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query {
  products(first: 250) {
    nodes {
      variants(first: 250) {
        nodes { ... MyBigVariantsSelection }
      }
    }
  }
}



High-cardinality GraphQL execution
using breadth-first traversal



GraphQL Ruby, 5.5s total, 4s on execution (~300ms GC)

Cardinal, 950ms total, 250ms on execution (~50ms GC)

- Both spent ~500ms on data load/pagination

- Cardinal had 16x faster GraphQL execution / GC

- Improved end-to-end time by 5.7x





Theory



products(first: 3) {

  nodes {

    variants(first: 2) {

      nodes {

        id

      }

    }

{}

[{}      {}      {}]

{}      {}      {}

[{}  {}  {}  {}  {}  {}]

“”  “”  “”  “”  “”  “”

breadth

depth

DEPTH: static document size
(large is 100+ fields)

BREADTH: dynamic results size
(large is 10K+ objects)



Almost every (public) GraphQL 
implementation uses depth-first execution*

Resolver



* Almost…



Depth-first traversal
has hidden linear costs.

Time to execute one list object’s subtree…
× number of objects in list



Resolver

Breadth-first execution 
inverts the cost model.



     Depth-first resolver (receive and return one) 
     def resolve(object, args, context)

       object["item"]

     end

     Breadth-first resolver (receive and return many)
     def resolve(objects, args, context)

       objects.map { |object| object["item"] }

     end



Business logic Business logic Business logic Business logic

Business logic

Depth-first resolvers run N-times, each with setup costs*

A breadth-first resolver runs once with flat cost

15µs

15µs

15µs 15µs 15µs

*Authorization, instrumentation, validation, etc.



query {
  products(first: 250) {
    nodes {
      id
      title
      variants(first: 100) {
        nodes {
          id
          price
          lazy
        }
      }
    }
  }
}

cost   count   savings
25µs x 1     = -0
15µs x 1     = -0
15µs x 250   = -3.75ms
15µs x 250   = -3.75ms
25µs x 250   = -6.25ms
15µs x 250   = -3.75ms
15µs x 25000 = -375ms
15µs x 25000 = -375ms
25µs x 25000 = -500ms
-----------------------
               -1.27s

Tiny costs add up.



query { widgets(first: N) { 

  widget { widget { widget { widget { id } id } id } id } id } 

}

Comparing graphql-js to graphql-breadth-js. Breadth wins with repetition.
Gains plateau as building results starts to constrain both.

5 depth x N breadth Speed GC Pressure

5 × 1 graphql-js, 1.58× faster breadth, 2.78× less GC

5 × 10 breadth, 1.87× faster breadth, 3.45× less GC

5 × 100 breadth, 2.66× faster breadth, 5.64× less GC

5 × 1,000 breadth, 2.82× faster breadth, 5.19× less GC

5 × 10,000 breadth, 2.89× faster breadth, 5.06× less GC



object

object

object

<Promise>

<Promise>

<Promise>

result

result

result

[obj, obj, obj] <Promise> [result, result, result]

Depth-first lazy fields build N promises

Breadth-first binds entire field sets to one promise



query { widgets(first: N) { lazyPromise } }

Gains accelerate as graphql-js promise allocations explode.
At 10K objects, graphql-js spends roughly a quarter of its wall-clock in GC.

Size Speed GC Pressure

1 breadth, 1.02x faster breadth, 1.53× less GC

10 breadth, 2.10× faster breadth, 2.96× less GC

100 breadth, 2.82× faster breadth, 18.7× less GC

1,000 breadth, 3.20× faster breadth, 47.1× less GC

10,000 breadth, 5.18× faster breadth, 120× less GC



Mechanics



query {
  products(first: 3) {
    variants(first: 2) {
      id
    }
  }
}



Scope.new(type: Query, fields: {

  "products" => Field.new(Scope.new(type: Product, fields: {

    "variants" => Field.new(Scope.new(type: Variant, fields: {

      "id" => Field.new,

    })

  })

})



SCOPE Query
objects: [shop]
results: [{}]

SCOPE Product
objects: []
results: []

SCOPE Variant
objects: []
results: []

FIELD products(3)
resolved: nil

FIELD variants(2)
resolved: nil

FIELD id
resolved: nil

root object
and result



SCOPE Query
objects: [
  <shop>,
]
results: [
  {},
]

FIELD products(first:3) 
resolved: [
  [<p1>, <p2>, <p3>],
]

1. resolver

NEXT SCOPE Product
objects: []
results: []



SCOPE Query
objects: [
  <shop>,
]
results: [
  { products:[{},{},{}] },
]

FIELD products(first:3) 
resolved: [
  [<p1>, <p2>, <p3>],
]

NEXT SCOPE Product
objects: []
results: []

2. build results



SCOPE Query
objects: [
  <shop>,
]
results: [
  { products:[{},{},{}] },
]

FIELD products(first:3) 
resolved: [
  [<p1>, <p2>, <p3>],
]

NEXT SCOPE Product
objects: [<p1>, <p2>, <p3>]
results: [{}, {}, {}]3. flat map results

& flat map objects



SCOPE Product
objects: [
  <p1>,
  <p2>,
  <p3>,
]
results: [
  { variants: [{}, {}] },
  { variants: [{}] },
  { variants: [{}, {}] },
]

NEXT SCOPE Variant
objects: [<v1>, <v2>, <v3>, <v4>, <v5>]
results: [{}, {}, {}, {}, {}]

FIELD variants(first:2)
resolved: [
  [<v1>, <v2>], 
  [<v3>],
  [<v4>, <v5>],
]

1. resolver

2. build results

3. flat map objects & results



SCOPE Variant
objects: [
  <v1>,
  <v2>,
  <v3>,
  <v4>,
  <v5>,
]
results: [
  { id: “1” },
  { id: “2” },
  { id: “3” },
  { id: “4” },
  { id: “5” },
]

FIELD id
resolved: [
  “1”, “2”, “3”, “4”, “5”
]

1. resolver

2. build results



Final root object shape

{
  products: [
    { variants: [{ id: “1” }, { id: “2” }],
    { variants: [{ id: “3” }],
    { variants: [{ id: “4” }, { id: “5” }],
  ]
}



Breadth execution can still achieve 
early abort and spec-compliant errors.

path: 0, 1

inline error results, 
then locate them 

via depth pass



Join us!



Thank you


