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Administrative Stuff

This is the official class web page:

https://www.ece.iastate.edu/~alexs/classes/2024 Fall 2810/

If you missed the first lecture, the syllabus and other class materials are
posted there.



Administrative Stuff

« HW1 is out

* Itis due on Wednesday Sep4 @ 10 pm.

« Submit it on Canvas before the start of the lecture
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Where is the eBook?

Fundamentals of Digital 0
Logic with Verilog Design

Brown, Stephen; Vranesic, Zvonko 5

Expand | Collapse FLIP-FLOPS, REGISTERS, AND COUNTERS

v Chapter 3 Number Representation and 121
Arithmetic Circuits

chapter

v Chapter 4 Combinational-Circuit Building 189

Blocks
v Chapter 5 Flip-Flops, Registers, and 247
Counters
CHAPTER OBJECTIVES
v Chapter 6 Synchronous Sequential 331
et In this chapter you will learn about:
v Chapter 7 Digital System Design . e Logic circuits that can store information
- e Flip-flops, which store a single bit
Registers, which st Itiple bit
v Chapter 8 Optimized Implementation of 491 ¢ e,gls ers. i s'ore nfu PO s .
Logic Functions e  Shift registers, which shift the contents of the register
e Counters of various types
v Chapter 9 Asynchronous Sequential 551 e Verilog constructs used to implement storage elements

Circuits



Lab Sections

o Section C: Tuesday 11:00 AM - 1:50 PM (Coover Hall, room 2042)

o Section J: Tuesday 2:10 PM - 5:00 PM (Coover Hall, room 2042)

o Section E: Wednesday 7:45 AM - 10:35 AM (Coover Hall, room 2042)
o Section M: Wednesday 11:00 AM - 1:50 PM (Coover Hall, room 2042)
o Section L: Wednesday 6:10 PM - 9:00 PM (Coover Hall, room 2042)

o Section P: Thursday 8:00 AM - 10:50 AM (Coover Hall, room 2042)

o Section K: Thursday 11:00 AM - 1:50 PM (Coover Hall, room 2042)

o Section H: Thursday 2:10 PM - 5:00 PM (Coover Hall, room 2042)

o Section G: Thursday 5:10 PM - 8:00 PM (Coover Hall, room 2042)



Administrative Stuff

The labs and recitations start next week:

« The lab schedule is also posted on the class web page
» The recitation is the first 50 minutes
 The other 2 hours are the lab

» Changing of sections is not allowed, unless you can formally make
the change in the registration system.



The Labs Start Next Week

Please download and read the lab assignment for next week
before you go to your lab section.

You must print the answer sheet for each lab ahead of time.
Then answer the pre-lab questions before the start of the lab.

The TAs will check your answers at the beginning of the
recitation.



Grading Scale
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100
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59



Grading Percentages

Homeworks: (12 x 2.0%) 24%
Labs: (12 x 1.5%) 18%
Mini Project: 3%
Midterm Exam 1: 15%
Midterm Exam 2: 15%
Final Exam: 25%



The Labs Start Next Week
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Figure 1.5 in the textbook: An FPGA board.






The Decimal System

[http://www.chompchomp.com/images/irregular011.jpg |



The Decimal System

2 7

4 35

[http://www.chompchomp.com/images/irregular011.jpg |



What number system is this one?

[http://freedomhygiene.com/wp-content/themes/branfordmagazine/images/backgrounds/Hands_141756.jpg]



The Binary System

[ http://divaprojections.blogspot.com/2011/11/alien.html]



The Binary System

[ http://divaprojections.blogspot.com/2011/11/alien.html]



Number Systems

N=d,B"+d, (B" ! +...4+dB+ doB°



Number Systems

N=d,B"+d, (B" ! +...4+dB+ doB°
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n-th digit 0-th digit
(most significant) (least significant)



Number Systems

base power

/

N=d,B"+d,_ (B" ! +...4+dB+ doB°
.T
\
n-th digit 0-th digit

(most significant) (least significant)



The Decimal System

52410 = 5x10%4+2x 10" +4x 10"



The Decimal System

52410 = 5x10%4+2x 10" +4x 10"

Hx1004+2x10+4x1

= 500+20+4

H2410



Another Way to Look at This




Another Way to Look at This

102 101 100

S(12 |4




Another Way to Look at This

102 10! 10° <€ labels
boxes > |52 14

Each box can contain only one digit and has only one label. From right
to left, the labels are increasing powers of the base, starting from O.



Base 7

524r = 5X T2 4+2x 7 44 x 7Y



Base 7

base power

N,/

524r = 5X T2 4+2x 7 44 x 7Y



Base 7

base power

N,/

524r = 5 X 7242 x T 44 x T

most significant least significant
digit digit



Base 7

524 = 5X 7?4+ 2x 7  +4x7°
= 5Hx494+2xT7+4x1

= 245+14+4

= 26310



Another Way to Look at This

767t 70 102 101 1009

S(12 |4 = 12|63




Binary Numbers (Base 2)

100l = 1x2% + 0x2%2 + 0x2! 4+ 1x2°



Binary Numbers (Base 2)

base power

N/

100l = 1x2% + 0x2%2 + 0x2! 4+ 1x2°

most significant bit least significant bit



10015

Binary Numbers (Base 2)

I1x2 + 0x2%2 + 0x2! 4+ 1x20
1x8 + 0O0x4 + O0x2 + 1x1
8 + 0 + 0 + 1

910



11101,

1 x 24

Another Example

+ 1x23

1x16 + 1x8

16

+ 8

+ 1 x 22
+ 1x4
+ 4

+ 0 x2t
+ 0x2
+ 0

+ 1x2°
+ 1x1
+ 1

10



Powers of 2

210 — 1024
29 = 512
28 = 256
27 = 128
2 = 64
2 = 32
24 = 16
23 = 8
22 = 4
ol = 2
20 = 1



What is the value of this binary number?

00101100

0*27 + 0*26+1*25 + 0*24 + 1*23 + 1*22 + 0*21 + 0*20
0*128 + 0*64 + 1*32 + 0*16 + 1*8 + 1*4 + 0*2 + 0*1
0*128 + 0*64 + 1*32 + 0*16 + 1*8 + 1*4 + 0*2 + 0*1

32+ 8 + 4 = 44 (in decimal)



Another Way to Look at This

27260 25 24 23 22 20 Q0




Some Terminology

* A binary digit is called a bit
« A group of eight bits is called a byte

* One bit can represent only two possible states, which are
denoted with 1 and 0



Relationship Between a Byte and a Bit




Relationship Between a Byte and a Bit

1 bit




Relationship Between a Byte and a Bit

1 bit

|
8 bits = 1 byte



Bit Permutations

1 bit 2 bits 3 bits 4 bits

0 00 000 0000 1000
1 01 001 0001 1001
10 010 0010 1010

11 011 0011 1011

100 0100 1100

101 0101 1101

110 0110 1110

111 0111 1111

Each additional bit doubles the number of possible permutations

© 2004 Pearson Addison-Wesley. All rights reserved



Bit Permutations

Each permutation can represent a particular item

There are 2" permutations of N bits

Therefore, N bits are needed to represent 2N
unique items

ok

r 1bit? 2" = 2items
How many 2 bits ? 2’ = 4 items
items can be 3bits? 23 = §items
represented by
4 bits ? 2* = 16 items
. 5 bits ? 2° = 32 items

© 2004 Pearson Addison-Wesley. All rights reserved



What is the maximum number that can be
stored in one byte (8 bits)?



What is the maximum number that can be
stored in one byte (8 bits)?

11111111

1*27 + 1*26 + 1*25 + 1*24 + 1*23 + 1*22 + 1*21 + 1*20
1*128 + 1*64 + 1*32 + 1*16 + 1*8 +1*4 + 1*2 + 1*1
128 + 64 +32+16+ 8 +4 + 2 + 1 = 255 (in decimal)

Another way is: 1*28 —1 =256 —1 =255



What would happen if we try to add 1 to the largest
number that can be stored in one byte (8 bits)?

11111111

1 0000O0O0O0OTPO

0O 00O0O0OOTP O



Analogy with car odometers




Analogy with car odometers
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Decimal to Binary Conversion
(Using Guessing)

17 = 16 + 1 — 100015

2" = 128
26 = 64
2> = 32
20 = 16 v
23 = 8
22 = 4
2t = 2
20 = 1V



Decimal to Binary Conversion
(Using Guessing)

212 =128 +64 + 16 +-4 — 110101004

27 = 128 V
2% = 64 v
2 = 32
24 = 16 V
22 = 8
22 = 4V
2l = 2
20 — 1



Converting from Decimal to Binary

result remainder

235 / 2 = 117 1
117 / 2 = 58 1
58/ 2 = 29 0
29 | 2 = 14 1
14 / 2 = 7 0
7/ 2 = 3 1
3 / 2 = 1 1
1/ 2 = 0 1



Converting from Decimal to Binary

result remainder

235 / 2 = 117 1
117 / 2 = 58 1
58/ 2 = 29 0
29 | 2 = 14 1
14 / 2 = 7 0
7/ 2 = 3 1
3 / 2 = 1 1
1/ 2 = 0 1

23510 = 111010119




Convert (857) 10

Remainder

857+ 2 = 428 | LSB
428+ 2 = 214 0
214+ 2 = 107 0
107+ 2 = 53 |

53+ 2 = 26 |

262 = 13 0

13+2 = 6 1

6+-2 = 3 0

32 = 1 |

=2 = 0 1 MSB

Result1s (1101011001)»

[ Figure 1.6 in the textbook ]



Octal System (Base 8)

10
20
30
40
50
60
70

1
11
21
31
41
o1
61
71

2
12
22
32
42
H2
62
72

3
13
23
33
43
53
63
73

14
24
34
44
H4
64
74

] O U &= W N =
Ot Ot Ot Ot Ot Ot Ot Ut

16
26
36
46
56
66
76

17
27
37
47
Y
67
(e



Binary to Octal Conversion

000
001
010
011
100
101
110
111

R AN
= W N = O

~ o o



Binary to Octal Conversion

101110010111, =?q4



Binary to Octal Conversion

101110010111, =?q4

101 110 O10 111



Binary to Octal Conversion

101110010111, =?q4

101 110 OlO 111

| J \ J
I 1 I 1

5 6 2 7




Binary to Octal Conversion

101110010111, = 2,

101 110 010 111

| J \ J
I 1 I 1

5 6 2 7

Thus, 101110010111, = 5627,



Hexadecimal System (Base 16)

5216 = 5 x 161 +2 x 16Y =
HYX16+2x 1=

80 + 2 = 8210



The 16 Hexadecimal Digits

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F



0,

1,

The 16 Hexadecimal Digits

2, 3, 4! 5, 6, 7, 8! 9! A, B,

1



Hexadecimal to Decimal Conversion

C316 = C' x 16" +3 x 16"

—12x16+3x1



Hexadecimal to Decimal Conversion

BEEFig ="10



Hexadecimal to Decimal Conversion

BEFEFi16 =

Bl6 X 163
11 x 163
11 x 4096
45056

4887910

+ 4+ + +

E16 X 162
14 x 162

14 x 256

3584

+ + + +

E16 x 16
14 x 16!
14 x 16
224

+ 4+ + +

F16 X 160
15 x 169
15 x 1

15



Binary to Hexadecimal Conversion

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

N A A A A
MO QAW oo vths wo RO



Binary to Hexadecimal Conversion

0000 — 0 — 0
000l —» 1 — 1
0010 —» 2 — 2
0011 —» 3 — 3
0100 —» 4 — 4
0101 - 5 — 5
0110 - 6 — 6
0111 —» 7 — 7
1000 - 8 — &8
1001 —» 9 — 9
1010 —» 10 — A
1011 —» 11 — B
1100 — 12 — C(C
1101 — 13 — D
1110 — 14 — FE
1111 — 15 — F



Binary to Hexadecimal Conversion

101110010111, = 2,



Binary to Hexadecimal Conversion

101110010111, = 2,

1011 1001 O111



Binary to Hexadecimal Conversion

101110010111, = 2,

1011 1001 0111

) \ ) \
I

B 9 7



Binary to Hexadecimal Conversion

101110010111, = 2,

1011 1001 0111

) \ ) \
I

B 9 7

Thus, 101110010111, = B97



Decimal to Hexadecimal Conversion

139619 = 57444

result remainder

1396 / 16 = 87 1
87 / 16 = 5 7
5 / 16 = 0 5




Decimal to Hexadecimal Conversion

50210 = 1F 616

result remainder

502/ 16 = 31 6
31 / 16 = 1 15
1/ 16 = 0 1




Sample Midterm 1 Questions
on Number Systems



4. Number Conversions (4 x 5p each = 20p)
(a) Convert 101011012 to decimal

Ls Okl 5 e T DRl Aot e ) i

-~
—

2 A D BE LD & R8s R

Uyl

e e

P

121 s yors v a3

)



/
; «“//

”’/_\4



(¢) Convert 22710 to hexadecimal

L;Z,?/ﬁé: 1Y
LY fLE s B



(d) Convert COFFEEle to octal. & 41 o 156 3

Mo,o oooo uii iiij iitio 41110

el gla'glel o¥e






4. Number Conversions (5 x 4p each = 20p)
(a) Convert 101110012 to decimal

() S
/lx?.}+0x + 4 x l+4x2+1x2+% /2-"'& 155
L—-—.’-‘/ (—ﬁ/

128 32 | &6 1



(b) Convert 1351 to binary
135 /2

6F/2
33/2
16 (2

8/2

/2
b

B
O\‘?\’QOOG\UJ.H

bouowoyny L

15N
e
[Q
U

Y€magin clz(‘

1

OO0 O0orRn

A

</10000111L\

e



Lins f (c) Convert 7'518 to hexadecimal pod then

N\ : : Couyert
vert . : ' : ver
éf;‘":r 144i101:00 1 OOO:L-::L 1404 004 frowm
' g ’ ] C——V L~~~ :L_——V-\_J 60\4?? "60
1€9, 1 E 3 hexadectinaf



(d) Convert 21910 to hexadecimal Fewatndee.

A48 /16 = 13 11
12/ 16 = O 13 T DB%

W P, CR 2, il Bty Pl

n

A.



F o

: rewmau dep.
(e) Convert 134 ¢ to binary '

First

2 1 7] 58/2. = 23 O
Couvert éjﬁ +i:£ +3ff; =90 o= 09 A { Convert
to decimal %6 (8 o 1Y [z &2 F O ) M/
?—/2 = 2 1 to @iua¢.7
S 3/2= 4 4
L44940, +/%= 0 1




Signed integers are more complicated

We will talk more about them when we start with Chapter 3 in a
couple of weeks.



The story with floats is even more complicated
IEEE 754-1985 Standard

sign exponent(8-bit) fraction (23-bit)
L I |
00111y OoOqLUOOQOQOQOQOQOQOQOO0QOQOQ0QQOQQQ Qg =0.15625

O O
31 23

o0

[http://en.wikipedia.org/wiki/IEEE_754]



sign exponent(8-bit) fraction (23-bit)

I I |
00111100l 0000000000QqQqQqQQQ =0.15625
o}

0

O O
31 23

(_ 1 ) sign )( 2(.';1.'})011 ent—exponent bias % 1 f 7‘(l.Ct'l'~0n-

s = +1 (positive numbers and +J) when the sign bit is 0

s = =1 (negative numbers and —0) when the sign bit is 1
e = expohent — 127 (in other words the exponent is stored with 127 added to it, also called "biased with 127")

In the example shown above, the sign is zero so s is +1, the
exponentis 124 so e is =3, and the significand m is 1.01 (in
binary, which is 1.25 in decimal). The represented number is
therefore +1.25 x 273, which is +0.15625.

[http://en.wikipedia.org/wiki/IEEE_754]



On-line IEEE 754 Converter

https://www.h-schmidt.net/FloatConverter/IEEE754.html

 More about floating point numbers in Chapter 3.


https://www.h-schmidt.net/FloatConverter/IEEE754.html

Storing Characters

« This requires some convention that maps binary numbers to
characters.

« ASCII table

« Unicode



ASCII Table

Dec HxOct Char Dec Hx Oct Html Chr |Dec Hx Oct Html Chr| Dec Hx Oct Html Chr
0 0 000 NUL (null) 32 20 040 &#32; Space| 64 40 100 &«#64; [ | 96 60 140 &#96;
1 1 001 50H (start of heading) 33 21 041 &#33; ! 65 41 101 &«#65; 4 [ 97 61 141 &#97; a
2 2 002 STX (start of text) 34 22 042 &«#34; " 66 42 102 «#66; B | 95 62 142 &«#98; Db
3 3 003 ETX (end of text) 35 23 043 &#35; # 67 43 103 &«#67; C | 99 63 143 &#99; C
4 4 004 EOT (end of transmission) 36 24 044 &#36; § 65 44 104 &«#68; D |100 64 144 &#100; d
5 5 005 ENQ (encquiry) 37 25 045 &«#37:; % 69 45 105 &«#69; E (101 65 145 &#l01; e
6 6 006 ACK (acknowledge) 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 67 147 &#103; d
8 8 010 BS (backspace) 40 28 050 &#40; | 72 45 110 &#72; H (104 68 150 &#104:; h
9 9 011 TAE (horizontal tah) 4] 29 051 &#4l; ) 73 49 111 &«#73; I (105 69 151 &#105; 1
10 A4 012 LF (NL line feed, new line)| 42 24 052 &#d42; * 74 44 112 &«#74; 7 [106 64 152 &#106; ]
11 B 013 VT (wertical tab) 43 2B 053 &#43; + 75 4B 113 &«#75; K (107 6B 153 &#107; k
12 C 014 FF (NP form feed, new page)| 44 2C 054 &#44; , 76 4C 114 &«#76; L (108 6C 154 &#108; 1
13 D 015 CR (carriage return) 45 2D 055 &#45; - 77 4D 115 &«#77; M (109 6D 155 &#109; 1
14 E 0l 50 (shift out) 46 2E 056 &#46; . 78 4E 116 &#78; N |110 6E 156 &#11l0:; n
15 F 017 SI (shift in) 47 2F 057 &«#47; / 79 4F 117 &#79; 0 |111 6F 157 &#lll: o
16 10 020 DLE (data link escape) 43 30 060 &#45; 0 80 50 120 &«#80; P |112 70 160 &#ll2: p
17 11 021 DC1l (dewvice control 1) 49 31 061 &#49; 1 81 51 121 «#81; 0 (113 71 161 &#113; 4
18 12 022 DC2 (dewvice control 2) 50 32 062 &«#50; 2 82 52 122 «#82; R [114 72 162 &#11l4; ¢
19 13 023 DC3 (dewvice control 3) 51 33 063 &#51; 3 83 53 123 &«#83; 5 [115 73 163 &#l15; =
20 14 024 DC4 (dewvice control 4) 52 34 064 &#52; 4 84 54 124 «#34; T |116 74 164 &#ll6; ©
2l 15 025 NAK (negative acknowledge) 53 35 065 &#53; 5 85 55 125 &«#35; U |117 75 165 &#117; u
22 16 026 SYN (synchronous idle) 54 36 066 &#54; 6 86 56 126 &«#386; V |118 76 166 &#lld; Vv
23 17 027 ETE (end of trans. block) 55 37 067 &#55; 7 87 57 127 &«#37; W |119 77 167 &#119; w
24 18 030 CAN (cancel) 56 38 070 &«#56; 8 88 58 130 &«#83; X (120 78 170 &#120; x
25 19 031 EM (end of medium) 57 39 071 &«#57; 9 89 59 131 &#39; Y |121 79 171 &#l2l; ¥
26 1A 032 SUE (substitute) 58 34 072 &#58; : 90 54 132 &«#90; 2 (122 74 172 &«#l22; zZ
27 1B 033 ESC (escape) 59 3B 073 &#59; . 91 5B 133 &«#91; [ |123 7B 173 &#123; {
28 1C 034 F5 (file separator) 60 3C 074 &«#60; < 92 5C 134 &«#92; % |124 7C 174 &«#l24;
29 1D 035 G5 (group separator) 61 3D 075 &#6l; = 93 5D 135 &#93; ] |125 7D 175 &#125; }
30 1E 036 RS (record separator) 62 3E 076 &«#62; > 94 SE 136 &«#94; ~ (126 7E 176 &#126; ~
31 1F 037 US (unit separator) 63 3F 077 &#63; 2 95 SF 137 &#95; _ (127 7F 177 &#127; DEL

Source: www.LookupTables.com



Extended ASCII Codes

122 ¢ 144 E 161 i 177 & 193 L 200 + 225 B 241 &
120 o 145 = 162 o 178 @ 194 L+ 20 o+ 226 T 242 =
130 ¢ 146 E 163 uw 179 | 195 211 L 227 5 243 <
131 & 147 & 164 & 180 196 — 212 b 228 n 244
1322 & 148 & 165 N 181 197 + 213 ¢ 229 5 245 )
133 & 149 & 166 ° 182 | 198 F 214 230 p 246 -
134 & 150 4 167 ° 183 199 | 215 4 231 ¢ 247 =
135 ¢ 151 o 168 ;184 5 200 L 216 + 232 & 24

136 & 152 _ 169 185 200 ¢ 217 233 ® 249

137 & 153 O 170 - 186 | 202 L 218 - 234 o 250 .

138 & 154 0 171 % 187 g 203 5+ 219 @ 235 5 251 o
139 i 156 £ 172 % 188 d 204 | 2200 g 236 o 252
140 1 157 ¥ 173 189 4 205 = 221 | 237 ¢ 253 2

141 i 158 _ 174 « 190 A 206 4 222 ] 238 = 254 =
142 A 159 5 175 » 191 4 2070 &£ 223 W 239 . 255

143 A 160 4 176 i 192 L 208 L 224 o 240 =

Source: www.LookupTables.com



The Unicode Character Code

http://www.unicode.org/charts/

https://en.wikipedia.org/wiki/Unicode

The original standard uses 16 bits (2 bytes)

The later extensions use up to 32 bits.


http://www.unicode.org/charts/
https://en.wikipedia.org/wiki/Unicode

The Greek
Alphabet

http://www.unicode.org/charts/
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Close up

037 038 039 03A 03B 03C 03D O03E O03F

~ B

(o=
L
o
o

W &

Q
g s
.

R 8

S c..m
o o
o o

/HU m

21212129

3 .8

HAOH
o™
(=]

A

Xy lo Y| ]

. I Am

e

o

-
N~
o™
o

~

m &
£~ &

(@

o™
N~
™
(=]

o

ts/

http://www.unicode.org/char



This 1s the Hexadecimal number

Close u P for the Greek letter alpha: 03B1

037 038 039 03A 03B 03C /03D O03E O0O3F

ol F l,) 63%

0370 0380 03D0 03E0 03F0

3C0
11 F+ 0 / 9
0371 A1 - 09}1 03D1 (?H 0%

2| 'T BQY(DC

0372 0382 03C2 03D2 03E2 03F2

s| T I 'YGIYQ)]’

0373 0383 03C3 03D3 03E3 03F3

o
%8 = =

w
[
w
w

http://www.unicode.org/charts/



This 1s the Hexadecimal number

CIOSe u p for the Greek letter beta: 03B2
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Close up

037 038 039 03A 03B 03C

This is the Hexadecimal number
for the Greek letter gamma: 03B3
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This 1s the Hexadecimal number

Close up for the Greek letter pi: 03CO
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Close up
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Questions?



THE END



