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The Memory Hierarchy 

Local secondary storage (disk) 

Larger   
Slower 
Cheaper  
per byte 

Remote secondary storage 
(tapes, Web servers / Internet) 

~100 M cycles to access 

On  
Chip  

Storage 

Smaller 
Faster 
Costlier 
per byte 

Main memory 
(DRAM) ~100 cycles to access 

CPU 
instrs  

can 
directly  
access 

slower 
      than local 
           disk to access 

Registers 
1 cycle to access 

Cache(s) 
(SRAM) 

~10’s of cycles to access 

Flash SSD / Local network 

L1, L2
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Cache Coherence 
• Keeping multiple cores’ 

memory consistent 
 

• If one core updates data 
– Copy data directly from 

one cache to the other. 
– Avoid (slower) memory 

 
• Lots of HW complexity 

here.  Beyond the scope 
of this course. 
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Memory	
Larger,	slower,	cheaper	memory	
viewed	as	par@@oned	into	“blocks”	

Data	is	copied	in	block-sized	
transfer	units	

Smaller,	faster,	more	expensive	
memory	caches	a		subset	of	

the	blocks	
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Direct-Mapped 

• Address division: 
– Identify byte in block 

• How many bits? 
 
 

– Identify which row (line) 
• How many bits? 

Line V D Tag Data (8 Bytes) 
0 
1 
2 
3 
4 
… … 

1020 
1021 
1022 
1023 
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Direct-Mapped 

• Address division: Line V D Tag Data (8 Bytes) 
0 
1 
2 
3 
4 
… … 

1020 
1021 
1022 
1023 

Index: 
Which line (row) should we check? 
Where could data be? 

Tag (19 bits) Index (10 bits) Byte offset (3 bits) 

(32-bit example)

Direct-Mapped 

• Address division: Line V D Tag Data (8 Bytes) 
0 
1 
2 
3 
4 1 4217 
… … 

1020 
1021 
1022 
1023 

Byte offset tells us which subset of block 
to retrieve. 

Tag (19 bits) Index (10 bits) Byte offset (3 bits) 

4217 4 2 

0 1 2 3 4 5 6 7 
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V D Tag Data 

… 

= 

Tag Index  Byte offset 

0: miss 
1: hit 

Select Byte(s) 

Data 

Input: Memory Address 


