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Property graph

We fix countably infinite and pairwise distinct sets O, £, K and V
of objects, labels, keys and values, respectively.



Property graph

We fix countably infinite and pairwise distinct sets O, £, K and V
of objects, labels, keys and values, respectively.
A property graph is a tuple G = (V, E, n, A\, 7) such that:
> V C O is a finite set of vertices,
» E C O is a finite set of edges with VN E = 0),
» n: E — V x Vis the incidence function assigning source and
target vertices to each edge.
> \: VUE — 2% is a labeling function such that A(o) is finite,
foreachoe VUE
» 7:(VUE) x K — Vis a partial function that assigns a value

to the properties of a vertex or edge; we write u.k as a
shorthand for m(u, k).



Property graph

We fix countably infinite and pairwise distinct sets O, £, K and V
of objects, labels, keys and values, respectively.

A property graph is a multilabeled multigraph with key-value pairs
on vertices and edges.



Property graph

An example

()
I

:container0f

my :Message my :Message

LoT
cred’
“na

email: p1@dmn. com
speaks: EN

:hasMember

p2 :Person :Student

:hasMember

W email: p2@dmn. com
y ks: EN
joinDate: 2012-07-21 [_“PS**®

Property graph instance based on the LDBC SNB Schema [Ang+20]
» \(p2) = {Person, Student}
» fi.name = Foo

» for all k € K, my.k is undefined



Conjunctive Queries
aka CQ

We fix Vars a countably infinite set of variables.
A conjunctive query is a tuple Q(X) = (Vqg, Eq,ng, A\q) Where:
» Vo C Vars is a finite set of vertex variables,
» Eqg C Vars is a finite set of edge variables with Vo N Eq =0,

» no: EqQ — Vo x Vj is a function that assigns source and
target vertices to each edge,

> \g: VoU Eq — 2% is a labeling function,
» X is a tuple of variables from Vg and Eg.



Conjunctive Queries
aka CQ

We fix Vars a countably infinite set of variables.
A conjunctive query is a tuple Q(X) = (Vqg, Eq,ng, A\q) Where:
» Vo C Vars is a finite set of vertex variables,
» Eqg C Vars is a finite set of edge variables with Vo N Eq =0,

» no: EqQ — Vo x Vj is a function that assigns source and
target vertices to each edge,

> \g: VoU Eq — 2% is a labeling function,
» X is a tuple of variables from Vg and Eg.
CQ + property map with an empty domain = property graph



Conjunctive Queries

Homomorphism, match

Let Q(X) = (Vo, Eq,ng, @) bea CQ and G = (V,E,n,\, ) be
a graph. A homomorphism from @ to G is a function
h: VqoUEg — V UE such that:

1. for all u € Vg, h(u) € V;

2. for all e € Eq, h(e) € E and n(h(e)) = (h(u1), h(u2)),
where (u1, u2) = ng(e);

3. forall o € Vo U Eqg, Ag(0) C A(h(0)).



Conjunctive Queries

Homomorphism, match

Let Q(X) = (Vo, Eq,ng, @) bea CQ and G = (V,E,n,\, ) be
a graph. A homomorphism from @ to G is a function
h: VqoUEg — V UE such that:

1. for all u € Vg, h(u) € V;
2. for all e € Eg, h(e) € E and n(h(e)) = (h(u1), h(w2)),
where (u1, u2) = ng(e);
3. forall o € Vo U Eqg, Ag(0) C A(h(0)).
A match for @ over a graph G is a homomorphism h from Q to G.



Conjunctive Queries

Homomorphism, match

Let Q(X) = (Vo, Eq,ng, @) bea CQ and G = (V,E,n,\, ) be
a graph. A homomorphism from @ to G is a function
h: VqoUEg — V UE such that:

1. for all u € Vg, h(u) € V;
2. for all e € Eg, h(e) € E and n(h(e)) = (h(u1), h(w2)),
where (u1, u2) = ng(e);
3. forall o € Vo U Eqg, Ag(0) C A(h(0)).
A match for @ over a graph G is a homomorphism h from Q to G.

The answer of Q(x1,...,xk) over G is:
Q(G) = {(h(x1),...,h(xk)) | his a match for Q over G}.



Conjunctive Queries

Examples

:containerOf

ea’gof

Tnastr

email: p1@dmn.com hasMemb email: p2@dmn.com
speaks: EN :hasflember speaks: EN
19 :hasMember joinDate: 2012-07-21 [_°P
X :Forum erson

Ql(G) (h(x), h(y)) | his a match for Q; over G}

p2 :Person :Student

:hasMember




Conjunctive Queries

Examples

:containerOf

p2 :Person :Student

ea{,of

Tnastr

email: p1@dmn.com hasMemb email: p2@dmn.com
. :haslember .
speaks: EN :hasMember joinDate: 2012-07-21 | SPeaks EN
Q1 =| x :Forum y :Person

Q1(G) = {(h(x),h(y)) | his a match for Q; over G}
= {(flv Pl), (fly p2)7 (fZ; pl)}

:hasMember




Conjunctive Queries

Examples

:containerOf

ot ea’gor

“na®

email: p1@dmn.com
speaks: EN :hasMember
. :hasModerator

G: =

@(G) = {(f,p1)}

p2 :Person :Student

:hasMember

:hasMember email: p2Q@dmn. com
: ks: EN
joinDate: 2012-07-21 [_*FE2




Conjunctive Queries

Examples

p2 :Person :Student

:container0f

my :Message

- ‘gaﬁc’r eator

:hasMember

Person hasModerator

email: pl@dmn com e - email: p2@dmn.com
name: L :hasMember speaks: EN
joinDate: 2012-07-21

speaks: EN :hasMember

03—.<—.—>.

{(p1, f1, p1), (p1, f1, p2), (p1, f1, m2), (p2, 1, p2),

(p2, f1, p1), (P2, 1, m2), (m2, 1, m2), (m2, f1, p1),
(m2, fi, p2), (P1, P2, p1), (p1, 2, m1), (M1, fo, my),
(

my, f2, p1), (p1, M1, p1)}



Outline

Constraint languages
Data predicates
GGDs & GFDs
PG-KEYS



Data predicates

Definition

Let x,y € Vars, a,b € K, and ¢ € V. Data predicates are:
(in)
(in)

» (in)equalities between a data value and a constant: x.a = c,
x.a # c;

> (in)equalities of identifiers: x =y, x # y;
» (in)equalities of data values: x.a = y.b, x.a # y.b;



Data predicates

Satisfaction

Let G = (V,E,n, A\, ) be a graph, h be a match over G for some
query Q, and p be a data predicate. h satisfies p (h |= p) if:
» pe{x=y,x#y}: x,y € Dom(h) and h(x) = h(y) (resp.
h(x) # h(y));
» pe{x.a=c,x.a#c}: x € Dom(h), (h(x),a) € Dom(n) and
m(h(x),a) = ¢ (resp. w(h(x),a) # c);
» pe{xa=y.b,x.a#y.b}: x,y € Dom(h),
(h(x), a), (h(y), b) € Dom(7) and 7(h(x),a) = w(h(y), b)
(resp. m(h(x),a) # 7 (h(y), b)).



Data predicates

Satisfaction

Let G = (V,E,n, A\, ) be a graph, h be a match over G for some
query Q, and p be a data predicate. h satisfies p (h |= p) if all
objects in p have a value and they are equal/different.



Data predicates

Satisfaction

Let G = (V,E,n, A\, ) be a graph, h be a match over G for some
query Q, and p be a data predicate. h satisfies p (h |= p) if all
objects in p have a value and they are equal/different.

It P={p1,...,pn}, hE P < Yi€[n],h}p;.



Data predicates

Satisfaction

Let G = (V,E,n, A\, ) be a graph, h be a match over G for some
query Q, and p be a data predicate. h satisfies p (h |= p) if all
objects in p have a value and they are equal/different.

It P={p1,...,pn}, hE P < Yi€[n],h}p;.

Given a query @ and a set of data predicates P, h is a match for
(Q, P) if it is a match for Q and h |= P.



Data predicates

Examples

:containerOf

0T
cred
“pas

email: p1@dmn.com
speaks: EN

P; = {y.speaks = EN}
h]_ DX fl

Yy = p1
hy is a match for (Q1, P1).

p2 :Person :Student

:hasMember

fi :Forum

W email: p2@dmn.com
. ks: EN
joinDate: 2012-07-21 _“Fos




Data predicates

Examples

:containerOf

0T
cred
“pas

email: p1@dmn.com W email: p2@dmn.com
speaks: EN ‘hasMember joinDate: 2012-07-21 | SPe2ks EN
Q1 = | x :Forum y :Person

P, = {x.name = Foo,y.email = y.email}
hy: x—= b

Yy = p1
hy is not a match for (Q1, P»).

p2 :Person :Student

:hasMember

fi :Forum




Data predicates

Examples

:containerOf

0T
cred
“pas

email: p1@dmn.com W email: p2@dmn.com
speaks: EN ‘hasMember joinDate: 2012-07-21 | SPe2ks EN
Q1 = | x :Forum y :Person

P, = {x.name = Foo,y.email = y.email}
h3 DX fl

Z—= p1
hs is not a match for (Q1, P»).

p2 :Person :Student

:hasMember

fi :Forum




Data predicates

Examples

:containerOf

0T
cred
“pas

email: p1@dmn.com W email: p2@dmn.com
speaks: EN ‘hasMember joinDate: 2012-07-21 | SPe2ks EN
Q1 = | x :Forum y :Person

P, = {x.name = Foo,y.email = y.email}
h]_ DX fl

y=p
hy is a match for (Q1, P2).

p2 :Person :Student

:hasMember

fi :Forum




Our cases of interest

Two cases of interest:
> CQ[=]: CQ with predicates of equality;
> CQ[=,#]: CQ with predicates of equality and inequality.



Graph Generating Dependency
aka GGD [SFY20]

A Graph Generating Dependency (GGD) is a tuple
(Qs(X), CGs(X) = (X, ), C:(X',¥)) where:

X and y are disjoint tuples of variables;

X CX;

Qs, Q: € CQ are the source/target queries;

vvyyypwy

Cs, C; are sets of data predicates.



Graph Generating Dependency
aka GGD [SFY20]

A Graph Generating Dependency (GGD) is a tuple
(Qs(X), CGs(X) = (X, ), C:(X',¥)) where:

> X and y are disjoint tuples of variables;

> X CX,

> Qs, Q: € CQ are the source/target queries;

» C, C; are sets of data predicates.
A GGD is in nGGD if |X'| < n.



Graph Functional Dependency
aka GFD [FWX16]

A Graph Functional Dependency (GFD) is a GGD where y is
empty and Q:(X) is trivial.
A GFD will be written as (Q(xX), Cs(X) = C:(X)).



Graph Functional Dependency
aka GFD [FWX16]

A Graph Functional Dependency (GFD) is a GGD where y is
empty and Q:(X) is trivial.

A GFD will be written as (Q(xX), Cs(X) = C:(X)).

A GFD is in nGFD if || < n.



GFDs & GGDs

Satisfaction

Let ¢ be a GGD.

A graph G satisfies ¢ (G = ) if for all matches hs of (Qs, C) in
G there exists a match h; for (Q:, C;) over G that is consistent
with hs, i.e. Vx € X', hs(x) = he(x).

Otherwise G violates ¢ (G [~ ¢).



GFDs & GGDs

Examples

:container0f

my :Message

-nad
: :hasModerator
email: p2@dmn.com

name: Foo :hasMember 5
speaks: EN :hasMember joinDate: 2012-07-21 | SPeaks:EN
GFD 01 = ((X) \:hasMember (Z) :hasMember (Y),®
= {x.speaks = y.speaks})
Two members of a same forum must speak the same language.

G ¢

(hte"“"or

p2 :Person :Student

:hasMember




GFDs & GGDs

Examples

:container0f

25CT a0t

R

p2 :Person :Student

:hasMember

- name: Foo :hasMember
:h ber joinDate: 2012-07-21

: :hasModerator P :
T email: p2@dmn.com
speaks: EN

email: p1@dmn.com
speaks: EN

GGD 0y = ((Z) :containerOf (y) :hasCreator (X),@

- (Z) :hasMember (X),@)

The creator of a message is a member of the forum where the mes-

sage is posted.
GE 2



GFDs & GGDs

Examples

:container0f

my :Message

Crea"‘or

-nad

email: p1@dmn.com
speaks: EN

GFD 3 = ((x: Forum) () = {x.name = x.name})
A forum must have a name.

GF&%

p2 :Person :Student

:hasMember

email: p2@dmn.com
:hasMember speaks: EN
301nDate 2012-07-21




PG-KEYS

[Ang+21]

A PG-KEY is an expression of the form:
FOR X WITHIN Qs(X), C5(X) EXCLUSIVE | MANDATORY | SINGLETON ¥/
WITHIN Q:(x,¥), Ce(x,Y)
where:
» X and y are disjoint tuples of variables;
> x EX;
> Qs, Q: € CQ are the source/target queries;

» C, C; are sets of data predicates;



PG-KEYS

[Ang+21]

A PG-KEY is an expression of the form:

FOR X WITHIN Qs(X), C5(X) EXCLUSIVE | MANDATORY | SINGLETON ¥/

WITHIN Q:(x,¥), Ce(x,Y)
where:
» X and y are disjoint tuples of variables;

X € X,
Qs, Q: € CQ are the source/target queries;
Cs, C; are sets of data predicates;

EXCLUSIVE, MANDATORY and SINGLETON are assertion keywords;

vVvYyyvyy

v = (v1,...,Vk) is a key expression, where for all i € [k],
vi € {z,z.a}, where z € {x} Uy and a € K.



PG-KEYS

[Ang+21]

A PG-KEY is an expression of the form:

FOR X WITHIN Qs(X), C5(X) EXCLUSIVE | MANDATORY | SINGLETON ¥/

WITHIN Q:(x,¥), Ce(x,Y)
where:
» X and y are disjoint tuples of variables;

X € X,
Qs, Q: € CQ are the source/target queries;
Cs, C; are sets of data predicates;

EXCLUSIVE, MANDATORY and SINGLETON are assertion keywords;

vVvYyyvyy

v = (v1,...,Vk) is a key expression, where for all i € [k],

vi € {z,z.a}, where z € {x} Uy and a € K.

An MPG-KEY is a PG-KEY that contains the assertion keyword
MANDATORY.



PG-KEYS

Satisfaction - Appetizer, round 1

Let G =(V,E,n, A\, ) be a graph, Q be a query and
v = (v1,...,Vk) be a key expression. A match h for Q over G
covers v if, for all i € [k]:

» if v; is a variable x, then x € Dom(h);

» if v; is of the form x.a then x € Dom(h) and
(h(x), a) € Dom(r).



PG-KEYS

Satisfaction - Appetizer, round 1

Let G = (V,E,n, A\, ) be a graph, Q be a query and
7 = (v1,...,Vk) be a key expression. A match h for Q over G
covers U if all objects of 7 have a value.



PG-KEYS

Satisfaction - Appetizer, round 2

Let G be a graph and ¢ be a PG-KEY. A witness for ¢ is a pair
(hs, ht) such that:

» hg is a match for (Qs, C5) over G;

» h; is a match for (Q:, C¢) over G that covers T and that is
consistent with hs.



PG-KEYS

Satisfaction - The main course

Let ¢ be a PG-KEY with assertion keyword
« € {MANDATORY, SINGLETON, EXCLUSIVE}. A graph G satisfies ¢
(G E ) if G satisfies the condition corresponding to a:

> « — MANDATORY: every suitable value for x must have a suitable
valuation for 7;

Otherwise we say that G violates ¢, denoted as G £ .



PG-KEYS

Satisfaction - The main course

Let ¢ be a PG-KEY with assertion keyword
« € {MANDATORY, SINGLETON, EXCLUSIVE}. A graph G satisfies ¢
(G E ) if G satisfies the condition corresponding to a:

> « — MANDATORY: every suitable value for x must have a suitable
valuation for 7;

> « = SINGLETON: every suitable value for x has at most one
suitable valuation for 7;

Otherwise we say that G violates ¢, denoted as G £ .



PG-KEYS

Satisfaction - The main course

Let ¢ be a PG-KEY with assertion keyword
« € {MANDATORY, SINGLETON, EXCLUSIVE}. A graph G satisfies ¢
(G E ) if G satisfies the condition corresponding to a:

> « — MANDATORY: every suitable value for x must have a suitable
valuation for 7;

> « = SINGLETON: every suitable value for x has at most one
suitable valuation for 7;

» o = EXCLUSIVE: two distinct suitable values for x cannot have
a common suitable valuation for 7.

Otherwise we say that G violates ¢, denoted as G £ .



PG-KEYS

Satisfaction - The main course

Let ¢ be a PG-KEY with assertion keyword
« € {MANDATORY, SINGLETON, EXCLUSIVE}. A graph G satisfies ¢
(G E ) if G satisfies the condition corresponding to a:

» o = MANDATORY: for all matches hs of (Qs, Cs) over G, there
exists hy such that (hs, hy) is a witness for ¢ over G;

» « = sIincLETON: for all witnesses (hs, ht) and (h, h) for ¢ over
G, if hs(x) = h.(x) then h (V) = h,(D);

» « = EXCLUSIVE: for all witnesses (hs, h¢) and (AL, h) for © over
G, if hi(v) = hi(v) then hs(x) = h5(x).

Otherwise we say that G violates ¢, denoted as G £ .



PG-KEYS

Examples

:container0f

my :Message

X
email: p1@dmn.com NE T —— email: p2@dmn.com
speaks: EN hasMember name: 00 | :hasMember speaks: EN
: joinDate: 2012-07-21
PG-KEY ¢4 = FOR z WITHIN (z:Message)
:hasCreator
SINGLETON X WITHIN (z) ——— (x)

A message has at most one creator.

G = ¢4

TpasCt eat®”

p2 :Person :Student

:hasMember




PG-KEYS

Examples

:container0f

my :Message

X
: :hasModerator P
email: p1@dmn.com - . email: p2@dmn.com
speaks: EN haslember : _‘hasMember speaks: EN
: joinDate: 2012-07-21

x:hasMember

- ‘gaﬁc’r eator

p2 :Person :Student

:hasMember

PG-KEY @5 = FOR x WITHIN (:Forum) (:Person)

MANDATORY X . joinDate WITHIN () = ()
We must know the date a person registered on a forum.

GF&%



Outline

Comparison of the expressive power
General results
CQ[=
CQ[=,#]



General results

Syntactic restrictions

For all query language:
» GFDs C GGDs;
» MPG-KEYS C PG-KEYS.



General results
GFDs vs. nGFDs

Lemma

Let ¥ =CQ and & = {P1,..., Py}, where Py,..., Py are
predicate symbols. Then, GFDs and nGFDs are equivalent,
where n is the maximal arity among P1, ..., Py.



General results
GFDs vs. nGFDs

Lemma

Let ¥ =CQ and & = {P1,..., Py}, where Py,..., Py are
predicate symbols. Then, GFDs and nGFDs are equivalent,
where n is the maximal arity among Py, ..., P.

Proof Sketch.
Just split the GFD (Q, Cs = {di,...,d:}) into t GFDs:

{(Q,Cs = {di}),...,(Q,Cs = {d:})}.



General results
nGGDs' hierarchy

Proposition
Let n < m. Then nGGDs C mGGDs for both CQ[=]
and CQ[=, #].

Proof Sketch - with n =2, m = 3.

N . X0
12
Qm—cycle = X1 ./ \. Qm—middle = X1 -Zt\é.
AR LA,
X3 X3

No set of 2GGDs VW can express the 3GGD
Y= (Qm-cyclea 0= Qm-middlea (D)



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.
G1 & Go:

» For each i € [2m], S; is a
set of 2m + 2 vertices.



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.
G1 & Go:

» For each i€ [2m], S;is a
set of 2m + 2 vertices.

» S U---USy, is a clique.



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.
G1 & Go:

» For each i € 2m], S; is a
\ set of 2m + 2 vertices.

Vo —> V3

€2
/el 63\
Vi Vs > vi,..., Vv, are vertices
\66 64/ that do not occur in
& / S1,...,5m and that form

a cycle.

Vo <— V5

» S U---USy, is a clique.



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.
G1 & Go:

» For each i € 2m], S; is a
e e set of 2m + 2 vertices.

S1U---USy, is a clique.

7

Vi,...,Vom are vertices
e Vi <—> that do not occur in
S1,...,S5m and that form
X / a cycle.
» For each i € [2m],
6 e Siu{vj|i#j}is aclique.

O



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.

G1 & Go:
» For each i € 2m], S; is a
e set of 2m + 2 vertices.

v

S1U---USy, is a clique.

» vi,..., Vo are vertices

Vo \
e \ that do not occur in
S1,...,5m and that form
/ a cycle.

» For each i € [2m],
Siu{vj|i#j}is aclique.
[



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.

Gl & GQZ

v

For each i € [2m], S; is a
set of 2m + 2 vertices.
S1U---USy, is a clique.
vi,..., Vo are vertices
that do not occur in

S1,..., 5, and that form
a cycle.

For each i € [2m],
Siu{vj|i#j}is a clique.
In Go, we add the vertex w

and its edges.
L]



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.
G1 & G22

X2

AN

(,OZXI . .

L

e<—e

&

2

s

= X1 _*3

>+ <o
A
.

N

G G = ¢
h(X17X27X3) = (62, €4, eﬁ)-



General results
nGGDs' hierarchy - cont'd

Proof Sketch - with n =2, m = 3.
Gl & GQZ /'\
p=rx

e <——
3

X:
;\jQ
t <o

TN

X3

G~ @ G = g
h(X17X27X3) — (6‘2, €4, 66).

With only two shared variables:
Gy ): V=G ’: v,

O



CQ[=]

Spoiler

We already know that:
» GFDs C GGDs;
» 2GFDs = GFDs (since =
is binary);
» GFDs for
CQ[=¢] € GFDs;
» MPG-KEYS C PG-KEYS.

PG-KEYS




CQ[=]

Spoiler

We already know that:
» GFDs C GGDs;
» 2GFDs = GFDs (since =
is binary);
» GFDs for
CQ[=¢] € GFDs;
» MPG-KEYS C PG-KEYS.

PG-KEYS

What's next:
» 1GGDs = MPG-KEYS
PG-KEYs C GGDs
PG-KEYS # GGDs (even with connected queries)
GFDs C PG-KEYS
GFDs # 1GGDs
PG-KEYS # MPG-KEYS
GFDs for CQ[=¢] # GFDsN1GGDs

vVvyvyvVvyYyypy



CQ[=]

Spoiler

We already know that:
» GFDs C GGDs;
» 2GFDs = GFDs (since =
is binary);
» GFDs for
CQ[=¢] € GFDs;
» MPG-KEYS C PG-KEYS.

PG-KEYS

What's next:
> 1GGDs=MPGKEYS (rewrite intuitively)
» PG-KEYs C GGDs: keyword EXCLUSIVE only

| 2
» GFDs C PG-KEYs

> GEDs£1GGDs (induced subgraph & two shared variables)
> PG KEys#£MPG-KEYs (duplicated graph)

G EDsHor COf=d = G166 DS (use =)




CQ[=]

PG-KEvs vs GGDs

We want to show that PG-KEYs C GGDs.
PG-KEY ¢ = FOR x WITHIN Qs(X), Cs(X) EXCLUSIVE ¥
WITHIN Q:(x,¥), Ce(x,Y)
G | o iff for all witnesses (hs, ht), (h., h}), if he(T) = (V) then
hs(x) = H.(x)T.

tintuitive version: two distinct suitable values for x cannot have a common
suitable valuation for 7.



CQ[=]

PG-KEvs vs GGDs

We want to show that PG-KEYs C GGDs.
PG-KEY ¢ = FOR x WITHIN Qs(X), Cs(X) EXCLUSIVE ¥
WITHIN Q:(x,¥), Ce(x,Y)
G | o iff for all witnesses (hs, ht), (h., h}), if he(T) = (V) then
hs(x) = h(x)T.
GGD ¢ = (Qs(X) A Qs(X') A Qe(x,7) A Qe(x',¥'),
C(x)U ) U Gi(x5) U X, 7') U {7 = 7)
=0,{x= x’})

tintuitive version: two distinct suitable values for x cannot have a common
suitable valuation for 7.
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PG-KEvs vs GGDs

We want to show that PG-KEvs C GGDs.
PG-KEY ¢ = FOR x WITHIN Qs(X), Cs(X) EXCLUSIVE ¥
WITHIN Q:(x,¥), Ce(x,Y)
G = o iff for all witnesses (hs, he), (h., h,), if hy(¥) = H,(7) then
hs(x) = hy(x)1.
GGD ¢ = (Qs(X) A Qs(X) A Qe(x,¥) A Qe(X,¥),
C(xX)U G(X)U Ce(x,y) U G(X, ¥ )u{v =7}
=0,{x= X’})

tintuitive version: two distinct suitable values for x cannot have a common
suitable valuation for 7.
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PG-KEvs vs GGDs

We want to show that PG-KEYs C GGDs.
PG-KEY ¢ = FOR x WITHIN Qs(X), Cs(X) EXCLUSIVE ¥
WITHIN Q:(x,¥), Ce(x,Y)
G | o iff for all witnesses (hs, ht), (h., h;), if he(7) = h.(V) then
hs(x) = h(x)T.
GGD ¢ = (Qs(X) A Qs(X') A Qe(x,7) A Qe(x',¥'),
C(x) U Gx) U Ge(x5) U Gl 7) U {7 = 7)
=0,{x= x’})

tintuitive version: two distinct suitable values for x cannot have a common
suitable valuation for 7.
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PG-KEvs vs GGDs

We want to show that PG-KEYs C GGDs.
PG-KEY ¢ = FOR x WITHIN Qs(X), Cs(X) EXCLUSIVE ¥
WITHIN Q:(x,¥), Ce(x,Y)
G | o iff for all witnesses (hs, ht), (h., h}), if he(T) = (V) then
hs(x) = h(x)T.
GGD ¢ = (Qs(X) A Qs(X') A Qe(x,7) A Qe(x',¥'),
C(x)U Gx) U Gi(x5) U X, 7') U {7 = 7}
=0,{x= x’})

tintuitive version: two distinct suitable values for x cannot have a common
suitable valuation for 7.
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PG-KEys vs GGDs - Example

PG-KEY ¢ = FOR x WITHIN (x:Person)

:hasCreator
EXCLUSIVE z WITHIN (z) ———— (x)
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PG-KEys vs GGDs - Example

PG-KEY ¢ = FOR x WITHIN (x:Person)

:hasCreator
EXCLUSIVE z WITHIN (z) ———— (x)

Two persons cannot write a same message.
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PG-KEys vs GGDs - Example

PG-KEY ¢ = FOR x WITHIN (x:Person)

:hasCreator
EXCLUSIVE Z WITHIN (z) ———— (%)

Two persons cannot write a same message.

Equivalent GGD:

¥e = ((x:Person) A (x':Person) A (z)
A (Zl) :hasCreator (X,) {Z iz/}

=0,{x =x'})

:hasCreator (X)
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PG-KEys vs GGDs - Example

PG-KEY ¢ = FOR x WITHIN (x:Person)

:hasCreator
EXCLUSIVE z WITHIN (z) ——— (x)

Two persons cannot write a same message.

Equivalent GGD:

Ye = ((x:Person)
=0,{x=x})

:hasCreator (Z) :hasCreator (x’:Person)
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GFDs vs PG-KEYs

We want to show that GFDs C PG-KEYSs.
GFD ¢ = (Qs(X), CGs(X) = C:(X)))
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GFDs vs PG-KEYs

We want to show that GFDs C PG-KEYSs.
2GFD ¢ = (Qs(x,y,2), Gs(x,y,2) = {x.a = y.b})
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GFDs vs PG-KEYs

We want to show that GFDs C PG-KEYS.
2GFD ¢ = (Qs(x,y,2), Gs(x,y,2) = {x.a = y.b})
W = {41, 10,13} with:
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GFDs vs PG-KEYs

We want to show that GFDs C PG-KEYSs.
2GFD ¢ = (Qs(x,y,2), Gs(x,y,2) = {x.a=y.b})
V= {1/)1, 1‘2,1593} with:

Y1 = FoR x WITHIN Q( x ,y',Z'), Cs( x ,y',Z)
MANDATORY X WITHIN Q(x,y,Z), Cs(x,y,Z) U{x.a = y.b}

For all matches hy, hy for (Q, Cs) such that hi(x) = ha(x), W
enforces that: hi(x.a) = hi(y.b) and ha(x.a) = ha(y.b);
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GFDs vs PG-KEYs

We want to show that GFDs C PG-KEYSs.
2GFD ¢ = (Qs(x,y,2), Gs(x,y,2) = {x.a = y.b})
V= {1/}1, 1,‘271/)3} with:

Y1 = FOR x WITHIN Q( x ,y',Z'), Cs( x ,y',Z)
MANDATORY x WITHIN Q(x,y,Z), Cs(x,y,Z) U{x.a = y.b}

n = FOR y wiTHIN Q(X, y ,Z'), Cs(X, ¥ ,Z)
MANDATORY y WITHIN (y), {y.b = y.b}

For all matches hy, hy for (Q, Cs) such that hi(x) = ha(x), W
enforces that: hi(x.a) = hi(y.b) and ha(x.a) = ha(y.b); hi(y.b)
is defined;
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GFDs vs PG-KEYs

We want to show that GFDs C PG-KEYs.
2GFD ¢ = (Qs(x,y,2), CGs(x,y,2Z) = {x.a = y.b})
W = {11, 10,13} with:

Y1 = FOR x WITHIN Q( x,y',Z), Cs( x,y',Z)

MANDATORY x WITHIN Q(x,y,Z), Cs(x,y,Z) U{x.a = y.b}
o = FOR y WITHIN Q(X', ¥ ,Z), G(X, ¥ ,Z)

MANDATORY y WITHIN (y), {y.b = y.b}

Y3 = FOR x WITHIN Q( x ,y’,Z'), Cs( x ,y',Z)
SINGLETON y.b WITHIN Q(x,y,Z), Cs(x,y,Z)

For all matches hy, hy for (Q, Cs) such that hi(x) = ha(x), ¥
enforces that: hi(x.a) = hi(y.b) and ha(x.a) = ha(y.b); hi(y.b)
is defined; hy(y.b) = ha(y.b).
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GFDs vs PG-KEYs - Example

GFD ¢7 = (Q(x,7,2),0 = {x.speaks = y.speaks})
Wlth Q(X,y,Z) _ ((X) :hasMember (Z) :hasMember (y))
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GFDs vs PG-KEYs - Example

GFD 7 = (Q(x,y,2),0 = {x.speaks = y.speaks})
with Q(x,y,z) _ ((X) :hasMember (Z) :hasMember (y))
Every member of a same forum must speak the same language.
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GFDs vs PG-KEYs - Example

GFD 7 = (Q(x,y,2),0 = {x.speaks = y.speaks})

Wlth Q(x,y,z) _ ((X) :hasMember (Z) :hasMember (y))

Every member of a same forum must speak the same language.
Equivalent set of PG-KEYS: W7 = {471,172, 173} with:




CQ[=]

GFDs vs PG-KEYs - Example

GFD ¢7 = (Q(x,y,2),0 = {x.speaks = y.speaks})

Wlth Q(x,y,z) _ ((X) :hasMember (Z) :hasMember (y))

Every member of a same forum must speak the same language.
Equivalent set of PG-KEYS: W7 = {471,172, 173} with:

171 = FOR X WITHIN Q(x,y’,2°)
MANDATORY X WITHIN Q(X,Y,2z), {x.speaks = y.speaks}

Every x has a “speaks” key and some member y sharing a forum
with x speaks the same language
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GFDs vs PG-KEYs - Example

GFD g7 = (Q(x,y,2),0 = {x.speaks = y.speaks})

With Q(X,y,Z) _ ((X) :hasMember (Z) :hasMember (y))

Every member of a same forum must speak the same language.
Equivalent set of PG-KEYS: W7 = {471,172, 173} with:

171 = FOR X WITHIN Q(x,y’,2°)

MANDATORY X WITHIN Q(x,y,2z), {x.speaks = y.speaks}
()7 > = FOR y WITHIN Q(x,y,2)

MANDATORY y WITHIN (y),{y.speaks = y.speaks}

Every x has a “speaks” key and some member y sharing a forum
with x speaks the same language, every such member y has a
“speaks” key
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GFDs vs PG-KEYs - Example
GFD ¢7 = (Q(x,y,2),0 = {x.speaks = y.speaks})
with Q(x,y,2) = () (hasllember ) :haslember, )
Every member of a same forum must speak the same language.
Equivalent set of PG-KEYS: W7 = {471,172, 173} with:

71 = FOR x WITHIN Q(x,y’,2?)

MANDATORY X WITHIN Q(x,y,2z), {x.speaks = y.speaks}
)7 > = FOR y WITHIN Q(x,7y,2)

MANDATORY y WITHIN (y),{y.speaks = y.speaks}
173 = FOR X WITHIN Q(x,y’,2”)

SINGLETON y.speaks WITHIN Q(x,y,2z)

Every x has a “speaks” key and some member y sharing a forum
with x speaks the same language, every such member y has a
“speaks” key, and all these members speak the same language.
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Spoiler

PG-KEYs

1G§Ds GFDs for GFDs

MPG-KEYS CQl=e % 2GFDs

Other cases are similar.

What changes:

» 1GGDs =
MPG-KEYS = PG-KEYS;

» GFDs C 1GGDs.
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Spoiler

PG-KEYs

1GGDs

GFDs for GF;DS
Cl=e2d  Harps

Other cases are similar.

MPG-KEYS

What changes:

> 1GGDs =
MPG-KEYS = PG-KEYS:
by an example;

> CEDsC 1GGDs.
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MPG-KEYSs vs PG-KEYS - Example

PG-KEY g = FOR z WITHIN (z:Message)

:hasCreator
SINGLETON X WITHIN (x) ¢— " (2)

Each message has a unique creator
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MPG-KEYSs vs PG-KEYS - Example

PG-KEY g = FOR z WITHIN (z:Message)

:hasCreator
SINGLETON X WITHIN (x) ¢—— (2)

Each message has a unique creator, i.e. a message cannot have two
different creators.
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MPG-KEYSs vs PG-KEYS - Example

PG-KEY ¢g = FOR z WITHIN (z:Message)

:hasCreator
SINGLETON X WITHIN (x) +——— (2)

Each message has a unique creator, i.e. a message cannot have two
different creators.

MPG-KEY g = FOR z WITHIN (z:Message)
:hasCreator

A (z) —————— (%)

A (Z) :hasCreator (X’),{X 7& X’}
MANDATORY z WITHIN (2),{z # z}



CQ[=, #]

MPG-KEYSs vs PG-KEYS - Example

PG-KEY g = FOR z WITHIN (z:Message)

:hasCreator
SINGLETON X WITHIN (x) +——— (2)

Each message has a unique creator, i.e. a message cannot have two
different creators.

MPG-KEY t¢g = FOR z WITHIN (z:Message)
N (2) (x)

A (Z) :hasCreator (X’),{X ?é X’}
MANDATORY z WITHIN (z),{z # z}
Check for matches that do not share the same value for x.

:hasCreator



CQ[=, #]

MPG-KEYSs vs PG-KEYS - Example

PG-KEY @g = FOR z WITHIN (z:Message)

:hasCreator
SINGLETON X WITHIN (x) ———— (=z)

Each message has a unique creator, i.e. a message cannot have two
different creators.

MPG-KEY tg = FOR z WITHIN (z:Message)

A (Z) :hasCreator (X)
A (Z) :hasCreator (X 5 ) ’ {X 7& x? }
MANDATORY z WITHIN (z),{z # z}

Check for matches that do not share the same value for x.
Similar trick if the keyword is EXCLUSIVE.
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