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Numbers in a computer:

bits.

high low
high low Nfgg?f'
high low

Inverse
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In this course we use TTL or TTL-like (CMOQOS) technology :

Transistor Transistor
Logic (TTL)

CMOS

‘High’ 1 3.5 —-4.9 Volts
2.0 — 2.4 \olts

NO MAN’S LAND

NO MAN’S LAND ZAHCXX

T41L.Sxx

0.8 — 0.4 Wolts
1.0 - 0.1 Wolts

‘Low’ (

It is actually a bit more complicated than this since there are actually
different thresholds for inputs and outputs and noise margins
(indicated here in RED) but this may be addressed later If time

10/23/2019 SIS
. Costas Foudas, Phys. Dept. F3.303, Univ. of loannina, x8750



Making a Zero or and One

How do you actually makeaOor 1 ?

5V
R1 :
1.0kohm Itis clear that
Logic Signal depending upon the
switch position the line
L will be either ‘0’ or ‘1’

J Key = Space
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Storing 0 and 1 : Registers

'} Registers

3 D-FLIP-FLOPs

'3 8 DFFs
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The D-Flip-Flop (DFF)

| sTORED
DAT D S Q | ) U1A
] S,R, Q-bar are AR
TAFT4— T He o
CEK. OF .~ Signals with SLl
?R Complement Logic | (EeESE

On the rising edge of the ——
clock the data are transferred L
and stored in Q.
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Byte coming in
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Byte coming in
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Bits & Bytes :
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Binary Representation

Example: 5 = = 1% 22+ (%21 + 1*20

Example: 9 = = 1* 23+ 0% 224 %21 + %20
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Hexadecimal Representation

Example: 256 = = 1*16% + 0*16! + 0*16°

Example: 1002 = = 3* 162 + 14*161 + 10*16°
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Boolean Operations

Why shift is

Important ?
Try SHIFT R(011)
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Negative Numbers

Using 2’s Complement Arithmetic
Recipe : Take the complement of the number and

add 1.
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4-pit Negative Numbers

Sign
Magnitude

+

0111
0110
0101
0100
0011
0010
0001
0000
1001
1010
1011
1100
1101

0111
0110
0101
0100
0011
0010
0001
0000
1111
1110
1101
1100
1011

1110 1010

~

1111
1000 (-0)

1001

1000
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I ALLU T o Allu U1t /MiJvli

Char Dec Hy Ot Himl  Chr  [Dec Hx Oct Hirnl Chr| Dec Hx Oct Himl Che
0 0 000 NOL [rnall) 32 20 040 &#3Z; Space| 64 40 100 s#6d; [ 95 /O 140 &#96;
1 1 001 30H [(start of heading) 33 21 041 =#33; ! 65 41 101 =#&65; & a7 /Al 141 &#37: &
2 2 002 ST¥ (start of text) 34 22 042 s#34:; 7 6 42 102 s#66; B | 95 62 142 &«#98; b
3 3 003 ET¥ (end of text) 35 23 045 s#35; # 67 43 103 «#67; C | 99 A3 143 &#99; ¢
4 4 00d EOT [end of transmission) 36 24 044 &#36; § 65 44 104 s#63; D |100 64 144 &#l00; d
5 & 005 ENQ (encuirsy) 37 25 045 &£37: 3 69 45 105 &#69; E (101 &5 145 &##l01; =
6 6 006 ACE [acknowleddge) 38 26 046 &#38! & 70 46 106 «#70: F |102 66 146 &#l02; €
7 7 007 BEL (bell) 39 27 047 &#39; ! 71 47 107 &#71; G (103 &7 147 &#103; O
& 8 010 BES [(backspace) 40 28 050 &#40; | 72 45 110 &#72; H [104 65 150 &#104; b
9 9 011 TAE (horizontal tab) 41 29 051 &#41: ) 753 49 111 &#73; I [105 69 151 &#105; 1
10 & 0l2 LF (NL line feed, new line)| 42 2& 05z &#dZ; * 74 4x 112 «#74; J |106 64 152 &#106; ]
11 B 013 ¥T (wertical tah) 43 ZB 053 «#43: + 75 4F 113 «#75; E |107 6B 153 &#107; k
12 C 0ld FF (NP form feed, new page]| 44 zZC 054 &#44; | 76 4C 114 «#76; L |108 AC 154 &#108; 1
13 D 015 CR (carriage return) 45 ZD 055 &#45; - 77 4D 115 &#77: M |109 6D 155 &#109;
14 E 0lg 30 (shift out) 46 2E 056 &#46: . 78 4E 116 &#75; N (110 6E 156 &##110; n
15 F 017 I (shift in) 47 2F 057 &#47: / 79 4F 117 &#79; 0 (111 &F 157 ##111; o
16 10 020 DLE (data link escape) 45 30 060 &#43: 0 g0 50 1zZ0 «#80; F |11Z 70 la0 &#ll=: D
17 11 021 DCL (device control 1) 49 31 061 &#49: 1 g1 51 121 &«#81:; 0 |113 71 1lal &#113: O
15 12 022 DCE (device control 2) B0 32 062 &#50; Z 8z 52 122 &#8Z:; B |114 72 laz2 &#lld; ¢
19 13 023 DC3 (device control 3) 51 33 063 =#51: 3 83 53 123 &#83:; 5 |115 73 1lo3 &#l15; =
20 14 024 DC4 [device contral 4) 52 34 064 &#52; 4 g4 54 1z4 «#34d; T |11s 74 led &#lla; ©
21 15 025 HNAE [(negative acknowledge) 83 35 065 &#53: 3 g5 55 1zZ5 &#35; T |117 75 les &#l17; 1
22 16 026 SYN (synchronous idle) 54 36 066 &#54: 6 86 5E 126 &#86; ¥ (118 76 lee &#115; w
23 17 027 ETE (end of trans. hlaock) 55 37 067 &#55: 7 87 57 127 &#87; W (119 77 la7 &##119; w
24 18 030 CAN (cancel) E6 38 070 &#56; 8 83 58 130 &#85; X (120 78 170 &#1l=0; =
25 19 031 EM  (end of medium) E7 39 071 =#57: 9 89 59 131 &#89: ¥ |121 79 171 &#l1:21: ¥
26 14 032 3UE [(substitute) B8 34 072 &#58; : A0 54 132 &#°90; £ |122 T4 172 &#liZz2; E
27 1B 033 EZC (escape) 59 3B 073 =#59; al BB 135 &#91; [ (123 7B 173 &#123; |
2 1C 034 F3 (file separator) B0 3C 074 &#a0; < 9z EC 134 &#92; % |124 7C 174 &#lZd;
29 1D 035 G3 (group sSeparator) 6l 3D 075 &#6l;: = 93 5D 135 &#93; 1 |125 7D 175 &#lE5; )
30 1E 03536 B3  (record separator) B2 3E 078 &#0; - 94 5E 136 &#94; ~ |1Zs TE 176 &#lZa; ~
31 1F 037 US (unit separator) 63 3F 077 &«#63; ? 95 5F 137 &#95: _ [127 7F 177 &#127:; DEL
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NOTs or ANDs and NOTSs.

A |e [ao ) fa |8 JOR |
o fo fo Jfo Jo Jo
o 1 Jo JJo i J1
1 jo Jo JJr o J1
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DeMorgan's Theorem
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An AND out of NOTs and ORs
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Exercise: Exclusive OR
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The Exclusive OR

XOR
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TThe D-Flip Flop
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BINARY ADDITION ExAMmPLE
C 3-BAT MACHWNE))

A= 114, , B=111, , c=A+B

1411 A)
« 4+ 111 )
111 o )

\M

Resudl
Gay vy
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Two Bit Adder with Carry

Answer:
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Aritnmetic Lodic Unit
(A=)

8_. BiT APDER

Center of
every computer:
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2 1\U UV AU N Clbl.ually UCDIUII AY ) N>
PV OUISEN
With what yvou already know

T Ak (he ARthmetc
a Overtlow Elagis
stored here

hhe resultis
StOrEG 1IN th’s
FEQISLER:
E1Ight BItS
\\ice Bus.

2 Bit addersath
carry/~1nanc
carry/-out
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