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(ns stl2014.sum)

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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=> (summarise nil)
;=> 42
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=> (summarise [42 33 32])

=> (summarise nil)
;=> 42

Thursday, 18 September 14



=> (summarise [42 33 32])
java.lang.StackOverflowError
   at java.lang.Number<init>(Number.java:49)
   at java.lang.Long<init>(Long.java:684)
   at java.lang.Long.valueOf(Long.java:577
   at stl2014.sum$summarise.invoke(sum.clj:6)
   at stl2014.sum$summarise.invoke(sum.clj:6)
   at stl2014.sum$summarise.invoke(sum.clj:6)
   at stl2014.sum$summarise.invoke(sum.clj:6)
   at stl2014.sum$summarise.invoke(sum.clj:6)
   ...

=> (summarise nil)
;=> 42
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ns stl2014.sum)
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ns stl2014.sum
)(:require [clojure.core.typed :as t])
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(ns stl2014.sum
  (:require [clojure.core.typed :as t]))

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
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                              (inc acc))
                   (first nseq))
                42)))
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(ns stl2014.sum
  (:require [clojure.core.typed :as t]))

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(ns stl2014.sum
  (:require [clojure.core.typed :as t]))

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

=> (t/check-ns)
Found 5 type errors:
...
Unannotated var stl2014.sum/summarise
...
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(ns stl2014.sum
  (:require [clojure.core.typed :as t]))

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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  ([nseq] (summarise nseq 0))
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                   (first nseq))
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  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ann summarise 
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ann summarise 
 (IFn [(U nil (NonEmptyColl Int)) -> Int]
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ann summarise 
 (IFn [(U nil (NonEmptyColl Int)) -> Int]
      [(U nil (NonEmptyColl Int)) Int -> Int]))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ann summarise 
 (IFn [(U nil (NonEmptyColl Int)) -> Int]
      [(U nil (NonEmptyColl Int)) Int -> Int]))

 (IFn [(U nil (NonEmptyColl Int)) -> Int]
      [(U nil (NonEmptyColl Int)) Int -> Int]))Thursday, 18 September 14



(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(ann summarise 
 (IFn [(U nil (NonEmptyColl Int)) -> Int]
      [(U nil (NonEmptyColl Int)) Int -> Int]))
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(ann summarise 

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

 (IFn [(U nil (NonEmptyColl Int)) -> Int]
      [ (U nil (NonEmptyColl Int)) Int -> Int]))
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(ann summarise 

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(defalias NInts
  “nil or persistent non-empty coll of ints”

 (IFn [

(U nil (NonEmptyColl Int))

 -> Int]
      [

 (U nil (NonEmptyColl Int))

Int -> Int]))

)
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(ann summarise 

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

 (IFn [  -> Int]
      [ Int -> Int]))

(defalias NInts
  “nil or persistent non-empty coll of ints”
  (U nil (NonEmptyColl Int)))
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(ann summarise 

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))

 (IFn [NInts -> Int]
      [ NInts Int -> Int]))

(defalias NInts
  “nil or persistent non-empty coll of ints”
  (U nil (NonEmptyColl Int)))
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(ann summarise 
 (IFn [NInts -> Int]
      [NInts Int -> Int]))

(defalias NInts
  “nil or persistent non-empty coll of ints”
  (U nil (NonEmptyColl Int)))

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defalias NInts
  “nil or persistent non-empty coll of ints”
  (U nil (NonEmptyColl Int)))

(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
=> (t/check-ns)

Function summarise could not be applied to arguments:

Domains:
 NInts Int

Arguments:
 (t/ASeq Int) Int

Ranges:
 Int
in: (summarise (rest nseq) (clojure.lang.Numbers/inc acc))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
=> (t/check-ns)

Function summarise could not be applied to arguments:

Domains:
 NInts Int

Arguments:
 (t/ASeq Int) Int

Ranges:
 Int
in: (summarise (rest nseq) (clojure.lang.Numbers/inc acc))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
=> (t/check-ns)

Function summarise could not be applied to arguments:

Domains:
 NInts Int

Arguments:
 (t/ASeq Int) Int

Ranges:
 Int
in: (summarise (rest nseq) (clojure.lang.Numbers/inc acc))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
=> (t/check-ns)

Function summarise could not be applied to arguments:

Domains:
 NInts Int

Arguments:
 (t/ASeq Int) Int

Ranges:
 Int
in: (summarise (rest nseq) (clojure.lang.Numbers/inc acc))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (rest nseq) 
                              (inc acc))
                   (first nseq))
                42)))
=> (t/check-ns)

Function summarise could not be applied to arguments:

Domains:
 NInts Int

Arguments:
 (t/ASeq Int) Int

Ranges:
 Int
in: (summarise (rest nseq) (clojure.lang.Numbers/inc acc))
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(rest [1 2])
;=> (2)

(rest nil)
;=> ()

(rest [])
;=> ()
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(next [1 2])
;=> (2)

(next nil)
;=> nil

(next [])
;=> nil
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (     nseq) 
                              (inc acc))
                   (first nseq))
                42)))

rest
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (     nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (     nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (     nseq) 
                              (inc acc))
                   (first nseq))
                42)))

next
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) 
                              (inc acc))
                   (first nseq))
                42)))
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(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) 
                              (inc acc))
                   (first nseq))
                42)))
=> (t/check-ns)

:ok
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=> (summarise [42 33 32])
;=> 1280664

=> (summarise nil)
;=> 42
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=> (summarise [42 33 32])
;=> 1280664

=> (summarise nil)
;=> 42

=> (summarise [])

Thursday, 18 September 14



=> (summarise [42 33 32])
;=> 1280664

=> (summarise nil)
;=> 42

=> (summarise [])

NullPointerException 
 clojure.lang.Numbers.ops (Numbers.java:961)
 clojure.lang.Numbers.multiply (Numbers.java:146)
 stl2014.sum/summarise (form-init6981015802397519697.clj:16)
 stl2014.sum/summarise (form-init6981015802397519697.clj:13)
 stl2014.sum/eval3757 (form-init6981015802397519697.clj:1)
 clojure.lang.Compiler.eval (Compiler.java:6703)
  ...
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(summarise [])

Function summarise could not be applied to 
arguments:

Domains:
 NInts

Arguments:
 (HVec [])

...

(defalias NInts
  “nil or persistent non-empty 
   coll of ints”
  (U nil (NonEmptyColl Int)))
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(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U NonEmptyColl Int
                     defalias]]))

(defalias NInts
  "nil or a non-empty persistent collection of integers"
  (U nil (NonEmptyColl Int)))

(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))
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(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))

 Int)))CollNonEmpty

CollNonEmpty  Int

(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U             
                     defalias]]))

(defalias NInts

  (U nil (
non-empty  "nil or a  persistent collection of integers"
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(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))

 Int)))Coll

Coll Int

(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U             
                     defalias]]))

(defalias NInts

  (U nil (
  "nil or a  persistent collection of integers"
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(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U Coll Int
                     defalias]]))

(defalias NInts
  "nil or a persistent collection of integers"
  (U nil (Coll Int)))

(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))

Thursday, 18 September 14



(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U Coll Int
                     defalias]]))

(defalias NInts
  "nil or a persistent collection of integers"
  (U nil (Coll Int)))

(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))
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(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U Coll Int
                     defalias]]))

(defalias NInts
  "nil or a non-empty persistent collection of integers"
  (U nil (Coll Int)))

(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))
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(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U Coll Int
                     defalias]]))

(defalias NInts
  "nil or a non-empty persistent collection of integers"
  (U nil (Coll Int)))

(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))

=> (t/check-ns)
Static method clojure.lang.Numbers/multiply could not be applied to 
arguments:

Domains:
            Number             Number

Arguments:
             Int             (U nil Int)
...

Thursday, 18 September 14



(ns stl2014.sum
  (:require [clojure.core.typed :as t
             :refer [ann IFn U Coll Int
                     defalias]]))

(defalias NInts
  "nil or a non-empty persistent collection of integers"
  (U nil (Coll Int)))

(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if nseq
                (* (summarise (next nseq) (inc acc))
                   (first nseq))
                42)))

=> (t/check-ns)
Static method clojure.lang.Numbers/multiply could not be applied to 
arguments:

Domains:
            Number             Number

Arguments:
             Int             (U nil Int)
...

[ ]

[ ]
[ ]

[ ]
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(seq [1 2])
;=> (1 2)

(seq [])
;=> nil

(seq nil)
;=> nil
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(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if 
                (* (summarise (next nseq) 
                              (inc acc))
                   (first nseq))
                42)))

nseq
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(ann summarise (IFn [NInts -> Int]
                    [NInts Int -> Int]))
(defn summarise
  ([nseq] (summarise nseq 0))
  ([nseq acc] (if 
                (* (summarise (next nseq) 
                              (inc acc))
                   (first nseq))
                42)))

(seq nseq)

=> (t/check-ns)

:ok
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=> (summarise [42 33 32])
;=> 1280664

=> (summarise nil)
;=> 42

=> (summarise [])
;=> 42
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Typed Clojure 
is an

Optional Type System
that 

catches type errors 
in 

real Clojure code
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Where have 
we come from?
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2011
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2012
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2012
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Sam 
Tobin-Hochstadt

Ambrose 
Bonnaire-Sergeant

2014
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Where are we now?
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Colin Fleming
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} Function
application
error
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Francesco Bellomi

CrossClj.info
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CrossClj.info
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TypedClojure.vim
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Minori 
Yamashita Di Xu
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Features
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Occurrence Typing
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(ns stl2014.gen-vec)

(defn gen-vec [n-or-v]
  (if (number? n-or-v)
    (vec (range n-or-v))
    n-or-v))
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(ns stl2014.gen-vec)

(defn gen-vec [n-or-v]
  (if (number? n-or-v)
    (vec (range n-or-v))
    n-or-v))

(gen-vec 5)
;=> [0 1 2 3 4]

(gen-vec [1 2 3 4])
;=> [1 2 3 4]
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(gen-vec     )
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(gen-vec     )

(if (number?    )
  (vec (range    ))
     ))

5

5
5

5

  (vec (range    ))5

[0 1 2 3 4]

true
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(gen-vec           )
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(gen-vec           )

(if (number?          )
  (vec (range          ))
           ))

[1 2 3]

[1 2 3]
[1 2 3]

[1 2 3]

[1 2 3]

false

Thursday, 18 September 14



(ns stl2014.gen-vec
  (:require [clojure.core.typed 
             :refer [U Num Vec Int ann]
             :as t]))

(ann gen-vec [(U Num (Vec Int)) -> (Vec Int)])
(defn gen-vec [n-or-v]
  (if (number? n-or-v)
    (vec (range n-or-v))
    n-or-v))
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(ns stl2014.gen-vec
  (:require [clojure.core.typed 
             :refer [U Num Vec Int ann]
             :as t]))

(ann gen-vec [(U Num (Vec Int)) -> (Vec Int)])
(defn gen-vec [n-or-v]
  (if (number? n-or-v)
    (vec (range n-or-v))
    n-or-v))

=> (t/check-ns)

:ok

(ann clojure.core/number? 
     (Pred Num))
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HMaps

Thursday, 18 September 14



(assoc {} :a 1 :b “foo” :c ‘baz)

(HMap :mandatory {:a Num :b Str :c Sym})

is of type
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(assoc {} :a 1 :b “foo” :c ‘baz)

(HMap :mandatory {:a Num :b Str :c Sym})

is of type

‘{:a Num :b Str :c Sym}

aka.

Thursday, 18 September 14



Multimethods
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(defalias Expr
  (Rec [Expr]
       (U '{:op (Val :if) :test Expr :then Expr :else Expr}
          '{:op (Val :const) :val Num})))

(ann walk [Expr [Num -> Num] -> Expr])
(defmulti walk (fn [e f] (:op e)))

(defmethod walk :if
  [{:keys [test then else]} f]
  {:op :if
   :test (walk test f)
   :then (walk then f)
   :else (walk else f)})

(defmethod walk :const
  [{:keys [val]} f]
  {:op :const :val (f val)})

(walk {:op :if 
       :test {:op :const :val 1}
       :then {:op :const :val 2}
       :else {:op :const :val 3}}
      inc)
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Polymorphism
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(ann lift-chan (All [x y] 
                 [[x -> y] -> [(Chan x) -> (Chan y)]]))
(defn lift-chan [function]
  (fn [in :- (Chan x)] :- (Chan y)
    (let [out (chan :- y)]
      (go
        (loop []
          (let [rcv (<! in)]
            (when rcv
              (>! out (function rcv))))
          (recur)))
      out)))

(ann upcase [(Chan String) -> (Chan String)])
(def upcase (lift-chan upper-case))
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Variable-Arity
Polymorphism
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(map (fn [a :- Num,
          b :- Str,
          c :- Boolean]
       (+ a
          (count b)
          (if c 0 1)))
     [42 66 243]
     [“a” “foo” “bar”]
     [true false false])
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Datatypes
and

Protocols
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(defprotocol Adder
  (add [this y :- Num] :- Adder))

(deftype A [x :- Num]
  Adder
  (add [this y] (+ x y)))

(add (A. 1) 34)
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Java Interop
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(ann grand-parent [File -> (U nil File)])
(defn grand-parent [^File f]
  (let [p1 (.getParentFile f)]
    (.getParentFile p1)))
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(ann grand-parent [File -> (U nil File)])
(defn grand-parent [^File f]
  (let [p1 (.getParentFile f)]
    (.getParentFile p1)))

Cannot call instance method 
  java.io.File/getParentFile

on type 
  (U nil File)

=> (t/check-ns)
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(ann grand-parent [File -> (U nil File)])
(defn grand-parent [^File f]
  (let [p1 (.getParentFile f)]
    (.getParentFile p1)))
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(ann grand-parent [File -> (U nil File)])
(defn grand-parent [^File f]
  (let [p1 (.getParentFile f)]
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(ann grand-parent [File -> (U nil File)])
(defn grand-parent [^File f]
  (let [p1 (.getParentFile f)]

=> (t/check-ns)

    (.getParentFile p1))))
(when p1

:ok
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Case Study
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80%

20%

Typed Clojure
Clojure

Approx. 
Lines of Code
(Total ~50,000)
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λ
22%

32%

46%
Checked
Not checked
Libraries

Var Annotations
(Total 588)
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Sample code
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(defn encrypt-keypair [{:keys [private-key] :as keypair}]
  (assoc (dissoc keypair :private-key)
    :encrypted-private-key (encrypt private-key)))
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(defn encrypt-keypair [{:keys [private-key] :as keypair}]
  (assoc (dissoc keypair :private-key)
    :encrypted-private-key (encrypt private-key)))

(ann encrypt-keypair [RawKeyPair -> EncryptedKeyPair])
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(defalias RawKeyPair
  "A keypair with a raw private key"
  (HMap :mandatory {:public-key RawKey, 
                    :private-key RawKey}
        :complete? true))

(defalias EncryptedKeyPair
  "A keypair with an encrypted private key"
  (HMap :mandatory {:public-key RawKey, 
                    :encrypted-private-key EncryptedKey}
        :complete? true))
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(ann encrypt-keypair [RawKeyPair -> EncryptedKeyPair])

(dissoc keypair :private-key)
(defn encrypt-keypair [{:keys [private-key] :as keypair}]
  (assoc 
    :encrypted-private-key (encrypt private-key)))
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(ann encrypt-keypair [RawKeyPair -> EncryptedKeyPair])

Type mismatch:

Expected:  EncryptedKeyPair

Actual:  (HMap :mandatory 
                 {:encrypted-private-key EncryptedKey, 
                  :public-key RawKey, 
                  :private-key RawKey} 
                 :complete? true)

=> (t/check-ns)

keypair
(defn encrypt-keypair [{:keys [private-key] :as keypair}]
  (assoc 
    :encrypted-private-key (encrypt private-key)))
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{:a 1}

41%
59%

HMap
Non-HMap

Type aliases 
(Total 64)
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e Future
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Typed ClojureScript
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Towards 
Gradual Typing
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Towards 
Gradual Typing
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Towards 
Gradual Typing
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Towards 
Gradual Typing
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Towards 
Gradual Typing
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Call to Action
Annotate 

your

libraries 
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Conclusion
• Typed Clojure works in Production

• Get it at typedclojure.org

• Annotate your libraries

Thursday, 18 September 14



Conclusion
• Typed Clojure works in Production

• Get it at typedclojure.org

• Annotate your libraries

ank you
Ambrose Bonnaire-Sergeant

@ambrosebs
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