
Agenda

The VM Language (Part 2)
• Branching

• label, goto, if-goto
• Functions

• function, call, return

Examples

(With slides from nand2tetris.org)



Example

int mult(int x, int y) {
   int sum;
   sum = 0;
   for (int j = y; j != 0; j--) {
      sum += x; 
   }
   return sum;
}

function mult
   args x, y
   vars sum, j
   sum = 0
   j = y
loop:
   if j = 0 goto end
   sum = sum + x
   j = j -1
   goto loop
end:
  return sum

function mult(x, y)
   push 0
   pop sum
   push y
   pop j
label loop
   push 0
   push j
   eq
   if-goto end
   push sum
   push x
   add
    pop sum
    push j
    push 1
    sub
    pop j
   goto loop
label end
    push sum
    return

function mult 2
   push constant 0
   pop local 0 // sum = 0
   push argument 1
   pop local 1  // j=y
label loop
   push constant 0
   push local 1
   eq
   if-goto end
   push local 0 // sum
   push argument 0 // x
   add
   pop local 0 // sum=sum+x
   push local 1
   push constant 1
   sub 
   pop local 1 //j=j-1
   goto loop
label end
    push local 0
    return

Original Code

VM Pseudocode

First approximation

VM Code

What changes 
between each 
step?



Recall: The big picture

.vm file .hack file.jack file



Branching

label: 
 Destinations for goto commands

goto: 
 Jumps the command after label

if-goto: 
 let condition = pop
 if condition, jump to label
 else execute the next command

Exercise: Identify the commands associated with the while loop



Branches: Implementation in hack
VM branch commands can be directly translated to hack assembly. For 
example, convert the commands below to hack assembly

label loop
   ...
   eq
   if-goto end
   ...
   goto loop
label end
   ...



Functions: call, function, return



Functions: call



Functions: function



Functions: return



Functions: Implementation 

1. Assigned function names are Filename.FnName

2. The caller must be “put on hold” while the callee executes

3. The callee starts with a fresh stack and its own virtual memory 
segments

4. When the callee finishes, we should resume the caller where it 
left off. Any return values should be on the caller’s stack



Implementation Example: The High Level



Implementation Example: Details Step 1



Implementation Example: Details Step 2



Implementation Example: Details Step 3



Implementation Example: Details Step 4



Implementation Example: Details Step 5



Implementation Example: Details Step 6



Implementation Example: Details Step 7



Function implementation: call



Function implementation: function



Function implementation: return



Example: Factorial
int factorial(int n) {
   int result = 1;
   for (int j = 1; j <= n; j++) {
      result = mult(result, j);
   }
   return result;
}

void p() {
     factorial(4);
}

int mult(int x, int y) {
   int sum;
   sum = 0;
   for (int j = y; j != 0; j--) {
      sum += x; 
   }
   return sum;
}



Exercise: Draw the function stack for factorial(2)



Visualizing function calls



Exercise: Write VM Code for p and factorial



Example: Factorial
function p
   ...
   // Compute 4!
   push constant 4
   call fact 1 // 1 arg

function factorial 2 // 2 local variables
   push constant 1
  pop local 0  // result = 1
    push constant 1
    pop local 1   // j =1
label loop
    push constant 1
    push local 1
    add
    pop local 1  // j=j+1
    push local 1
    push argument 0
    gt
    if-goto end  // if j>n goto end
    push local 0
    push local 1
    call mut 2 // 2 arguments pushed

// function factorial 2  cont. 
    pop local 0
    goto loop
label end
    push local 0
    return

function mult 2
   ...
   // Returns result
   push local 0
   return



Example: Factorial

Each function pushes its state 
to the stack before executing 
the function.

This state is restored when we 
return from the function.

The return address works the 
same as labels used for loops 
or if statements (it’s an address 
in ROM)



Example: Arrays
// High-level Code
int* bar = {7, 53, 121, 8, 1, 2, 3, 4, -5, 19};
bar[2] = 19; // same as *(bar + 2) = 19



Example: Arrays
// High-level Code
int* bar = {7, 53, 121, 8, 1, 2, 3, 4, -5, 19};
bar[2] = 19; // same as *(bar + 2) = 19

// VM Code
push local 0
push constant 2
add
pop pointer 1 // Sets base to (bar+2)
push constant 19
pop that 0 // *(bar+2) = 19



Example: Objects
// High-level code

class Ball {
   int x;
   int y;
   int radius;
   int color;
....

   void setRadius(int r) {
      radius = r; // same as self.radius = r
   }
}



Example: Objects

// VM code inside setRadius
// Assume that the Ball objects and r are 
// passed to the function as arguments 0
// and 1 respectively. 
// The following code implements
//    self.radius = r

push argument 0 // Get base address of self
pop pointer 0        // Save base address in ptr
push argument 1 // Get r’s value
pop this 2                // Set 3rd value of self



The Big Picture: Compilation



The big picture: Compilation steps



Bootstrap code, e.g. executing Main.main



Standard VM mapping for the hack platform
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