Estado de execucao:

 Registo de activacao (activation record)

Criado antes da chamada a funcéo (activacao) e
destruido uma vez terminada a sua execucao

Composto pelas colec¢cdes numeradas de argumentos e
de variaveis locais

« Stack de avaliacao (evaluation stack)

Estrutura de dados sobre a qual € realizada a sequéncia
de operacgdes do corpo da funcéo

» As operagdes consomem 0s operandos do topo do
stack e produzem o resultado para o topo do stack

Activation Record

Argumentos

Variaveis locais

Evaluation Stack
top

v

Elementos do
Stack




Linguagem intermédia ...

» Instrucbes com prefixo Id fazem push no stack da variavel, argumento ou
campo passado por parametro.

Locals Arguments
— lIdloc — variavel local 0 0
— |darg — argumento da funcao 1 . 1 .
— |dfld - campo
Ex: ldarg.1

* Instrucdes com prefixo st fazem pop de um valor do stack e armazenam-no
na variavel, argumento ou campo passado por parametro.

— stloc — variavel local Locals Arguments

— starg — argumento da funcao 0 0
1 1
2

— stfld - campo

Ex: stloc.©o




C#

static double Modulo (int x, int y) {
int X2 = x * x;
int y2 =y * y;
return Math.Sgrt (x2 + y2);

CIL

.method private hidebysig static floaté64
Modulo(int32 x, int32 y) cil managed
{
.locals init (int32 V_0, int32 V_1)
IL 0000: 1ldarg.®
IL 0001: 1ldarg.®
IL 0002: mul
IL 0003: stloc.©
IL e004: 1ldarg.1l
IL 0005: 1ldarg.1l
IL 0006: mul
IL 0007: stloc.
IL 0008: 1ldloc.
IL 0009: 1ldloc.1
IL @00a: add
IL 000b: conv.r8
IL @00c: call float64 [mscorlib]System.Math::Sqrt(float64)
IL 0011: ret

(R )




static void Main() {
Point p = new Point(4, 3); /

double res =

}

Modulo(p.x, pP.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;
return Math.S

X2 + y2);

Jocals init (int32 V 0, int32 V 1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

AV

Locals Arguments
0 0 4
0 1 3
Evaluation Stack




static void Main () {
Point p = new Point (4, 3);
double res = Modulo(p.x, P.Y):’
}

| static double Modulo(int x, int y)

int x2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)
IL_0000: Idarg.0

IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
0 0 4
0 1 3
4,
Evaluation Stack




static void Main () {
Point p = new Point (4,
double res

}

3);
Modulo(p.x, p.Y)

static double Modulo (int x, int y)

intx2 = x*
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:

Idarg.0

IL_0001: Idarg.0

IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

Locals Arguments
0 0 0 4
1 0 1 3
4
4
Evaluation Stack

float64 [mscorlib]System.Math::Sqrt(float64)




static void Main () {
Point p = new Point (4, 3);
double res = Modulo(p.x, P.Y):’
}

| static double Modulo(int x, int y)

intx2 = x*x
inty2=y*y;
return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:

Idarg.0
Idarg.0

IL 0002:

IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
0 0 4
0 1 3
116]
Evaluation Stack




static void Main () {
Point p = new Point (4, 3);
double res = Modulo(p.x, P.Y):’
}

| static double Modulo(int x, int y)

int x2 = x*x;
inty2=y*y;
return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:

IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

IL_0003:

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 | 0 4
0 1 3
Evaluation Stack




static void Main() {
Point p = new Point (4,

double res =

}

3);

Modulo(p.x, p.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;
return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:

Idarg.0
Idarg.0
mul

stloc.0

IL_0004: Idarg.1

IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 0 4
0 1 3
3
Evaluation Stack




static void Main () {

Point

double res = Modulo(p.x, P.Y):’

}

P = new Point (4, 3);

static double Modulo (int x, int y)

intx2 = x*x;

inty2=y*y;
return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:

Idarg.0
Idarg.0
mul

stloc.0
Idarg.1

IL_0005: Idarg.1

IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

mul

stloc.1

Idloc.0

Idloc.1

add

conv.r8

call float64 [mscorlib]System.Math::Sqrt(float64)
ret

Locals Arguments
16 0 4
0 1 3
3
3
Evaluation Stack




static void Main () {
Point p = new Point (4, 3);
double res = Modulo(p.x, P.Y):’
}

| static double Modulo(int x, int y)

intx2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:

IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:

IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul

stloc.0
Idarg.1
Idarg.1

IL_0006:

mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 0 4
0 1 3
9
Evaluation Stack




static void Main() {
Point p = new Point (4,

double res =

}

3);

Modulo(p.x, p.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:

IL_0008:
IL_0009:
IL_000a:

IL_000b:

IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul

stloc.0
Idarg.1
Idarg.1
mul

IL 0007:

stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 0 4
9 1 3
Evaluation Stack




static void Main() {
Point p = new Point (4,

double res =

}

3);

Modulo(p.x, p.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:

IL_0009:
IL_000a:
IL_000b:
IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

IL_0008:

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 4
g 3
116)
Evaluation Stack




static void Main() {
Point p = new Point (4,

double res =

}

3);

Modulo(p.x, p.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:

IL_000a:
IL_000b:
IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0

IL_0009:

Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 0 4
9 1 3
O)
16
Evaluation Stack




static void Main () {
Point p = new Point (4, 3);
double res = Modulo(p.x, P.Y):’
}

| static double Modulo(int x, int y)

intx2 = x*x;
inty2=y*y;
return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1

IL 000a:

IL_000b:

IL_000c:
IL_0011:

add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 4
g 3
25
Evaluation Stack




static void Main() {
Point p = new Point (4,

double res =

}

3);

Modulo(p.x, pP.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:
IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000c:
IL_0011:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add

IL_000b:

conv.r8

call float64 [mscorlib]System.Math::Sqrt(float64)

ret

Locals Arguments
0 16 0 4
1 9 1 3

Convertido de inteiro com
sinal de 4 bytes, a real
(virgula flutuante) de 8 bytes

0725

Evaluation Stack




static void Main() {
Point p = new Point (4,

double res =

}

3);

Modulo(p.x, pP.Y)

static double Modulo (int x, int y)

intx2 = x*x;
inty2=y*y;

return Math.Sqrt(x2 + y2);

Jocals init (int32 V_0, int32 V_1)

IL_0000:
IL_0001:
IL_0002:
IL_0003:

IL_0004:
IL_0005:
IL_0006:
IL_0007:
IL_0008:
IL_0009:
IL_000a:

IL_000b:
IL_ 000c:

IL_0011:

Idarg.0
Idarg.0
mul
stloc.0
Idarg.1
Idarg.1
mul
stloc.1
Idloc.0
Idloc.1
add
conv.r8
call

ret

float64 [mscorlib]System.Math::Sqrt(float64)

Locals Arguments
16 4
9 3
5
Evaluation Stack




Incluséo de instrucdes para o suporte ao paradigma da orientacéo aos
objectos

— Nocéao de campo de objecto
- |dfld e stfld
— Chamada a metodos
« call e callvirt
— Criacéo e inicializacao de instancias
* newobj e initobj
— Casting
» castclass, isinst
— Excepcoes
* throw, rethrow

18



