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What problem are we trying to solve?

o Major benefit of GraphQL

o Get many resources in a single request

e Drawback of this

e YOUr page loads as fast as its slowest piece of data

« Defer and stream allows you to deprioritize parts of your query to lower latency
of the most important parts




What is @defer and @stream?

« New directives for GraphQL

e [he goalis to prioritize the

delivery of esse

o Client tells Grap
parts of the que

ntial data

NQL server which
'y can be deferred

e Allows the non-deferred data to
be returned to clients sooner

query {
person(id: "1") {

h

¥

. . .HomeWorldFragment @defer(label: "homeWorldDefer™)
name

films @stream(initialCount: 2, label: "filmsStream™) {
title

¥

fragment HomeWorldFragment on Person {
homeworld {

¥

¥

name



@defer

directive @defer(if: Boolean! = true, label: String) on FRAGMENT_SPREAD | INLINE_FRAGMENT

o [he @defer directive may be specified on a fragment spread or inline fragment.

o if: Boolean! = true

« When true fragment may be deferred, defaults to true.

o label: String

o« A unique label across all @defer and @stream directives in an operation.



@stream

directive @stream(if: Boolean! = true, label: String, initialCount: Int) on FIELD

« [he @stream directive may be provided for a field of List
o if: Boolean = true
« When true list items are streamed, defaults to true.
o label: String
« A unique label across all @defer and @stream directives in an operation.
e InitialCount: Int

o The number of list items the server should return as part of the initial payload.






Why @defer and @stream?

o Why not multiple queries?

« Figuring out how to cho

those

reques’

'S ONn the ¢

D Up your query into different pieces and coordinating

lent.

o Additional roundtrip cost of making separate GraphQL queries.

o N+1, Later queries may require input from previous queries



Why @defer and @stream?

o Why not subscriptions?

e Subscriptions communicate real time events

o Defer and stream prioritize the delivery of essential data

o Results can be delivered over a short lived chunked http connection

o Uses simple HIT TP infrastructure, no websockets or stateful connections
‘equired.




Current status of @defer and @stream

o First proposed to the GraphQL WG based on Facebook implementation

« New response format developed
o Current protocol has been stable for 2+ years
o Implemented in GraphQL-JS v1/7.0.0 beta and others
o Spec edits are written and under final review by the GraphQL WG:

« https://github.com/graphgl/graphgl-spec/pull/1110



https://github.com/graphql/graphql-spec/pull/1110

Can | use?

YES! https://caniuse.graphql.now/feature/defer.html

Servers: Clients:

o GraphQL-JS v1/7.0.0-betal o Apollo Client v4.

o Apollo Server v5.1.0 o Apollo Kotlin v5.0.0

« Hot Chocolate V1o o Urglv2.3.0

(Gateways: o Relay (main branch, requires adapter)

o GraphQL Fusion v16


https://caniuse.graphql.now/feature/defer.html

@defer Response Format

pending — @defer at given path with label has been assigned an id
and will be delivered incrementally

hasNext — A boolean that is present and true when there are more
responses that will be sent for this operation.

incremental — The data that is being delivered incrementally.

completed —all the data for the given id has been delivered

query {
hero(id: "1") {

¥

h

.. .HomeWorldFragment @defer(label: "homeWorldDefer")
hame

fragment HomeWorldFragment on Person {
homeworld {

h

¥

name

// Payload 1
{
"data": {
"hero": {
"name": "Luke Skywalker™

¥

"pending": [{
Il_i_dll: Il@ll,
"path": ["hero"],
"label"”: "homeWorldDefer",

// Payload 2
{

"incremental”: [{
"1d": "O",
"data": {
"homeworld": {
"name": "Tatooine"

¥
¥

"completed": [{ "id": "0" }],
"hasNext": false




// Payload 1

{
"data": {

@stream Response Format| -

"films": [{ "title": "A New Hope" }]

¥

pending — @stream at given path with label has been assigned an "pending": [{

id and additional list items will be delivered incrementally "id": "Q",

"label": "filmsStream",

: "path": ["hero", "films"]
hasNext — A boolean that is present and true when there are more

responses that will be sent for this operation.

Incremental —new list items to append to the streamed list 7/ Payload 2

{
path — A list of keys from the root of the response to the insertion "if,‘?gﬁmef]gﬂl" [
: a . 5
pomt "1tems": [{"title": "The Empire Strikes Back"}]
H,
completed —all the data for the given id has been delivered : “hasNext™: true
query 1 // Payload 3
hero(id: "1") { {
name "incremental":[{
films @stream(initialCount: 1, label: "filmsStream") { "id": "0",
title "1tems": [{"title": "Return of the Jedi"}]
),
¥ "completed": [{ "1d": "0@" }],
3 "hasNext": false

h }




Older protocols

o [he response format has evolved over time as we've been developing this
feature

o |f you're using @defer or @stream now, you may be using an older protocol

o graphgl-js@16.1.0-experimental-stream-defer.6



You should upgrade!

o By upgrading to the latest spec proposal your application might see major

ne |atest

°
| )

cluded

oroposal e

N both defe

-

performance improvements

sures fields are o

red and non-defe

-

ly executed once, even if they are

red fragments

o Previous iterations would cause resolvers to be executed multiple times.

o Latest spec: GraphQL-JS v1/7.0.0-alpha./ or later

o [ransform modern format to legacy format: @yaacovcr/transtorm



Example - old version

// Initial payload

{
person(id: "1") {
query { firstName
person(id: "1") { 1
. . .HomeWorldFragment @defer(label: "homeWorldDefer™) 1
. . .NameAndHomeWorldFragment @defer(label: "nameAndWorld")
firstName

¥
¥

fragment HomeWorldFragment on Person {

// First Deferred Payload

{
horrr:zvn\qlce)rld { F_ Id homeworld {
climate IE} nﬁme t
, climate

Execution }

} }

fragment NameAndHomeWorldFragment on Person {
firstName

LastName // Second Deferred Payload
homeworld {
name
1 firstName
} LastName

homeworld {
name

h
¥




Example - old version

query {

h

fragment HomeWorldFragment on Person {

h

fragment NameAndHomeWorldFragment on Person {

h

person(id: "1") {

.. .HomeWorldFragment @defer(label: "homeWorldDefer™)
. . .NameAndHomeWorldFragment @defer(label: "nameAndWorld")

firstName

¥

homeworld {
name
climate

¥

firstName

lLastName

homeworld {
name

h

// Response 1

{

¥

"data": {
"person": {
"firstName": "Luke"

¥
¥

"hasNext": true

// Response 2

{

¥

"label"”: "HomeWorldDefer",
"data": {
"homeWorld": {
"name": "Tatooine",
“climate”: "desert",

¥
¥

"hasNext": true

// Response 3

{

"label"”: "nameAndWorld",
"data": {
"firstName": "Luke",
"lastName": "Skywalker",
"homeWorld": {
"name": "Tatooine"

¥
¥

"hasNext": false



Example - old version

me {
1d
.. @defer(label: "1") { 1d bio } }
.. @defer(label: "2") { age bio }
.. @defer(label: "3") { dob bio }
.. @defer(label: "4") { avatarUrl bio }
.. @defer(label: "5") { name b1io}
.. @defer(label: "6") { joinedAt bio }
.. @defer(label: "7") { lastSeen bio }
... @defer(label: "8") { location bio }
}



Example - old version

Without @defer this is equivalent to

me {
1d

... @c
... @
... @
... @¢
... @c
... @c
... @c

. @¢

efer(l
efer(l
efer(l
efer(l
efer(l
efer(l

efer(l
efer(l

Q Q9 9 Q9 Q Q Q Q

el :
el :
el :
el :
el :
el :
el :

nel :

o~ UTD WN -
U U U U U UL

{ 1d bio } }

{ age b1io }
{ dob bio }
{ avatarUurl
{ name bio}
{ joinedAt
{ lastSeen
{ location

bio }

D10 }

D10 }
D10 }

me {

1d

name

bio

age

dob
avatarUrl
joinedAt
lastSeen
location



"data": {
"me": {
"id": 1
by
- }
Example - old version
{
"label"”: "1",
"path": ["me"],
"data": { "id": 1, "b1io": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt

With @defer - response eXPIOSion ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fus

mollit anim id est laborum."}

¥
{

Illabe'l-ll:llzll’

|lpathll:[llmell]’

"data": { "age": 19, "bio": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididut
ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fu
mollit anim id est laborum."}

i }
{
me { Il'I-abe'I-ll:ll3ll’
° d Ilpathll:[llme"],
1 "data": { "dob": "19 BBY", "bio": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor in
. 7. "1qmn . . laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum
* o o @Ceferlc LdpeL. 1 ) { -I-d b-l-o } } deserunt mollit anim id est laborum."}
- 1. "1HN .
... @defer(label: "2") { age bio } !
- - . " " [ ] II'I- b 'I-Il:ll4ll,
... @defer(label: "3") { dob bio } ot Pt
- - ° " " L4 m Il: mn |l: mn .. n n e Il: n e e e - - - .
o @C e-Fer.( 'abel: 4 ) _{ avata r.U r.'l_ b-LO } da#a .{. avatat."Ur'} , "bio Lorem ipsum dolor §1t amet, cor\sectetur adlp}scw'mg elit, sed do.elusmod ’Femp0|
laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum
. 1. "N . . L .
o @C efel"( ' abel : 5 ) _{ name b-l_o} ?eser'unt mollit anim id est laborum."}
- 1. "Io/on c .
... @defer(label: "6") { joinedAt bio } L
. 1. 1n=n . " W
... @defer(label: "7") { lastSeen bio } path”:["me"], | | | o | |
) ) . . "data": { "name": "Luke", "bio": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 1inc
v e @C efer'c . abel: "8") { locatlon N10 } nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore ¢

mollit anim id est laborum."}

} }

{
} Illabelll:"6"’
Ilpathll : [Ilmell] ,
"data": { "joinedAt": "2024-09-10", "bio": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod -

ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esst
officia deserunt mollit anim id est laborum."}

¥
{
Il'I-abe'I-ll:"?H’
Ilpath":["me"]’
"data": { "location": "XYZ", "bio": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor -

laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum
deserunt mollit anim id est laborum."}

|3




"data": {

"me": {
"id": 1
p I R F by
r t "pending": [
{"id": "1", "label": "1", path: ["me"]},
{"id": "2", "label": "2", path: ["me"]},
{"1d": "3", "label": "3", path: ["me"]},
{"1d": "4", "label": "4", path: ["me"]},
{"1d": "5", "label": "5", path: ["me"]},
{"1d": "6", "label": "6", path: ["me"]},
{"id": "7", "label": "7", path: ["me"]},
1,
"hasNext": "true"
{
-{ "incremental": [
{"1d": 1, "data": {"b1io": "Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed d«
me {: ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehender
. sunt in culpa qui officia deserunt mollit anim id est laborum."}}
1d 1,
o @CefeI"C'-aoe'-: "1"> { _Ld b_LO } completed": [{"1d": 1}], "hasNext": "true
. 7. 1HN . {
* et @Ceferlc apel. 2 ) { Clge b-l'o } "incremental": [{"id": 2, "data": {"age": 19}}],
o @C efer-C'_age'_: "3") { dob b-LO } "completed": [{"id": 2}], "hasNext": "true"
- - . ks
... @defer(label: "4" avatarUrl bio {
(- - " ") { . } "incremental": [{"id": 3, "data": {"dob": "19 BBY"}}],
o o o @C efel"( Ldapet. 5 ) '{ name blO} "completed": [{"1d": 3}], "hasNext": "true"
- - .« e . }
... @defer(label: "6") { joinedAt bio } :
@ 'F - 1. u7u 1 _tS . "incremental"”: [{"id": 4, "data": {"avatarUrl": "...."}}],
o o o de er‘( LapelL: ) { as een bio } "completed": [{"1d": 4}], "hasNext": "true"
@defer(label: "8") { location bio } ;
e o o = = © {
}_ "incremental"”: [{"id": 5, "data": {"name": "Luke"}}],

"completed": [{"id": 5}], "hasNext": "true"

v

"incremental": [{"1d": 6, "data": {"joinedAt": "2024-09-10"}}],
"completed": [{"1d": 6}], "hasNext": "true"

e

"incremental"”: [{"id": 7, "data": {"location": "XYZ"}}],
"completed": [{"1d": 7}], "hasNext": "false"



// Initial payload

Execution approach

{

firstName

¥

query {
person(id: "1") {
. . .HomeWorldFragment @defer(label: "homeWorldDefer™)
. . .NameAndHomeWorldFragment @defer(label: "nameAndWorld")
firstName

¥
¥

fragment HomeWorldFragment on Person {
homeworld {
name

climate Field
Execution

// Shared between defers

{

homeworld {

name

h
¥

) // Unique to homeWorldDefer

I {

homeworld {

fragment NameAndHomeWorldFragment on Person { Climate

firstName

lastName
homeworld {
name .
1 // Unique to nameAndWorld
ks
{
lLastName

¥



// Payload 1
{

Execu'tiOn approaCh ggﬁgmg{pﬁrson {"firstName": "Luke"}},

"1d": "@", "path":["person"], "label": "HomeWorldDefer"},
"1d": "1", "path":["person"], "label": "nameAndWorld"},

1,
query { "hasNext": true
person(id: "1") { 3
.. .HomeWorldFragment @defer(label: "homeWorldDefer™)
.. .NameAndHomeWorldFragment @defer(label: "nameAndWorld") // Payload 2
firstName { N "
} incremental”: [
3 "1d": 0, "data": {

fragment HomeWorldFragment on Person { homeWorld": {"name": "Tatooine™}

homeworld g
naxe { "id": @, "subPath": ["homeWorld"],
climate "data": {“climate": "desert"}
¥ ] }
} )

"completed": [{"id": "0"}],

fragment NameAndHomeWorldFragment on Person { hasNext™: true

firstName }
LastName
homeworld { // Payload 3
name t .
} "incremental”: [
1 "1d": 1, "data": {"lastName": "Skxwalker"}}

1,
"completed": [{"id": "1"}],
"hasNext": false

¥



Actionable Payloads

query {
person(id: "1") {

h

¥

. . .HomeWorldFragment @defer(label: "homeWorldDefer™)
. . .NameAndHomeWorldFragment @defer(label: "nameAndWorld")
firstName

fragment HomeWorldFragment on Person {
homeworld {

h

¥

name
Climate

fragment NameAndHomeWorldFragment on Person {
firstName

LastName

homeworld {

h

h

name

// Payload 1
{
"data": {"person": {"firstName": "Luke"}},
"pending": [
"1d": "0", "label": "HomeWorldDefer"},
{"1d": "1", "label": "nameAndWorld"},
1,

"hasNext": true

¥

// Payload 2

{
// K Not Actionable

"incremental": [
"1d": 0, "data": {
"homeWorld": {"name": "Tatooine"}
3
1,

"hasNext": true



Prevent Re-renders // Payload 1

{
"data": {"person": {"firstName": "Luke"}},
"pending": [
query { "1d": "@", "path":["person"], "label": "HomeWorldDefer"},
sersonCid: "1") { : {"1d": "1", "path":["person"], "label": "nameAndWorld"},
. . .HomeWorldFragment @defer(label: "homeWorldDefer™) "EasNext"' true
. . .NameAndHomeWorldFragment @defer(label: "nameAndWorld") '
firstName ;
) 5 // Payload 2
fragment HomeWorldFragment on Person { i . .
homeworld { incremental”: [
name {"1d": 0, "data": {"homeWorld": {"name": "Tatooine"}}},
climate "1d": 0, "subPath": ["homeWorld"],
1 "data": {“climate"”: "desert"}
5
I "1d": 1, "data": {"lastName": "Skywalker"}}
fragment NameAndHomeWorldFragment on Person { 1,
firstName "completed”: [
LastName “id": "0"},
homeworld { {"1d": "1"}
name 1,
1 "hasNext": false

¥ ¥



// Payload 1

Inline @defer or Traaa ¢
@stream v than

"firstName": "Luke",
"homeworld": {
query { "name": "Tatooine",
person(id: "1") { “climate"”: "desert”
. . .HomeWorldFragment @defer(label: "homeWorldDefer™) }
. . .NameAndHomeWorldFragment @defer(label: "nameAndWorld") }
firstName },
) 5 "pending": [

// No pending for homeWorldDefer

fragment HomeWorldFragment on Person { // it was included in the initial data

homeworld {

name "1d": "@", "label": "nameAndWorld"},
Climate 1,
1 "hasNext": true
} ¥
fragment NameAndHomeWorldFragment on Person { // Payload 2
firstName {
lastName "y "
homeworld § incremental”: [
name "1d": 0, "data": {"lastName": "Skywalker"}}
} 1,
1 "completed”: [{"1d": "0"}],

"hasNext": false



// Payload 1

{
"data": {

Multi ple @streams & e

{"title": "The Empire Strikes Back"},

batching st

{"name": "Luke Skywalker"},

]
"pending": [
{"id": "@", "path": ["allFilms"], "label": "filmsStream"},
query { "1d": "1", "path": ["allPeople"], "label": "peopleStream"}
o . . . . . " ° 1 :l,
allfllms @stream(initialCount: 2, label: "filmsStream") { hasNext™ s true
title
} c e // Payload 2
allPeople @stream(initialCount: 2, label: "peopleStream") { c
name "incremental”: [
1 {"id": "@", "items":[{"title": "Return of the Jedi"}]}
1,
} "completed": [{"1d": "0"}],

"hasNext": true

// Payload 3

"incremental”: [

{"1d": "1", "items": [
{"name": "C-3P0"},
{"name": "R2-D2"},

1}

"completed": [{"1d": "1"}],
"hasNext": false

¥




Asynchronous list /s

"data": {

comple'ticn "allFilms": [

{n_t_i-_t'l_eu: IIA NeW HOpe"},
{"title": "The Empire Strikes Back"},

]
s
"pending": [
{"1d": "0", "path": ["allFilms"], "label": "filmsStream"},
1,
query{ o . "hasNext": true
allFilms @stream(initialCount: 2, label: "filmsStream") {
title
} // Payload 2
1 {

"incremental": [
{"id": "@", "items":[{"title": "Return of the Jedi"}]}

1,

"hasNext": true

h

// Payload 3
{

"completed": [{"id": "0"}],
"hasNext": false

h




// Payload 1

{
- "data": {
Error hand|
rror an Ing "name" : "Luke Skywalker"
}
},
"pending": [{
"id": "Q",
"path": ["hero"],
"label": "homeWorldDefer",
query { Thastext s ¢
* 1, Uqmnu asNexT . rue
hero(id: "1") { " " !
. . .HomeWorldFragment @defer(label: "homeWorldDefer")
name // Payload 2
}_ } "incremental": [{
"id": "Q",
fragment HomeWorldFragment on Person { "data": {
homeworld { "homeworld": {
name # ERROR!! , “name”: null
} "érrors": [
ks {

"message”: 'Oops!’,
"locations": [...],
"path": ["hero", "homeworld", "name"],

"completed": [{ "id": "@" }],
"hasNext": false

¥



// Payload 1

n {
Error bubblin ot
"hero": {
"name": "Luke Skywalker"
3
¥y
"pending": [{
query { "id": "0",
hero(id: "1") { "path”: ["hero"],
.. .HomeWorldFragment @defer(label: "homeWorldDefer") . Label™: “homeWorldDefer”,
name "hasNext": true
} }
3
fragment HomeWorldFragment on Person { // Payload 2
# "homeworld field 1s non-nullable 1in the schema 1
homeworld { ‘"completed™: [{
# "name  field 1s non-nullable 1n the schema ..éﬁrérs?.’[{
name # ERROR!! g '
ks "message”: "Oops!"”,
I "locations": [...],

"path": ["hero", "homeworld"

¥
5]
1,

"hasNext": false

¥




Resources

« Discussions: github.com/graphgl/defer-stream-wg/discussions

o Spec Edits: https://github.com/graphgl/graphgl-spec/pull/10/7

o GraphQL-JS v1/.0.0-beta]

« #incremental-delivery-wg on the GraphQL Discord

« Demo Repo: https://github.com/robrichard/defer-relay-example

Rob Richard @rob_richard


http://github.com/graphql/defer-stream-wg/discussions
https://github.com/graphql/graphql-spec/pull/1077
https://github.com/robrichard/defer-relay-example

