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1.2 Seven great ideas in computer architecture©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

17 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

18 of 141 5/16/2025, 11:08 PM




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A customer talks to a phone agent.
If there's a problem, he talks to the
agent's supervisor.

A house architect �rst designs a
house with 5 rooms, then designs
room details like closets, windows,
and �ooring.

A college student rents an
apartment closer to campus than
to her favorite weekend beach spot.

A sister is hanging clothes to dry.
Her brother helps by hanging
clothes simultaneously.

A brother is washing and drying
dishes. His sister helps by drying
each dish immediately after the
brother washes each.



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

20 of 141 5/16/2025, 11:08 PM



A mom expects her son will be
hungry after a long airplane �ight,
so she cooks dinner just in case. If
he's not hungry, she'll whip up a
dessert instead.

A drummer's stick breaks, but he
quickly grabs another one and
continues playing the song.

1.3 Below your program
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Hardware

Systems software

Applications software
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 add A,B 

 1000110010100000 

A B
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add A,B
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High-level language
program
(in C)

swap(int v[], int k)
{int temp;
  temp = v[k];
  v[k] = v[k+1];
  v[k+1] = temp;
}

Assembly language
program
(for MIPS)

swap:
  multi $2, $5,4
  add   $2, $4,$2
  lw    $15, 0($2)
  lw    $16, 4($2)
  sw    $16, 0($2)
  sw    $15, 4($2)
  jr    $31

Compiler

Assembler
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00000000100000100001000000100001
10001101111000100000000000000000
10001110000100100000000000000100
10101110000100100000000000000000
10101101111000100000000000000100
00000011111000000000000000001000

program
(for MIPS)

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

28 of 141 5/16/2025, 11:08 PM



 A + B 

 add A, B 

A B
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00000000101000100000000100011000

add  $2, $4, $2
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1.4 Under the covers
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Input

Output

Control

Datapath

Memory

Computer

Processor
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Writes data to memory. Ex:
Keyboard.


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Reads data from memory. Ex:
Display.

Stores instructions and data.

Sends signals that determine the
operation of the other components.

Performs computations.
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Basketball starts 
soon!

Raster scan CRT display
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soon!
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Large memory where most data is
stored.

A faster memory technology than
DRAM, but using more area to store
a bit.

A small memory that keeps a copy
of data from larger memory.


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Memory layer used to hold


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programs and data while programs
are running.

Memory layer used to store
programs and data between runs.

A form of memory that retains data
only if the memory is receiving
power.

A form of memory that retains data
in the absence of a power.

A nonvolatile semiconductor
memory often used as secondary
memory for personal mobile
devices.

A form of nonvolatile secondary
memory composed of rotating
platters coated with a magnetic
recording material

• 

• 

• 
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1.5 Technologies for building processors and
memory
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Silicon ingot
Silicon ingot

Slicer

Blank wafers

Patterned wafers

20 to 40 processing
steps

x x
x

Wafer
tester

x x
x

x

x x

Dicer

Bond die
to package

xPart 
tester

Ship to 
customers

Tested
wafer

Tested dies

Packaged dies
Tested

packaged dies
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1.6 Performance
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1.7 The power wall
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1.8 The sea change: The switch from
uniprocessors to multiprocessors
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1.9 Real stuff: Benchmarking the Intel Core i7
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1.10 Going faster: Matrix multiply in Python

for i in xrange(n):
        for j in xrange(n):
            for k in xrange(n):
                C[i][j] += A[i][k] * B[k][j]
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1.11 Fallacies and pitfalls
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Execution time
after improvement Amount of improvement

+=

Execution time

80 1000 20 40 60

Add operations

Other operations

Execution time

80 1000 20 40 60

Execution time

80 1000 20 40 60

Execution time

80 1000 20 40 60

Improve add by 2x

Improve add to run in 0 sec

Improve add by 4x

Execution time affected
by improvement Execution time

unaffected
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Execution time
after improvement 

Execution time affected
by improvement

Amount of improvement

Execution time
unaffected+

80 sec

+

n

100 sec
5 =

20 sec =

n

+   20 sec
80 sec

n

0

=

=

Execution time

80 1000 20 40 60

Multiply operations

Other operations

Execution time

80 1000 20 40 60

Suppose a program runs in 100 seconds on a computer, with multiply operations responsible for 
80 seconds of this time. How much do I have to improve the speed of multiplication if I want my 
program to run five times faster?

80 sec
(100 - 80) sec
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1.12 Concluding remarks
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1.13 Historical perspective and further reading©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

113 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

114 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

115 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

116 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

117 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

118 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

119 of 141 5/16/2025, 11:08 PM

http://www.cray.com/
http://www.cray.com/


Product line of computers with
varying cost and performance.

Minicomputer

Supercomputer

Microprocessor



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

120 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

121 of 141 5/16/2025, 11:08 PM



• 

• 

• 

• 

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

122 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

123 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

124 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

125 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

126 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

127 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

128 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

129 of 141 5/16/2025, 11:08 PM



1.14 Self study

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

130 of 141 5/16/2025, 11:08 PM



©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

131 of 141 5/16/2025, 11:08 PM



◦ 

◦ 

◦ 

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

132 of 141 5/16/2025, 11:08 PM



1.15 Exercises











©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

133 of 141 5/16/2025, 11:08 PM

















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

134 of 141 5/16/2025, 11:08 PM











©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

135 of 141 5/16/2025, 11:08 PM



















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

136 of 141 5/16/2025, 11:08 PM



















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

137 of 141 5/16/2025, 11:08 PM





















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

138 of 141 5/16/2025, 11:08 PM





















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

139 of 141 5/16/2025, 11:08 PM

















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

140 of 141 5/16/2025, 11:08 PM



















©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:08 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/1/print

141 of 141 5/16/2025, 11:08 PM


