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Bits and Bytes




S ERIE R E L Bit (fiT)

. L] : [ ] d [ ) g [ ]
B It B I n a ry I It Digital Values -» ‘0" lllegal ‘17
— = Y o e —— ~ i 1 1 1
° ﬁ Ei E’é — 1 , it Eg E’é — O Analog Values » 0 0.5 24  2.9Volts

- ERAVAHRE : EERHES (transistor)

« N R (Binary (base two) system)
*1 bit = 2 possible states: O, 1

2 bits — 4 possible states: 00, 01, 10, 11

* 3 bits — 8 possible states: 000, 001, 010, 011, 100,
101, 110, 111

*n bits — 2™ possible states
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CMOS Transistor

- EfSAVARRE - EEAES (transistor) — 18 —1EF RS

* CMOS: Complementary Metal-Oxide-
Semiconductor (B EBE LY+ EEE)

e Inverter ([ 1H23)

Vdd
4
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BHEEAEARTEREMEREEFFNER ?

« 212 (Numbers)

- B (signed), E5E (unsigned), BEY (integers), ;ZE4EX (floating point),
€1 (coTpIex numbers), BIEE (rational numbers), EIEE] (irrational
numbers), ...

* XF (Text)
« 3¢ (characters), £ (strings), ...

- B R/ (Images)

- B & (pixels), BB (colors), Fedk (shapes), ...
. %i (Sound)
- #&#5 (Logical)

- K (true), {2 (false)

e FHRE
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Terminology

«HN = EH

*Binary: 2 {7 ~ 2 ##l (10010101)

«Decimal: 10 NI ~ 10 #EH#l (9547)

Octal: 8 #I ~ 8 &l (0174)

«Hexadecimal: 16 i « 16 iE#l (0x2347FACE)

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



Binary to Decimal (1/2)

Non-positional notation: 1, 11, 111, 1111, 11111 (R§RE?)
Weighted positional notation: .%FEEI’] 10 3 13 (V]

MSB: Most Significant Bit (BE &AL =)

LSB: Least Significant Bit (@R &4E)

unsigned int: IEEEY (n bits ft& 0 ~ 2" — 1 NFABEEF)

most ; least

3 2 9 significant 1 O 1 significant

/1N /1N
102 107 100 22 21 20

3x100 + 2x10 + 9x1 = 329 1x4 + Ox2 + 1x1 =5

2017/2/8
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Binary to Decimal (2/2)
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3=
22 21 20 | decimal
0O 0 O 0
o 0 1 1
o 1 0 2
o 1 1 3
1 0 O 4
1 0 1 5
1 1 0 6
1 1 1 7
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Binary = Hexadecimal

16 &l : 1{EAFEHE 16 FErJgE : 0~9, a4, b, ¢, d, e, f

« 2 &l : 4 {E bits B 2% = 16 IEQJAE

« FTA 2 (LR 4 EEF = 16 HARY 1 EEF

- ieEx A ERE 4 18 145 - BAk 10 L - BEIE 16 EAI

* 101110010110111001
* 1011110/0101/1011/1001
« 2014 51 9
e 2 e| 5 b 9
* Ox2e5b9
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Arithmetic Operations

* Addition
e Subtraction
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Addition/Subtraction

unsigned 1int: like decimal
e carry: I

carry

(M
10010 10010 111

+ 1001 + 1011 +

11011 11101 1000

10111
+_ 111

11110
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AR EE ?

* (signed) int: & (F1E/&%%)

« Q: MAIEBINFRTEE ?

. FFEEHEE K/ (Sign—Magnitude): MSB 0 = 1IE, MSB 1= &
« 10101, = =54,

«1 {2 (1's Complement): B8 =1FEEE bit 0 1 1% O
* 00101, —» 11010, = —5;,
- B

« 2 fEN (2's Complement): 1 fHEY + 1
11010, + 1= 11011, = —5,
- =
* n bits: —27"1~2n"1 _ 1.
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«2 fHEY (2's Complement) W&
1.1 fHE0N 1 (ZEREREE 1)
2. MBABELAHRNE 11 2B LBEEE

011010000 01 lOiOOOO

100101111 (1’s comp) (flip) @ (copy)
+ 1

100110000 100110000
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2017/2/8

1.

7!%1

Comparison Table

2 B A&

8H +0, -0 259
2. EEEEJ:EM?‘ET’E

+N Positive -N Negative integers
integers
(for all Sign and 1's 2’s
systems) magnitude complement | complement
N N*
+0 0000 -0 1000 1mMmM |-
+1 0001 -1 1001 1110 1111
+2 0010 -2 1010 1101 1110
+3 0011 -3 1011 1100 1101
+4 0100 -4 1100 1011 1100
+5 0101 -5 1101 1010 1011
+6 0110 -6 1110 1001 1010
+7 0111 -7 1111 1000 1001
8 |- |- 1000
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2 RN IE B IgH

*Y = 0111, = 7
+—Y =~Y +1=1000, + 1= 1001, = -7

- X = 11100110, = ?

«—X =00011010, =24+ 23+ 2'=16 + 8 + 2 = 26
FTA X = -26
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¥ 51597

Decimal to Binary

2)1_5_6_ Remainder:

2)78 0
2)39 0
219 :
2)9 1
2)4 0
2)2 0
2)1 1

1 5610 = 1001 1 1 002

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

18



« BX47F signed integer (ASREE ~ )

- 5% % 4 (U&= (MSB)
* 1101 + 0100 = 10001 = 0001 (?)
13 +4 =17 =1 (X)
«+-3+4=1(0)
* Not overflow!

« 0101 + 0100 = 1001 (?) (IF + IF = &)
5 + 4 (= 9 (should)) = =7 (overflow!)
e 24" 1.94-1_1__8~7

-G : = + & = F» hE overflow!
-{BIF + &8 + 1F» —FAE overflow!
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Logica

| Operations

*AND (&)

*OR ()

*NOT (~)
A B A AND B A B AORB A| NOTA
0 O 0 0 O 0 0 1
0 1 0 0 1 1 1 0
1 0 0 1 0 1
1 1 1 1 1 1

e All bitwise
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Examples of Logical Operations

*AND (&)
- 7BER bits RIFFA (mask) 11000101
- AND with zero = 0 AND_00001111
« AND with one = no change 00000101

*OR (1) / 11000101
- set bits BIFFE OR 00001111
* OR with zero = no change 11001111
* OR with one =1

*NOT (~) NOT_11000101
* Uunary operation —— one argument (~A) 00111010

* flips every bit
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-HMEARRERN 2 EUHFHEIESR - FEIER
A2 HYELF (R

- EMIEAL(H 5 signed or unsigned
» Unsigned (Shift Right Logical): Z£i2#B# O

4-bit 8-bit
0100 4) 00000100 (still 4)
1100 (-4) 00001100 (12, not -4)

- Signed (Shift Right Arithmetic): JRAiEE 14 1
= 0 1 0 ({R3%)

4-bit 8-bit
0100 (4) 00000100 (still 4)
1100 (-4) 11111100 (still -4)
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*\/ariables
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Outline
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A Computer Schematic



A Computer Schematic (1/5)

2~ JERRAE. .

e Input Devices: jBE ~ &%
- FAREZ - BRBE. ..

 Output Devices: =& ~ [IN...

- BRARINR ~ BE...

Memory (RAM)

Input
Devices

Registers

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.

ALU

CPU

Control Unit

Disk (ROM)

I Output
Devices
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A Computer Schematic (2/5)

« CPU (Central Process Unit, FREIEET) : 25 ALU
(Arithmetic Logic Unit, E1lTi#5E 7T) - Registers (&1F23)
Control Unit (#2288 55)

« H1735< (instructions)
P BARIASE Memory (RAM) Disk (ROM)

ALU
Input . \ CPU | Output
Devices Devices

Registers Control Unit
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A Computer Schematic (3/5)

*RAM (Random Access Memory, [EiZENGE (EES)

 Volatile (B2 HH): R EMEEEREFEER
- BZARFEEAEEEE (STM)

Disk (ROM)
Memory (RAM)
ALU
Input | | Output
Devices Devices

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 2 7
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A Computer Schematic (4/5)

« ROM (Read-Only Memory, &0 SE2)
- Non-volatile (JEIBESMERY): B BREFEER
- FARNRREIER (LTM)

- MFEE R Disk : HHD (Hard Drive Disk, i&h#) i SSD (Solid
State Drive, [ESETEHE)

Memory (RAM) M
Input l Output
Devices Devices

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display. 28




A Computer Schematic (5/5)

« MIVREMRZRE CPU RUtEET B BE AR/
- ARAERMENIRENDIE
e Input/Output > Disk (100M Cycles) > RAM (100 Cycles) > Resgisters

Memory (RAM) g Disk (ROM)

ALU
Input Output
P - ;
Devices Devices

Registers Control Unit
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-MIETEM : DRAM, SRAM

AE—IR & B BIAERS (60%)
*DRAM (Dynamic RAM)

« B2FE/)\

- {EH{E/8: need refreshing

¢ ‘Enal m

- DDR (Double Data Rate):
Access in both rising/falling edge

°SRAI\/I (Static RAM)
,JE |5'%. no refreshing

« Cache

* Low power, costlier

Copyright © 2016 Slighten and GOTC. Permis required for reproductio
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ROM

« JP[E—X
* PROM: Programmable ROM (OTP, One-Time
Programmable)
* burn the fuses

» Mask ROM: Copy Protection

- ] EE{ERE R
« EPROM: Erasable PROM

* Electrically programmable

« UV-EPROM: Ultraviolet EPROM
» Use UV-light to erase

« EEPROM: Electrically EPROM

 Electrically programmable and erasable

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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ROM

*Flash (REJEC1EER): —3& EEPROM
 SLC (single-level cell): 1-bit/cell, expensive, faster
* MLC (multi-level cell): Zbits/cell, cheaper, slower
* NAND-flash

*Cheaper, costlier
* NOR-flash

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.
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SLC vs. MLC (1/2)

2017/2/8

One-bit
per cell
'.. e o0 = 2 logic
j_\ Vtgap = 1.2V ﬂ levels
=SLC
Vt=1.0V+0.3V Vt=2.8V+0.3V
Two-bit
— : per cell
oo | [&8]| || B8 -

NN N N\

Vt=1.0vi02v Vt=16V02V Vt=22vi02v Vt=28Vi0.2V

Vtgap=0.2V Vtgap=0.2V Vtgap = 0.2V

Source: Hsieh, MXIC

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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SLC vs. MLC (2/2)

Source: Prof. Meng-Fan Chang

2017/2/8

Vt=28V+10.2V

Vtgap = 1.4V

Vt=1.0vVi0.2V

Vt=28V+0.2V

\/

Vtgap = 0.2V

Vt=22V10.2V

\/

Vtgap = 0.2V

Vt=1.6V0.2V

\/

Vt gap = 0.2V

Vt=1.0vi0.2V

U

Dvwz.av:o.w

Vtgap = 0.4V

Vt=22V+0.1V

y

Vtgap = 0.4V

Vt=1.6V10.1V

y

Vtgap =0.4V

Vt=1.0v0.1V

y

MLC operation requires much tighter Vt distribution.

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.

34



Conclusion

Source: Prof. Meng-Fan Chang

Speed & Bandwidth Endurance
=
SRAM
£ ]- <€ STT-MRAM
W -g DRAM _
= Storage Class —
Memory 'GCRAM/ReRAM
NAND 3D-ReRAM
N -
HDD < 3D-NAND
Cost < > Retention

Capacity
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8] (Variables)




Basic C++ Elements

« 2 (Variables)
ﬁ 2 BEA > BELIEBAE -
AERE (scoping) : &1 (local) vs. &1 (global)
« £ 7ZHAR (lifetime)
« BEY (Literals)
, BEVRI > BRoIERRfIE -
;B E F (Operators)

« AT E RIFAVEI ERIBEMRY Tk o [ :
JI[INER

- AR EEHE K 'R\ (expressions) e

=] (precedence) (associativity) e



Question: AJBEAE ﬂ%‘uﬁnﬂﬁﬁﬂ’l

- RiaF LRSS e Tl mEEZME
- TAE FERYSR A B/ L X RIRF B AT IR

 ERLRYECIERIE R IGAV (I TE 7 T EEE
- TS MAYSR A E/E L A RIZE R RECIR

« ABEEEAIU(E T20, (variables)

HIt—EEZHTEU T =1FEMN(EH=EX)
. ;F:HTHF”BUJ (data types) : AEIFEENBREEENGIERZ AN
o rﬁ%&l%ﬁﬁu (id) : FAZRTBNE 2] -

"EOIEEENIE ) (address) : sCTERCIRASAVMIAE o
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ZF BRI (Data Types)

* bool fatiME (Boolean) (RA 2 f&R]HE( or ) RN 1 bit)

-+ char %t (character) (almost all 8 bits = 1 byte —— ASCII centric)

o BB (integer) :
e short 52222 (usually 16 bits = 2 bytes; could be same as int)
. int 2 (
« long =220 (usually 32 or 64 bits; could be same as int = 4 bytes)
- long long REEH (8 bytes)
« JFEEEL (floating point) :
« float BEEEIZERE] (usually 32 bits = 4 bytes, could be same as double)
- double EEIBTEREIZZLEN (at least 32 bits; usually 64 bit = 8 bytes)
« AR sizeof EBEFFREEEEBIRIAR/ o (LRI AFEEA/N)

« {5l : cout << sizeof(int) << endl;

s AIAEEERZHIBYRI: long double (16 bytes)

at least 16 bits, usually 32 bits = 4 bytes)

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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82 F8 (Variable Names, Identifiers)

"ldentifier" (ID) = (FHE B ESHNABF
* 7£[E)1E scope TREEERE
« BUID (Valid identifiers):
o PAZE e E 47 (underscore ())BHEE
c BIFIEHF - FB - K4
- FUNEHIEL (case—sensitive)
« "sum" IR "Sum" R[E&TH
« A AR EF FEE
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Examples

* 5% (Legal)
°i
* wordsPerSecond
*words_per_second
* _green

- REE (lllegal)
*10sdigit
ten'sdigit
* done?

*double - AR

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.




RARETF

« Keywords: S8 A HELE

2017/2/8

(Reserved Words, Keywords)

alignas (since C++11)
alignof (since C++11)
and

and_eq

asm
atomic_cancel (TM TS)
atomic_commit (TM TS)
atomic_noexcept (TM TS)
auto(1)

bitand

bitor

bool

break

case

catch

char

charl6_t (since C++11)
char32_t (since C++11)
class(1)

compl

concept (concepts TS)
const

constexpr (since C++11)
const_cast

continue

decltype (since C++11)
default(l)

delete(1)

do

double

dynamic_cast
else

enum

explicit
export(l)
extern(l)

false

float

for

friend

goto

if

inline(1)

int

import (modules TS)
long

module (modules TS)
mutable(l)
namespace

new
noexcept (since C++11)
not

not_eq

nullptr (since C++11)
operator

or

or_eq

private

protected

public
register(2)

reinterpret cast
requires (concepts TS)
return

short

signed

sizeof(1)

static
static_assert (since C++11)
static_cast
struct(l)

switch
synchronized (TM TS)
template

this

thread local (since C++11)
throw

true

try

typedef

typeid

typename

union

unsigned

using(1)

virtual

void

volatile

wchar_t

while

xor

xor_eq

C I+ /]
Source: nttp://en.

ppreference.com/w/cpp/keyword

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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=EE L (Variable Declaration)

(BN EES AN IERTERIAENER)  BeEMmEs— [ %% num |
BIEEARIZR » LIRE R RSB » 87104 E)

« BIT( ¢ | type name;

« Example:
* int num; | I
 float pi;

* char ch; /
* bool isDead; I @ﬁéﬁl% 0 I
- AR ES SESH(LUIER D IR)

« Examples:

« int i, j, k;

« float f, g, h;

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 43



RS9I+

<iostream>
namespace std;

{

"Please input a number: ";
a;

"The square of " << a <X 1s
a*a << endl; \\

N

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.




=2 (Literals) (1/2)

« B2 (Integer)
°*0
1
«123 /* decimal */
e-123
*0123 /* octal: 1235 = 834, */
«0x123 /* hexadecimal: 123,¢ = 291, */

“’Z 252 (Floating point)

*6.023
*6.023e23 /* 6.023 x 1023 */
e 5E12 /* 5.0 % 1012 */



=2 (Literals) (2/2)

« 75t (Character) — |

JEE 5| 5RIERE (single—quotes)

B55RFIT - REHEFTUlfEIRm ?

(18 MBI =F T
| Z1EM6 2

LR

2017/2/8 Copyright © 2016 S| ighten an
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More about FEitE &
ASCII Characters

* American Standard Code for Information
Interchange, E=E]&E AR HIEES

«wiki: https://zh.wikipedia.org/wiki/ASCI

* ASCIl: Maps 128 characters to 7-bit code.

« MFE : printable ( = 2044(= 324) ) and non—printable
(ESC, DEL, etc < 204¢(= 324,)) characters
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ASCIl Table

o B8 % E’\J S ETI =X 3 The Standard ASCII Table

ASCII ASCII ASCII ASCII
® ¢ A, — 65 Character Dec Hex | Character Dec Hex | Character Dec Hex | Character Dec Hex
— nul 0 00 | =p 32 20 | =& &4 40 : 36 60
soh 1 01 ' 33 21 |a 65 41 | a 97 61
¢ D stx 2 02 - 34 22 B 66 42 b 98 62
° a —_ 97 etx 3 03 u 35 23 c 67 43 c 99 63
eot 4 o4 |s 3% 24 |o 68 44 | a 100 64
eng 5 05 | % 37 25 |= 69 45 | e 101 65
¢ ¢ ack 6 06 |=& 38 26 |F 70 46 | £ 102 &6
o = bel 7 o7 |- 39 27 |c 71 a7 | g 103 67
bs 8 08 ( a0 28 |= 72 48 |n 104 68
¢ ’ ht 3 09 |) a1 29 |1 73 49 | i 105 69
® \O — O 1 10 OA | =+ a2 2a | 74  aa |5 106 6A
— vt 11 0B | + a3 2B | x 75 4B |k 107 6B
£ 12 oc |- as 2¢ | . 76 4ac |1 108 6C
(A cr 13 oD | - as 2D |m 77 4D |m 109 6D
° O —_ 48 so 14 O0E | . 46 2E | wm 78 4E |n=n 110 6E
- si 15  OoF |/ a7 2F |o 79 aF |o 111 &F
dle 16 10 |o a8 30 | g0 so |p 112 70
dci 17 11 |2 a9 31 |o 81 51 | g 113 71
dc2 18 12 | 2 so 32 |= 82 52 |« 114 72
dc3 19 13 | 3 s1 33 |s 83 53 |= 115 73
dca 20 14 | a s2 34 |T 84 54 |« 116 74
nak 21 15 | s s3 35 |u 85 55 |u 117 75
syn 22 16 |6 s4 36 |v 86 56 |w 118 76
etb 23 17 | 7 55 37 |w 87 57 |w 119 77
can 24 18 | = s6 38 | x g8 s8 | x 120 78
em 25 19 |9 57 39 | v 89 59 |v 121 79
sub 26 1A | - s8 3A |z 90 SA | =z 122 7A
esc 27 1B | ; s9 3B | 1 91 sB | { 123 7B
fs 28 1C | < 60 3C |\ 92 sC ! 124 7C
gs 29 1D | = 61 3D |1 93 sSD 125 7D
rs 30 1E | - 62 3E |~ 94 sSE | - 126 7E
us 31 1F | = 63  3F | _ 95 SF | del 127 7F
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RIERE
iNFIERS

RIERE
iNFIERS
HIERE

1 AEREFITHY

2 AERERBIREXF
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More on EElE 2 (Integer Literals)

 +3{iI (Decimal)
123 /* positive */
-123 /* negative */
« +753E 1L (Hexadecimal): ox BREE
*Ox123 /* upper bits are 0 = 0x00000123 */
 Oxfeedface /* full 32 bits */
- JUEAiL (Octal): © BAEAE
*912 /* octal 8 + 2 = 10 */
*098 /* 1llegal! Digits must be 0-7 */
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HERR = t(Escape Character)Ed Bkt 2 5l(Escape Sequence)

E)EH%?JT:( ) REIEAFIT AR AR T
)J | B T A B TR - AR ER




F&E B (String Literals)

‘P8 - —BFTEER
- HM{EEES|3RIEEE (double quotes ("))
- ERBYRI 2 FolES (char array)

« C++ BEF »—BARFEABERERIZFSE (string)

* Example

"This is a text string consisting of a sequence of chars”
"To include double-quote in a string, do \"this\" kind of

escape”

« 28 (char array) in C++ are null-terminated
c EFBRERFE—HEEENZEFT \0' (value == 0)
c NREFHEFIN\O, ABEFEFEMEME 1L !

* you may get a warning from the compiler

U TEITEEHAE ?

e cout << "hello\Gworld ;

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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FRE9HIF

<iostream>

CSW (18

namespace std;
main(){

BIEERZE F 2

a;
cout << |"Please input a number:
cin >> a;

cout << ["The square of "| << a <«
<< a*a << endl;

cout << |"By the way, 1 + 1 =|" <K << endl;

1S

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduc



EHEAE & (Declaration)EA#IR1E (Initialization)

- BY PR EFIEFIAIEIL ( )
« AU ¢ type name = 5
* Example:
*int age = 3
e float pi = 5
echar g = 'Q’;
* bool 1sPassed
- 7] [A] i B S ELEEY IR t:ﬁlﬁl'%:'z"%l(b(i_?mﬁﬁ%)
« Examples:
eint 1 = 3, j, k =5; // j is not initialized
*float f, g = » h = ;

e // ¥ 1s not initialized

2017/2/8 Copyright © 2016 Slighten and GOTC. Permis required for reproduction or display.



RIkEEF (Assignment Operator (=))

c = AEFE N (equal| IER > 255 (get) WER -
eint a = 3;

- BASIARELBIZE int » BEHFEE 4 bytes BIZEM] > EaCiEREFHKE
— &2 A 4 bytes IZER(ER) » RIUE a » WIE 3 EEE
E#EXEFEIR » assign) ©

B a (BRRE - Bi2l(0e0T o T =)

. BTN S84
inta=3, b=75; A
a = b; \
b = a; \ AR B
N 10
ca 28?7 b RS2 N e

« YIfOI3XIA a, b BU(E ? 55
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aN{a]3x#(swap) a, b KI{E ?

-The 18t Algorithm: Swap Algorithm

int a= 23, b =25, temp;
temp =

a b;
temp,

LN XT)

2017/2/8 Copyright © 2016 SI ighten and GOTC . Permission required for reproduction or display .




L ERIBE R E (Scope)EiE 1ZRF[E(Lifetime)

»Scope: fi 2:EE! AL
. Lifetime: Enﬂ SR B M
«IEFE (heap):

- FZTUEEHTRIE 42 (global variables, static local, ..)
* new %l delete (FIEE) (£ 6 &)
« IEE (stack):
« e E S AVTREIEBRIE SAVER A A HETEALE © (local variables,

parameters, ..)
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# <iostream>
namespace std;

int global var = 7;

void foo(){
int local var = 5;

% cout << local var + global var << endl;

global_var 11}

RS R 12

E A HS 13¥ int main(int argc, char **argv){
FE T4 int local var = 3;

local_var

E@ﬁ%?ﬁ;% i, cout << local var + global var << endl;
BAA PR 18 0;
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<iostream>
namespace std;

int main(int argc, char **argv)

1

2

3

4 1int global var = 7;
5

6

7 {

—2— 1int local var = 3;
9
10 {
11 int a = 5;
12 cout << "\tglobal var = " << global var << endl;
13 cout << "\tlocal car = " << local var << endl;
14 cout << "\ta = " << a << endl;
15 1
16
17 cout << "global var = " << global var << endl;
18 cout << "local car = " << local var << endl;
19
global_var 9

HYRE R
AR (FHY

[
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When do we use variables?

E%EWZ*EES‘EE%EEH MaoE | ARl (FA—ERHF) F—

ZHRHEIE -
&

Bl ERENBA  IEBORBERH  IEBS I
—(JELAARR) ~ SBALRA(REE ) B’EP:?%S%E’JHE% TEL

sEsr S H—G6 « GOTCRIIES -

*int remain_lives = 3;

*bool isDead = ; // flag

*int level = 1;

*double GOTC years = 5

*int CSW _sleep hours per _day = 3;
- char GG3vs@ classic_quotes[] = " | "
»string GG3vs@ saying = "AJENI |

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.
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$H58Y vs. #tdefine

. double PI = ;

o« G

-BH=FER : BE - BRI (type) FECIEREUE
ERENIEPRE (runtine BFHRME) @ PI

H#define

“HE R

ClE E.'E'. 'f_LE

epreprocessor ffl macro substitution EEIE

T‘j_: *E :_E% ﬁll“ I:

2017/2/8 Copyr

ON{E @ PRI = 5

ight © 2016 Slighten and GOTC. Permission required for repro duction or display.
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const vs. ##idefine

econst double PI = ;

';.%;%51 ({BARZE1E literals) » MECRAEEBHIVERNE

""""" B =EX B2 BA (type) MECIREME
EFRER B E(compile error) : PI = s

e ffdefine

- FBE - RAREENE
epreprocessor ffl macro substitution EEIE

FERRRIERRE © PI = 175




* Operators

2017/2/8

Outline
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Operators




3EE T (Operators)

FRIE(FEE  BHERARRESAE -
cHF + F vs Fib + FB vs HF+FFH
""""" S BIER THMTREN (expressions) BRI

(statements)

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.
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=RiZED, (Expression)

» Definition: An expression is any combination of
variables, constants, operators, and function calls.

* Every expression has a value and a type, which
derived from the types of its components.

* Examples:
ca = 10 // type & a Ky type: A a
°a // type & a BY type: 1EA a
ea * a // type % a Wy type: {BA d?
a == 10 // type # bool > {EA true or false
*a < 10 // type % bool > {EZA true or false
*X + sqrt(y) // type % double B x+ .y
« foo(y) // type & foo() BY return type

x &z +3|] 9-w--%6

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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[z, (Statement) (1/2)

A statement expresses a complete unit of

work.
« Executed in sequential order

- B EEPRIMTL (Simple statement): 7757 (semicolon) 45)

ez =X *y +5; // NOT z = xy + 5;

'y =y +1;

* Y++; // same as y =y + 1;
‘y += 1; // same as y =y + 1;
*x = abs(y); // IERFEFEEE x &
*abs(y); /] MERIZEFER

*5 // null statement
« BHE—1T—1@E simple statement

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission require d for repro duction or display.

E2

67



[T, (Statement) (2/2)

- 2H & fFR#M T, (Compound statement): groups simple
statements using braces (AX$E3E).

* Equivalent to a simple statement syntactically
e{z=x*y; y=y+1; } // bad coding style
* do this:
{

Z
y

X *y;
y + 1;

« BE—1T—(& simple statement
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Operators

BEES—FEK  IEe ~ BSAX Al
What does it do? What data type(s) does
it operate on? What is the resulting type?

in which order are operators
combined?
« Example:
« "a*b+c*d"isthe same as "(a * b) + (c * d)"
o« FTIERR ~ BIMEL (MNRERY precedence < FEFREY precedence)
in which order are operators of
the same precedence combined?

« Example:
e "a—b-c"isthe sameas "(a-b)-c"

- A&/ BiEEAZEH (associate

http://en.cppreference. Com/w/cpp/Ianguage/operator precedence
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2017/2/8

Precedence Operator Description Associativity
1l = Scope resolution Left-to-right
++ -- Suffix/postfix increment and decrement
() Function call
2 [] Array subscripting
Element selection by reference
-> Element selection through pointer
++ -- Prefix increment and decrement Righz-to-left
+ - Unary plus and minus
1 ~ Logiczl NOT and bitwise NOT
(zype) Type cast
=3 x Indirection (dereference)
& Address-of
sizeof Size-of
new, newll Dynamic memory zllocation
delete, deletel] Dynamic memory deallocation
4 R Pointar to member Left-to-right
s x J % Multiplication, division, and remazinder
6 + - Addition and subtraction
7 << = Bitwise left shift and right shift
- < == For relationzl operators < and = respectively
= »= For relationzl ocperators > and = respectively
9 = I= For relationzl = 2nd = respectively
10 & Bitwis=s AND
11 - Bitwise XOR (exclusive or)
12 | Bitwise OR (inclusive or)
13 && Logiczl AND
14 I Logical OR
?: Ternary conditional Right-to-left
= Direct assignment (provided by default for C++ classes)
15 += -= Assignment by sum and difference
= /= $= Assignment by product, quotient, and remainder
ez wm= Assignment by bitwise left shift and right shift
&= "= = Assignment by bitwise AND, XOR, and OR
16 throw Throw operator (for exceptions)
17 ) Comma Left-to-right

Copyright © 2016 St
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}5IkEHF = (Assignment Operator) (1/3)

* Precedence: 15 (1&5 * 17&R{K)

« Associativity: right to left(a=b=c<=>a=(b=0¢))

* Function: Changes the value of a variable.

*X = X + 4;
1. Evaluate RHS.

2. Set value of LHS variable to result.

 The value on the right—hand-side (RHS) must be to the
variable's type on the left-hand-side (LHS)

« Assigning float to int variable => truncation (unboxing, downcasting)

int pi = ; // actually pi gets 3

« Assigning int to float variable => int—to—float conversion (boxing,
auto—boxing, upcasting)

2017/2/8

e float pi = 3; // actually pi gets 3.0

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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RIKEEF = (Assignment Operator) (2/3)

 Recall: {£10] expression #8H value Ed type
10 // type & a B9 type: BEA a
* Recall: Assignment associates right to left.
* Thus:

'y = x=3; == y=(x-=3);

-y gets the value 3, because (x = 3) evaluates
to the value 3.

*d
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Rk

VS
VS

<iostream>
namespace std;

4v int main(int argc, char **argv){
5 int x = 3;
X + 1;

cout << "Without assignment: x " << X << endl;

X =X + 1;

cout << "With assignment: x " << X << endl;
9;

Without assignment: x became
With assignment: x became

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Expressions vs. Statements

£ C++ 8 > —(EREDNNDIRME—(EPRIL T
* But an expression can be useless if it does not
have "side effects”
» Side effects: assignment, input/output, etc.

* It can evaluate a lot of things, then throw away the
results!

X + 1; // useless
*Xx = x + 1; // not useless
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E &+ (Arithmetic Operators)

Symbol Operation Usage Precedence Assoc
* multiply x * vy 6 I-to-r
/ divide x /vy 6 I-to-r
% modulo X %Y 6 I-to-r
+ addition X +y 7 I-to-r
- subtraction X -y 7 I-to-r

* Associativity: left to right
* % HIINREZENEREN

s /) have higher precedence than +,
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Type Conversion in Arithmetic Expressions (1/2)

* Type Conversion = Type Casting

)BT type HIEH > /\ type G EF (promote) ElIX
type
X + 4.3 // if x is int, converted to double and
result is double

« BEBNFREZEY » (MRS EEEN (fraction is dropped)

ex / 3 // if x is integer 5, quotient is 1 (not
1.666666. . .)

1. x / 3.0
2. (double) x / 3; // explicitly type casting
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Type Conversion in Arithmetic Expressions (2/2)

« BVER2EY (Modulo) —— result is remainder.

X % 3 // if x is int and x 1s 5, result is 2.
eBut if x is int and x is -5, result is -2.
*Recall: In abstract algebra, —2 =1in Z;

* How to achieve this finite group's property?
(homework)

* For assignment, type and value of expression is
converted to match the RHS

double x, z;
int y;

X =y =12z = 3.14,

e Result: z = S y—=3; = 5
* SO, X y4
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(I ciEE F (Bitwise Operators)

Symbol Operation Usage Precedence Assoc
~ bitwise NOT ~X 4 r-to-|
<< left shift x <<y 8 I-to-r
>> right shift X >> vy 8 I-to-r
& bitwise AND X &y 11 I-to-r
A bitwise XOR X "y 12 I-to-r
| bitwise OR X |y 13 I-to-r

* Refer to page 10 ~ 11
* Operate on variables bit—by—bit.
*x = 10010100, x >> 4, x = 11111001,

. http://acm.nudt.edu.cn/~twcourse/BitwiseOperation.htmI
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Examples

*x >> a; // 1FH* a bits
ex = 10100100,, X = X >> 4 // x is 11111010,
*X = X & 00001111; // x is 00001010 (masking)

ey = Ox12CF34F9 =
0001|0010|1100|1111|0011|0100|1111|1001

B F9? y = y & Ox000000FF;
«HYm 34? v = (y >> 8) & OxFF;
153 OXFFFF34F9? y = v | OxFFFF0O000;
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FA{ZEE F (Relational Operators)

Symbol Operation Usage Precedence Assoc
> greater than X >y 9 I-to-r
>= (greaterthanorequal x >=y 9 I-to-r
< less than x <y 9 I-to-r
<= less than or equal X <=y 9 I-to-r
== equal X ==y 10 I-to-r
1= not equal x =y 10 I-to-r

*Result is ( ) or @ ( )

= AER/E equality (==) Bl assignment (=)
“X ==y VS, X =Y
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g B F (Logical Operators) (1/3)

Symbol

!
&&
|

Operation
logical NOT
logical AND

logical OR

Usage Precedence Assoc

'x 4 r-to-l
X && y 14 I-to-r
X ||y 15 I-to-r

*Result is 1 (ftrue) or O (false)

T AEIGR bitwise operators Ei

2017/2/8

¢ ~X VS

D%

°X & y Vs X && ¥y

x | yvs x ||y

logical operators

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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#EgE H F (Logical Operators) (2/3)

* Some examples

1.AMREBAT/NZ—EZRE
o if or ,then free
o if ( | | ) { /* free */ }
else { /* Pay the money */ }
2. 91R%ET » Game Over

o if ( true) { /* Game over*/ }
3. = EM(Eormandim) - BAHAR ~ IEF -~ ks
o if , Or and , NO
, NO , and no , then | marry him.
« if ( /* USD */ || &&
&& ! &8 ! && ! )

{ /* I marry him */ }
else { /* No way */ }

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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#EgE H F (Logical Operators) (3/3)

;X5 > £ C++ B8
*0 & false
*3E O A true
* BT A
eint a = 5;
*a is not @ (true)
la is @ (false)
int b =
*b is @ (false)
lb is 1 (true)
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f&{FE K F (Conditional Operator) (1/2)

—_—

s X =70EE F (ternary operator)
elike if, else..

Symbol Operation Usage Precedence Assoc
?: conditional X?y:2Z 16 I-to-r
*If x is (non-zero), result is y;

eelse, result is z.
Like a MUX, with x as the select signal.

y z
\1 \

0
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iF{+EEE + (Conditional Operator) (2/2)

|
1.isDead = (hp <= @) ? true : false;

2.(hp <= 0) ? (isDead = true) : (isDead = ftalse);
3.cout << (isDead ? "Dead!" : "Alive!") << endl;

4.isEnemyNearby ? kill() : wait();

Ei]

*Some examples
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EIL B EE F (Increment/Decrement Operator)

- Changes value of variable before (or after) its
value is used in an expression.

Symbol Operation Usage Precedence Assoc
++ postincrement x++ 2 r-to-|
--  postdecrement X-- 2 r-to-l
++ preincrement ++x 3 r-to-l
- predecrement --X 3 r-to-l
: Increment/decrement variable using its
value.

- Post: Increment/decrement variable after using its
value.
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Using ++ and —— (1/3)

*X++ : FoFE

o ++X : ST

2017/2/8
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Using ++ and —— (2/3)

X
|

4;
Y = Xt+; y = X;

X
Il
z.

eResults: 5
*Because x 1s incremented after assignment

X = 4; X = 4;
++X;

<
I

y = X;

eResults: 5
*Because x 1s incremented assignment
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Using ++ and — (3/3)

X = 4;
X++ + 3;

X
|

4;
y = X + 3;

<
|

*Results: ,
*Because x 1s incremented after assignment

X = 4; X
++X + 3;

4;

<
|

y X + 3;

*Results: i
*Because x 1s incremented assignment
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Practice with Precedence

*Assume a = 3, b =2, c =3, d = 4.
x =a%sb+c*d/ 2;
*Same as:
=(a%b)+ ((c *d) / 2);
-%'I‘EHE}EJIIEF ia = HTaSR () FEIRANRENS STEH
17 - (A B{RthE REEH precedence table)
JRA :
-BITEREF > BRER S > BEEE T > IBKEET
ce.g. 3<X+y<15
*X+y >38&& x+y<15

*(((x +y) >3) & ((x +y) < 15))
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FriaIREHE F (Special Assignment Operators) (1/2)

« arithmetic assignment or bitwise assignment

Statement Equivalent assignment

X += y; X =X+ vy

X —= vy, X X -V

X *=vy; X X * vy,

x /=y x=x/1y;

X %=y, X =xXx5%Yy; All have same
X & y; X =X & Yy; precedence and
X |=vy; x=x | y; associativity as =
X *=vy; X =x "vy; and associate
x <<= y; x = x << y; right-to-left.
X >>= Yy, X X >> vy
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FxigkE S F (Special Assignment Operators) (2/2)

*X *= X;
*X = X*X;

X *= X + 1;
X *= (x + 1);
X = X*¥(x + 1);

X /= 2;
X/2;

*X
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* Recall cout

A A Standard Input (std::cin) (1/3)

oo
TLEEE

A (BEEE o

°;(|3ut 1J\__I-L/(IL:\1%/_&E1EI$EETE/J¥:|-9|\

cin fReE] AR IR B EEMRV L AN E L » #EEEL
FMNEEREEEEA

2017/2/8
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Recall: A Program is like a Fuction

B A (input) —> EEIE (process) —> it (output)
I AZRE cin HERFES

-EHERE Cout e 45 SR BB ’\\Eﬁ%t
FEIEE‘EET 1’I5 %E’Jé?ﬂ(%@ﬂl) .Kﬁﬂﬂ’—##ﬂ
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Z % A Standard Input (std::cin) (2/3)

<iostream>
namespace std;

int main(int argc, char **argv){
int year, month, day;

cin >> month >> day >> year;
cout << "IRE " << year - 1911 << " &£ "

<< month << " H " << day << " H" << endl;
0;
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7 28 2015

EFE 104 &£ 7 § 28 H

Process exited after 6.289 seconds with return value 0

IRTREERRE

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



How do users know what to type?

FHEBEREEIEMEZREEZR ATERAN ?
 FIAERE (prompt)

5‘& cout —ERFESFMERSEITTE » BERE—E
£H  BAEBRITFIT
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ERENFI-F

<iostream>

( ) { prompt

d;
cout << "Please input a number:
cin >> a;

"The square of
a*a << endl;

whitespace
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1. Prompt (ask user to input)

Please input a number:

2. User input

Please input a number: 7

3. Result

Please input a number: 7
The square of 7 is 49

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.




Outline

«Some Practices
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Some Practices



RE—ERELR > ERIUE Judgeleap.cpp
1. Prompt "enter the year (0~3999): "
2. FHEWMAED
3. EZFABEDE > cout << year << " is a leap year.\n" ;
4. &8l » cout << year << " isn't a leap year.\n";
- AEFEZE TRI# 400 R 3 AI# 4 BIRE K
100 ZE[F
« 1992 ~ 1996 are leap
* 1600 ~ 2000 ~ 2400 are leap
« 1800 ~ 1900 ~ 2100 are not leap

*You may use %
* You may use the ? : conditional operator.
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enter the year (073999): 1982 fenter the year (073999): 2000
1982 isn't a leap year. 2000 is a leap year.

enter the year (073999): 1984 genter the year (073999): 2001
1984 is a leap year. 2001 isn't a leap year.

enter the year (073999): 1900 Qenter the year (073999): 2004
1900 isn't a leap year. 2004 is a leap year.
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{E= Part |l

R —EEL - ERIUFE 4digit.cpp
1. Prompt "enter a number (0~9999): "
2. FREWMA—EAX/NE 0~9999 HIEF
3. 18 FIRA 4 BB BIEDN L
4. e.q.

1) input: 4567, output: 4 5 6 7
2) input: 321, output: 0 3 2 1

«M—728 : A DRI E—{UEL ?
*You may use /, %
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enter a number (079999): © a humber (079999): 5050
0]

lenter a number (079999): 2 | a humber (079999): 5487
©0 02 [{

enter a number (079999): 204 a number (079999): 9000
0204 0

enter a number (079999): 800 enter a number (079999): 9999
800 :
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E% Part Il

- RF—E B tHi5es
KT ERTEE B

- B FEAREN ?
«Hp—f& /I : FH RGB (5{RGBA)
A is alpha: fRFERE
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What is RGB? (1/2)

= FEYER (RGB color model) RERGBFE@.
BB AT ECEREBARE - B &/ 3‘1‘5 » #F4T

(Red) -~ %t (Green) -~ E:t (Blue) :J?‘—%Eﬁ_%ﬁ‘é
MR BRI » MEL S B2 IENE S -

=ZRESHMAEM
BB /AR

- B EERER - P —RREERENERB TN |
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What is RGB? (2/2)

- —(EEER M RRIEIEH= ﬂﬂ%ﬂl@? Y > DBIBR G B @_TEI%UET_L
%H_j(H_I ’ ,Z\?E\/_I_\%E@ TIEE1EH_/J\H1 ’ ZZE/_I_\E A o

llJ.l1 — \
° %E%&'fﬁ%l_ﬁﬁﬂan R RGB %55
=0 (1.0, 0.0, 0.0)
=4 H (100% _ 0% _09%)
wwren (255,0,0) 5
JIEF | EF0000 (7<)
+ 7L EF (65535, 0, 0)

« A 0 ~ 265 REEERIAE (/) ~ X)
« OxFFO000 => R: 255 (Max), G: 0 (Min), B: 0 (Min) => Red
« OXFFFFFF => R: 255 (Max), G: 255 (Max), B: 255 (Max) =
« 0x000000 => R: 0 (Min), G: 0 (Min), B: 0 (Min) => Black
« Ox808080 => R: 128, G: 128, B: 128 =>
 0x0O000FF => R: 0 (Min), G: 0 (Min), B: 255 (Max) => Blue
« MEBHIHE ? Click Here: Html Color Codes (http //html color-codes:info/)
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{E= Part Il

- 81/F—1E RGB to Color &5i5iazs
*¥&% : rgb2color.cpp
-8 A—18 rgb (e.g. OxFFFFFF) » 8 SEERN &
AR/ (o~255) LUEH&E’J%TE}%_'_D tE (0~100%)
1. Prompt “Please type the rgb: ”
2. cin >> hex >> rgb; // how to cin hex format?

http://stackoverflow.com/questions/13196589/getting-
hex-through-cin

3. cout: Red = ? (?%), Green = ? (?%), Blue = ?
(?%)

-fERE - A e — A FHEEHRENRER ?

*You may use the (<<, >, & |, )
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Slighten@SlightenCheng ttys000-bash @07:45 ~/codes/c++/hw2 $ .
Please type the rgb: Oxffffff
Red = 255 (100%), Green = 255 (100%), Blue = 255 (100%)

Slighten@SlightenCheng tt) 20-k 07:45 ~/codes/c++/hw2 $ .
Please type the rgb: 0xff0000
Red = 255 (100%), Green = @ (0%), Blue = 0 (0%)

Slighten@SlightenCheng ttys@00-bash @07:45 ~/codes/c++/hw2 $ .
Please type the rgb: Oxffffoo
Red = 255 (100%), Green = 255 (100%), Blue = 0 (0%)

Slighten@SlightenCheng ttys000-kt 07:45 ~/codes/c++/hw2 $ .
Please type the rgb: 0x0000ff
Red = 0 (0%), Green = @ (0%), Blue = 255 (100%)

Slighten@SlightenCheng ttys -bash 07:45 ~/codes/c++/hw2 $ ./a.out
Please type the rgb: 0x888888

Red = 136 (53.3333%), Green = 136 (53.3333%), Blue = 136 (53.3333%)

Slighten@SlightenCheng ttys000-kt 07:45 ~/codes/c++/hw2 $ ./a.out
Please type the rgb: 0x808080
Red = 128 (50.1961%), Green = 128 (50.1961%), Blue = 128 (50.1961%)

Slighten@SlightenCheng ttys -bash 07:45 ~/codes/c++/hw2 $ ./a.out
Please type the rgb: 0x123456
Red = 18 (7.05882%), Green = 52 (20.3922%), Blue = 86 (33.7255%)

Slighten@SlightenCheng ttys000-kt 07:45 ~/codes/c++/hw2 $ ./a.out
Please type the rgb: 0
Red = @ (0%), Green = @ (0%), Blue = @ (0%)

Slighten@SlightenCheng ttys bash 07:46 ~/codes/c++/hw2 $ ./a.out
Please type the rgb: 0x00000f
Red = 0 (0%), Green = @ (0%), Blue = 15 (5.88235%)
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{E= Part IV

- ZE—(@E Color to RGB & l5iE1Ass

- ¥£%8 1 color2rgb.cpp

- Bi ARed, Green, Blue (0~255) : it RGB
1. Prompt “Red = ”; cin >> red;

2. Prompt “Green = ”; cin >> green;
3. Prompt “Blue = ”; cin >> blur;

4. cout: RGB is #FFFFFF (e.g.)

E JRE : W{ojE Y uppercase hex
http://www. cplusplus com/reference/ios/uppercase/) *
o OO | Elj O| (COUE 2 dlﬂl S

http: //www Cplusplus Com/forum/beglnner/13082
e cout << ? << ? << ... << red;
e cout << ? << ? << ... << green;
e cout << ? << ? << ... << blue << endl;
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Slighten@SlightenCheng ttys as ~/codes/c++/hw2 $ .
Red = 0

Green = 0

Blue = 0

RGB is #000000

Slighten@SlightenCheng ttys 1S ~/codes/c++/hw2 $ .
Red = 1

Green = 2

Blue = 3

RGB is #010203

Slighten@SlightenCheng ttys@00-bash ~/codes/c++/hw2 $ .
Red = 255

Green = 255

Blue = 255

RGB is #FFFFFF

Slighten@SlightenCheng ttys@00-bash ~/codes/c++/hw2 $ .
Red = 255

Green = 254

Blue = 253

RGB is #FFFEFD

Slighten@SlightenCheng tty as ~/codes/c++/hw2 $ .
Red = 200

Green = 150

Blue = 100

RGB is #(89664

Slighten@SlightenCheng ttys as ~/codes/c++/hw2 $
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