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╩ ₓᵃ

Ç JavaҘ⁄ ╬ ₡ᵆʺ ,ᵣתּ‴ת

Ç C/C++ᴛ ⁴♣ ᵤ╘ ᴛ͎ע, OS ḓ Ӱḕ╪ᾅ ӥ

ʺḲ╪ג ▬ἛӇ̆ ▓̆ ₡ᵆᵑ Ỹụ ̆ ▓╛

Ç Ӱḕ╪ᾅ ӥג╪Ḳ: OS ̩ ḛ▫ʺ ῷѳ ẋ♣ᶷʺʺ ˌḛ, ╬

ᵑ ̓ҵ ˭ Ợ↔

Ç ᴛ͎ע ṪἍ͙⁄Ἄ ╬ ⁷ụ╘ ꜙꜙ ᶴᾎӊ

Ç ╬ ʺ ▓╖ᶔ ṪἍ╥ Ό♣Ἓ╪ Ṓ◑ Όӊ
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╩ ₓᵃ ˡּצ Ҳ̬╢ ҕᶙ

Ç ẖᵎ̆

Ç Ѣᵛ ˤּש ҵ̯Ѥ ᾒⱠ ◑⁄Ἄ Ṭ

Ç ♬

Ç ˞︢ Ṓ̆(false alarm)ʺ ᵤ╘ ҵ̯Ѥ Ṭ

Ç ╥תּͥ◓ ˺̓ [╪↨Ἕ 2006, ᴛ͎מḒ…‡бᶷּת 20(1)]

ἢ ᾏṊ ♪͐₡ᵆ ᶉᶛᵙ ыὡ Ἓѫ

╬ ṪἍ r X X O

Ỹּ͙תḙṪἍ r r r O

ᶛ‚ṪἍ O O O X
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ᶘ‗ ṧἊ (Shape Analysis) 
[Sagiv et al. 2002, TOPLAS 20(1)]

Ç ╬ ₡ᵆ ˤּש╥ Ựᴛ⇔ ʺѫἛ Ⱡᾎ

Ç ♬ ╬ ♠ ʺѫ

Ç ₰♣ ṉ˿(strong update )

Ç ◓̈́♠ ▫ᴮ̯ⱳᵑ ♠♥ ⅝–

Ç ἶҵʺ ҵתּͥ◓ ᶷⱠ
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₭♆ Ṇ˼ (Strong Update)

Ç ╬ ♇◑ᶷ⁄ ҍ Ⱡҍᴛ ṪἍ Ѥּת ⁴Ṩ

Ç *xʺ 0▀ ԅ, *x = 1; ╪ ╥ ṪἍ ˺̓Ѥ?

Ç x ʺ ʺᵙ Ѥ ἢ╪ ᾒ ԅѤ *x = { 1 } (₭♆)

Ç x ʺ ʺᵙ Ѥ ἢ╪ ᾒ Ώ╙ ԅѤ *x = { 0, 1 } (ṩ₭♆)

˭ѻʺ ѻᵐ ἢ╥ Ͽ↔ ṉ˿ּͥת ʺѫ

{0}

{0}

x y

{0,1}

{0,1}

x y
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ᶘ‗ ṧἊ›Ἁ ₭♆ Ṇ˼: ֿפ

{0}

{0}

x y

{0} Č {1}

{0}

x y

{0}

{0} Č {1}

x yѻ‚ ˿↕ᵑ︡ ╖ᴛ
̕ᵙ ⁴ӻᴛӻᴛṪἍ
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◐́♅ ■ᴫ ̬Ɑ╢ ♅♇ ‏⅔

Ç ̑┬ӈ ᵙᾅ

x

y

ns, rx

ns, ry

s,rx,ry ns,rx,ry

x

y

ἢ╥ ἶἛ╖ᴛ ⅝–
[Sagiv et al . 2002, TOPLAS]

list

list

list

x

y

ˍ ╥ ἶἛ╖ᴛ ⅝–
[Lee et al . 2005, ESOP] 
[Berdine et al . 2007, CAV]
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ᶘ‗ ṧἊ›Ἁ ₭♆ Ṇ˼: ·ϼ͖, З͖

list
elm={0}

⅝– Яӥ:
ױ⁴ ἢ╙ ⅝– ˦

l

x

elm={0}list
elm={1}

list
elm={0}

l elm={1}list
elm={1}

x

list
elm={0}

l elm={1}list
elm={1}

elm={0}

x

list
elm={0}

l elm={1}list
elm={1}

elm={0}

x

list
elm={0}

l
list

elm={1}
elm={0}

x

l=x=list0 ;
while(x!=NULL) {

x->elm = 1;
x=x->next;

}

·ϼ͖!

З͖!
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ᶘ‗ ṧἊ ♩ᵖ

Ç ╬ ₡ᵆ ˤּש╥ ҆⁄ ʺͥ⇔ ┬ᴏ Ṓ!

Ç ᶉᶛᵙ ︡ ╙ Ѥ ᶛ‚ מ͎ ʺ ͙ṕ Ѿ─

Ç ᶛ‚ מ͎ ╥ ᶓ︡ (powerset)╙ ⅝– ҵᶉ╬(abstract 

domain)╖ᴛ Ѥ ᴛ͎ע ṪἍ͙

Ç Ṋ ⁷ụ

Ç ΊϿ͙ (focusing): ╬ ⁷ụ ҍỮ ἢ⁄ ҍ ὡ

Ç К͙ (abstraction ֞Ѥ summarization)

Ç ͙ (join)
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ₓѢ╢ ѡ♫ד

Ç ᶘ‗ ṧἊ(shape analysis) ╢ ┬♅╩ Ὕ

Ç CASE 1: [Yang et al . 2008, TR, Queen Mary U. of London]

Ç Ṑ◄ ᶘ‗ ṧἊ Ҳᶆ╩: ╧ׂש ‗ḟ ὠ ᵖᾂ (nested 

cyclic doubly -linked list)

Ç ᶴᵮ ḇʾ ᴘᾋ♄ ʹ ṧἊ (context -sensitive interprocedural

analysis)

Ç CASE 2:[╪↨Ἕ Ω 6╬, ETRI]

Ç Ѿὣ ᶛ‚ ṪἍ ҵᶉ╬: ᵙ (tree)

Ç ᶷᵱ Ӑˁ ᴛᾎ♇ ʼ ṪἍ (context-insensitive interprocedural

analysis)



╧↓Ἒ @ ‗Ҋ ̧ ̎ ̐

SIGPL ˲ ↕ ̧ 2008
Hanyang
University

ᴘᾋ♄ ʹ ṧἊ (Interprocedural Analysis)

Ç ᴛᾎ♇ ╙ Ữ ▬↔╙ ̆ᴎ ṪἍ

int f(int x) { return x; }

int main() { printf ɉȰϷÄ\Îȱȟ ÆɉρɊϹÆɉςɊɊȠ ɒ

Ç ᶷᵱ Ӑˁ (context insensitive)

Ç ױ⁴ ╙ Ϯᴛ ᶶ‡Ἄ ṪἍ

Ç ─ ₉Ⱡ⁄Ἄ f(1), f(2) ӎ ˿↕ᵑ xѤ {1, 2} ╪ḃᴛ, ᴛᾎ♇ f╥ ˺̓Ѥ
{1, ḃᴛױ͎ ,{2 f(1)+f(2)Ѥ {2, 3, 4}.

Ç ᶷᵱ Ḋˁ (context sensitive)

Ç ױ⁴ ╙ Ṋҵᴛ ṪἍ

Ç ─ ₉Ⱡ⁄Ἄ f(1)╥ ˿↕ xѤ 1╪ḃᴛ ˺̓Ѥ 1, f(2)╥ ˿↕ xѤ 2╪ḃᴛ ˺
̓Ѥ ḃᴛױ͎ ,2 f(1)+f(2)=3
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╧Ẅ ͖Ḗ ᶴᵮ ḇʾ ᴘᾋ♄ ʹ ṧἊ

Ç ʻ ᴛᾎ♇ Ṋᴛ ░ᴏ, ˺̓ ⅝– Ữ ᵑ ⁄ ♇◑ ̆,

ˉ╘ ░ᴏ⁄ ҍ ἌѤ ѻᾎ ṪἍ תּ ΏѤ Ḣḹ

[Reps et al . 2005, POPL]

f(1) Č 1

f(2) Č 2

f(2) Č 2

Ç ᶛ‚ ṪἍ⁄ἌѤ ᶛ‚ מ͎ ˌṊ Ѿ─ᴛ ⁄ ♇◑

█ᴌ ˷̐

1 1

2 2
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♩ᵣᴘ ᾏ♫♅╩ ṧἊ╧ ӆ Ὕ ▐╖͢?

Ç Ὸ◓

Ç ṓ◌ ᶛ‚ ṪἍ ҵᶉ╬

Ç ╪ẇ ͙ḙ ᶷᵱ Ḋˁ ᴛᾎ♇ ṪἍ

Ç ♪͐ Ḣḹ

Ç ˿↕ :͙╪ת ♠ , ⅝– ♬ҵᵑ и▐, ⁵Ἓתּ ↔ (localization)

Ç ᶉᶛᵙ :͙╪ת תּ┬ Ѥ ╥ ͙ ˁἵ ḓ ʼאַ ˺̓ Ḳᵙ͙
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BEFORE
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AFTER
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˼→ ͖╧ל #1. ᶱ ṆὝ ♫˛

Ç ᴛ͎ע ▀ṨṪ⁄Ἄ ○ͨ Ợ↔Ӈ̆ җ ╪Ữ Ợ↔Ӈּת Ώ

Ѥ ṉὡʺ ˿↕╥ ὡᵑ ᾎʺשּ

Ç ᴛᾎ♇ Ͽ ỸⱵ ṪἍ(liveness analysis)╙ җ ╪Ữ

Ợ↔Ӈּת ΏѤ ṉὡᵑ Ⱡ˞

Ç ὡ▬‰ ӥ╥ ṪἍ ἶҵᵑ Ữ

List* t, h=0; 
/* t=0; */
while (nondet) {  

t = h;
h = malloc();  
h->next=t;  
/* t=0; */

} 

t=?    h=0

t=0 h

t 

h list

h list
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˼→ ͖╧ל #2. ̐ʾ ˼→ ˷ (Join)

Ç ₉♣╥ ṪἍ╘ ױ⁴ ˿↕ᴛ Ϯы‡ֿב ˦╙ ѻᾎ ˺ Ѥ

⁷ụ(join)╪ ẋ ═♠

Ç ˞╥ ︡ ὡר: ѻ╛ ӎ ˿↕ᵑ תּ ᶣ

Ç ◑ ⁷ụ (widening) ὡר╥ ̓ˁ ˺

Á ᶴ ᴴ ʺ ḛỸ ὡ ▓Ѥ ᴛᾎ♇╥ ░̯, ḙṓᶷ⁄Ἄᵣ Ợ↔

t 

h

non-empty 
list

h 

t

non-empty 
list

h 
non-empty 

list

t 
non-empty 

list
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ἳҲ ừ ᾏ ˷̐: ˷

ᴘ͋ן ל ˷ ╧‮ ˷ ở↑

ἶҵ (s) ᶉᶛᵙ (MB) ἶҵ(s) ᶉᶛᵙ (MB)

t1394Diag.c(▀Ṩ) 973 184.87 575.82 0.36 2.70

t1394Diag.c(▀Ṩ) 1,825 > 90 min - 1.21 5.16

pci-driver.c 2,532 > 90 min - 0.55 4.42

cdrom.c 6,218 > 90 min - 107.91 357.58

ᴘ͋ן ˷ ╧‮
˼→╢Ὕ

˷ ở↑ᾋ
˼→╢Ὕ

onelist.c 3 2

twolist.c 9 4

firewire.c 3,969 37
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˼→ ͖╧ל #3: Ẋ ᵖᾂ ᵖ

Ç ẍ ᵙᾅ

Ç ⅝– Яӥʺ ẍ ᵙᾅ (empty list)ᵑ Ѥּת ⁴Ṩʺ Ḳ͎ Ѥҥ ⅝אַ

Ç ▀ḙ♠╖ᴛ ᶛ‚ṪἍ⁄ἌѤ ẍ ᵙᾅ ₮ ẋּת Ώ╘ ᵙᾅ ᵑ ̯Ṫ ⁴ ṪἍ

Ç ˺̓Ѥ ˿↕ ḛ

Ç ₉Ⱡ: IEEE1394 ӥג╪Ḳ

Ç ̯ⱳ (structure)⁄Ѥ ѻἙ ˌ╥ ᵙᾅ ӥ Ⱶ◓

Ç ʻ ӥ Ṋᴛ ẍ ᵙᾅ , ẋּת Ώ╘ ᵙᾅ , תּʺ 2 ˿↕ʺ Ϯ₡ḃᴛ ἵ 25

תּʺ 32 = ˿↕ʺ ḛỸ

Ç ᵙᾅ ╥ ⅝– Яӥ⁄ ẍ ᵙᾅ ⁴Ṩ ͙

Ç NE (non-empty), PE (possibly empty)

Ç NE < PE ὣἌ⁄ ӻג ᶔל (join) ˿↕╥ ὡʺ ˁἵ


