ECE/CS 252 Week 1 & 2 Review
Wk1: Universal Computing Devices
1. Turing Machine: proposed by Alan Turing in late 1930s
[image: A roll of tape with text

AI-generated content may be incorrect.]
[image: A close up of black text

AI-generated content may be incorrect.]

2. Some History: 
· 1947 first transistor
· 1958 UW Alumni Jack Kilby first IC
· 1971 Intel first Microprocessor
[image: A table with numbers and text

AI-generated content may be incorrect.]

3. Moor’s Law (Intel cofounder): 
[image: A black text on a white background

AI-generated content may be incorrect.]
[image: A close up of a sign

AI-generated content may be incorrect.]

4. Processor, CPU (central processing unit)
[image: A computer parts and components

AI-generated content may be incorrect.]
5. Abstraction Layer
[image: A diagram of a problem

AI-generated content may be incorrect.]
ISA -> think of “assembly language”, the lowest level before HARDWARE
        -> a protocol, language, or covention
Microarchitecture -> the highest level of HARDWARE
       -> think of general architecture, e.g. Intel / Apple are doing it differently hardware-wise, but both support ISA language, so people writing software does not need to worry about hardware differences
       -> using “Logic Circuits” , “transistors”, think of Lego building blocks

[image: A diagram of a problem statement

AI-generated content may be incorrect.]
6. Analog vs Digital
Think of light switch as example. Real word is analog, but we treat it as digital (ON/OFF, 1/0) for easy processing in computer.
[image: A comparison of light switches

AI-generated content may be incorrect.]
[image: A close-up of a chart

AI-generated content may be incorrect.]

[image: A black text on a white background

AI-generated content may be incorrect.]


· In computer, everything is just sequences of 1s and 0s
[image: A black and white text on a white background

AI-generated content may be incorrect.]

Wk2: Number Representation, Convention, Calculations
Decimal: base 10                   base also called the radix
Binary: base 2, Octal: base 8, Hex: base 16
[image: A math problem with numbers and arrows

AI-generated content may be incorrect.]
[image: A diagram of numbers and text

AI-generated content may be incorrect.]
Binary: base 2
[image: A math equations with numbers and symbols

AI-generated content may be incorrect.]
Octal: base 8
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
Hex: base 16
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
Ranges, how many numbers: think of Decimal case, then apply the same logic
[image: A table with numbers and numbers

AI-generated content may be incorrect.]
Summary
· Human is good at Decimal, Computer good at Binary, We use Octal / Hex as helpful to both.
[image: A close-up of a message

AI-generated content may be incorrect.]
· It is easy to convert Binary <-> Oct/Hex, therefore easy to convert Oct <-> Hex.
[image: A white grid with black text and numbers

AI-generated content may be incorrect.]
Value vs Number
· A Value is a particular quantity
· A Number is a way to represent a value, think of as string of digits. Format matters.
  Same string “110” -> different value, if it is in decimal, binary, oct, hex format.
  Same value 50 (Decimal) -> different number string, “50” decimal, “110010” binary, “62” octal, “32”  hex
Base Conversion: universal method
[image: A math problem with numbers

AI-generated content may be incorrect.]
Binary <-> Hex                                                      MUST memorize, write the table as 1st thing
[image: A diagram of numbers and lines

AI-generated content may be incorrect.]
Binary to Octal                                                  MUST memorize,1st half of Hex table
[image: A diagram of numbers and red lines

AI-generated content may be incorrect.]
Octal <-> Hex is easy too
[image: A diagram of numbers and arrows

AI-generated content may be incorrect.]

Memorize the following two tables!
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Addition Operation: 
(1) know Binary example. 
(2) for Octal/Hex, either convert to Binary -> add -> convert back, or use convert to Decimal -> add -> convert back.
(3) Remember: break operation column by column, from right to left
[image: A screenshot of a math problem

AI-generated content may be incorrect.]  [image: A white paper with numbers and text

AI-generated content may be incorrect.]
Multiply by Power of Base: add 0s
[image: A math equation with numbers and symbols

AI-generated content may be incorrect.]
Divide by Power of Base: remove 0s
[image: A number of positions and numbers

AI-generated content may be incorrect.]
Signed-Magnitude Representation: a side track, NOT used by computer at all!
[image: A close-up of a sign

AI-generated content may be incorrect.]
It has two problems: (1) binary addition does NOT work !! (2) two zeros, wasting resource.
[image: A math problem with numbers and arrows

AI-generated content may be incorrect.]

2’s-complement Representation: solved the problem. USED in computer!
In this format, “+5” is “0101”, “-5” is “1011” -> add together (binary arithmetic) -> get “0” as expected!
[image: A purple and blue math equations

AI-generated content may be incorrect.]
Things to remember:
(1) First bit “0”, positive number. First bit “1”, negative number.
(2) “flip and plus 1” -> get negative of a number.  “0101” (+5) <--> “1011” (-5)  
(3) find value of  binary in 2’s-complement format:  
·  “0101”-> positive number -> normal way -> value is +5
· “1011”-> negative number -> flip “0100” plus 1 “0101” -> it is +5 -> value is “-5”
What is the 2’s-complement format?
remember 3 bit and 4 bit cases, then extend to any number of bits case.
[image: A table with numbers and a yellow box

AI-generated content may be incorrect.]
[image: A table of numbers and digits

AI-generated content may be incorrect.] [image: A white background with blue text

AI-generated content may be incorrect.]

Exercise: on modern 64 bit computer, what are ranges for “unsigned int, signed int” types, min/max values in decimal / binary format ?





(4) Addition operation:
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
Subtraction -> just add the negation of the value -> “2 – 3” -> “2 + (-3)” 
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
How do we know the results are correct ?   Check the signs of (a, b, c)
[image: A white background with text and symbols

AI-generated content may be incorrect.]  [image: A green and black math equation

AI-generated content may be incorrect.]
Overflow -> meaning ERROR happened
(1) Unsigned binary format -> if it creates carry bits, but it will be ignored/skipped -> then overflow
Example: 4 bit digit system, “1111” + “0010” -> will create a carry bit, need 5th bit -> OVERFLOW
(2) 2’s-complement format -> NOT checking carry bit -> check the signs of “a, b, c”.
Example: “1000 + 1000 => 0000”,  a negative, b negative, c is zero, Overflow!



Sign Extension
(1) Unsigned binary representation -> positive numbers -> ALWAYS add 0s
(2) 2’s-complementation format 
-> positive number -> same as (1), ALWAYS as 0s
-> negative number -> AWLAYS add 1s
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]

[image: A screenshot of a number grid

AI-generated content may be incorrect.]
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¢ Images taken from a iPad Air “teardown” article

from iFixit / CC BY-NC-SA 3.0
www.ifixit.com/Teardown/iPad+Air+Teardown/18907
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Almost all computing systems are digital

Analog: Digital:
Continuous range of values Discrete set of values

i | I
infinite different 8 different 2 different
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Binary Digital Information

* Use two voltage levels to
represent 1 and 0

* This vastly simplifies circuits
and design methods

* In reality, the voltage levels are
actually ranges of voltages
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Digital is an Abstraction of Analog

* For most logic design tasks, the actual voltages
are not important, just the 1s and Os!

* The digital standard only matters when the logic design
is transformed into transistor circuits

* But the voltages are still there!
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Binary Information

Any data processed by a digital computer is
represented by sequences of 1s and Os

* Numbers: represented in various binary formats

* Text: encode each character into binary

* Images: encode each pixel’s red/green/blue intensity
* Sound: sequence of pressure values

* Time: count of days, seconds, or fractions of a second
* GPS location: latitude, longitude and elevation

* . and more!
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Digit value says how many of that power of ten
* Possible digits: 0 thrOUgh@<— one less than base

13)4J5) =(3x100)+(4x10)+(5x1)

7
3x102 4,:{‘01 Nsxqg0
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* Possible digits: 0 through(1)<— one less than base
.'@. = (1x23) + (1x22) + (0x21) + (1x20)

= (1x8) + (1x4) + (0x2) + (1x1)

=8+4+0+1=13

1x23 1x22 szi 1x2
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* Possible digits: 0 through(Z)<— one less than base

%: (1x82) + (3x81) + (5x8°)
1xg? o g = (1564) + (3x8) + (5x1)
=64 + 24+ 5 = 93,
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* Possible digits: 0 through(F)<— one less than base

Hex Digit 0123456789 A B C D E F
Decimal Value|0 1 2 3456 7 89 10 11 12 13 14 15

" = (3x162) + (12x161) + (2x16°)
= (3x256) + (12x16) + (2x1)
= 768 + 192 + 2 = 962,

3><162 12X16 %169
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How Many Unique Numbers?

# Digits Octal Decimal
’ 21 8! 10t 16
[0, 1] [0, 7] [0, 9] [0, 15]
e 22 82 102 162
[0, 3] [0, 63] [0, 99] [0, 255]
5 2 83 103 163
[0, 7] [0, 511] [0, 999] [0, 4095]
N 2 8v 10 16"
[0, 2N-1] [0, 8N-1] [0, 10N-1] [0, 16M-1]

Ranges given in decimal (assumes unsigned integer)
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* Computers only operate on binary numbers
11100001110001100111100110000010,

* Hexadecimal (and octal) make it easier for
humans to deal with large binary numbers

E1C67982,,
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281 Hex

0010 1110 0001 <=group by 4 bits
1011100001  Binary
001 011 100 001 <= group by 3 bits

WA ox| |
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From Decimal: Universal Method

* Divide by base, the remainders are the digits
* Example: Convert 40,, to binary

40/2=20R0
20/2=10R 0
10/2=5R0 101000
5/2=2R1 5332102
2/2=1R0

1/2=0R1
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* Directly substitute a hex digit for
a 4-bit binary number (or vice versal!)
* 16 = 24, so the range of each is [0, 15;0]!

0001 1111,

N
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* Directly substitute an octal digit for
a 3-bit binary number (or vice versa!)

* 16 = 23, so the range of each is [0, 7,0]! j

PR

066437,

(100 [9)
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* Use binary as an intermediate form!
¢ Substitute, regroup, then substitute again

50712
VNN

101 000 111 001 0102
;v_l\_v_l
0101 0001 1100 10102

NN L

51CAL,
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Memorization Via Utilization

* Conversions will go quicker if you
remember the powers of 2 and the
4-bit binary->hex equivalents

¢ If you forget, it is easy to write out a table...
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1024512 (256|128| 64 | 32| 16| 8 | 4
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* Binary Example: 11

Decimal Check: 811

011, =3 — +

110, = 6., [3+3=6] 110
* Octal Example: 1
Decimal Check: 37
37g = 31y,

14g = 1249 31+12=43]1 4 14
535 = 43, " 53
* Hex Example: 1
Decimal Check: F9
F9i6 = 249;,

12,, = 18,, | 249+18=267 | + 12

10B,4 = 267, 10B

carry,

1+1 =)( =1

1+1+1 = 11,
14040 = 1,

7+4 =3&,= 13

143+1 = 5

sum
02

9+42=B,
F+1=10,
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Oct -> Binary

1
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¢ Example: Decimal nhumber multiplied by ten:
32=3x10+2x1  32x10=3x100 + 2x10 = 320

* Example: Binary number multiplied by two:
11 =1x2 + 1x1 11 x2=1x4 + 1x2 =110
¢ Multiplying a base R number by RN “shifts” the
number left by N positions
32,, x 103 = 32000,, 120, x 82 = 12000,
Cis x 161 = CO,¢ 11, x 24 = 110000,
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* Dividing a base R number by RN “shifts” the

number right by N positions ':I/;:e
32000, + 102 = 320, 120, + 81 = 12, /
C00015 + 163 = C15 110002 - 24 = 1-12

2449 16, 1.5y
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We sometimes use a similar approach in binary
* The most-significant bit is the sign (1 is negative)
* The remaining bits are the number’s magnitude

sign {magnitude sign jmagnitude
0 010 1;0 10
+§ 2 =
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* Normal binary addition gives incorrect answers!

010
0010
+1010 2+(2)=>X
1100
¢ It also has a redundant 0000 1000

representation of zero! +0 -0
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* Complement each bit and then add 1
1011

=
E Wiy
0100
+

1
0101
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Position 2 1 0|Decimal
Weight 4 2| 1|unsigned |Octal signed-magnitude |2-s complement
0 0 0 0 0
0 0 1 1 1
0 1 0 2 2
0 1 1 3 3
1 0 0 4 4 -0 -4
1 0 1 5 5 -1 -3
1 1 0 6 6 -2 -2
1 1 1 7 7 -3 -1
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Binary | HeX U1 | e o
0000 |0 | o 0 0
0001 | 1 1
0010 | 2| 2 2 2
0011 | 3| 3 3 3
0100 | 4 | 4 4 4
ool | 5| 5 5 5
0110 |6 | 6 6 6
o 7| 7 7 7
1000 | 8 | 8 -0 -8
1001 |9 | 9 -1 -7
1010 |A| 10 | -2 -6
1011 |[B| 11 | -3 -5
1100 |[C| 12 | -4 -4
1101 (D | 13 | -5 -3
1110 (E| 14 | -6 2
WL FEllas | -7 -1
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4-digit-system: total of 16 values
Unsigned binary: 16 values [0 ... 15]
Signed-maghnitude: 16 values, positive part [+0 -> +7], negative part [-0 -> -7]
2’s-complement: 16 values, positive section 8 numbers [+0 -> +7],
negative section 8 numbers [-1 ->-8].
Note “-8” for negative, “+7” for positive.
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Addition With 2's-Complement

* Addition works the way it does for unsigned
binary numbers
* Except: the carry-out is not meaningful

DECIMAL BINARY

3 *1101

+ 5 + 0101
2<—— 0010
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* This method simplifies computer hardware

Locciva. I cinay |

2 0010
- + -3 + 1101

-l€e—— 1111
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2s-complementary => OVERFLOW

3+1=>-4
3+3=>-2

=> symptom #a + #b => #c

a pos., b pos. => c neg.

a neg., b neg. =>c pos.

a pos, b neg => NEVER

\ a neg., b pos => NEVER
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011 011
+001 +011
100=-4 110=-2

= If the sign of the result is wrong, it overflowed!
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* What can we do instead?

@102_) +249 1.29 =310
a0, > +24 [Ldo1, > -3y
029 +210 12_) _310

¢ This is called sign-extension
= Replicate the sign bit as many times as needed
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image1.png
e Any computable computation can be implemented
by some machine

— Reads/writes one “symbol” at a
time to/from an infinite “tape”
(i.e., it has infinite memory)

— Selects an action to perform from
a fixed set of rules based on the
symbol and the machine’s current “state”

— Example actions:
“read symbol”, “advance tape”, “reverse tape”,

”ow

“change state”, “write symbol”, etc.

~




image2.png
In theory, a computer can compute anything
that’s possible to compute...

— Given enough memory and time
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Some History

Date

Event

Comments

1947

1st transistor

Bell Labs

1958

18tIC (integrated
circuit)

Jack Kilby (MSEE '50) @TI
Winner of 2000 Nobel prize

1971

1st microprocessor

Intel (calculator market)

1974 | Intel 4004 2300 transistors
1974 | MOS 6502 3510 transistors
1978 | Intel 8086 29K transistors
1989 | Intel 80486 1M transistors

1995 | Intel Pentium Pro | 5.5M transistors
2006 | Intel Montecito 1.7B transistors

201x

IBM

50B transistors
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e 1965: Moore’s Law [Gordon Moore]
— Predicted doubling of capacity every 24 months
— Has generally held true

 Drives functionality, performance, cost
— Exponential improvement for 40+ years!
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e Corollary to Moore’s Law:
— Cost halves every two years




