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Previously in CS212…
• Examined the concept of virtual memory and the address space abstraction

• Each process gets its own space in memory
• This space is isolated from other processes

• Reviewed the memory API provided by our OS
• Malloc, Calloc, Realloc, Free

• Experimented with tools for checking memory usage and debugging
• GDB Debugger
• Valgrind

• But do we manage virtual memory?



Process Address space

• Process A is loaded into an address space
• stores 3,000 to a variable and increments the value 

by 3

• We have three lines of code at bytes: 128, 132, 
and 135

• We have the value of the variable (3,000) stored 
at 15KB



We Need Address Translation

• Assuming the process image is in a 
contiguous block of memory…

• OS decided where in physical 
memory the process goes

• We need to know how to go from 
virtual addresses to physical 
addresses
• 128 B + 32,768 B = 32,896 B
• 15 KB + 32 KB = 47 KB



Memory Management Unit

• Hardware built into the CPU

• Keeps two registers
• base - starting address
• bound - can be the size of the process image or the physical address for the 

end of the process image

• Converts virtual to physical addresses
• Physical address = virtual address + base
• Checks to ensure the bounds are not violated



Example

• Assume a process is loaded to physical address at 32KB and all 
process images are 64KB. Compute the translations.

Virtual Address Physical Address

0 Bytes ???

10 KB ???

50KB ???

70KB ???



Example

• Assume a process is loaded to physical address at 32KB and all 
process images are 64KB. Compute the translations

Virtual Address Physical Address

0 Bytes 32KB

10 KB 42KB

50KB 82KB

70KB 102KB

= 0 Bytes + 32KB 

= 10KB + 32KB 

= 50KB + 32KB 

= 70KB + 32KB ERROR!!!



Dynamic Relocation Hardware Requirements



OS Dynamic Relocation Requirements

*Base and bounds are not per process; they are hardware registers per 
CPU. The OS needs to update the registers with the correct values in the 
process control block (PCB) when switching processes

*



Dynamic Relocation with LDE



Example
The OS does not need to 
get involved here as the 
hardware can handle the 
address translation. 
Efficient!

OS steps in when there 
is an issues to resolve.



Next Time…

• We aren’t making the best use of our limited 
memory resources
• Internal fragmentation (space between stack and 

heap) is wasted

• We don’t necessarily want all processes to be 
the same size

• Can we do better…tune in and find out!


