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char a[STOP];
int i,j, temp;
for (i=0 ; i<10,000; i=i+1)
for (j=0 ; j<STOP; j=j+STEP)
sum=sum-+aljl;
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16 10ns 10ns 10ns 10ns 10ns 10ns 10ns 10ns

32 10ns 10ns 10ns 10ns 10ns 10ns 10ns 10ns

STOP

64 20ns 30ns 50ns 50ns 10ns 10ns 10ns 10ns

128 20ns 30ns 50ns 50ns 50ns 10ns 10ns 10ns

256 20ns 30ns 50ns 50ns 50ns 50ns 10ns 10ns
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Element | Parameter | Delay
(pSec)
register clock-to-Q focq 30




register setup lsetup 20
multiplexer frmux 25
equality leq 40
comparator
AND gate taND 15
ALU taLu 200
memory read IMEMread 250
memory write fMEMwrite 220
register-file read [RFread 150
register-file write tRFwrite 100
register-file setup {RFsetup 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.

Notice that we need to be able to complete each task in half a cycle.

Instruction fetch stage:
Teye min \r =2 X ( tocq + tvEMread + fsetup ) = 2 X (30 + 250 + 20) = 600 pSec

Decode stage:
Teye minp = 2 X (trrread + fmux + feq + tanD + fmux + fsetup) =

2 x (150 + 25 + 40 + 15 + 25 + 20) = 550 pSec

Execution stage:
Teye minexe = 2 X (fpeq + fmux + tmux + taLu + fsetup) =

2 x (30 + 25 + 25 + 200 + 20) = 600 pSec

Memory stage:
Teye minyem = 2 X ( toeq + Max{ tmemread , IvEMwrite } + fsetup) =

X



2 x (30 + 250 + 20 )= 600 pSec

Writeback stage:
Teye minwe = 2 X (foeq *+ tmux + frRrwiite) = 2 X (30 + 25 + 100) = 310 pSec

Teik =max Teye min{ i, o , Exe , Mem , wa} = 600 pSec.
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Tiotal = (100 billion instructions) x (1.15 cycles/instruction) x (600 pSec) = 10"
x 1.15 x 600 x 10™"? = 69 Sec
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The critical delay paths of the ID stage gets shorter by foq + tanp + fmux =
80pSec.
Teye minip = 2 X (trrread + fmux + Lsetup) = 390 pSec

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.

Execution stage:

Teye minexe = 2 X (foeg + tmux + fmux + faLu + fsetup) + 160 =



2 x (30 + 25 + 25 + 200 + 20) + 160 = 760 pSec

Memory stage:
Teye min vem = 2 X ( toeg + Max{ tvemread , IMEMwrite } + setup) + 160=

2 x (30 + 250 + 20 ) + 160 = 760 pSec

So it makes no difference which of the two — they will both dictate a slower
clock rate!

Perfbranch_ID original = (1/(600 x 10-12))/1.1475 = 1.4524 x 10°
instructions/Sec

Ignoring the branch prediction differences:
Perfbranch_ID =(1/(760 x 10-12))/1.1475 = 1.1467 x 10° instructions/Sec

Unfortunately we can't therefor:

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+0.02x2+0.52x1=1.175.
Perforanch_EXE = (1/(760 x 10-12))/1.175 = 1.1198 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+0.11x1.75+0.02x2+0.52x1=1.2025.
Perfbranch_ MEM = (1/(760 x 10-12))/1.2025 = 1.0942 x 10° instructions/Sec
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X+X = -1==>X=-X-1

72 N7RYUN DX MWK "IN 000 INYT label 7w load nwiyw la n71yon NX 17 X7 DNV 1N

la $SO, LABEL1

la $S1, LABEL2

Iw SSO, 0($S0)

lw $S1, 0($51)

sub St0, SZERO, $S0
sub St1, SZERO, $S1
addi $t0, $t0, -1
addi St1, $t1, -1
and $t0, $t0,551
and $t1, $t1, SSO

or StO0, $t0, St1

.MRNN2 DNIX 17D $SO, $S1 DMvo AW

// sO contains X

// s1 contains Y

// t0 contains X'
// t1 contains Y'

// to contains X'Y
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