https://refinery.tools

Abstract model 2

A

" Transformation "
Fully specified Fully specified
model 1 Reasoning model 2




Reasoning over abstract models

Abstract model 1

Transformation !

Abstract model 2

Reasoning

A

Concretization Abstraction

Transformation

Fully specified

Fully specified
model 1

Reasoning model 2

I https://refinery.tools



Summary of Refinery

* Logical reasoning and model generation over graphs

- Web-based editor: @ @
- Live editing and feedback N
» Support for partial models and graph constraints §55 opeden g, 803, o
- Containerized execution: @ Tade . i
 Continuously deployed at https://refinery.services/ 3338, ¢ o%,08,5%8

 Available as Docker image: https://refinery.tools/learn/docker/
* Framework for graph processing tasks

ftsrg Critical Systems ;ga M(\:S}%u II.“ LINKOPING amazon @esa , -

00 Research Group " O\AASP

I https://refinery.tools
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