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The TLB is going to cache the old mapping

Though virtual address 0x0 maps to different address 
The TLB currently only caches a single mapping 
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j8



t3e@e9 T�;2 i�#H2 2Mi`B2b URV

T`2b2Mi 4 p�HB/
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lfa 4 mb2`@KQ/2 �HHQr2/\ Uǳmb2`fbmT2`pBbQ`ǴV

s. 4 2t2+mi2@/Bb�#H2\

� 4 �++2bb2/\ UJJl b2ib iQ R QM T�;2 `2�/fr`Bi2V

. 4 /B`iv\ UJJl b2ib iQ R QM T�;2 r`Bi2V?2HTb bmTTQ`i `2TH�+2K2Mi TQHB+B2b 7Q` br�TTBM;

?2HTb bmTTQ`i r`Bi2#�+F TQHB+v 7Q` br�TTBM;

j8



t3e@e9 T�;2 i�#H2 2Mi`B2b URV

T`2b2Mi 4 p�HB/

_fq 4 r`Bi2b �HHQr2/\

lfa 4 mb2`@KQ/2 �HHQr2/\ Uǳmb2`fbmT2`pBbQ`ǴV

s. 4 2t2+mi2@/Bb�#H2\

� 4 �++2bb2/\ UJJl b2ib iQ R QM T�;2 `2�/fr`Bi2V

. 4 /B`iv\ UJJl b2ib iQ R QM T�;2 r`Bi2V

?2HTb bmTTQ`i `2TH�+2K2Mi TQHB+B2b 7Q` br�TTBM;

?2HTb bmTTQ`i r`Bi2#�+F TQHB+v 7Q` br�TTBM; j8



t3e@e9 T�;2 i�#H2 2Mi`B2b UkV

: 4 ;HQ#�H\ Ub?�`2/ #2ir22M �HH T�;2 i�#H2bV

Sqh- S*.- S�h 4 +QMi`QH ?Qr +�+?2b rQ`F r?2M �++2bbBM; T?vbB+�H T�;2,
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*Sl rQMǶi 2pB+i hG" 2Mi`B2b QM KQbi T�;2 i�#H2 #�b2 `2;Bbi2`b +?�M;2b

je
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Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

Description of Physical 
Memory 
1)1TB Disk 
2)16GB DRAM 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

Exercise

Assume that the cache and TLB are originally empty 

What are the contents TLB after 0x1111 access? 

What are the contents Cache after 0x1111 access 

How many bits are in the physical address?

0x1111 0x2111 0xBAC

VA PA DATA



Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page  
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA



Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page  
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

#QQFǶb /B�;`�K

9e

Data

4KB = 4*210= 212 
VPN 36 bits is just  
what is left over

0x1111 0x2111 0xBAC

VA PA DATA

0x1111



Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page  
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0001 0001 0001 00010000 0001…….

0x1111



Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page  
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0001 0001 0001 00010000 0001…….

0x1111



Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page  
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0001 0001 0001 00010000 0001…….

0x1111

How many bits needed 
To address all the entries 

How many entries
4KB/8 = 212 /23 = 29

9
How many levels

4



Consider a machine with:  

Description of Virtual Memory 
 1) 48 bit virtual address 
 2) Pages are 4KB  
 3) 4 Level Page Table, where each   
Page table is one Page  
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  

#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0001 0001 0001…….

0x1111

00010000

0 0000 0001

0 0000 0000 



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0001 0001 0001…….

0x1111

00010000

0 0000 0001

0 0000 0000 

0x2

0x2111



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

Number of sets  
 64/4 =16

Number of Bit to  
Index TLB = 4  
Because 16 =24



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

Number of sets  
 64/4 =16

Number of Bit to  
Index TLB = 4  
Because 16 =24

0001



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

0001
TLB Tag = 36 -4 =32 

…0000



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

0001
TLB Tag = 36 -4 =32 

…0000

TLB now gets  
updated PTE

0x2 + meta



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

0001…0000

0x2 + meta

What are the contents of TLB  
after 0x1111 access? 



Consider a machine with:  
 
 4) PTE are 8 bytes the first 40bits of 
which represent Physical Page Number 
 5) 4 way TLB with 64 entries  #QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

0001…0000

0x2 + meta

How many bits are in 
the physical 

address?

52 bits



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

0001…0000

0x2…

Description of Physical 
Memory 
1)1TB Disk 
2)16GB DRAM 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks

0x2111



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0x2111

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

Cache Offset

0x2111

Log2(64) = 6 
Cache Index

Log2(64) = 6 

Cache Tag 
52 -12 = 40



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111
0x02



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111
0x02

0x111



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111
0x02

0001 0001 0001



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111

0x02
000100 010001

0x4 0x11



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111
0x02

000100 010001
0x4 0x11

0x2111



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111
0x02

000100 010001
0x4 0x11

0x2111

…..0xBAC…..



#QQFǶb /B�;`�K

9e

Data

0x1111 0x2111 0xBAC

VA PA DATA

0x1111

0x2

0001…0000

0x2…

Description of Physical 
Memory 
3) 8-way associative L1 
cache with 64 sets and 64 
Byte blocks 

0x2111
0x02

000100 010001
0x4 0x11

0x2111



#QQFǶb /B�;`�K

9e

What happens if you access virtual address 0x1111 again?


