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Graph Transformation

GRoundTram( www.biglab.org)

http://www.biglab.org/
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Two Languages Involved
Transformation:

UnQL/ UnCAL[Buneman&Fernandez&Suciu, 2000] 

select {result: $x} where { _*: $x},  {name:  John} in $x

Schema:  KM3 [ATLAS Group]

class INPUT
{ reference SNS: SNSDB; Χ ϒ

class OUTPUT
{ reference result*: MEM; }
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¢ƻŘŀȅΩǎ ¢ƻǇƛŎΥ Static Check

ÅGiven

ïA graph transformation  f

ïInput schema  SI

ïOutput schema So

Å{ǘŀǘƛŎŀƭƭȅ ǾŜǊƛŦȅ ǘƘŀǘ άǘƘŜǊŜΩǎ ƴƻ ǘȅǇŜ ŜǊǊƻǊέΣ

i.e., άŦƻǊ ŀƴȅ ƎǊŀǇƘ Ǝ ŎƻƴŦƻǊƳƛƴƎ ǘƻ SI ,
f(g) always conforms to SoΦέ
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Example : SNS-Members

Extract all members using the screen-ƴŀƳŜ άWƻƘƴέΦ
SNS member name John

name Mary

name John

friend

friend

friend

select {result: $x}
where
{SNS: {member: $x}},
{name:  John} in $x
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Example

Extract all members using the screen-ƴŀƳŜ άWƻƘƴέΦ
SNS member name John

name Mary

name John

friend

friend

friend

select {result: $x}
where
{SNS: {member: $x}},
{name:  John} in $x
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Example

[ŀȊȅ ǇǊƻƎǊŀƳƳŜǊ Ƴŀȅ ǿǊƛǘŜ Χ
SNS member name John

name Mary

name John

friend

friend

friend

select {result: $x}
where
{ _*: $x},
{name:  John} in $x
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Example

Lƴ ŦŀŎǘΣ ǘƘŜ ƎǊŀǇƘ ŎƻƴǘŀƛƴŜŘ άƎǊƻǳǇέ ŘŀǘŀΣ ǘƻƻΗ 
SNS member name John

name Mary

name John

friend

friend

friend

name

άCŀƴ /ƭǳō 
ƻŦ ···έ

name

άWŀǾŀ 
tǊƻƎǊŀƳƳŜǊέ
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Example

²Ƙŀǘ ƘŀǇǇŜƴǎ ƛŦ ǘƘŜǊŜΩǎ ϑƎǊƻǳǇΥ ϑname: JohnΣ Χϒϒ
SNS member name John

name Mary

name John

friend

friend

friend

name

άCŀƴ /ƭǳō 
ƻŦ ···έ

name

άWŀǾŀ 
tǊƻƎǊŀƳƳŜǊέ

select {result: $x}
where
{ _*: $x},
{name:  John} in $x

BUGGY!
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What We Provide

Programmers specify their intention
about  the structure of input/output.

// Input Schema supplied by the SNS provider

class INPUT{ reference SNS: SNSDB; }
class SNSDB{ reference member*: MEM;

reference group*: GRP; }
class MEM { reference friend*: MEM;

reference name: STRING; }
class GRP { reference name: STRING;

reference member*: MEM; }

class OUTPUT { reference result*: MEM; }
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What We Provide

Then, our system automatically verify it!

class INPUT{
reference SNS: SNSDB; }

class OUTPUT {
reference result*: MEM; }

select {result: $x}
where
{SNS: {member: $x}},
{name:  John} in $x

άhYΗέ
βOur checker is SOUND.
If it says OK, then the 
program never goes wrong.
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What We Provide

Then, our system automatically verify it!

class INPUT{
reference SNS: SNSDB; }

class OUTPUT {
reference result*: MEM; }

ά.¦DΗέ
select {result: $x}
where
{ _*: $x},
{name:  John} in $x

SNS

name

John

βOur checker provides
a COUNTER-EXAMPLE.
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Outline of the Rest of the Talk

How We Implemented This Verification

ïMonadic 2nd-Order Logic (MSO)

ïSchema to MSO

ïTransformations to MSO

ïDecide MSO: from Graphs to Trees
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Overall Picture

UnQL/ UnCAL
[Buneman, et.al. 00]

MSO Definable
Transduction
[Courcelle94]

KM3 Schema
[ATLAS Group]

MSO Logic

Nice Properties

MONA : MSO Solver
[Møller, et.al. 95-]

This 
Work

BwdInference
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Monadic 2nd-Order Logic

MSO is a usual 1stƻǊŘŜǊ ƭƻƎƛŎ ƻƴ ƎǊŀǇƘǎ Χ

Χ ŜȄǘŜƴŘŜŘ ǿƛǘƘ

(primitives) edgefoo(x, e, y)  start(x)
(connectives) P   P&Q   P᷉Q  ᶅ x.P(x)  ɱ x.P(x)

(set-quantifiers) sᶅetS. P(S)    ɱsetS.P(S)
(set-primitives) x ɴ S     SṖT
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Schema to MSO

ÅStraightforward

class OUTPUT { reference result*: MEM; }
class MEM { reference friend*: MEM;

reference name: STRING; }

sɱetOUTPUT.   ɱ setMEM.
( xᶅ. start(x) Ą x OɴUTPUT)
(᷈ xᶅ OɴUTPUT. ᶅe. ᶅ u.

edge(x,e,u) Ą edgeresult(x,e,u) & u MɴEM)
Χ᷈
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Transformation to MSO

Q:  What do we mean by
άǊŜǇǊŜǎŜƴǘƛƴƎ transformations in a{hέΚ

A: We convert ¦ƴv[Ωǎfunctional core language
into a (kind of) logic program in MSO.

edge[OUT]b (v, e, u) ᵾ
ǾɱΩŜΩǳΩ. edgea(ǾΩ,ŜΩ,uΩ) & v=ǾΩ& e=ŜΩ& u=ŜΩ

edge[OUT]d (v, e, u) ᵾ
ǾɱΩŜΩǳΩ. edgea(ǾΩ,ŜΩ,uΩ) & v=vΩ& e=ŜΩ& u=uΩ

Χ

select {result: $x}
where
{ _*: $x},
{name:  John} in $x
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Transformation Language

Åά/ƻǊŜ UnCALέ

ïLƴǘŜǊƴŀƭ wŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ άUnQLέ Č

E ::= { L1: E1, L2: E2Ɨ ƛƗ Ln: En}
| if L=L then E else E
| $G
| &
| rec ƽǻƽʙ,Ɨʙ'ƾƚ E)( Eƾ  ƴ ƛ

L ::= (label constant)
| $L  

select {result: $x}
where
{ _*: $x},
{name:  John} in $x
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Semantics of rec in UnCAL

rec(˂όϷ[ΣϷDύΦ
if $L = athen {b: {c: &}}

else {d: $G}
)($input_graph)

1 2

a

z

if $L = athen {b: {c: &}}
else {d: $G}

b

1 2

d

1 2

c

z

a

1 2

1 2

Decompose to
a set of edges!

b
1 2

c

d
1 2

a

z
Glue them!



20More Precise, MSO-Representable
άCƛƴƛǘŜ-/ƻǇȅέ {ŜƳŀƴǘƛŎǎ

if $L = athen {b: {c: &}}
else {d: $G} b

1 2

ca

1 2

1 2

Copy as needed! Glue them!

1 2

b

c

Transform to
what we want!

edge[112]b (v, e, u) ᵾ
ǾɱΩŜΩǳΩ. edgea(ǾΩ,ŜΩ,uΩ) & v=vΩ& e=eΩ& u=eΩ

edge[231]c(v, e, u) ᵾ
ǾɱΩŜΩǳΩ. edgea(ǾΩ,ŜΩ,uΩ) & v=eΩ& e=eΩ& u=ǳΩ


