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X is a tuple, X.n indicates the nth component of the tuple. We write R+ and R�

for the transitive and reflexive-transitive closure of binary relation R. Finally, N
represents the set of natural numbers {0, 1, 2, . . .}.

2.2 Programs

A program is a tuple ⌅C, �⇤⇧ where C is a finite set of control points and �⇤⇥ C�C
is a relation that denotes control dependencies of the program; c� �⇤ c indicates

that c is a next control point of c�. Each control point c is associated with com-

mand cmd(c). Command c has one of the following five types:

assign(lv , e) | alloc(lv , a) | assume(x < e) | call(fx , e) | returnf

where expression e, l-value expression lv , and allocation expression a are defined

as follows:
expression e ⇤ n | e + e | lv | &lv

l-value lv ⇤ x | *e | e[e] | e.x
allocation a ⇤ [e]l | {x}l

An expression may be a constant integer (n), a binary operation (e + e), an l-

value expression (lv), or an address-of expression (&lv). An l-value may be a vari-

able (x), a pointer dereference (*e), an array access (e[e]), or a field access (e.x).

Expressions and l-value expressions have no side-e�ects. All program variables, in-

cluding formal parameters, have unique names. Command assign(lv , e) assigns the

value of e into the location of lv . Command alloc(lv , a) allocates an array [e]l or

a structure {x}l, where e is the size of the array, x is the field name, and the sub-

script l is the label for the allocation site. For simplicity, we consider structures

with one field only. Each call-site for a procedure is represented by two control

points: a call-point and its corresponding return-point. A call-point is associated

with command call(fx, e), which indicates that procedure f , whose formal param-

eter is x, is called with actual parameter e. When c is a call-point (resp., return-

point), callof(c) (resp., rtnof(c)) denotes the corresponding return-point (resp., call-
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l 2 D̂(c0) \ Û(cn) ^ 8i 2 (0, n).l 62 D(ci)

D̂(c)� D(c) ✓ Û(c)
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VanillaVanilla SparseSparse

Spd↑ Mem ↓Program LOC
Time Mem Time Mem

Spd↑ Mem ↓

make-3.76.1 27K 24240 1391 21 114 1154x 92%

wget-1.9 35K 44092 2546 11 85 4008x 97%

screen-4.0.2 45K ∞ ∞ 767 303 N/A N/A

emacs-22.1 400K ∞ ∞ 37,830 7795 N/A N/A

linux-3.0 710K ∞ ∞ 33,618 2,0529 N/A N/A

ghostscript-0.00 1,363K ∞ ∞ 14,814 6384 N/A N/A

[[P̂ ]] 2 C ! Ŝ = fixF̂

Ŝ = L̂ ! V̂
F̂ 2 (C ! Ŝ) ! (C ! Ŝ)

F̂ (X̂) = �c 2 C.f̂c(
G

c0,!c

X̂(c0))
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x = &y *p = &z y = x

Def
Use

{x} {v,w} {y}
{x}{p,v,w}ɸ

x

x = &y *p = &z y = x

Def
Use

{x} {v,w,x} {y}
{x}{p,v,w,x}ɸ

xx
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Spd↑ Mem ↓

gzip-1.2.4a 7K 2078 2832 21 269 98x 91%

bc-1.06 13K 9536 6987 55 358 173x 95%

make-3.76.1 28K ∞ ∞ 331 666 N/A N/A

wget-1.9 35K ∞ ∞ 288 646 N/A N/A

screen-4.02 45K ∞ ∞ 1,6433 9199 N/A N/A

sendmail-8.13.6 130K ∞ ∞ 6,4808 2,9658 N/A N/A
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D(c) , {l 2 L̂ | 9ŝ v
G
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(fixF̂ )(c0).f̂c(ŝ)(l) 6= ŝ(l)}

U(c) , {l 2 L̂ | 9ŝ v
G
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(fixF̂ )(c0).f̂c(ŝ)|D(c) 6= f̂c(ŝ\l)|D(c)}

let OrdList = (| · · · : 8A.OrdhAi ) OrdhListhAii|) in
let OrdInt = (| · · · : OrdhInti|) in
implicit {OrdInt ,OrdList} in

sorthListhIntii ?(OrdhListhIntii) [[2, 5], [1, 3]]
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2. The Implicit Calculus λ⇒
• Calculus of the essence of GP: rules, scoping, and type-directed resolution

In the paper
• Type system
• Elaboration semantics to System F
• Higher-order rules and partial resolution
• Source language and its translation to λ⇒

1. Generic Programming

• Decoupling algorithms from types

sort [3,1,2]        // [1,2,3]
sort [‘c’,’a’,’b’]  // [‘a’,’b’,’c’]
sort [[2,5],[1,3]]  // [[1,3],[2,5]]

• Decoupling by parametrization

• Implicit instantiation

sort<A>: Ord<A> ⇒ List<A> → List<A>

sort< ? >   ?    [3,1,2]

sort<Int>   ?    [3,1,2]

sort<Int> OrdInt [3,1,2]

type inference

elements of type A should have order!

• Well-known GP mechanisms: Haskell Type Classes, C++0x Concepts, Scala Implicits

• Queries and Resolution

➾

OrdInt gives order between Ints

resolution

e ::= ?⇢ | (|e : ⇢|) | e with e : ⇢ | · · ·
queries rules scoping
?⇢ (|e : ⇢|)

OrdInt : OrdhIntiOrdInt

OrdList : 8A.OrdhAi
) OrdhListhAii

OrdList

⇢ ::= 8~↵.⇢̄ ) ⌧

rule environment
➾ sorthListhIntii (OrdList OrdInt) [[2, 5], [1, 3]]OrdIntOrdList

• Rules and Scoping

OrdList

OrdInt

?(OrdhListhIntii)

(| · · · : 8A.OrdhAi ) OrdhListhAii|)
(| · · · : OrdhInti|)

OrdListOrdIntimplicit in

with

• Translation from Source Langauge

sorthInti ?(OrdhInti) [3, 1, 2]?(OrdhInti)
➾ sorthInti OrdInt [3, 1, 2]OrdInt

simple case

sorthListhIntii ?(OrdhListhIntii) [[2, 5], [1, 3]]?(OrdhListhIntii)
recursive case

sort [[2,5],[1,3]]
source language λ⇒

sorthListhIntii with {?(OrdhListhIntii)} [[2, 5], [1, 3]]?(OrdhListhIntii)with;

syntactic sugar
implicit e : ⇢ in e1 : ⌧

def
= (|e1 : ⇢̄ ) ⌧ |) with e : ⇢

implicit in

with

formalized, but restrictive general, but never formalized

let OrdList = (| · · · : 8A.OrdhAi ) OrdhListhAii|) in
let OrdInt = (| · · · : OrdhInti|) in
implicit {OrdInt ,OrdList} in

sorthListhIntii ?(OrdhListhIntii) [[2, 5], [1, 3]]
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• Translation from Source Langauge

sorthInti ?(OrdhInti) [3, 1, 2]?(OrdhInti)
➾ sorthInti OrdInt [3, 1, 2]OrdInt

simple case

sorthListhIntii ?(OrdhListhIntii) [[2, 5], [1, 3]]?(OrdhListhIntii)
recursive case

sort [[2,5],[1,3]]
source language λ⇒

sorthListhIntii with {?(OrdhListhIntii)} [[2, 5], [1, 3]]?(OrdhListhIntii)with;

syntactic sugar
implicit e : ⇢ in e1 : ⌧

def
= (|e1 : ⇢̄ ) ⌧ |) with e : ⇢

implicit in

with

formalized, but restrictive general, but never formalized

let OrdList = (| · · · : 8A.OrdhAi ) OrdhListhAii|) in
let OrdInt = (| · · · : OrdhInti|) in
implicit {OrdInt ,OrdList} in

sorthListhIntii ?(OrdhListhIntii) [[2, 5], [1, 3]]
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2. The Implicit Calculus λ⇒
• Calculus of the essence of GP: rules, scoping, and type-directed resolution

In the paper
• Type system
• Elaboration semantics to System F
• Higher-order rules and partial resolution
• Source language and its translation to λ⇒

1. Generic Programming

• Decoupling algorithms from types

sort [3,1,2]        // [1,2,3]
sort [‘c’,’a’,’b’]  // [‘a’,’b’,’c’]
sort [[2,5],[1,3]]  // [[1,3],[2,5]]

• Decoupling by parametrization

• Implicit instantiation

sort<A>: Ord<A> ⇒ List<A> → List<A>

sort< ? >   ?    [3,1,2]

sort<Int>   ?    [3,1,2]

sort<Int> OrdInt [3,1,2]

type inference

elements of type A should have order!

• Well-known GP mechanisms: Haskell Type Classes, C++0x Concepts, Scala Implicits

• Queries and Resolution

➾

OrdInt gives order between Ints

resolution

e ::= ?⇢ | (|e : ⇢|) | e with e : ⇢ | · · ·
queries rules scoping
?⇢ (|e : ⇢|)
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