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Hardware Stalls

sub $2, $1, $3 

and $12, $2, $5 

or $13, $6, $2 

add $14, $2, $2 

sw $15, 100($2) 

IM Reg 

    DM Reg 

CC1 CC2 CC3 CC4 CC5 CC6 CC7 CC8 
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Reducing Hazards via Forwarding

6.4 Data Hazards and Forwarding 409

FIGURE 6.30 On the top are the ALU and pipeline registers before adding forwarding. On the bottom, the multiplexors have been
expanded to add the forwarding paths, and we show the forwarding unit. The new hardware is shown in color. This figure is a stylized drawing, how-
ever, leaving out details from the full datapath such as the sign extension hardware. Note that the ID/EX.RegisterRt field is shown twice, once to con-
nect to the mux and once to the forwarding unit, but it is a single signal. As in the earlier discussion, this ignores forwarding of a store value to a store
instruction.
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Test Preview

(B) (20pts)!Forwarding!logic!design.!For!this!problem!you!are!to!design!a!
forwarding!unit!for!a!5W!stage!pipeline!processor.!The!forwarding!unit!returns!
the!value!to!be!forwarded!to!the!current!instruction.!There!are!three!places!that!
the!values!for!register!RS!and!register!RT!can!come!from:!decode!stage!(register!
file),!memory!stage,!and!writeWback!stage.!
!

!
)
The!writeWback!and!memory!stage!information!consists!of:!_INDEXW!explaining!
which!inflight!register!index!is!to!be!written,!_VALUEW!the!value!that!is!to!be!
written,!_ENABLEW!whether!or!not!the!instruction!in!the!stage!is!writing.!
The!decode!stage!simply!states!the!register!index!(for!RS!and!RT)!and!the!
corresponding!register!value!from!the!register!file.!
!
Generally!three!values!could!exist,!one!of!which!the!forwarding!unit!should!
choose!for!each!of!the!RS!and!RT!register!value!requests.!The!memory!stage!has!
value!MEM,!the!writeWback!stage!has!value!WB,!and!the!register!file!has!value!
RSWREG!or!RTWREG.!
!
Using!the!table!below!which!contains!information!about!all!of!the!instruction!
stages,!indicate!which!value!should!be!forwarded!to!the!current!instruction:!
MEM,!WB,!RSWREG,!or!RTWREG.!Each!line!represents!a!Forwarding!unit!
evaluation;!there!is!no!connection!between!evaluation!lines!in!the!table.!You!do!
not!need!to!worry!about!hazard!detection,!only!value!bypassing.!
)
! Mem!Stage! WB!Stage! Reg!Stage! RSWVal! RTWVal!
Evaluation! Index! Write! Index! Write! RSW

Index!
RTW
Index!

! !

0! 5! 1! 23! 0! 6) 7) ! !
1! 7! 0! 16! 1! 16) 8) WB& RT0REG&
2! 6! 1! 6! 1! 6) 7) ! !
3! 17! 0! 12! 1! 17) 17) ! !
4! 18! 0! 18! 0! 18) 2) ! !
5! 14! 0! 21! 1! 21) 14) ! !
) )

Name: _____________________   
  

Quiz for Chapter 4 The Processor 
Page 14 of 27 

10. [3 points] Forwarding logic design. For this problem you are to design a forwarding unit for a 5-
stage pipeline processor. The forwarding unit returns the value to be forwarded to the current 
instruction. There are three places that the values for register RS and register RT can come from: 
decode stage (register file), memory stage, and write-back stage. 
 

 
 
 
The write-back and memory stage information consists of: _INDEX- explaining which inflight register 
index is to be written _VALUE- the value that is to be written _ENABLE- whether or not the 
instruction in the stage is writing. 
 
The decode stage simply states the register index (for RS and RT) and the corresponding register value 
from the register file. 
 
Generally three values could exist, one of which the forwarding unit should choose for each of the RS 
and RT register value requests. The memory stage has value MEM, the write-back stage has value WB, 
and the register file has value RS-REG or RT-REG. 
 
Using the table below which contains information about all of the instruction stages, indicate which 
value should be forwarded to the current instruction: MEM, WB, RS-REG, or RT-REG. Each line 
represents a Forwarding unit evaluation; there is no connection between evaluation lines in the table. 
You do not need to worry about hazard detection, only value bypassing. 
 
 Mem Stage Write-Back Stage Register Stage RS 

Value 
RT  

Value 
Evaluation Index Write Index Write RS-Index RT-Index   

0 5 1 23 0 6 7   
1 7 0 16 1 16 8   
2 10 1 10 1 11 10   
3 17 0 12 1 12 12   
4 19 0 19 0 19 25   
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A Simple Cache

tag data 

the tag identifies 
the address of  
the cached data 

4 entries, each block holds one word, any block 
can hold any word. 

• A cache that can put a line of data anywhere is called ______________

• The most popular replacement strategy is LRU (                                 ).

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 
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An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
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12  00001100 
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8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 
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An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

10      0000           Mem(000010)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

10      0000           Mem(000010)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

10      0000           Mem(000010)

11      0000           Mem(000011)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

10      0000           Mem(000010)

11      0000           Mem(000011)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

10      0000           Mem(000010)

11      0000           Mem(000011)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

01      0000           Mem(000001)

10      0000           Mem(000010)

11      0000           Mem(000011)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

10      0000           Mem(000010)

11      0000           Mem(000011)

Friday, March 15, 13



An Even Simpler Cache

• A cache that can put a line of data in exactly one place is called __________________.

• Advantages/disadvantages vs. fully-associative?

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

Direct Mapped

an index is used 
to determine  

which line an address 
might be found in 

4 entries, each block holds one word, each word 
in memory maps to exactly one cache location. 

00000100 
tag data 

10      0000           Mem(000010)

11      0000           Mem(000011)

01      0001           Mem(000101)
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A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

0
1
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A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

0
1

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

0
1

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

0
1

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1
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A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

00001          Mem(000010)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

00001          Mem(000010)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

00001          Mem(000010)
00001          Mem(000011)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

00001          Mem(000010)
00001          Mem(000011)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

00001          Mem(000010)
00001          Mem(000011)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

00000           Mem(000001)
0
1

00001          Mem(000010)
00001          Mem(000011)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

0
1

00001          Mem(000010)
00001          Mem(000011)

Friday, March 15, 13



A Set Associative Cache

• A cache that can put a line of data in exactly n places is called ________________.

• The cache lines/blocks that share the same index are a cache ____________.

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

n-way set-associative

tag data 

4 entries, each block holds one word, each word 
in memory maps to one of a set of n cache lines 

00000100 
tag data 

set

0
1

00001          Mem(000010)
00001          Mem(000011)00010          Mem(000101)

Friday, March 15, 13



Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
000
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
Mem(000001)Mem(000000)000
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
Mem(000001)Mem(000000)000
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
Mem(000001)Mem(000000)000

000
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Longer/Larger Cache Blocks

address string: 
4  00000100 
8  00001000 
12  00001100 
4  00000100 
8  00001000 
20  00010100 
4  00000100 
8  00001000 
20  00010100 
24  00011000 
12  00001100 
8  00001000 
4  00000100 

• Large cache blocks take advantage of ________________.
• Too large of a block size can waste cache space.
• Longer cache blocks require less tag space

Spacial Locality

tag data 

4 entries, each block holds two words, each word 
in memory maps to exactly one cache location  
(this cache is twice the total size of the prior caches). 

00000100 

00

01
10

11

0 1
Mem(000001)Mem(000000)000
Mem(000011)Mem(000010)000
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Cache Parameters

Cache size = Number of sets * block size * associativity

-128 blocks, 32-byte block size, direct mapped, size = 

-128 KB cache, 64-byte blocks, 512 sets, associativity = ?
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Cache Parameters

Cache size = Number of sets * block size * associativity

-128 blocks, 32-byte block size, direct mapped, size = 

-128 KB cache, 64-byte blocks, 512 sets, associativity = ?

128 x 32 = 4096 bytes = 4mb
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Cache Parameters

Cache size = Number of sets * block size * associativity

-128 blocks, 32-byte block size, direct mapped, size = 

-128 KB cache, 64-byte blocks, 512 sets, associativity = ?

128 x 32 = 4096 bytes = 4mb

131072 bytes / 512 = 256 bytes/set
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Cache Parameters

Cache size = Number of sets * block size * associativity

-128 blocks, 32-byte block size, direct mapped, size = 

-128 KB cache, 64-byte blocks, 512 sets, associativity = ?

128 x 32 = 4096 bytes = 4mb

131072 bytes / 512 = 256 bytes/set
256 bytes / 64 byte = 4 blocks/set = 4-way  
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Good Luck!
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