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(ann square [Int -> Int])
(defn square [a] (* a a))

Var annotation

Normal Clojure code

Machine-checked
documentation
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(ann day [‘{:day Int} -> Int])
(defn day [{d :day}] d)

Normal destructuring

Heterogeneous map type
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(ann get-parent [File -> (U nil Str)])
(defn get-parent [f]
  (.getParent f))

Explicit nil/null

Java interop
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(ann safe-inc [(U nil Int) -> Int])
(defn safe-inc [n]
  (if n
    (inc n)
    0))

Conditional flow

Ad-hoc unions

Never null
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(defalias Expr 
  (U ‘{:op (Val :do), :exprs (Vec Expr)}
     ‘{:op (Val :val), :val Int}))

;; eg. {:op :do, :exprs [{:op :val, :val 1}]}

Type alias
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(ann f [Expr -> Int])
(defmulti f :op)
(defmethod f :do [{exprs :exprs}]
  (apply + (map f exprs)))
(defmethod f :val [{val :val}]
  val)

(f {:op :do,
    :exprs [{:op :val, :val 30},
            {:op :val, :val 12}]})
;=> 42

Arbitrary multimethod dispatch
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Typed Clojure in Practice
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CircleCI Data

• 2 year trial

• 87 typed namespaces

• 105 Java interactions

• 328 HMap operations

• 11 multimethods, 89 defmethods

• 407 (22%) checked def’s, 1427 (78%) unchecked 
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Postmortem

• Slow type checking

• Incomplete support for Clojure idioms

• Missing third-party annotations

Friday, 25 September 15



Postmortem

• Slow type checking

• Incomplete support for Clojure idioms

• Missing third-party annotations

407 (22%) checked def’s, 1427 (78%) unchecked 
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Pitch: Gradual Typing

407 (22%) checked def’s, 1427 (78%) unchecked 

Check the 78% at runtimeCheck the 22% at compile-time

Sanely handle interaction

Friday, 25 September 15



What is Gradual Typing?
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Gradual typing forces all
code to respect static invariants
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(ann square [Int -> Int])
(defn square [a] (* a a))

Optional Typing
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(square 2)
;=> 4

(square nil)
;       ^^^
; Expected Int,
;  found nil

(square 2)
;=> 4

(square nil)
; Exception:
;   NullPointerException
; ...

(ann square [Int -> Int])
(defn square [a] (* a a))

Optional Typing
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(ann square [Int -> Int])
(defn square [a] (* a a))

(square 2)
;=> 4

(square nil)
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(ann square [Int -> Int])
(defn square [a] (* a a))

(square 2)
;=> 4

(square nil)

(square (cast Int nil))

Gradual Typing

Compiles to:
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Depends on
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Racket

Typed Racket
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RacketTyped Racket

Language boundary mediator
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RacketTyped Racket

Safe optimisations
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RacketTyped Racket

Blame
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What’s done in Typed Clojure?

Friday, 25 September 15



Typed Clojure

Clojure

STL 2014

Typed Clojure
An optional type system for Clojure 

Gradual Typing

Friday, 25 September 15



Typed Clojure

Clojure

STL 2014

Typed Clojure
An optional type system for Clojure 

Gradual Typing

Typed REPL
Automatic type hints

Friday, 25 September 15



Typed REPL
(ns ^:core.typed my-ns)
...
my-ns=> (inc 1)
:- Long
2
my-ns=> (inc nil)
Expected Number, found nil
in: (clojure.lang.Numbers/inc nil)

Found 1 error
my-ns=> 
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Enabling Typed REPL
project.clj:

...
:repl-options 
  {:nrepl-middleware
   [clojure.core.typed.repl/wrap-clj-repl]}
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(ns 
  my-inc-fail)

(inc nil)

; (require ‘my-inc-fail)
; NullPointerException

require+check w/ typed REPL
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(ns 
  my-inc-fail)

(inc nil)

; (require ‘my-inc-fail)
; NullPointerException

(ns ^:core.typed
  my-inc-fail)

(inc nil)

; (require ‘my-inc-fail)
; Type Error:
;  Expected Num, given nil

require+check w/ typed REPL
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Cache for free

(require ‘my-ns)
;; Cached
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Cache for free

(load “my_ns”)

(require ‘my-ns)
;; Cached
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Cache for free

(load “my_ns”)

(require ‘my-ns)

Check via Typed REPL

;; Cached

;; Transitive deps cached

Friday, 25 September 15



Automatic type hints

(ns ^:core.typed my-ns)

(defn get-parent [a :- Any] 
  {:pre [(instance? java.io.File a)]}
  (.getParent a))

Non-reflective via static types
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Next steps
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RacketTyped Racket
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Proxy problem

(deftype A [])

(proxy [A] [])
; CompilerException java.lang.VerifyError: 
;  Cannot inherit from final class
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How to intercept methods?

(defprotocol IPoint
  (get-x [this])
  (get-y [this]))

(deftype Point [x y]
  IPoint
  (get-x [this] x)
  (get-y [this] y))

(proxy [Point] []
  (get-x [this]
    {:post [(integer? %)]}
    (get-x this))
  (get-y [this]
    {:post [(integer? %)]}
    (get-y this)))

; CompilerException java.lang.VerifyError: 
;  Cannot inherit from final class
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Racket VM

Chaperones
and Impersonators
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Racket VM

Chaperones
and Impersonators JVM

Clojure
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Check untyped imports

(ns my-untyped)

(defn uinc [n]
  “hello”)

(ns ^:core.typed my-ns
  (:require [my-untyped :as u]
            [clojure.core.typed :as t]))

(t/import-untyped u/uinc [Int -> Int])

(u/uinc 41)
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Check untyped imports

(ns my-untyped)

(defn uinc [n]
  “hello”)

Blame

(ns ^:core.typed my-ns
  (:require [my-untyped :as u]
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