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GraphQL

Language for specifying the interfaces of web data services and
their query mechanism

query {
artist  (id : 1000) {

name
artworks (role : ACTOR){
title

OartistO  : {
OnameO: OTom HanksO,
OartworksO |

{
OtitteO : OToy StoryO
h
{ o \ ,
OtitleO . OForrest GumpO
b
E
]
}
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First language formalizatiojiartig & PZrez, WWWO18]

Paper & pencil formalization to study complexity properties.

l ! if u,f[!])! dom(") |

wo_ PO EN])
e =t else.
! _ )
b f:[{!#"gl}aé{a#"!Gk}] if typeg (f) ! Lyand{$1, ... Sk} = {&i |u.f['1.$i)! E}
[ I{#YS = # 1 !#"!G} if typeg(f)! Lrand(u,f[!],$)! E
$ f:null if typeg(f)! Lrandthereisnd ! N s.t.(u,f[!],$)! E
b !:[{!#"’Gl}éa{a#"!ek}] if typeg (f) ! Lyand{$1, ... Sk} = {&i |u.f['1.$i) ! E}
If[l ]{#}"% =f 1:{ !#"!G} if typeg(f)! Lrand(u,f[!],$)! E
$ !':null if typeg(f)! Lrandthereisndg ! N s.t.(u,f[!],$)! E
b !#"g ift ! Grand%u)=t,ort ! ITand%u) ! implementatiog (t), or
lon t{#}"e = f t | Urand%u) ! uniong(t)
$ & in other case.

#1488 "% = collect(!#1"% & &ld, "L)
G @ k G

' Figure 5: Semantics of a GraphQL query. '
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Our contribution

N

GraphCoQL

First mechanized formalization of
GraphQL in the Coq proof assistant
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Schema

Describes how data is structured and queried

type Artist {

id: ID
object name: String
type artworks (role : Role ). [ Artwork ]
}

interface Movie {
id: 1D

interface title .: String
year : Int
type cast :[ Artist ]
}

type Fiction implements  Movie {
E

}

type Animation implements  Movie {
E

style : Style
}
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Schema

Describes how data is structured and queried

type

7

[

Interface
type

;

type Artist {
id: ID
name: String
artworks (role : Role):[ Artwork ]

}

interface Movie {
id: 1D
title . String
year . Int
cast :[ Artist ]

}

type Fiction
E
}

implements  Movie {

type Animation implements  Movie {
E
style : Style

}

enum Role {
ACTOR
DIRECTOR
WRITER

{

enumeration
type

|




Schema

Describes how data is structured and queried

type Artist {

id: ID
object name: String
type artworks (role : Role):[
}

interface Movie {
id: 1D

[

interface title .: String
year : Int
type cast :[ Artist ]

}

type Fiction implements

E
}

type Animation implements

E
style : Style
}

Artwork ]

Movie {

Movie {

enum Role {
ACTOR

DIRECTOR

WRITER

union Artwork =

type Book {E}

{

enumeration
type

Fiction
Animation
| Book

{ union type )




Schema

Describes how data is structured and queried

- enum Role { _
typ-?j .Aﬁ“St{ ACTOR enumeration
i name Sir DIRECTOR type
object name; String RER
type artworks (role :Role):[ Artwork ] )
}
|nt?drfe:tce|D Movie { union Artwork = Fic_tion_ { union type J
: titte : String | Animation
Interface . | Book
year : Int
type cast :[ Artist ]
} type Book { E}
type Fiction implements  Movie {
: type Query { ([
) yP / entry points

artist (id : ID): Artist

Animati impl Movi movie (id : ID): Movie < for querying
type Animation  implements Movie { | the datacet

E \

style : Style
}



Schema

Describes how data is structured and queried

' T; l Inductive TypeDefinition : Type :=

yPEDeﬁnitiOW : | ScalarTypeDefinition (name : Name)
ScalarTypeDeﬁnition | ObjectTypeDefinition (name : Name)
o (interfaces : seq Name)
Object TypeDefinition (fields : seq FieldDefinition)
InterfaceTypeDeﬁnition | InterfaceTypeDefinition (name : Name)
’ o (fields : seq FieldDefinition)
UTllOTlTyPEDeflT’lltlon | UnionTypeDefinition (name : Name)

EnumTypeDefinition - (members : seq Name)
| EnumTypeDefinition (name : Name)

L InputObjectTypeDeﬁnitiou (members : seq EnumValue).
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Graph data model

Datasets are modeled as directed property graphs, with labeled
edges and typed nodes.
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Query evaluation

Queries are evaluated by traversing the graph and collecting nodesO properties

Query

query {
artist  (id : 1000) {
name
artworks (role : ACTOR){
title
}
}
}

movie[id:2000]

Fiction

id: 2000
title: “Forrest Gump”
year: 1994

artworks[role:ACTOR]

artworks[role:WRITER] < > author
id: 3000
title: “Uncommon Type”

Response (" la JISON)
{

Dataset

}

movie[id:2001] }

artist[id:1000]

artworks|[role:ACTOR]

Animation

id: 2001
title: “Toy Story”
year: 1995

style: “3D"

id: 1000
name: “Tom Hanks”

year: 2017
ISBN: 1101946156




Query evaluation

Queries are evaluated by traversing the graph and collecting nodesO properties

Query Response (" la JISON)

query { {
artist  (id : 1000) {
name
artworks (role : ACTOR){
title

} Dataset
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Query evaluation

Queries are evaluated by traversing the graph and collecting nodesO properties

Query Response (" la JISON)
query { {
mp artist  (id : 1000) { OartistO  : {
}
} Dataset

artist[id:1000]

id: 1000
name: “Tom Hanks”
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Query evaluation

Queries are evaluated by traversing the graph and collecting nodesO properties

Query Response (" la JISON)
query { 1 ,
( ) OartistO  : {
mp name OnameO: OTom HanksO,

} Dataset

id: 1000
name: “Tom Hanks”
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Query evaluation

Queries are evaluated by traversing the graph and collecting nodesO properties

Query Response (" la JISON)
query { { )
( ) OartistO  :{
OnameO: OTom HanksO,
mp artworks (role : ACTOR( OartworksO [
title {
} OtitleO : E
} }’
} Dataset { _ ,
OtitleO : E
2
]
}
}

artworks|[role:ACTOR] artworks|[role:ACTOR]

Animation

id: 2001
title: “Toy Story”
year: 1995
style: “3D"

id: 2000
title: “Forrest Gump”
year: 1994

id: 1000
name: “Tom Hanks”

13
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Query evaluation - Peculiarities

Query evaluation is not compositional

query {
artist  (id : 1000) {
name
}

s artist  (id : 1000) {
artworks (role : ACTOR){
title

{

2

OartistO  : {
OnameQO: OTom HanksO,

OartistO  : {
OartworksO |

14



Query evaluation - Singularities

Query evaluation is not compositional

Selections are Ofactored-outOn between the recursive calls

{
query { QartistO  :{ ,
artist  (id : 1000) { 82?1&55)(500@? Hankso,
name {
) £
artist  (id : 1000) {
artworks (role : ACTOR){ }’
} )
} ] ’
} )
}

15



Query evaluation - Singularities

Query evaluation is not compositional

Selections are Ofactored-outOn between the recursive calls

{
query { QartistO  :{ ,
artist  (id : 1000) { 82i$§$8'OOT.°[m Hankso,
nName {
) =
artist  (id : 1000) {
artworks (role : ACTOR){ }’
} )
} ] ’
} )
}
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NormalizatiomH&pr, WwwO18]

Queries admit a normal form that can be evaluated purely compositionally
and signibcantly simplibes reasoning
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NormalizatiomH&pr, WwwO18]

Queries admit a normal form that can be evaluated purely compositionally
and signibcantly simplibes reasoning

ButE.

<~ Normalization procedure not provided

¥ No correctness proof

17
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Query normalization

¥ Certifled normalization algorithm

Theoremnormalized _query_iIs_In_nf
L (" : query) (s : wfGraphQLSchema
IS_in_normal form s (normalize s ").

Theoremnormalize preserves_semantics
L (" : query) (s : wfGraphQLSchemdg : conformedGraph &,
eval query (normalize s ") g s = eval query " g s.
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Query normalization

¥ Certifled normalization algorithm

Theoremnormalized _query_iIs_In_nf
L (" : query) (s : wfGraphQLSchema
IS_in_normal form s (normalize s ").

Theoremnormalize preserves_semantics
L (" : query) (s : wfGraphQLSchemdg : conformedGraph &,
eval query (normalize s ") g s = eval query " g s.

¥ Simplified evaluation for queries in normal form

Theorem simpl_eval correctness

V (¢ : query) (s : wfGraphQLSchemdg : conformedGraph &,
IS_in_normal_form s ¢ ->
eval_query ¢ g s = simpl_eval query ¢ g s.

18



Formalization evaluation and detalls



Evaluation

Effectivity
Uncovered two Issues in H&P formalization:

¥ Flawed definition of normal form
¥ |ncomplete set of equivalence rules for normalization
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Evaluation

Effectivity
Uncovered two Issues in H&P formalization:

¥ Flawed definition of normal form
¥ |ncomplete set of equivalence rules for normalization

Faithfulness
Validated with a series of examples from different sources:

¥ Examples (41) from the Spec validation section*
¥ Star Wars example from GraphQL reference implementation
¥ Example used in H&P

* https://graphgl.github.io/graphql-spec/June2018/#sec-Validation

20
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Conclusion

Contribution

¥ First mechanized formalization of GraphQL in the Coqg proof assistant
¥ Certified query normalization algorithm

¥ Uncover issues In initial formalization [H&P, WWW18]

21



Conclusion

Contribution

¥ First mechanized formalization of GraphQL in the Coqg proof assistant
¥ Certified query normalization algorithm

¥ Uncover issues In initial formalization [H&P, WWW18]

Future work

¥ Further GraphQL features
¥ Extraction (certified reference implementation)

¥ More general data models

21



Conclusion

Contribution

¥ First mechanized formalization of GraphQL in the Coqg proof assistant
¥ Certified query normalization algorithm

¥ Uncover issues In initial formalization [H&P, WWW18]

Future work

¥ Further GraphQL features
¥ Extraction (certified reference implementation)

¥ More general data models

Thanks!

21
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Back up slides



Formalization details

Effort
¥ 3.6K LOC (language) + 1K (normalization) + 2K LOC (evaluation) = 6.6K LOC

¥ 8 man-months
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Formalization details

Effort
¥ 3.6K LOC (language) + 1K (normalization) + 2K LOC (evaluation) = 6.6K LOC

¥ 8 man-months

Publicly available

https://github.com/imfd/GraphCoQL

23
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Queries

Queries have a tree structure, following the fields and relations
established by the schema

type Query {
artist  (id : ID):
query { movie (id : ID):

}

24



Queries

Queries have a tree structure, following the fields and relations
established by the schema

type Query {
query { artist ((Id:. ):).
artist  (id : 1000) { )
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Queries

Queries have a tree structure, following the fields and relations

established by the schema

query {
artist

(id : 1000) {

type Query {
artist  (id : ID):
(id:ID):
}

type Artist {
id :
name:
artworks (role : ): [

}
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Queries

Queries have a tree structure, following the fields and relations
established by the schema

type Query {

artist  (id : ID):
query {_ | Lesle
artist  (id : 1000) { )
name |
) artworks (role : ACTOR){ type _Artlst{
E name:
artworks (role : ): [
}
}
E
}
}
}
}
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Queries

Queries have a tree structure, following the fields and relations

established by the schema

query {

artist  (id : 1000) {

name

artworks (role

E

ACTOR){

type Query {
artist  (id : ID):
(id:ID):
}

type Artist {
name:

artworks (role : ): [

}

union Artwork =
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Queries

Queries have a tree structure, following the fields and relations

established by the schema

query {
artist (id : 1000) {
name
artworks (role : ACTOR){
E on {
g
E on {
}
}
}
}

type Query {
artist  (id : ID):
(id:ID):
}

type Artist {
name:

artworks (role : ): [

}

union Artwork =

29



Queries

Queries have a tree structure, following the fields and relations

established by the schema

query {
artist (id : 1000) {
name
artworks (role : ACTOR){
E on {
title
style
g
E on {
title
releaseYear :year
}
}
}
}

type Query {

}

artist

(id : ID):

( ):

type Artist {

}

name:.

artworks (role : ): [

union Artwork =

interface

}

title
year :

Movie {

type Animation implements  Movie {

E

style

30



Graphs in GraphCoQL

Record label :=

Label { lname : string; args : seq (string * Value) }.

Record node :=

Node { ntype : Name; nprops : seq (label * Value) }.

Record graphQLGraph :

GraphQLGraph { root :
S :

edge

node;
seq (node * label * node) 7.

31



Queries in GraphCoQL

query (nama? {T}

L= 7]

af[ "]
f171{T}

afl "]{T}
.ont{ T}

Record query =

Inductive Selection

Query { gname: option string ;
selection_set : seq Selection }.

. Type =
SingleField (name: Namg
(arguments : seq (Name* Value))
SingleAliasedField (alias : Namg
(name: Nampg
(arguments : seq (Name* Value))
NestedField (name: Namg
(arguments : seq (Name* Value))
(subselections : seq Selection)
NestedAliasedField (alias : Namg
(name: Namg
(arguments : seq (Name* Value))
(subselections : seq Selection)
InlineFragment (type_condition : Namg
(subselections : seq Selection ).

32



GraphCoQL responses

1), (F 1))

- =l
L
— N

Inductive ResponseValue: Type :=

| ScalarVal

| ObjectVal :
| ArrayVal :

Definition

. option Scalar -> ResponseValue
seq (Name* ResponseValugé -> ResponseValue
seq ResponseValue> ResponseValue

GraphQLResponse= seq (Name* ResponseValug

33



Query evaluation

!é“é : seq Selectidn GraphQLResponise

14 = [4]
[ 7] = #"§ = f: (completevalug! ype(u.type f), u.propertyfl ™1))) :: 1" lter(f,#)"§
’ f:l map(%& {!$ + mergeécollec(u.typef,#))"!Gi}) u.neighborg(fl ™1)] = !" Iter(f, #)"
) i if | ype(u.type f) = list and{&, ... &} = {& | U,f["]1.&) " edgetd)}
I "1{ 8} nFg = F{1$H mergécollecfu.type f,#))"'-} = 1" Iter(f, #)"%
i if | ype(u.typef)! listand(u,f["],&) " edgetG)
ghnull 21" lter(f, #)"Y, if 1 ypg(u.typef)! listand#&s.t.(u,f["],&) " edges)

% _
1$ + #"‘é if fragment type appliegu.typet)

.ont{ $ FU =
t % G 7Y, otherwise

34



Query normalization

Nts(&): seq Selectidn seq Selectign

Nis(a) = [&]
Nis(f[ T] =) = f[ ] 2 Nes(! lter(f,™))
#!éf[ T{ N- ypdts,f)(E‘H' mergécollec(ts, f,™)))} :: Nis(! Iter(f,™)) if is_objecttype(" ype(ts, f))
Nes(f[ T1{# =™) = ,f TT{ map($ti.... on t; {Ny#+ mergécollecits f,™)))}) get possibletypests)} :: Nis(! lter(f,™))
é/ otherwise

Nis(# + ™) if fragment type appliegts, t)

Nis(... on t { # =™) =
ts{ tAET) Nts(™) otherwise



Query normalization

query {

movie (id : 2000) {
title

movie (id : 2000) {

E on Animation {
style

}

}
}

query {

movie (id : 2000) {

E

on Animation
title
style

on Fiction
title

{

{

36



Evaluation

Effectivity

Uncovered two issues in H&P formalization

query {
artist  (id : 1000) {

name
name:name

query {
movie (id : 2000) {
title
}

E on {
movie (id : 2000) {
style

37



Evaluation

Effectivity

Uncovered two issues in H&P formalization

¥ Definition of normal form doesnOt properly handle the case where
unaliased and aliased fields share the same response name

query {
artist  (id : 1000) {
name
name:name

query {
movie (id : 2000) {
title
}

E on {
movie (id : 2000) {
style

-

Wrongly recognized as
being in normal form
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Evaluation

Effectivity
Uncovered two i1ssues in H&P formalization

¥ Definition of normal form doesnOt properly handle the case where
unaliased and aliased fields share the same response name

query {
artist  (id : 1000) { Wronaly recognized as
rame <= Jly Tecog

name:name being in normal form

¥ Set of equivalence rules for normalization is incomplete

query {
movie (id : 2000) {
title
} { 4= Cannot be normalized
E on

movie (id : 2000) {
style

37



