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Loads take one cycle when there is no dependency and two cycles when the
processor must stall due to dependency. Therefore
CPlloop=06x1+04x2=14.

Since branch condition is checked at DECODE, miss prediction requires flushing
the IF/ID register, so two cycles are charged, while branches take one cycle
when they are properly predicted.

CP'BRANCH =0.75x1+0.25x2=1.25.
CPlJUMP =2.
CPliota1 =0.25x14+01x1+011x125+0.02x2+0.52 x1=1.1475.
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Element Parameter | Delay
(pSec)

register clock-to-Q focq 30
register setup lsetup 20
multiplexer tmux 25
equality comparator teq 40
AND gate tanD 15
ALU taLu 200
memory read fMEMread 250
memory write tMEMwrite 220




register-file read {RFread 150

register-file write tRFwrite 100

register-file setup tRFsetup 20
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The clock cycle is dictated by the longest delay path of the processor.

Consider first the critical path at every pipeline stage. Such paths always start at
the clock of a register and terminate at the data input of a register.

Instruction fetch stage:
tIF = tpcq + tMEMread + tsetup = 30 + 250 + 20 = 300 pSGC

Decode stage:

Notice that the register file is written in the first half of the writeback cycle and is
being read at the second half of the decode cycle. Therefore,

tio = 2 X (fRFread T+ fmux * feq + IAND + fmux + Tsetup) = 2(150 + 25 + 40 + 15 + 25 + 20)
= 550 pSec

Execution stage:
tEXE = tpcq + tmux + tmux + tALU + tsetup = 30 + 25 + 25 + 200 + 20 = 300 pSGC

Memory stage:
tvem = tpcq + max{ tMEMread , IMEMwrite } + tsetup =30+ 250 + 20 = 300 pSGC

Writeback stage:

Notice that the register file is written in the first half of the write-back cycle and is
being read at the second half of the decode cycle. Therefore,

fwe = 2 X (toeq + tmux + fRFwrite) = 2(30 + 25 + 100) = 310 pSec

Tcik = max { tir , fip , texe , tvem , tWB} = 550 pSGC.
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Twotal = (100 billion instructions) x (1.15 cycles/instruction) x (550 pSec) = 10" x
1.15x 550 x 10"% = 63.3 Sec
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The critical delay paths of the ID stage gets shorter by teq + {anp + fmux = 80pSec.

The critical path in the EXE stage gets longer by 80pSec at most in the first case
and the critical paths in the MEM gets longer by 80pSec at most in the second
case. Consequently, fip still dictates the clock cycle.

Perforanch 1D =(1/(550 x 107'%))/1.1475 = 1.584 x 10° instructions/Sec

If equality check takes place at EXE stage two instructions are flushed in miss
CPI_BRANCH=0.75x1+0.25x3=1.5.
CPI=025x14+01x1+011x15+002x2+0.52x1=1.175.

Perforanch_Exe =(1/(390 x 1072))/11.175 = 2.182 x 10° instructions/Sec

If equality check takes place at MEM stage three instructions are flushed in miss
CPI_BRANCH=0.75x1+0.25x4 =1.75.
CPI=025x14+01x1+011x1.75+0.02x2+ 0.52 x1=1.2025.

Perforanch_mem =(1/(390 x 1072))/1.2025 = 2.132 x 10° instructions/Sec
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8-way set-associative
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Direct-mapped
main memory address O
main memory block #: 0/4=10
cache block #: 0 % 64 =0

main memory address 100
main memory block #: 100/4 = 25
cache block #: 25 % 64 = 25

main memory address 256
main memory block #: 256/4 = 64
cache block #:64 % 64 =0

main memory address (10 bits)
tag index offset
XX XX XX XX X X

2-way set-associative

main memory address O

main memory block #: 0/4 =0

cache set#: 0 % 32 =0 ; cache block #: 0, 1

main memory address 100
main memory block #: 100/4 = 25
cache set #: 25 % 32 = 25 ; cache block #: 50, 51

main memory address 256
main memory block number: 256/4 = 64
cache set #: 64 % 32 = 0 ; cache block #: 0, 1

main memory address (10 bits)
tag index offset
XXX X XX XX X X



4-way set-associative

main memory address O

main memory block #: 0/4 =0

cache set#: 0 % 16 = 0 ; cache block #: 0,1,2,3

main memory address 100

main memory block #: 100/4 = 25

cache set#: 25 % 16 = 9 ; cache block #: 36, 37, 38, 39

main memory address 256
main memory block #: 256/4 = 64
cache set#: 64 % 16 = 0; cache block #: 0,1,2,3

main memory address (10 bits)
tag index offset
XXXX XX XX X X

8-way set-associative

main memory address O

main memory block #: 0/4 =0

cache set #0 % 8 = 0 ; cache block #: 0,1,2,3,4,5.6,7

main memory address 100
main memory block #: 100/4 = 25
cache set#: 25 % 8 = 1; cache block #: 8,9,10,11,12,13,14,15

main memory address 256
main memory block #: 256/4 = 64
cache set#: 64 % 8 = 0; cache block #: 0,1,2,3,4,5,6,7

main memory address (10 bits)
tag index  offset
XXXXX XXX X X
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= (L1 miss rate) x (L2 miss rate) = 0.15 X 0.1 = 1.5%
.L1 misses 1'n n2Md7 NIMoN oW nnina Rk Qvo v ntn A

= (% of data ref writes) x (L2 miss rate) + (% of data ref reads) x (L1 miss rate) x
(L2 miss rate) = (0.4) x (0.1) + (0.6) x (0.15) x (0.1) = 4.9%
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L1 Data: 8Kbyte/8Byte = 1024 blocks => 10 bits
L1 Instruction: 4Kbyte/8Byte = 512 blocks => 9 bits
L2: 2MByte/32Bytes = 64K blocks = 32K sets => 15 bits
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Maximum clock cycles occurs when L1 missed first, then L2 missed, then write-
back takes place.

L2 access cycles: (20 nano second) / (2 nano second) = 10 cycles

Main memory access cycles: (0.2 micro second) / (2 nano second) = 100 cycles
Since a block is 32 Bytes and memory bus is 128 bits (16 Bytes), two bus
transactions of 16 Bytes each are required. The first 16 bytes takes 100 cycles,
the next 16 bytes takes one cycle.



Notice that getting a new block from the memory may evict a block from L2,
which is a write-back. In that case the evicted block must be written into the
memory, requiring a total of L2-memory write-back 2 x (100 + 1) = 202 cycles.
Summing all

L1 miss + L2 miss + write-back = 1 + 10 + 202 = 213 cycles
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The weight of instruction accesses to memory is 1/(1 + 0.4), while the weight of
data accesses is 0.4/(1 + 0.4). Therefore
AMAT ota1 = 1/1.4 AMATinst + 0.4/1.4 AMAT gata

For any 2-level cache system there is
AMAT = (L1 hit time) + (L1 miss rate) x (L2 hit time) + (L1 miss rate) x (L2 miss
rate) x (main memory transfer time).

Memory transfer time must account for the average percentage of L2 dirty
blocks, which for the given L2 means that 50% of the blocks must be updated in
main memory upon L2 miss, yielding a factor of 1.5 multiplying (100 +1).

AMATint =1+0.02x10+0.02x 0.1 x1.5x (100 + 1) = 1.503
AMAT4ata =1+ 0.15x 10+ 0.15x 0.1 x1.5x (100 + 1) =4.7725
AMATotal = 1/1.4 x 1.503 + 0.4/1.4 x 4.7725 =2.44

.L1 misses [1'n N2Md7 NiMon ow nnina 'n qvo v ntn

AMATiota1 = 1/1.4 AMATinst + (0.4 X 0.6)/1.4 AMAT 0ags + (0.4 X 0.4)/1.4 AMAT stores
AMAT st unchanged

AMAT 0ags UnChanged

AMATgtores =1+ 1x10+1x0.1x1.5x (100 + 1) =26.15

AMAT ota1 = 1/1.4 x 1.503 + 0.24/1.4 x 4.7725 + 0.16/1.4 x 26.15= 4.88
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Figure 7.58 Pipelined processor with full hazard handling




