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struct Point {
double x, v;

} i

struct Shape {
char *name;
FILE +fptr;

)i

struct Part {

struct PartNode ({
struct Part =xpart;
struct PartNode *next;

}i

struct Assembly
struct Point center;
struct PartNode xnodes;
struct Assembly *owner;

}i

struct Polnt center;
struct Shape =*xshape;
struct Assembly *owner;
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Byte Type Lattice
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» struct IEFDE 1 J4—ILFERIFRIZIRZ S

| T X XT < T |

* array LT DE 1 BERERFRICKRAZ S
\ T[n] < T \




Covariance/Contravariance

* Subtyping BE{% (& pointer [Z§8>1=5 R Y 3L F=7%5 0N

T < Tp #T{ptr < 1, ptr
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Union Types
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T4+ ..+T = T(T; + ... + T,)

* W Y)7: subtyping B8R %R TE

Ty +... + T, < referent

T(T{y+...+T) < Ty +..+T,

T(T{+...+T) < T,

* 88D supertype ZE DD (X union & L71=I17
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Assembly xcreate assembly () {
Assembly xassm =

malloc (sizeof (Assembly) ) ;
PartNode =*node =

malloc (sizeof (PartNode) ) ;

node->part = malloc(sizeof (Part)) ;
node->next = node;
assm->nodes = node;

// build part’s shape and set name

init part (node->part, "door", assm);
return assm; | 3 malloc() [FEBLUTFHE |
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B, line 3

A, line 6

[0-3]: &E

D, line 2

[0-3]: &B

[4-7]: &D
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— Mandatory constraints
— Filtering constraints

— Size constraints
— Type constraints
- Debug constraints
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(1) Mandatory Constraints

* valid 7% pointer 7352 MO & (& pointer

validPointer(addr) = typeof(addr) < pointer

* COIFREHMSIEMHEDHHIEERND

Block  Valid Pointers ~ Value-Consistent Types

A A+0 PartNode, Shape
B B+16, B+20 Part, Assembly
C C+16 Part, Assembly
D D+0,D+4 PartNode, Shape
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(3) Size Constraints

. F—AHEEOY 4 XIS B

typeof(b) = T = sizeof(b) = sizeof(T)
typeof(b) = T[n] = sizeof(b) = n X sizeof(T)

Block Size Size-Consistent Types

8 PartNode, Shape, char [8],...
24 Part, Assembly, Shape [3],
PartNode [3], float [6], ...
24 Part, Assembly, Shape [3],
PartNode [3], float [6], ...
8 PartNode, Shape, int [2], ...
5 char [5]
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(4) Type Constraints

* subtyping [ZEH9 A #l#Y
- (i)

typeof(addr) < pointer A (*addr) €(allocated block)
= typeof(*addr) < referent

- (i) interior ~® pointer Z#1kE

typeof(addr) < T €(atomic type)
= V 1<i<sizeof(T). typeof(addr + i) = interior

- (iii) dangling pointer Z#11kE

Vv block € (start of allocated block).
typeof(block) < referent
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(4) Type Constraints( #t= )

- (iv) IRAVEZDESH
typeof(addr) < T ptr = typeof(*addr) < T

= (v) struct DEEH
typeof(addr) < 1y X ... X T
= Vv 1<n<k. typeof(addr + i,) = T,

- (vi) array DE &%

typeof(addr) < T[n]
= V 1<i<n. typeof(addr + i * sizeof(T)) = T
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- mandatory Fl§9& type F%9 (i) (ii)(iii) ZFI F
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Block  Type Considered Outcome Induced Constraints
C FILE size conflict: sizeof(C) < sizeof (FILE)

C Part v D +0: Shape

D Shape type conflict at D +0: meet(Shape,FILE) = L

C Assembly v D+0: PartNode
D PartNode v B+0: Part

A PartNode size conflict: sizeof(E) < sizeof(PartNode)

A Shape v E+0:char

E char [5] v
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B:

Part

A: Shape

[0-15]:
[16-19]:
[20-23]:

Point

Shape*

Assembly™

E: char[5]

[0-3]: char*

[4-7]: FILE*

C: Assembly

[0-15]: Point

[16-19]: PartNode*

[20 -23]: Assembly*

105
[1]:
@) cnar
13]:

char

char
char
char

char

D: PartNode

[0-3]: Part*

[4-7]: PartNode*
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* gdb & GNU libc Z22iiE
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* “"whatsat”
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Case Study (1): Schedule?

* Schedule2: Siemens M3 TRy 11—
- malloc() N TTUZva
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Schedule2 @ AE!) a[tR1E D4

0X804ABBS8:
0X804ABBC:

0X804ABCO:
0X804ABC4:

0X804ABCS8:
0X804ABCC:

0X804ABDO:
0X804ABD4:

0X804ABDS8:
0X804ABDC:
0X804ABEO:
0X804ABEA4:
0X804ABES:
0X804ABEC:
0X804ABFO:
0X804ABF4:
0X804ABFS8:

0x00000000
0x00000000

0x00000001
0x0804b0do0

0x00000001
0x0804b0a8

0x00000000
0x00000000

0x00000000
0x00000000
0x00000002
0x0804b008
0x00000000
0x00749380
0x007493d0
0x0804b018
0x00000000

(

0x804b0dO0

0x804b0as8

0x0

0x0

RAAB

) <realloc hook inis>

queue [4])
[0] = (queue)
length = (int) 1
head = (process =)
[1] = (queue)
length = (int) 1
head = (process =)
[2] = (queue)
length = (int) O
head = (process =)
[3] = (queue)
length = (int) O
head = (process =)
void # (%) ()) 0x804b008 < X2
void (%) ()) O
void * (*) ()
volid * (%) ()

) <memalign hook inis>




Case Study (2): Exif

* Exif: JPEG D A2 T—3iwEY—IL
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entries = realloc (entries,
sizeof (ExifEntry) * (count + 1)) ;

- IELLIZ ExifEntry Tl37%< (EXIfEntry *) THEHIRE
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