Solution 1.3
1.3.1 P2 has the highest performance

performance of P1 (instructions/sec) = 2 X 10%/1.5 = 1.33 x 10’
performance of P2 (instructions/sec) = 1.5 x 10%1.0=1.5x% 10"
performance of P3 (instructions/sec) = 3 x 10°/2.5 = 1.2 x 10°
1.3.2 No. cycles = time x clock rate

cycles(P1) =10x 2% 10° =20 % 10°s
cycles(P2) =10x 1.5x 10 = 15x 1075
cycles(P3) =10 x 3 x 10° =30 x 10°s

time = (No. instr. X CPI)/clock rate, then No. instructions = No. cycles/CPI

instructions(P1) = 20 x 10°/1.5 = 13.33 x 10°

instructions(P2) = 15 x 10%/1 = 15 x 10°

instructions(P3) = 30 x 10%/2.5 = 12 x 10°

1.3.3 limemEW = timeuld ®x0.7=7s

CPI = CPI % 1.2, then CPI(P1) = 1.8, CPI(P2) = 1.2, CPI(P3) =3
f=No. instr. x CPI/time, then

f(P1)=13.33 x 10° x 1.8/7 = 3.42 GHz
f(P2)=15% 10° % 1.2/7 = 2.57 GHz
f(P3)=12x10°%3/7=5.14 GHz

1.3.4 IPC = 1/CPI = No. instr./(time x clock rate)

[PC(P1)=1.42
IPC(P2)=2
[PC(P3)=3.33

1.3.5 Time,_,/Time = 7/10=0.7.50 f,o, = f.1q/0.7 = 1.5 GH2/0.7 = 2.14 GHz.

1.3.6 Time__ /Time_ ;;=9/10=0.9.
So Instructions, ., = Instructions, )4 % 0.9 =30 x 107 % 0.9 = 27 x 10°.



Solution 1.4
1.4.1 P2

Class A: 10° instr.
Class B; 2 x 107 instr,
Class C: 5 x 10° instr.

Class D: 2 x 107 instr.
Time = No. instr. x CPI/clock rate

P1: Time class A = 0.66 x 107
Time class B =2.66x 107*
Time class C= 10 x 1074

Time class D =5.33 x 107
Total time P1 = 18.65 x 1074

P2: Time class A = 1071
Time class B=2 = 107
Time class C=5x 1074
Time class D=3 x 107

Total time P2 = 11 x 1074

1.4.2 CPI = time x clock rate/No. instr.

CPI(P1) = 18.65 % 1074 x 1.5 % 10°/10° = 2.79

CPI(P2) =11 x 107 x 2 x 10%10° = 2.2

1.4.3

clock cycles(P1) = 10° x 1+2x 10°x2+5x 10°x3+2x 10°x 4 =28 x 10° _
clock cycles(P2) = 10°x 2+ 2x 10° x 24 5% 10°x 2+ 2x 10° % 3 =22 x 1(P

1.4.4

| (500x1+50x5+100x5+50x2)=x05x10%=675ns

1.4.5 CPI = time x clock rate/No. instr.

| cPli=675 x 10 x 2 x 10%/700 = 1.92

1.4.6

Time = (500 %1 +50x5+50x 5+ 50 x 2) x 0.5 x 10 = 550 ns
Speed-up = 675 ns/550 ns = 1,22
CPl =550 x 109 x 2 x 108/ 650 =1.69




Solution 1.7
1.7.1

Geometric mean clock rate ratio = (1.28 x 1.56 x 2.64 x 3.03 x 10.00 x 1.80 x
0.74)17 =215

Geometric mean power ratio = (1.24 x 1.20 x 2.06 x 2.88 x 2.59 x 1.37 x 0.92)!7 =
1.62

1.7.2

Largest clock rate ratio = 2000 MHz/200 MHz = 10 (Pentium Pro to Pentium 4

Willamette)
Largest power ratio = 29.1 W/10.1 W = 2.88 (Pentium to Pentium Pro)

1.7.3

Clock rate: 2.667 x 10°/12.5 x 10°=212.8
Power: 95 W/3.3 W =28.78

1.7.4 C=P/V?x clockrate

80286: C=0.0105% 107®

80386: C=0.01025 % 107®

80486: C = 0.00784 x 107°

Pentium: C = 0.00612 % 107®

Pentium Pro: C = 0.0133 x 107°
Pentium 4 Willamette: C = 0.0122 x 10~°
Pentium 4 Prescott: C=0.00183 x 107°
Core 2: C=0.0294 x 107°

1.7.5 3.3/1.75 =1.89 (Pentium Pro to Pentium 4 Willamette)

1.7.6

Pentium to Pentium Pro: 3.3/5 = 0.66

Pentium Pro to Pentium 4 Willamette: 1.75/3.3 = 0.53
Pentium 4 Willamette to Pentium 4 Prescott: 1.25/1.75=0.71
Pentium 4 Prescott to Core 2: 1.1/1.25 = (.88

Geometric mean = 0.68



Solution 1.8

1.8.1 Power, = V* x clock rate x C. Power, = 0.9 Power,

| C,/Cy = 0.9 x 52 % 0.5 x 109/3.3% x 1 x 10° = 1.03 |

1.8.2 Power,/Power, = V,* x clock rate,/V,* x clock rate,

| Power,/Power, = 0.BT7 => Reduction of 13% |

1.8.3

Power; = Vo7 x 1 % 107 % 0.8 % C; = 0.5 x Power;

Power; = 5° % 0.5 % 10%¥ % C;

Va2 1w 10%x 0B % Cy=06x5x05x10% x4

Vo =( (0.6 x 52 x 0.5 x 10%)/(1 x 10° x 0.8) )2 = 3.06 V

1.8.4 Power,., = 1 x Cyq % V%4/(27) x clock rate x 212 = Power, . Thus,
power scales by 5.

1.8.5 1/27V2=21=

1.8.6 Voltage = 1.1 x 1/27# = 0.92 V. Clock rate = 2.667 x 2! =3.771 GHz



Solution 1.9
1.9.1

a. | 1/49x 100 = 2%

b. | 45/120 x 100 = 37.5%

1.9.2

a. | lea=1/33=0.3

b. | lesx = 45/1.1=40.9

1.93

a. | Powerg/Powery, = 1/49 = 0.02

b. | Powery/Powery,, = 45/57 = 0.6

1.9.4 Powery/Powery,,, = 0.6 => Powery = 0.6 X Powerg,,

a. | Power;=0.6 x40W=24W

b. | Powerg =06 x30W=18 W

1.95

a. | l,=24/0.8=30A

b. | I, =18/0.8=225A

1.9.6

i s e S s
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b. 935W 93.5A 110.5 W 92.1A lyat1.0V




Solution 1.10

1.10.1
= Instructions per processor Total instructions
1 4096 4096
2 2048 4096
4 1024 4096
8 b12 4096
u Processors Instructions per processor Total instructions
1 4096 4096
2 2278 4556
4 1464 5856
8 1132 9056
1.10.2
o]  Processs | Execution time (us)
1 4.096
2 2.048
4 1.024
8 0.512
b.|  Processos | Exccution time (4s)
1 4.096
2 3.203
4 3.164
8 3.582




1.10.3
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1.10.5

Power (W) per core | Power (W) per core Power (W) Power (W)
Cores @ 3 GHz @ 500 MHz @ 3 GHz @ 500 MHz

1 0.625 0.625
2 15 0.625 30 1.25
4 15 0.625 &0 2.5
8 0.625
IR R
@ 3 GHz @ 500 MHz @ 3 GHz @ 500 MHz
1 0.625 0.625
2 15 0.625 30 1.25
4 15 0.625 &0 2.5
8 15 0.625 120 o
1.10.6
H
1
2 65 16.25
4 75 18.75
=1 90 225
(] Precemer
1 &0 15
2 &0 15
4 &0 15
8 &0 15




Solution 1.12
1.12.1 CPI = clock rate x CPU time/instr. count
clock rate = 1/cycle time = 3 GHz

a. | CPl(pearl) = 3 x 10% x 500/2118 x 10° = 0.7

b. | CPI(mcf) = 3 x 109 x 1200/336 x 10° = 10.7

1.12.2 SPECratio = ref. time/execution time.

a. | SPECratio(pearl) = 9770/500 = 19.54

b. | SPECratioimcf) = 9120/1200 =7.6

1.12.3

(19.54 x 7.6)%%? = 12.19

1.12.4 CPU time = No. instr. X CPI/clock rate

If CPI and clock rate do not change, the CPU time increase is equal to the increase
in the number of instructions, that is, 10%.

1.12.5 CPU time(before) = No. instr. X CPI/clock rate

CPU time(after) = 1.1 X No. instr. X 1.05 x CPI/clock rate
CPU times(after)/CPU time(before) = 1.1 x 1.05 = 1.155. Thus, CPU time is
increased by 15.5%

1.12.6 SPECratio = reference time/CPU time

SPECratio(after)/SPECratio(before) = CPU time(before)/CPU time(after) =
1/1.1555 = 0.86. That, the SPECratio is decreased by 14%.



Solution 1.13
1.13.1 CPI = (CPU time X clock rate)/No. instr.

a. | CPl=450x 4 x 10%/(0.85 x 2118 x 10%) = 0.99

b. | CPl=1150 x 4 x 10%/(0.85 x 336 x 10%) = 16.10

1.13.2 Clock rate ratio =4 GHz/3 GHz = 1.33.

a. | CPl @ 4 GHz = 0.99, CPl @ 3 GHz = 0.7, ratio = 1.41

b. | CPl @ 4 GHz = 16.1, CPI @ 3 GHz = 10.7, ratio = 1.50

They are different because although the number of instructions has been reduced
by 15%, the CPU time has been reduced by a lower percentage.

1.133

a. | 450/500 = 0.90. CPU time reduction: 10%.

b. | 1150/1200 = 0.958. CPU time reduction: 4.2%.

1.13.4 No. instr. = CPU time x clock rate/CPI.

a. | No.instr = 820 x 0.9 x 4 x 10%/0.96 = 3075 x 10°

b. | No. instr. = 580 x 0.9 x 4 x 10%/2.94 = 710 x 10°

1.13.5 Clock rate = No. instr. x CPI/CPU time.
Clock rate .., = No. instr. X CPI/0.9 x CPU time = 1/0.9 clock rate 4 = 3.33 GHz.

1.13.6 Clock rate = No. instr. X CPI/CPU time.

Clock rate,,, = No. instr. X 0.85 x CPI/0.80 CPU time = 0.85/0.80 clock rate_; =
3.18 GHz.



Solution 1.15
1.15.1

a. | Tp=35x0.8=285,Ty =28 + 85+ 50 + 30 = 193 s. Reduction: 3.5%

b. | T;;=50x0.8=40s, T,y =40+ 80+ 50 + 30 = 200 s. Reduction: 4.7%

1.15.2

a. | T, =200 % 0.8 =160 S, Ty, + Ty + Tpanen = 115 S, Typy = 45 . Reduction time INT: 47%

b. | Tps =210 x 0.8 = 168 s, Ty + Tyjs + Tyrancn = 130 s, Tipy = 38 5. Reduction time INT: 52.4%

1.15.3

a. | T3 =200 x0.8 =160 s, Ty + Tjpy + Tyyg = 170 5. NO

b. | T,;=210x 0.8 =168 8, Ty, + T;yy + Ty = 180 5. NO

1.15.4

Clock cyles = CPlg, x No. FP instr. + CPl,; X No. INT instr. + CPI};; X No. L/S
instr. + CPI ., X No. branch instr.

T py = clock cycles/clock rate = clock cycles/2 X 10

a. | 1 processor: clock cycles = 8192; TCIJLJ =4.0965

b. | 8 processors: clock cycles = 1024; Ty, = 0.512 5

To half the number of clock cycles by improving the CPI of FP instructions:
CPlimproved fp X No. FP instr. + CPl;;; X No. INT instr. + CPI};; X No. L/S instr. +
CPI,.neh X No. branch instr. = clock cycles/2

CPlimproved fp = (clock cycles/2 — (CPl,, X No. INT instr. + CPI};; X No. L/S instr. +
CPly, anch X No. branch instr.))/No. FP instr.

int

a. | 1 processor: CPligprgyed ip = (4096 — T632)/560 < 0 ==> not possible

b. | 8 processors: CPliyyoed fp = (512 — 944)/80 < 0 ==> not possible

1.15.5 Using the clock cycle data from 1.15.4:

To half the number of clock cycles improving the CPI of L/S instructions:

CPlg, X No. FP instr. + CPl X No. INT instr. + CPliporoved 175 X No. L/S instr. +
CPI,.nch X No. branch instr. = clock cycles/2

CPlLipmproved 11s = (clock cycles/2 — (CPIg, X No. FP instr. + CPI;, X No. INT instr. +
CPly, anch X No. branch instr.))/No. L/S instr.



a. | 1 processor: CPlypoyeq s = (4096 — 3072)/1280 = 0.8

b. | 8 processors: CPlipproved I/s = (512 — 384)/160 = 0.8

1.15.6

Clock cyles = CPIg, x No. FP instr. + CPL;, X No. INT instr. + CPI};; X No. L/S instr. +
CPl},anch X No. branch instr.

T,
CPl, = 0.6 X 1 =0.6; CPIg, = 0.6 X 1 = 0.6; CPIy;y = 0.7 X 4 = 2.8; CPly, 55, = 0.7 X
2=14

o = clock cycles/clock rate = clock cycles/2 x 10°

a. | 1 processor: T, (before improv.) = 4.096 s; T, (after improv.) = 2.739 s

b. | 8 processors: Ty, (before improv.) = 0.512 s; Ty (after improv.) = 0.342 s




