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Instruction memory

Instruction memory
(32K): Holds a machine 
language program

The loaded code can be viewed
either in binary, or in symbolic 
notation (present view)

Program counter (PC) (16-bit): 
Selects the next instruction.

Next instruction
is highlighted
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Data memory (RAM)

Data memory (32K RAM), used for:
! General-purpose data storage

(variables, arrays, objects, etc.)
! Screen memory map
! Keyboard memory map

Address (A) register, used to:
! Select the current RAM location
OR

! Set the Program Counter (PC) for  
jumps (relevant only if the current 
instruction includes a jump directive).
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Registers

Registers Registers Registers Registers (all 16-bit):
! D:  Data register
! A:  Address register
! M: Stands for the memory register

whose address is the current 
value of the Address register

M  (=RAM[A])

D

A
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Arithmetic/Logic Unit

Arithmetic logic unit (ALU)
! The ALU can compute various arithmetic 

and logical functions (let’s call them f) on 
subsets of the three registers {M,A,D}

! All ALU instructions are of the form 
{M,A,D} = f ({M,A,D})
(e.g. M=M-1, MD=D+A , A=0, etc.)

! The ALU operation (LHS destination, 
function, RHS operands) is specified by 
the current instruction.

Current 
instruction

M  (=RAM[A])

D

A
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Loading a program

Navigate to a 
directory and select 
a .hack or .asm file.
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Loading a program

Can switch 
from binary to 
symbolic 
representation
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Running a program

1. Enter a 
number,
say 50.

2. Click the 
“run” button. 3. To speed up 

execution, 
use the speed 
control slider

4. Watch 
here

Program’s description: Draws a rectangle at the 
top left corner of the screen.  The rectangle’s width 
is 16 pixels, and its length is determined by the 
current contents of RAM[0].

Note: There is no need to understand the program’s 
code in order to understand what’s going on.
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