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 EX hazard
— if (EX/MEM.RegWrite and (EX/MEM.RegisterRd # 0)

and (EX/MEM.RegisterRd = ID/EX.RegisterRs))
ForwardA = 10

— if (EX'MEM.RegWrite and (EX/MEM.RegisterRd # 0)

and (EX/MEM.RegisterRd = ID/EX.RegisterRt))
ForwardB = 10

 MEM hazard
— if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRs))
ForwardA = 01
— if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)

and (MEM/WB.RegisterRd = ID/EX.RegisterRt))
ForwardB = 01
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« MEM hazard
— if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)
and not (EX/MEM.RegWrite and (EX/MEM.RegisterRd # 0)

and (EX/MEM.RegisterRd = ID/EX.RegisterRs))
and (MEM/WB.RegisterRd = ID/EX.RegisterRs))
ForwardA = 01
— if (MEM/WB.RegWrite and (MEM/WB.RegisterRd # 0)
and not (EX/MEM.RegWrite and (EX/MEM.RegisterRd # 0)

and (EX/MEM.RegisterRd = ID/EX.RegisterRt))
and (MEM/WB.RegisterRd = ID/EX.RegisterRt))
ForwardB = 01
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Year | Capacity $/GB
1980 64Kbit | $1500000
1983 | 256Kbit | $500000
1985 1Mbit | $200000
1989 4Mbit $50000
1992 16Mbit $15000
1996 | 64Mbit $10000
1998 | 128Mbit $4000
2000 | 256Mbit $1000
2004 | 512Mbit $250
2007 1Gbit $50
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CPU Time=(CPU execution clock cycles + Memory-stall clock cycles)
xClock cycle time

Memory-stall clock cycles=Read-stall cycle + Write stall cycle

Read-stall cycle=Reads x Read rate miss rate x Read miss penalty

Write-stall cycle=Writes x Write rate miss rate x Write miss penalty

Write buffer stall

FolS csjlazo



(wa)d)) DY csadla c0))S cspSsj)n) =—

sl <
W
Memory stall cycles

=Memory accesses xMiss rate x Miss penalty
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— |-cache miss rate = 2%
— D-cache miss rate = 4%
— Miss penalty = 100 cycles
— Base CPI (ideal cache) = 2
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Average Memory Access Time

AMAT
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Direct mapped Set associative
Block# 01234567 Set# 0 1 2 3
Data Data Data
Ta L Tag ] Tag
9 2 2

Search 1 Search | seacn 11T

(Block address) modulo (#Blocks in cache

(Block address) modulo (# Sets in cache)

Set Associative

pg.u.olS csloxo

Fully associative

1
2




Cache

Way Set V Tag

Data

0

0
1
0
T

pg.u.olS csloxo

Main Memory
00Q0xx

0101xx

HIIOXX

0111xx

10d0xx

1001xx
EE]OXX
1011xx

11d0xx

1101xx

EE]OXX

1111xx
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Four-Way Set Associative Cache

h
3130 1312 11 210 o Byte offset
I
Tag 22 ~+s
Index
ndex V Tag Data V Tag Data V Tag Data V Tag Data
0 0 0 0
1 \Aldae 1 V.V | 1 Wik, 0 1 V.V | )
2 VA yu 2 vvay | 2 VVG)’L 2 VVG)’\J
253 253 253 253
254 254 254 254
255 255 255 255
> _ ) > _ ) > _ ) > _
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Hit Data

FonlS csjloso

Mary Jane Irwin ( www.cse. psu.edu/~mji )



http://www.cse.psu.edu/~mji

S)h) b =—
N- 01930 £ @ 1) 51355l Slodgad elal
.Cundls way set associative

One-way set associative
(direct mapped)
Block Tag Data

0

Two-way set associative

Set Tag Data Tag Data

= 0 h & W N =

Four-way set associative

Set Tag Data Tag Data Tag Data Tag Data
0

1

Eight-way set associative (fully associative)
Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data
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Direct mapped g
Block Cache Hit/miss Cache content after access ﬁ,ﬁ:
address index 0 1 2 3 “h W=
0 0 miss Mem[0] P
8 0 miss Mem]|8] g T
0 0 miss Mem][0] » b
6 2 miss Mem[O0] Mem][6]
8 0 miss Mem|8] Mem|6] o
PO

FonlS csjloso




2-way set associative

Jiom—

Block Cache Hit/miss Cache content after access
address index Set 0 Set 1
0 0 miss Mem][0]
8 0 miss Mem[O] Mem|[8]
0 0 hit Mem]0] Mem|[8]
6 0 miss Mem]0] Mem]6]
8 0 miss Mem|[8] Mem[6]
Block Hit/miss Cache content after access P
address ey
0 miss Mem[0] SAOR,
8 miss Mem[0] Mem([8] zﬁx%
0 hit Mem[0] | Mem][8] S
6 miss Mem][0] Mem([8] Mem|[6]
8 hit Mem[0] Mem|[8] Mem|[6]
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