Chapter 1 Computer Abstractions and Yochnology

1.1.12 [2] <1.1> Personal computer delivering good performance to single users
at low cost

1.1.13 [2] <1.2> Program that translates statements in high-level language to
assembly language

1.1.14 [2] <1.2> Program that translates symbolic instructions to binary
instructions

1.1.15 [2]<1.2> High-level language for business data processing
1.1.16 [2] <1.2> Binary language that the processor can understand
1.1.17 [2]<1.2> Commands that the processors understand
1.1.18 [2]<1.2> High-level language for scientific computation
1.1.19 [2]<1.2> Symbolic representation of machine instructions

1.1.20 [2] <1.2> Interface between user’s program and hardware providing a
variety of services and supervision functions

1.1.21 [2] <1.2> Software/programs developed by the users
1.1.22 [2] <1.2> Binary digit (value 0 or 1)

1.1.23 [2] <1.2> Software layer between the application software and the hard-
ware that includes the operating system and the compilers

1.1.24 [2] <1.2> High-level language used to write application and system
software

1.1.25 [2] <1.2> Portable language composed of words and algebraic expres-
sions that must be translated into assembly language before run in a computer

1.1.26 [2] <1.2>10%or 2% bytes

Exercise 1.2

Consider the different configurations shown in the table

T | o | cewe |

1.11 Exercises

1.2.1 [10] <1.3> For a color display using 8 bits for each of the primary colors

(red, green, blue) per pixel, what ini ize i
(red, green, bl fr;; mg? , what should be the minimum size in bytes of the frame

1.2.2 [5]<1.3> Howm
. . any frames could it s i .
no other information? tore, assuming the memory contains

1.2.3 [5] <1.3>1fa 256 Kb i
e 2t would kel ytes file is sent through the Ethernet connection, how

| T G
a.

5ns 50 ns
b. 7ns 70 ns

5ps 5ms
15 s 20 ms

1.2.4 [5] <1.3> Find how long it tak
microseconds from the cache mgrilory.es to read a file from a DRAM if it takes 2

1.2.5 [5] <1.3> Find how long it tak 1o
seconds from the cache memoxigyf akes to read a file from a disk if it takes 2 micro-

1.2.6 [5] <1.3> Find how long i
. t takes t e s
takes 2 microseconds from the cgche s (C:r;:tad a file from a flash memory if it

Exercise 1.3

Consider three different
i processors P1, P2, and P3 executing the i i
set with the clock rates and CPIs given in the following tablt;g. same Tastruction

a. P1

3 GHz 15
p2 2.5 GHz w0

P3 4 GHz "

b P1 2 GHz 12
P2 3 GHz 08

P3 4 GHz 20

1.3.1 [5] <1.4> Whi
3 . ch pro ;
instructions per second? processor has the highest performance expressed in

1.3.2 [10] <1.4> If th
. e processors each execute a program in 10
number of cycles and the number of instructions. program in 10 seconds, find the
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1.3.3 [10] <1.4> We are trying to reduce the time by 30% but this leads to
uld we have to get this time

an increase of 20% in the CPL. What clock rate sho

reduction?

For problems below, use the information in the following table.

- B o |y

Processor

1.3.4 (10} <1.4> Find the 1PC (instructions per cycle) for each processor.

1.3.5 [5] <1.4> Find the clock rate for P2 that reduces its execution time to
that of P1.

1.3.6 [51<14> Find the number of instructions for P2 that reduces its execution

time to that of P3.

Exercise 1.4
ons of the same instruction set architecture.

Consider two different implementati
A,B,C,andD. The clock rate and CPlLof each

There are four classes of instructions,

implementation are given in the following table.

m with 10° instructions divided into classes 88

1.41 [10] <1.4> Given a progra
20% class D, which implemen~

follows: 10% class A, 20% class B, 50% class C, and
tation is faster?

1.4.2 (5] <14> What is the global CP1 for each implementation?

1.4.3 [51<14> Find the cock cycles required in both cases.

1.11 Exerclses

The followi
owing table shows the number of instructions for a progra
m.

- | toas | Baneh | otar
-Lnb. cs0 :oo 600 50 1400 |
. 50 500 500 ) ]
2000
1.4.4 [5] <14>.A i
4> Ass ith i
_Assuming that arith instructions take 1 cycle, load and
) and store 5

cycles, and brariches 2 ;
: cles, P
processor? cycles, what is the execution time of the programina 2 GH
v4

1.4.5 [5] <1.4> Find the CPI for the program

1.4.6 [10] <1.4> If the
4 . numb. i :
‘what is the speedup and the CPelg of load instructions can be reduced by one half,

Exercise 1.5

There are five classes of i i
of instructions (A, B, C i
clock rate and CPI of each class is given,be,lor’vD’ end B) in the instruction sct. The

oss5 | cricisec | cricuc | o°

o P1 2.0 GHz 1 =
3 : 4.0 GHz > — 3 2
2.0 GHz 1 L 2 4

P2 3.0 GHz 1 » 2 3

3 4

a computer can exe i
cute any instructi
of P1 an an) uction sequence. Wh
d P2 expressed in instructions perq second? atare the peak performances

1.5.2 [10] <
T 1.4> If the numb :
is divided e umber of instructions executed i ;
qually among the classes of instructions exe;l;rtl ?oie:,ltam ngram
ass A, Which

occurs twice as
often as each
faster is i each of the othe i m
it? rs, which computer i
: is faster? How m
: uch

1.5.3 [10)
- <1.4> If the ;
is divided equall number of instructions executed i
ted i
qually among the classes of instructions except ;:raclc:srst ;Tn Iilr.olg;ram
, which oc-

) h m er H

Sh .

this data

» You will be i

15 explor

ade to an MIPS proce)gor, ing the performance trade-offs for different changes
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1.5.4 [5]<1.4> Assuming that computes take 1 cycle, loads and store instructions
take 10 cycles,and branches take 3 cycles, find the execution time ona 3 GHz MIPS

pI'OCCSSOI'.

Program 2

es take 1 cycle, loads and store instructions

1.5.5 [5]<1.4> Assuming that comput
take 2 cycles, and branches take 3 cycles, find the execution time on a 3 GHz MIPS

pI'OCCSSOI' f

computes take 1 cycle, loads and store instruc-

1.5.6 [5] <1.4> Assuming that
the speedup if the number of

tions take 2 cycles, and branches take 3 cycles, what is
compute instruction can be reduced by one-half?

Exercise 1.6

Compilers can have 3 profound impact o1 the p
given a processor.
tion time.

erformance of an application on
This problem will explore the impact compilers have on execu-

1.11 Exercises

— m CPl Class B m
P | ; | CPI Class D | CPi Class £
2

1
’ P2 f - 3
r 3 4

| B P1 3 3 5
’ 1 2 5 5

P2 3
2 2 2 4 5

2

6

.

1.6.5 [5]<1.4>Ifth
. . e number of i .
vided equally amon instructions ex .
. th . ecuted in ; .
twice as often as eaci ofei‘;e:tlﬁsws }c:f instructions except fgrczlr::strgpro};gra}llm is di-
ers, how much faster i » Which occurs
is P2 than P1?

: <l t what frequen Plh
the instruction mix given in 1 6e5?cy does P1 have the same performance of P2 fi
n mix .6.52 or

Exercise 1.7

The followin
g table shows the in .
cr
of Intel processors over 28 years ease in clock rate and power of eight generati
- ations

=5 N I <

-

12.

16 M

MHz
1.6.1 [5] <1.4>For the same program, two different compilers are used. The table Pentium (1993) P 49w
above shows the execution time of the two different compiled programs- Find the Pentium Pro (1997) z 101 W
average CPI for each program given that the processor has 2 clock cycle time of 1 ns. Pentium 4 Wiilamette (2001) 200 MHz P
. q Pentium 2 Ghz :
1.6.2 [5] <14> Assume the average CPIs found in 1.6.1, but that the compiled 4 Prescott (2004) 3.6 GHz o3 W
programs run on two different processors. If the execution times 01 the two pro- | Core 2 Ketsfield (2007) 2 103 W
the clock of the processor running com- 667 GHz o

cessors are the same, how much faster is

. o 1.7.
de versus the clock of the processor running compiler B's code? 7.1 [5] <1.5> What is the geometri
ric mean of the rati
ios between con .
secutive

generations for both clock rate

piler As co
Section 1.7,)

1.6.3 [5] <1.4> Anew compiler is developed that uses only 600 million instruc- and power? (The . )
w compiler geometric mean is described in

tions and has an average CPI of 1.1. What s the speedup of using this ne

versus using Compiler A or B onthe original processor of 1.6.12 1.7.2 (5] <1.5> What is the lar

etw ¥ .

' . ‘ ' . { €en generations? gest relative change in clock rate and
Consider two different implementations, P1 and P2, of the same instruction &€ and power
There are five classes of instructions (A, B,C, D, and E) in the instruction set. P
has a clock rate of 4 GHz, and P2 has a clock rate of 6 GHz. The average numbe

of cycles for each instruction class for P1 and P2 are listed in the following tabi€:

1.7.
1.3 5] <1.5> How much lar

tion with eri
is
respect to the first genegratio;gl e clock rate and power of the last genera
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Consider the following values for voltage in each generation.

Pentium 4 Willamette (2001) ”
pontium 4 Prescott (2004) ”

Core 2 Ketsfield (2007)

1.7.4 [5] <1.5> Find the average capacitive loads, assuming 2 negligible static

power consumption.

1.7.5 [5] <1.5> Find the largest relative change in voltage between generations.

1.7.6 [5]<1.5> Find the geometric mean of the voltage ratios in the generations

since the Pentium.

Exercise 1.8

Suppose we have developed new versions of a
acteristics.

processor with the following char-

Voltage Clock Rate

:
:

1.8.1 [5] <1.5> How much has the capacitive load varied between versions if the

dynamic power has been reduced by 10%2
1.8.2 [5] <1.5> How much has the dynamic power been reduced if the capacitive
load does not change?

1.8.3 [10] <1.5> Assuming that the capacitive load of version 2 is 80% the

capacitive load of version 1, find the voltage for version 2 if
version 2 is reduced by 40% from version 1.

Suppose that the industry trends show that a new
follows.

the dynamic power of

process generation varies @8

1.11 Exercises

|| covecitonco | votage |
VoIt
la |1 22 i1
b. 15 =
1 1/2v4 12 I 122 <‘

| 1/2v4

1- L) .
«a .5> g p p

1-8- | <l.5>

power consumption of 95 W, and
. ,and a voltage
of this processor for the next process ge n%ra(;ifolr;l V, find the voltage and clock rate

Exercise 1.9

yn

- W or Stath and i issi i vV T

- echn g —
T olo y namlC Power (W) Static Power W ltag (v
a. 50 10 1.2

180 nm
b. 70 nm %

60 0.9

1.9.1 [5] <1.5> Find
; . th .
B e power, e percentage of the total dissipated power comprised by

ing the static to total
> total power rate of problem
reduced to maintain the same leakfge currerh?'l’ how much should the voltage be

C

Consider n
ow the dynamic issipati
cessor for © power dissipation of differ : .
three different voltages given in the followingrtl;l;ersmns of a given pro-
e.

a
75W
IE:‘ 60 W
62W — BW

30w
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1.11 Exercises

- Th .
Exercise 111 e following table shows data for further bench
The following table shows manufacturing data for various processors. -“ chmarks.
— ___c® | oclockRate
- Dies per Wafer Defects per Unit Area Cost per Wafer [l' l libquantum : Clock Rate m
= 1.61 _
ol g [ @ | oo s - e
9.1 |

1.12.4 [5]<1.7>Fi i

.7> Find the incr i ;

th e ease in CPU i

e benchmark is increased by 10% without ;g::tilrfl;ht;m(llr;ber of instructions of
e CPL

e [ | eonsee

1.41.1 [10]<1.7> Find the yield.

1125 [5] <1.7>Fi i
. ) . nd the increase i .
1.11.2 (5] <1.7> Find the cost per die. the benchmark is increased se in CPU time if the .
by 10% and the CPI is i number of instructi
Pl is increased b ons of
y 5%.

1.11.3 [10] <1.7> If the number of dies per wafer is increased by 10% and the 1.12.8 [5] <1.7> Find the ch .
defects per area unit increases by 15%, find the die area and yield. 1.12.5. ange in the SPECratio for the change described
ribed in

Suppose that, with the evolution of the electronic devices manufacturing tech- Exercise 1.13
nology, the yield varies as shown in the following table. E

Suppose that w
e are developin .
sor with a 4 GHz cl ping a new version of th
: ock e AMD
instruction set i rate. We have added some additi Barcelona proces-
0.89 in such a way that the number of inst itional instructions to the
instructions has been
reduced by

times obtained are shown in the following table

2
area Of 200 mm ) -m skecution fimg (secondS)
- erere i
1.11.5 (5] <1.7> Represent graphically the variation of the yield together with g2 |, baip2 700 MDA m
the variation of defects per unit area. | @ 620 s 3.7
10490 -

- 16.9

Exercise 1.12 1.13.1 [10] <1.8> Find the new CPI

The following table shows results for SPEC CPU2006 benchmark programs
running on an AMD Barcelona.

1.13.2 [10] <
k* 1.8> In general, th
previous exerci , these CPI values are 1
rcises for the same benchmarks. This is Zl{ie;ntal:i?lr;ytl'tlostZOb;ained in
o the clock rate

used i
Intr. Count x 10° Execution Time (seconds) Reference Time (seconds) in both cases, 3 GHz and 4 GHz. Determi h
. ine whether the in i
crease in the CPI

is similar
to that of the clock rate. If they are dissimilar, why?

1.13.3 [5] <
[5] <1.8> How much has the CPU time been reduced?

T X
1.12.1 [51<1.7> Find the CPI if the clock cycle time is 0.333 ns. he following table shows data for further bench
enchmarks.

14222 [5) <1.7> Find the SPECratio : |_teme_|_Exccution time (seconds) | orL___|
| libquantum 550
1.12.3 (5] <1.7> For these two benchmarks, find the geometric mean of the % b. | astar o 1.61 3 oM

1.79

SPECratio.
3 GHz






