
1

1

Caches

CSCI 237: Computer Organization
28th Lecture, Wednesday, November 13, 2024

Kelly Shaw

Slides originally designed by Bryant and O’Hallaron @ CMU for use with Computer Systems: A Programmer’s Perspective, Third Edition
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Administrative Details

¢ Read CSAPP 6.4-6.6
¢ Lab #5 checkpoint due today at 11pm
¢ Quiz available today at 2:30pm, due Friday at 2:30pm
¢ Snack and Gab today 4:10-4:30
¢ Colloquium on Friday at 2:35pm
§ Subhadeep Sarkar, Brandeis University
§ Building Deletion-Compliant Data Systems
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Last Time: Storage and Caches

¢ Storage technologies and trends (Ch 6.1)
§ Memory technologies

¢Cache memory organization and operation (Ch 
6.4)
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Today

¢ Cache memory organization and operation (Ch 6.4)
¢ Caches in real systems
¢ Performance impact of caches 
§ The memory mountain
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Review: Cache Read
E = 2e lines per set

S = 2s sets

0 1 2 B-1tagv

valid bit B = 2b bytes per cache block (the data)

t bits s bits b bits
Address of word:

tag set
index

block
offset

data begins at this offset

• Locate set
• Check if any line in set

has matching tag
• Yes + line valid: hit
• Locate data starting

at offset
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Example: Direct Mapped Cache (E = 1)

S = 2s sets

Direct mapped: One line per set
Assume: cache block size 8 bytes

t bits 0…01 100
Address of int:

0 1 2 7tagv 3 654

0 1 2 7tagv 3 654

0 1 2 7tagv 3 654

0 1 2 7tagv 3 654

find set
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Example: Direct Mapped Cache (E = 1)
Direct mapped: One line per set
Assume: cache block size 8 bytes

t bits 0…01 100
Address of int:

0 1 2 7tagv 3 654

match: assume yes = hitvalid?   +

block offset

tag
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Example: Direct Mapped Cache (E = 1)
Direct mapped: One line per set
Assume: cache block size 8 bytes

t bits 0…01 100
Address of int:

0 1 2 7tagv 3 654

match: assume yes = hitvalid?   +

int (4 Bytes) is here

block offset

If tag doesn’t match: old line is evicted and replaced
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Direct-Mapped Cache Simulation

M=16 bytes (4-bit addresses), B=2 bytes/block, 
S=4 sets, E=1 Blocks/set

Address trace (reads, one byte per read):
 0 [00002], 
 1 [00012],  
 7 [01112],  
 8 [10002],  
 0 [00002]

x
t=1 s=2 b=1

xx x

0 ? ?
v Tag Block

miss

1 0 M[0-1]

hit
miss

1 0 M[6-7]

miss

1 1 M[8-9]

miss

1 0 M[0-1]Set 0
Set 1
Set 2
Set 3
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E-way Set Associative Cache (Here: E = 2)
E = 2: Two lines per set
Assume: cache block size 8 bytes

t bits 0…01 100
Address of short int:

0 1 2 7tagv 3 654 0 1 2 7tagv 3 654

compare both

valid?  + match: yes = hit

block offset

short int (2 Bytes) is here

No match: 
• One line in set is selected for eviction and replacement
• Replacement policies: random, least recently used (LRU), …
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LRU Replacement Policy
E = 2: Two lines per set
Assume: cache block size 8 bytes

0 1 2 7tagv 3 654

LRU bits needed for every line in a set
• Updated on every read and write access
• Possible range of LRU values:
• 0 : most recently accessed line in set
• E-1 : least recently access line in set

LRU0 1 2 7tagv 3 654LRU
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2-Way Set Associative Cache Simulation

M=16 byte addresses, B=2 bytes/block, 
S=2 sets, E=2 blocks/set

Address trace (reads, one byte per read):
 0 [00002], 
 1 [00012],  
 7 [01112],  
 8 [10002],  
 0 [00002]

xx
t=2 s=1 b=1

x x

v Tag Block

Set 0

Set 1

LRU
0 ?
0

0
0

0

0

0
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0 ?
0

0
0

1 00 M[0-1]

0

0
0

2-Way Set Associative Cache Simulation

M=16 byte addresses, B=2 bytes/block, 
S=2 sets, E=2 blocks/set

Address trace (reads, one byte per read):
 0 [00002], 
 1 [00012],  
 7 [01112],  
 8 [10002],  
 0 [00002]

xx
t=2 s=1 b=1

x x

v Tag Block

miss
hit

Set 0

Set 1

LRU
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0 ?
0

0
0

1 00 M[0-1]

1 01 M[6-7]

0
0

0

2-Way Set Associative Cache Simulation

M=16 byte addresses, B=2 bytes/block, 
S=2 sets, E=2 blocks/set

Address trace (reads, one byte per read):
 0 [00002], 
 1 [00012],  
 7 [01112],  
 8 [10002],  
 0 [00002]

xx
t=2 s=1 b=1

x x

v Tag Block

miss
hit

miss

Set 0

Set 1

LRU
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0 ?
0

0
0

1 00 M[0-1]

1 01 M[6-7]

1 10 M[8-9]
1

0

0

2-Way Set Associative Cache Simulation

M=16 byte addresses, B=2 bytes/block, 
S=2 sets, E=2 blocks/set

Address trace (reads, one byte per read):
 0 [00002], 
 1 [00012],  
 7 [01112],  
 8 [10002],  
 0 [00002]

xx
t=2 s=1 b=1

x x

v Tag Block

miss
hit

miss
miss

Set 0

Set 1

LRU
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0 ?
0

0
0

1 00 M[0-1]

1 01 M[6-7]

1 10 M[8-9]
0

0

1

2-Way Set Associative Cache Simulation

M=16 byte addresses, B=2 bytes/block, 
S=2 sets, E=2 blocks/set

Address trace (reads, one byte per read):
 0 [00002], 
 1 [00012],  
 7 [01112],  
 8 [10002],  
 0 [00002]

xx
t=2 s=1 b=1

x x

v Tag Block

miss
hit

miss
miss
hit

Set 0

Set 1

LRU
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