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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
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Intervals Octagons Polyhedra

Figure 1. The same set of points • abstracted in the interval, the octagon, and the
polyhedron domain. Spurious points caused by the approximation are denoted by
the × symbol.

aiZ + bi), etc. In this paper, we introduce a new numerical abstract
domain, called the octagon abstract domain, which is able to represent
and manipulate conjunctions of invariants of the form ±X ± Y ≤ c,
where X and Y are program variables, and c is a constant. It can be
seen as a restriction of the polyhedron domain where each inequality
constraint only involves at most two variables and unit coefficients.
Fig. 1 presents a set of points together with its best abstraction within
the interval, the octagon, and the polyhedron domain. The more precise
the domain is, the fewer spurious points there are. We see that the
octagon domain has a precision between that of the interval domain
and the polyhedron domain.

1.1. The Need for Relational Domains

A relational domain is a domain that is able to discover relationships
between variables. For instance, the polyhedron domain is relational
while the interval domain is non-relational. In order to motivate the
necessity for low-cost relational numerical abstract domains, consider
the following code fragment where the variable Y is incremented at most
eleven times within a loop with loop counter X:

X := 10

Y := 0

while X ≥ 0 {
X := X−1

if random() { Y := Y+1 }
}

In order to prove the non-relational invariant Y ≤ 11 at the end
of the loop, it is necessary to first prove the relational loop invariant

article-mine.tex; 13/04/2006; 14:18; p.3
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±x± y  c ⌃kakxk  b

a  x  b

c  y  d

int http_parse_request(...){
n = real_until(&data);
data[n-1] = 0;

}
int read_until(char** data){

while(...){
len++;

} 
buf = realloc(buf, len+1); 
*data = buf;               
return len;

}

{data, n, len, buf}
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char *path = ((void *)0);
int path = xstrdup (getenv ("PATH"));  // path = {size:(-∞,+∞)}  
int path_len = strlen (path);          // path_len = (-∞,+∞)
while (1) {
  for (; pos < path_len && path[pos] != ':'; pos++)
    str_add_char (file, path[pos]);    // pos < path.size?                           
}
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x, y 2 [1, 3]
x+ y 2 [3, 6]
x� y 2 [�3, 3]

x, y 2 Z+

x+ y 2 Z+

x� y 2 Z

x
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사전���������	
��
������������������  분석에서���������	
��
������������������  관계���������	
��
������������������  있는���������	
��
������������������  두���������	
��
������������������  변수는���������	
��
������������������  
본���������	
��
������������������  분석에서도���������	
��
������������������  관계가���������	
��
������������������  있다.

{x}

{x, y} {x, z}

{y, z}

5.���������	
��
������������������  결론

•사전���������	
��
������������������  분석과���������	
��
������������������  본���������	
��
������������������  분석,���������	
��
������������������  이론적으로���������	
��
������������������  정리
•실제���������	
��
������������������  분석기에���������	
��
������������������  적용하여���������	
��
������������������  성능���������	
��
������������������  확인
•정확도���������	
��
������������������  /���������	
��
������������������  속도의���������	
��
������������������  최적점���������	
��
������������������  찾기
-���������	
��
������������������  더���������	
��
������������������  /���������	
��
������������������  덜���������	
��
������������������  정확한���������	
��
������������������  사전분석
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