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1. 2 - 3 mins CS story at start of lecture - given by you! 
1. Technically interesting tidbit 
2. CS hero - Grace Hopper, Kerninghan … 

2. +1 marks 
3. Order : Script run by instructor 
4. Lecture tomorrow, 25th August, 4 PM, 7/102
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1. Space v/s Time Multiplexing
2. Direct Physical Memory Multiplexing :

1. Limited to physical memory
2. Fragmentation :

1. Internal
2. External

3. Goals of Memory Management:
1. Transparency
2. Efficiency
3. Isolation

4. Memory Interface : Load and Store
5. Abstraction 

1. Decouple physical memory and address
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CPU

0x10102030

MMU Physical Memory

Kernel

Virtual Address
0x104130

Physical Address

What if you want to translate same 
virtual address again?

Cache!!
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CPU

0x10102030

MMU Physical Memory

Kernel

Virtual Address Physical Address

What do you do with cache if there 
is a context switch?

0x104130
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CPU

0x100

MMU Physical Memory

Kernel

Virtual Address

Dynamic (Hardware-based) Relocation 
Base & Bounds

Base : 0X1000 
Bounds: 0X300 0X1000

0X1000 + 0X300

1. When do you think base and bounds 
register will be set up?

2. What happens when context is 
switched?
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1. Base and Bound registers
2. Allows:

1. Place address space anywhere in memory (not just 
at location 0)

2. Ensures process only accesses its own space
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1. Base
1. OS decides where in physical 

address to load the address 
space

2. In previous example, base is 
…? 

3. Ans: 32 KB

Physical Address = Virtual Address + Base
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CPU

0x400

MMU Physical Memory

Kernel

Virtual Address

Dynamic (Hardware-based) Relocation 
Base & Bounds

Base : 0X1000 
Bounds: 0X300 0X1000

0X1000 + 0X300 0x400

NOT allowed!
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1. Memory Management :
1. Allocate memory for new processes
2. Reclaim memory from terminated process
3. Manage memory via free list

2. Base/Bound management :
1. Set base/bound upon context switch

3. Exception handling :
1. Terminate offending process
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1. Simple : Hardware only needs to know base & bounds
2. Relatively fast :

1. Protection : 1 comparison (bound)
2. Translation : 1 addition
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1. Contiguous block of memory 
needed in physical memory
1. Internal fragmentation
2. External fragmentation

Base

Base + Bound
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1. Multiple bases and bounds per process. Each of them 
called a segment.
1. Each segment can have own size
2. Each segment can have own permissions:

1. Code would be?
3. Each segment can have direction of growth!
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1. Each segment has: 
1. Start virtual address (VA)
2. Base physical address
3. Bound
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