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W E E K  3  —   
Computer memory 

Structure and operations in memory 

Computer memory can be seen as a large table with cells. Each cell 
• can remember one value 
• can have different sizes, usually 1 byte 
• has a memory address 
• is implemented using a set of transistors and gates capable of remembering a previously-defined set 

of bits 
  

SRAM vs DRAM 
Volatile memory (always requires power) comes in 2 types: 
Type Description Time for a read 

operation 

Static RAM Data is stored in a cell until overwritten or power is stopped. Each 
cell uses approx. 100 transistors. 

10 nanoseconds 

Dynamic 
RAM 

Same as SRAM but physical structure is simpler – data stored in 
capacitors: 
• Capacitor charged = 1 
• Discharged = 0 

  
Capacitors leak current – charged capacitors start to discharge over 
time (a few milliseconds). Read operations refresh charge. 
  
DRAM allows for higher capacity chips to be produced – each cell is 
1/4 size of an SRAM cell. 

Slower than 
SRAM 

  

Operations 
1. Write operations receive an address and a value. It has no return value. 

Byte Read(Address a) 
2. Read operations receive an address and returns a value. 

void Write(Address a, Byte b) 
  
Initially, all cells have “garbage” or are undefined. 
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Instruction fetch 
The processor obtains the next instruction to execute 
from program memory: 
• The value in the program counter is given as the 

address memory and a read operation is started. 
• The result of the operation is stored in the 

instruction register. 
• At the same time, the program counter is 

automatically updated to the next memory 
location. 

• Then, the controller finds out the type of 
instruction by processing the bits in the 
instruction register. 
o It consists of a sequential digital circuit 

(similar to an FSM) that takes the 
instruction as an input and generates 
control signals over the next clock cycles 
for the rest of the components to perform 
the correct operations. 

• Some operations are 32 bits in size and require 
an additional value from program memory so a 
second fetch stage is executed, program counter 
updated, and the 2 bytes are stored in the 
instruction register. This takes the same time as 
the first fetch. 

 
  

  

Register operand fetch 
Only occurs if the instruction requires an 
ALU operation and the result is written 
back in the register file. 
  
Operands required by the instruction are 
obtained, mostly from the register file. 
  
Some instructions contain an operand as 
part of the instruction itself. 

 
  

  

ALU operation execute 
Only occurs if the instruction requires an ALU 
operation. 
  
Control signals select the appropriate operation 
and the result is produced. 
  
The status register is updated based on the 
output of the ALU operation: 
• Carry flag 
• Zero flag 
• Negative flag  
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Data definition 

Must be included in .section .data 
  
Data defined is stored in consecutive memory locations. 
  
There is no information stored about the type or structure of data in memory. 
  

Bytes and integers 
data: .byte 38, 0b11011110, 0xFF, 'A', 0344, -12 
  
Multiple values can be stored, separated by commas. 
  
The programmer has no control over the address in which the data is 
stored. 
  
The assembler 
• flags an error if a number larger than 255 is given 
• truncates negative numbers if they cannot be stored in a byte 

and prints a warning message 

 

Strings 
Each character is stored with one byte using ASCII in 
consecutive memory positions. 
  
msg: .ascii "S 1", "S 2" 
     .asciz "S 3", "S 4" 
     .string "S final" 
  
.asciz and .string are the same. They append a 0x00 as 
the last character. 

 

  

Empty space 
Reserves memory space with length of the first value, initialised by 
the second. 
  
If the second value is omitted, the memory is initialised with 0. 
  
result: .space 4, 0 
        .space 4 
        .space 8, 0xFF 
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Register restrictions 
These restrictions are imposed by the avr-gcc compiler. 
  

1. R0 is used as a scratch register and need not to be saved or restored. 
2. R1 must always have value 0. 
3. R18–R27 and R30–R31 may not be saved before its use, but they may be overwritten when a 

function is called from your code. 
4. R2–R17 and R28–R29 must be saved and restored at the beginning and end of the subroutine. 
5. If a function returns an integer, this must be placed in R25:R24 at the end of the subroutine. If it is an 

8-bit number, you must clr R25 
  

 

Guidelines for assembly programming 

• The values in registers R1–R17 and R28–R29 must be identical to those that were present before 
executing your program (or subroutine). 

  
• Avoid unnecessary operations. For example, do not save and restore registers that are not needed or 

the content of which is not important. Try to move the data to the right location to begin with to 
avoid unnecessary data movement operations. 
  

• There is always more than one way to program a task. If possible, choose the one with less number 
of instructions or that you think it will execute faster. Memory accesses typically slow down program 
execution. 
  

• Write legible code. Insert comments before blocks of instructions so that you know what is the 
purpose of several instructions. Do not include trivial comments about a single instruction, but 
instead, high level comments about code blocks. 

  


