Lec16
pProcessor

Definitions

CPU: central processing unit which does all the calculations in computer
AR ARLMESREISTE one integrated circuit (BERA) &, NARFRARLLIESS,
In 1971, Intel 4004 is the first microprocessor

15 November 1971 2,300 transistors 10 ym gate length 4 bit address bus 100 kHz clock

puProcessor vs pController R4b B33 5 FIEHIZS

Micro-processor:

MLERE— T EBANRRLEST (CPU) , BIRITARNT ZHES. MAEZBEEDE—TI5ESR
B, MERAIPITRIIE SR A%, UREMEAMINGE, NERETFMHEER. FRETNSHEE. A, MLEEREFT
BIMNBAHRIEINTSS, WAREFE. mA/ME (/0) RENEMIMNR, TRERET. MGESREERATaNEM
MECAHERN, RSBUREMEESITEEDMRIEMNNA.

uProcessor
- CPU
=» Address register [© Control unit
Register bank [* Instruction decoder
!
— ALU . Instruction register Data
bus

e Addressbus (itibE4) @ —MHBNARPYIEELE, BT EHMCPUSENIRE L HNAFIHES,
e CPU (hRLIER) - HBENAZFRFRLES, FITIESHLIEEIE.
e Controlbus (Z£#lE%k) @ —MITENRAFIYIES L, BT EREFES, FIMRHHHKPNSEIRSE

=

S,
® Addressregister (#hlitEFF2s) @ AT EFMECPUIESHEIEEIHRIMNAFIMILNF 725,

e Register bank (F7a34) @ HENRLIN—1E, HPESS157FH, BTEHEESHEE, URE
HEMESPER.

e ALU (BARZHEHEIT) : CPURKAME D, BTHITEAMEEEZE, FIMINEREG. (1. BEEESE,
e Controlunit (#Z#l28) : CPURRRIARERD, ABTIZHICPURIIRIE, BISIMAEFIZEIES . BIBHE<. #
1THEL%.

® [nstruction decoder (1E5<fRFE23) : CPURRIARESD, BATREBIESHIATIESNMITHVRIE,



e Instruction register (< F7e8) : AT EMESRIEERITRIESHNS 7.
e Databus (BiEE%) : HENAZHN—MNIEEL, BT EHESTEUE.

Micro-controller:

MIZHSRE—MEMERE, BEEE-—TRE-NCPURLARAFR. BFmAN/4aEL (/0) | SN/
(I70) MEMEARINR, HE—TSHL, BEHSEERTRARNNAE, HEXEEISEEHNRFNELESH,
EIEKFERVRE, EHENER, SRNMETIRENER. ATHMERSRSEERATINEESHIT TN

ft, EfBELEAMAESREAERAR D, BREN, BERFRITEIRSTF,

pController
CPU Program memory Data memory
System Bus
Digital /O Analog 1/O Timer Other
peripheral

e SystemBus (RLIE%) @ BT ERIEIMEIBEBNIELSL, HIZECPU, Program memory, Data memory
MEFIME

e CPU (hRLIER) - HBENAZFRFRLESS, FITIESHLIEEIE.

e Program memory (EFFfEss) @ BTFMREEFIELNFMEE, BFREIREMEProgram memoryH,
HECPUBATIZ R R SRR

e Datamemory (¥iETFfEz:) @ ATEMREFRBUIBNGFMES, BUIBKEFEMEEData memoryd, EREFEHITE
FEHIECPUIEER., AMERFIEHT,

e Digital I/0 (iFwAN/HL) @ —MEARNBN/@EING, BATFEEESEHSFES, flFx. ERE:.
LED%,

e Analog I/0 (FREGAAN/4H) @ —MATEEESEHIENESNING, BIINRE. EA. JEE.
e Timer (ERIEF) : —HEARAITIIEIING, BT IHINSAERERMLES.

Other peripheral (Efth4M%) : Microcontroller®El¥F—LLEAhAYSME, WHEO. SPIRL. 12CELE, B
TF5EMEHITBISHIZH.
— il binary hexadecimal

BRFEEXIFANER
001111000100000101010010010011015 (1)
b 00111100010000010101001001001101 (2)

XEBRR T HBIAVES,



EX:

o {HF2i#tHI=coded in binary=base 2

® in decimal=base 10

e use hexadecimal=base 16

E&: All computers work on information and data coded in binary, that is base 2. FRIA{EREZF0E1, ME

ML,

ARM T4t IBER R —Hh 32 {U4biE=8, EER 32 U HBIRFRTEENRES.
FA32U —#HEIEFIFE R, FA—RRER 7 ARISEL6,

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

1M1

Decimal

0

10

11

12

13

14

15

Hexadecimal

0

base16 -, 11§, hexadecimal number
010011100000011000100001111000005

4FE0621E06
0x 4E0621E0



0x denotes a hexadecimal number

1632 BRI INRSRRR

2B_16 X5_16=
(2x10+11)x5=31x5=155
155+=9(144)......11
=B9_16
2B * 515 = (6)

HiE—
HE16HHIMBRING, RINBEEIER, AEHEREAN,

B (11) *5=55 (+##l) , Bt N#BIRTAN37. BIEEERN NI, #U3, 2*5=A (Ti#H) , A+
NHBIRTNA, RENL#EWS, 52D, BDERELER T,
FlA, 2Bx5=D7,

i
16 FIEEER 10 IR, ARHITRECE, REBERERE16HT,

1516 HIEREEIR 91 03 HIER -

2B (+75#Hl) =2*16AM1 +11*16A0=32+11 =43 (+#Hl)
10 HIEHITRIACE

43 (+3#H#l) x5=215 (+#H))

BLERFEIR O 68 :

215 (+3###l) =13*16A1+7 %1620 =D * 16A1 + 7 * 16A0
FRA, 215 (+3##l) =D7 (+75iHl)

&, 2Bx5=D7,

BRiE

ASCII

BYNXRERMIT.

Lec17

HENERLIEZEZComputer as a processor
HEH5 A2 Computer versus human
$§<Instructions

B IER



A processor is a device that runs a set of instructions (program)

e Reads input data
o Keyboard, mouse, camera, microphone
® Processes data
o Registers, Control Unit, ALU
e Stores data
o Memory, hard-drive
e Send output data to different peripherals

o Screen, speakers

& it EAL

o BEBITHNESHHIE. MERIEHREES,
B9, HEHDTEEBEEES,
RETTEHIERA T E.

CPU (FRAMESE) BILIAMERIE.

VDU (MI3ERET) TEEERELAR.
o HEHATEUNEIIES.

R R

Memo
Data emory Information

\ g /

Keyboard ——) CPU ——4 VDU

The Bus Architecture

BERMTNYT REESHENRE, MEIRFHMRAB—TERR"S 4" Bus Architecture,



Data Information

Keyboard CPU Memory VDU

B4k 2 —4Helectrical connections - BH 58, 16, 32T64RINIISL .
32U EEFE BT UGB A32AL 2 & 1B 4,
g, 4ASCIFERFHZRIB R IAMCPUKIZEEIVDU,

BERITENBAAGZ BEREBIENEESNEE., SBITASLEEEES. 160 32564RMIISEN, HiIZE
EIXESEELMAIEER, ENETENRSERS T EYE, MCPU. AFMIMNRIRE.

Keyboard CPU Memory VDU

1

RIBSE LNSEEHE, TURMERARMENEBIEL, Fla:
o BfUBL: —IREIMEWSMUEIE (1FT) .
o 16fIE%: —RAIEMI16MEE 2FT
o 32MUB4: —IRAIDAMERI2MIEIE (4FT) .
F

o 6AIEL: —IRFILMEHGAUEIRE (8

M ENSEHERATT RANEE, HMEMTENOEE, BRNAsBRETNEEENNENERESN
iR, MTRETENNMEES. B2, BMESEEORIINBASRENEE, Hit, BTEBEREMER
R 2 I B P

12#1 24 Controlling the Bus

—RRBE—TREREEE.

Keyboard CPU Memory VDU




CPUERIIHSHMEIREHBED REMZRORE AIEH 2% LRIPRANTE. special wires to activate devices
and to synchronise the sending and receiving devices.iX£E455%:&E &R control bus, Ef1SEHEIENDLE
SR,

AT ERIRE, X ldata bus,

B=REE

PREUE SEMIEHIE &I, DREE=FMAMUEENEL%, it 2L ACPURTHEERFHR AR EIETERN
ug.

Keyboard CPU Memory VDU

A{ZMemory

HEIAE (Memory) BFIRRIZMHEEUENES, MECPUERITEFIIEIREIABEN]. HENAFE MM
FERR: FEHIAOEFEERE (RAM) FIRIEFMESR (ROM) .

RNEFRFENAS BE:

o 15X XLZCPUBTAERIRIE, Fmachine code®Rin, QBT EIEIRIER (RTBIELDR) MIRELH
(RTRIEDRAVEIE) .

o HiE: XEREEFFELENHFNFN. BEU_HBITNFME, FREEEMBASCIZUnicodefwis.,

HENAFNERANE D EAENZE], FIaIDAALSS (D type flip flop) EATRMNUEFME TS (i) #9%K
&, BlosR1, XEFBEITREANNAFRETHAFEET, STETES—EHENMU (BENSM, ENFT) .
BMEHETHE—TE—NAFIRLE, ECPURILAEIRIFRIFTEMEIEES

REFRNEERI TR, USEEEUA T B BETE, 10, 32utthit 84 rTATA[EI2A32 (49
43(2) AL,

RI7Z4ALR
ARM Cortex MO

o EEMATFAIEES bits of data - 8 bits is known as a byte.

* ARMB—1"32fRV4LIEES, HIHHKEN321i, AMOX00000000%FOXFFFFFFFF,

o XEWREFIUEZIA4,294,967,296 (H2/32) T AREANAFUE, HE—TH—HIRFIIL.,
o HARZFAERMIEATARE.



Memory storage capacity

1 byte = 8bits
1024 bytes = 1 kibibyte

1024 kibibytes = 1 mebibyte (MiB)

Decimal term Abbreviation Value Binary term Abbreviation Value
kilobyte kB 1073 kibibyte KiB 2M0
megabyte MB 1016 mebibyte MiB 21720
gigabyte GB 10179 gibibyte GiB 2730
terabyte B 1072 tebibyte TiB 2740
petabyte PB 10M5 pebibyte PiB 2750
exabyte EB 10M8 exbibyte EiB 2760
zettabyte ZB 10121 zebibyte ZiB 2770
yottabyte YB 10724 yobibyte YiB 2780

XEHGIR D HHIEEE—T

definitions for word

e word” () @—TERNAKIE, RTEHBGEFRERAN—MSTENML ., ST —132UESE, FIWARM
203EEE, —PFRMEFT32 bitssl4 bytes,

o [EHE, —Mhalf word” (=) ®=E16 bits {2 bytes,
o F—iiER TR E32, RNXMMIERNFIMERZI2 bits, XBKREETXERMAFFRIZEEUE, E
J8IEEN32 bitsTl4 byteshIEIE.

Lec 18
CPU The ARM Cortex MO core

CPUMIBZRME, HAJAE DR Z TR (block)

We will concentrate on the ARM Cortex MO ‘core’ - the CPU for the Cortex MO range of microprocessors.



Address register CPU .
Control unit
Register bank
16 x 32 bits .
Instruction
decoder

Arithmetic and
logic unit - ALU

| Instruction register

TEDBINLBARM Cortex MOAIENblockBITHEER]

1 Instruction register

IBLEMRERNEFT
HIEEL (data bus) EHIZEICPU, REWINFBEIIELSEFFE (Instruction Register, IR) A

EXBERZ16 bit, [BHLLIELAIEERE32 bit, BAEIZEMETE instruction register - not part of the main memory.

2 Instruction decoder and control unit
thEEZHE<Mblock

{B2iXLEIESZE "machine code”

Instruction decoder 1 control unit/®ECPUEMER Dt 4 .

control unitth ;asziEHlE% (bus) .

interpreting each instruction#ViIf24%#7 5 "decode "cycle (ID).

3 Arithmetic and logic unit

The arithmetic and logic unit or ALU 12 ERHITHRINEE,
Logical: AND, OR, XOR etc. Arithmetic: Addition, subtraction, multiplication

performing each instruction AT F24%F5 9 ‘execution’ cycle (IE).

4 Register bank

Register bank:@CPURJ— local memory

e |t has 16 location s - each location can hold 32 bits of data

16 x 32 bits

e The registers are named r0, r1, r2, r3, ... etc. up to r15.

o T ARMRIFZHALUArithmetic & Logic Unit)ZMBRVEIE, BIRtRF(EEITENS



o FFEr13. r14Fr SEBHFHRINEE
INGYIOLWG1 valIn

r0
r1
r2
3 .
” — Low Registers
r5
General purpose registers — 6
r7 _
r8
r9
r10
11 . .
:12 — High Registers

Stack Pointer r13 (SP)
Link Register r4 (LR) Special functions
Program Counter r15 (PC)

RPOOL Special register < [ _cpsrR | - Current Program Status Register

5 Address register

o it FFEZZ —T132 bit memory device, BTEFMHERNFHIINE, ECPURITARIAVRIER, HilEFFss
PRERTEERERAENE X,

o 7EHNES (Fetch) AHR (IF) &, it FEFRPEFAMEMINRE R T —FESHAFML, EACPUTEM
AFRIZE F—FRIESUIITER,

instruction during the ‘fetch’ cycle (IF).

* Or during the ‘execute’ cycle the address is for a memory
location either containing data to be loaded into a register or
where data from a register is to be stored.

72700777

6 Internal connections & External connections



—+ Address register

/'

Register bank
16 x 32 bits

/')

W

Arithmetic and
logic unit - ALU

CPU
g—

Control unit

|

Instruction
decoder

|

Instruction register

The instruction register is connected to the instruction decoder.
The instruction decoder is connected to the control unit.
The control unit is connected to the ALU, the register bank and the address register.

The ALU and the register bank are connected to each other and the address register.

> Address register

- CPU

-

Control unit

'Y

Register bank
16 x 32 bits

3

A

v

| | Arithmetic and
logic unit - ALU

Instruction
decoder

A

Instruction register

e The data bus is connected to both the instruction register and the register bank.

e The control bus is connected to the control unit.

e Address bus is connected to the address register.

7 Program counter

RISHSIAER: TEFEr1552RGFE F—FRETHAFMILL,

8 Instruction stored in memory

ERIKENI6NA ($F) =;32MI (F) .

o REFMUEMNKERNSN, FIN—FESEANFFLETR IO MIE

Data bus



o fBlEN, —5164IAVFE LIS EETEUELE90x00008000F10x00008001 A T ARTFIE .
o THM6AIE B FE7EHENE0X00008002710x00008003

16 bits instruction

7|6|/5(4(3[2|1|0( 0x00008000
7|6|5|4(3[2(1|0( 0x00008001

32 bits instruction

7|16/5(4(3|2|1|0( 0x00008000
7(6]5(4[3|2|1)|0| 0x00008001
7|16/5(4(3|2|1|0| 0x00008002
7|16/5(4(3|2|1|0( 0x00008003

—ARE, FELEAFFNUERESEN
o RIRIELHKREN6{I

o MNRIFEHITIIESRFMETEHE0X00008000, BRA TF—FREMNITHIIEBEHFE7E/NTE0X00008002, T
—£7£0x00008004, T—%:7£0x00008006

o [R3E...

FRIEFERAT "branch "18LET, ITEHAER "branch "Elmemoryl5—&8%, the program counteriFE—1EHh
#Imemory address.

1 XEHERAEESRITENERENITOXIES (branch instruction) BIHITH. HXIETHTRERRFR
TR, BIARIESR AT EMNFIAES .

3 TEFiIT#E (Program Counter, PC) B—MEHNEFFERE, ERTEMETNTHNIESERNTFRAMILL, BF
BT, BRHTHSEIIIFEE, EETENEFRIIFRTATTNES. BHERDIERN, BEF TR0
TTHREEFRARE.

5 HPITOXIESH, BRFITHSEEEE—TEMNAFIILE, XMtIEBEARZINFEIER . XEWEREFS Bk
BEAANEFNS—EONTES. XMHRETUETHEAN, BUETREERY (FILLBRA T EERAN) #
7. DZIBLERN. £1HE9 (Wif-else) MRBIAAESEREMPHE ZHA,

7 B, EREARRE, ERTOIESH, BRITEESSKHRR—THNAE L, MMEEFEIAEFN S —E
DPRERITIES . XBEBTLIREFRIFELEIITIRE.

Fetch, decode, execute

* The CPU performs three cycles sequentially.

Fetch cycle



EXE (Fetch) @ TEXTHER, IEZEMIERITEES (Program Counter, PC) #5@AYATFMLEIEE instruction,
fEFRitEiEs (Program Counter, R15) fFfi#T T—REHITIESERNGFEHRIMLL, IESRELEE, BFITHERE

BRBE, ERT—RIESHAFL, BUEMRERE, ELWFMEERESLETFEE (Instruction Register)
¢O

During the FETCH cycle an instruction in memory is loaded into the instruction register.

Address bus

CPU : Memory
> Address register*—2  Control unit Control bus
T i
Register bank Instruction
Decoder
r 3
\ 4 t

Instruction register

OO0L

Decode cycle

Address bus

CPU

Memory

|

> Address register Control unit Control bus

T t

Register bank Instruction
Decoder

ALU Instructiof register

Data bus
)OL

During the DECODE cycle the instruction is interpreted by the instruction decoder.

Execute cycle



Address bus

Memory

CPU
» Address register Control unit Control bus
1 i
Register bank Insfruction
Decoder
P/ :
i ALU Instruction register
Data bus
JOL

Address bus

During the EXECUTE cycle either the ALU performs a calculation on values held in registers,

Control bus

CPU .
+ Address register ™ —2  Control unit
+
t
Register bank |« Instruction
*ous ——l—pe | Decoder
! R
ALU Insstruction register
o Pa—
\
|

Memory

"
—/'

TY OF

'‘OOL

b

or a value in memory is loaded into a register.

Lec19

RREEBMATMNMESS

<A

Compiler, Type of instructions, Arithmetic instructionsBJ#t:2.

/

1 7 Simple instruction, Mnemonics, Assembly language, Assembler,




Register bank

r0 0x00000000
r1 0x00004000
r2 0x00000000
r3 0x00000072

r1d 0x00008000

EbaninEe (i 1E £ register bankfIr3d i \value-0x72, STEHNIEEFHIBSI BN,

MOVS1
machine code
Ox 2372 (8)
or
00100011011100104 (9)
"ITIER G,

1. TEMIE L SRIGEE 0x00000072 (722 +75EHI9114,0) , #114
2. Inregister, r154fY1E, the program counter, JFEH02,

BEANTEEMmEEE machine code for 0x2372
£4: 0x2372 (001000110111 0010)

1. #EFS (Opcode) : 0x23 (0010 0011) RIEWBRIELH—ED, BATFIERAIEREBRITHNIRIE, EXMF)
FH, RIEBRZ0x23 (00100011) , FEAMRIZXMREBRFIE—ILENEL (BN, BEE) MERFER
HhRYIES (70, MOVS1)

2. FFEHES: 0x3 (0011) EXMELSH, BNEFEXRTEMTER. EXE, BIMRRBSHT IR
TEREFEE. 0x3 (0011) RnBinFFeEEFFeE (register bank) HAIr3,

3. $#&fF%8 (Operand) : 0x72 (01110010) RFMZEIESLHNAZ—HD, RHFIEIMMFNLE. EXMHF
M, REEEO0X72 (0111 0010) , BIEMBEIBREFEME.

Re LRERE, BIFEIUTES:
o 1Z{E: MOVS1
o HinFfFds: r3
o IR{FER: 0x72



Machine code

0x2372

//

15 1 10 8 7 0
o 0 1 o o0 1 1 0 1 1 1 0 O 1 0
Opcode Rd Immediate value
\ | J |
| | |
MOVS r3 #114
\ (immedlate)
MOVS2
machine code
0x002FE (10)
or
00000000001011104 (11)

ELWTE,

1. FiFasreMES F1F28r5MEER.

2. FEEASHE, BIREFEITEEE, KiEn2
BAVEEMEFEMachine codefy45#4 for 0xO02E
RIFAIRHENESR, HNPIUEAELSHEINNT:

#§<: 0x002E (0000 0000 0010 1110)

1. #&fFf9 (Opcode) : #R{FHS5#E T RIS, EIOx00 (0000 0000) . FAIFEXNEOXOONI M AIHRIE, EXT
BlFF, FARIROXORTE— T FEFRNATEF TS — 1T FEHFRIES.

2. F1F28r6: REIMURTSIFER6, EXMMIFH, X3 H0x6 (110)
3. HTFRr5: ATEMIESKRII0X002E (0000 00000010 1110) , RIEpptAIER, BB ZZERr6/EHI3

URTFFaR5. EXTBIFH, X305 (101)

MAERNELNERSFRNBNTFER, HMUTUERRERZ MIEEESNEWNARS X,



o i2{E: MOVS2
o EFFR: r5 (101)
o BirZxFEss: r6 (110)
Alb, X MESHEXNE: BEFEROSHNATERZISZEEreF, H23F50x002E (0000 0000 0010 1110) RR T
XMEE, GEBEIRFIHRITXDIES.
Machine code
0x002E

15 1 10 6 5 3 2 0
o o o|0o OoO|j0 O O O O|1T 0 1 1 1 0
Opcode Rm Rd
\ J L J
| |
MOVS rs5 ré
\(reglster)
Mnemonics

—ARFE, IRBACHEMELERZNFRENERE (TR EREM)
Bk, HANVEABICH: BFESHE - TH=5850—T8CHE,

Machine Code Mnemonic
0x2372 MOVS r3 #144
0x21CB MOVS r1 # 0xCB
0x002E MOVS r6, r5
0x0038 MOVS 0, r7

Assembly Language(ASM) ;L %%

SC%% (ASM) 2—7Flow levellU4RIZIES, EHXFarchitecture (processor)

M T8 5Kinstruction, XME—NLCRIESER



E.g.

MOVS r6, r5
MOVS rl, #0xCB
MOVS r0, r7
MOVS r3, #114

s W N e

Assembler

— 1 FRAassemblerfiycomputer packagei§assembly language programi&ifymachine code program

1 Mnemonic >> Machine Code
2 MOVS r3, #114  >> 0x2372
3 MOVS rl, #0xCB >> 0x21CB
4 MOVS r6, r5 >> 0x002E
5 MOVS r0, r7 >> 0x0038

The machine coder] A F & ZEImicroprocessor memoryd; & &instruction g B2 MESBEIMemory locations

Compiler

—fthigh level language (#Java. C. C++. Fortran. Pascal%) @ — MR Acompiler(%RiF2s)computer
package#i L Blmnemonics(BIIEHT),

L 1T 1T 1T 1T 1
2| | | || | |
3 | C | | Prepro | |Compi— | |Assemb—| |Machine|
4 | File |—>|—cessor |—>|ler |—>|ler |—>|Code |
5 ol [ | lesy | lco | |
6 | | || || || |
7 | L | | | | |
8
C file

#include <stdio.h>

1
2
3  int main() {

4 printf("Hello, world!\n");
5 return 0;

6

7

}



Assembly code (.s)

"hello.c"

.rodata

.string "Hello, world!"

1 .file
2 .section
3 .LCO
4
5 .text
6 .globl
7 .type
8 main
9 push
10 ldr
11 mov
12 bl
13 mov
14 pop
15 .L4:
16 .align
17 oI} 8
18 .word
19 .size
20 .ident

21

Machine code

1 00000000:
2 00000010
3 00000020
4

main
main, @function
{1r}
rl, .L3
r0, rl
puts

r0, #0

{pc}

.LCO
.—main

(GNU) 4.6.3"

main,

"GCC:

B5F0 4801 4800 4800 BFOO 4698 4802 6800
F7FF FFF8 BD0OO 023C 696E 633A 2025 640A
0000 0000 0000 0000 0000 0000 0000 0000

Importance of Assembly

BT ARE

Speed optimisations

Access to specialised processor instructions and registers

Instructions for Arithmetic

Basic: ARM Cortex MOR] LAUINASERIRE (B RBEMBRIE)

..H.H.H...F.H.h.
....... <inc: %d.

Use in real-time systems, device drivers, low-level embedded systems



Add
Hregister xPHIES register yRRIEEM, FRERESTFERzPNICICER:

1 ADDS rz, ry, rx - rz = ry + rx

E.g. register r1fRRVEE Sregister r2RRYEUERN, FHIGEHBESTFR3P, HiLSE
1 ADDS r3, r2, rl

BNAFEMENRALB, CRIBENFENERT.
Subtraction

B+, MryRUEFIBEXRIE, HREEREZRNICICER:
1 SUBS rz, ry, rx =» rz = ry - rx

*EEE, INFRRERN, MEPERTryRNE, BBa—MREBHNERBEREzF, ABEMUwo's

complement format &Rk,
Reverse Subtraction

Code:
1 RSBS rz, ry, #0 » rz = 0 - ry

OBAYHIE, HIEEERArZ, BREEIMERT—T.
Multiplication

rXFREES ry RV EUEMESR, FRRIRMEXH

1 MULS rx, ry, rx - rx = ry X rx

*NRERBII32bits, BNFFExRIRELERthe bottom 32bits, HREDIEEK.
Integer overflow
H—TEARZENERBI 7T P ENEIERENTE, MaREBIEL.
flan, EMRAH, MR—PEEFENERAT2 180T 2%, MagEit,
1 ERRERBRTET 2731, AAENRMEFSEBERNRTY, &l BIRLON) BRSA, BRRRTEY
RIETE. MRESEIH0, BLARXNEHMZER | MRBRSMAL, BLXPMEBHENE. B, E32608%F

SEYREER, FARNEHRZ2"31-1, BANNKE-2"31. E—PMRENERBIINEEN, MEKEEHK
@ o

Bl



Two 32-bit signed integers, a = 2147483647 and b = 2. If we add them together, the result will be

a+ b = 2147483647 4 2 = 2147483649 (12)

However, 2147483649 is greater than the maximum value of a 32-bit signed integer (2231-1), so an overflow
will occur. Therefore, the actual value stored in the target register will be

2147483649 — 2°% = —2147483647 (13)

This is an example of a signed integer overflow. Note that in the two's complement representation, the
value -2147483647 is represented by the bit pattern 0x80000001, which has a leading 1 in the most
significant bit.

Lec 20

the ARM CPU can also do logic such as AND and OR

mnemonic for AND :
1 ANDS ry,rx - ry=ry.rx

rx with value in ry and leave the result in ry

mnemonic for OR:
1 ORRS ry,rx - ry=ry + rx

rx with value in ry and leave the resultin ry
Logical AND,
Logical OR

Exclusive OR (XOR)

Bit clear

function
1 ry AND NOT(rx)
mnemonic instruction
1  BICS ry, rx

Mean Alogic 1inrx‘clears'a 1 bitinry.

1. rx BERTM0BE 1 EER (885 0) 1y SER PR
2. X FEHTFEEEE0, 1y FERPOENIRIEFE,

Example



1 1111 1110 1101 1100 1011 1010 1001 1000 (ry)
2 BIC 0001 0001 0010 0010 0011 0011 0100 0100 (rx)

4 = 1110 1110 1101 1100 1000 1000 1001 1000

ry: HHAFIBEYE, FERGIEERSEIryRE

rx: rCELIRRIFN, rxZ20NEIryrIE, rx2Z10 clearkk0
Addressing modes

The ARM Cortex MO microprocessor supports many different addressing modes A& P ITIEIMER :

* Register addressing

* Immediate addressing

* Indirect addressing

* Base plus offset addressing

Register Addressing

JiBAmachine code 7##£ a number (or numbers) iR5! a register (or registers).

EEan7E Z Bt EI89 MOVS r6, r5(0000 0000 0010 1110) XML, HEMIA101F11109 BIRRr5Hr6a9Mu
Eo

FETENREH, HIEERT register addressing
1 SUBS r5, rl, r2

2 MULS r3, r7, r3
3 BICS rl, ré6

Restricted Register Use

HIEFREESEAILULEMBESFSRE. T8

o BUICHRF MOVS MI¥E<, BIZIMOVS ry, rx (XRTR"FF25, B r0 2 r7 SEEANF 725,

e MOV, fHIZIMOV ry, rx RIFERFRE 16 MEFiFzs (BIFR"FFE2R) , %0 MOV r13, r10 2353
0x46D5 3 0100 0110 1101 0101,

e MOV r13, r10 has machine code 0x46D5 or 0100 0110 11010101
XEER LT AR low registers,, Blregister r0 Zlregister r7 ,

Q about how to definite r5, r6, r10, r13, therule of it

Immediate Addressing

xR NEeESEERNE.



MOVS r1, #0xCB
0x21CB which is the code for MOVS r1, #0xCB
Move into r1 the value 0xO00000CB - the # means ‘immediate’.

ZIE2{ER r1 BJRegister Addressing®] 0xCB (=20310) BJimmediate Addressing
ADDS r2,r1, #5

mean: adding 5 for Register r1,r2 is at the front of the r1, so the sum will put in r2( FE*BEEITRX ML
BE, NArnFEENEETE—FN)

Machine code: 0x1D4A or 0001 1101 010010104

001 forr1, 010 forr2

SUBS r6, r6, #99

mean: Subtract 991 from value in r6 and put the difference in r6
Machine code: 0x3E63 or 0011 11100110 00119

99,9 = 0263 (14)

99 = 6x16"1 + 3% 160 (15)
Limitation of immediate addressing

The limitation of immediate addressing arises when using a processor like ARM, where the instruction code
is 16 bits (sometimes 32 bits) long. This code must include information about the type of instruction (e.g.,
ADDS, MOVS, etc.), the destination register, and the immediate value. Due to this limitation, a 32-bit value
cannot be put into a 32-bit register using immediate addressing and MOVS.

MR UEEB T32bitf915 2 using immediate addressing and MOVSIX£E1ES, XFF—P32AIIA0 IR
Wi

AT ERXBRE], FATRTLAMER LDR pseudo-instruction(fh§4), B 32 filimmediate value to load — 1%
723, a0, 38< LDRr3, =0x10000000 %% r3 HAY{EIRE} 0x10000000,

The restrictions on immediate values

immediate values#fRHI A ERIMEL, FIa0 3. 5. 7 T 8 bits
NF BirS RN RS FRERMMOVSIESFIADDS/SUBSIES, AiF8fi{E. 8 {EMAFEEE T35 03
255 (&) .

E.g. ADDS r6, r6, #99
* Add 991 from value in r6
* Machine code is 0x3663 or 0011 0110 0110 00115

N T BT FRS5 RS FERAERI ADDS ] SUBS #5<, AV 3 B, 3 (ERNRIFEER+#HH 0 3l 7

(&) .



E.g. SUBS 13, r1, #5
* Subtract 519 from value in r1 and put the difference inr3. * Machine code is 0x1F4B
or 0001 1111 01001 011+

Indirect Addressing [8]3% 31t

address using a value in a register to identify a memory address
1 LDR rd, [rn]

o rd REMBNFFHRENETHE, EhilErdFFREuE.

o [rn] RRIEEFEASFEE rn FESNEENNEIRILL IES R EREIEMEFNMS, BRmicRNEEIREE
memory FIIE, MAEHIEEREMEFENL

example
1 LDR r3, [rl]
AXMIERT, r1 B9{E2 0x00004000, XE—RNTEHbLE, H#itk7 0x00004000 IR TZEL B {RTZ(E

OxF97D5EC5, MEIE, SHfEHAT LDRIESH, ©REMEAFHLE (0XFO7D5ECS) RENEZ r3.

WiT1ZiE<E, r3 88 S1E 0xF97D5ECS,
1 MOV r3, rl

XEIESHERRESFR 1 PNEBEIFES 3,
AXMIERT, r1 BEE 0x00004000, HRHITMOVIESHE, BEa¥r1HZiEM{E (0x00004000) EHiE(f&ix
36k,

HATIZIESIE, r3 B EE1E 0x00004000,
From register to memory

XM SEEFRENSTFRENIANFUENTRE,

In this case, the 'store’ instruction is used, which can be thought of as being the opposite of the 'load'
instruction.

instruction:
1 STR rd, [rn]

R
1. rd EEEfEvaluetIBEFE, X valuelSIRE A rneRi IR b
2. [ RTBAEEERSES R ESNEENREIIE . mRlER— Rt
3. WIRSEWE RIS ER I R EMEINEIE, %R R R RO



Load and Store

4T LOAD instruction B, Z3EMmemoryf&iiZiregister, LOAD & memory ‘read’
11T STORE instruction B, #{iEMregisterf&4iZimemory, STORE Zmemory ‘write’

LEC 21

Endianness =i
B Aa0{gEmemoryH store bytes.

Little Endian/VEHFF

Least significant bytes first.

Big Endian XFETi 5

Most significant bytes first

Little and big endian

Little endian#lbig endian @It B AL FRTEBEFHIRFNAMEE, EIMHENESFTEIE (W16fiL. 3211
SeAMIEEE) ERFHRIFEINT.

Little endian: 7little endianRFiH, FIEMNREBEMET (Least Significant Byte, LSB) FEERIEAIAZHE
ik, ME&EEBEMFT (Most Significant Byte, MSB) fFETERSAIAFIILL, BRAIENR, FRHIRFMAEEIE.
Blan, FRIgFA1E—1 32 EE0x12345678, EMFERIRF#Eittle endian RFFUT:

ATEHE: 0x00 0x01 0x02 0x03
ZHEERIE: 0x78 0x56 0x34 0x12

Big endian: ftbig endianREH, HIENRESENFT (MSB) FHERKMEAAFMEL, MRRERFT
(LSB) FHTERSAMFMLL, ROIER, FRHIRFMERA.
B, BIZENE—132UEEO0x12345678, ENFTHINFTEbig endian R T :

ATEHbE: 0x00 0x01 0x02 0x03
ZHEERIE: 0x12 0x34 0x56 0x78

AR ENR RN AT RERAARNFTIF. fIa0, Intel x86#Ix64521R Alittle endian, MAEBS ML
X (#0TCP/IP) K Abig endian, EAMREFRBIERIMN, TRXMMFTINFHNXAFFEEE, DBER LI

EEIR.

example:
1 STR r6, [rl] rl = 0x00008000 and r6 = OxXFF AA BB 11

1. STRinstruction ZIE<WIEr6 PR EFMEEIAF M1

Firstly r1=0x00008000 in [ ] which means it is a value for addressing memory
EEYR6AIEF0X FF AA BB 11

£ r1A RIS R MTEATFROEER, SA0x FFAABB 11

e



Reversing byte order

instruction
1 REV ry, rx

Bytes 0, 1, 2 and 3 of register rx are copied into bytes 3, 2, 1 and 0 of register ry in that order.

rx, byte 3 rx, byte 2 rx, byte 1 rx, byte O

ry, byte 3 ry, byte 2 ry, byte 1 ry, byte 0

example

instruction
1 REV r0, r5

OxFOACB714 in register r5
put 0x14B7ACFO into register rO

Analysis

1. BKRIRERIESENUENRERTEREFNMUE, IR Eregister bank ARG E, FINZE
register NG FrEMMRNFNNME,
2. REVERHERIE X ZE3LHR byte order, EXN&REESArOMMKRNME, ATATESSIIREVAIINEERS A

Bl —HKIEL T B/ NREER N KR, I RinFEIRA /NG,
BT K573, r0Fr7,

Loading half words

RS Mkahoot A R, EEZIEMRE halffIEX

LDR: LDRIESHTB— 1P 7Eword (32bits) MNFFFFRT

LDRH: BEERHE, FH(IAIBERZEINE—half word (16 bits), XEHMZE, FHAITETLA{ER LDRH 154, LDRH 1%

IERFHRI2 bytes (16 bits) N FFF3RI1EHY 16 bits, MFFRNS16UMIRERZE,

1 31 16 15 0
2 0000000000000000 72222727272227272722227



LDRSH: LDRSH #§<5 L™ "DRH £, (BESIRIEFFING S HRFFRINS 160, XELEERFSHNIERE
BH.

FEAL &EM (EMEH15M) WAEFSA, RRZFFAURNEER ELLE R

31 16 15 0
SSSSSSSSSSSSSSSS S7Z7727272727272727272277

Loading bytes
SFFH (8i1) OME, HATETIAER LDRB 7 LDRSB $5<, EAMEESHBBAERN— I FHMBESEE
AUMR8NL, XITF LDRB, FEFHR[AIRIR2AMUMIRENT; MXST LDRSB, FRIAMUMIRENFNTSAL, RIEGLIE

=R = =]

BENEFETEEHEE,

LDRB Load Register Byte

31 8 7 0
000000000000000000000000 ZZZZZZ7ZZ

LDRSB Load Register Signed Byte

31 8 7 0
SSSSSSSSSSSSSSSSSSSSSSSS S7ZZZ7Z777

Example: half words and bytes

Example: half words and bytes

Assuming little endian and the base register, r6, holds the value
0x00004000.

If the memory location with address 0x00004000 holds the byte
0x7B and the memory location with address 0x00004001 holds
the byte 0x65, then:

 Half word:

LDRH r1, [r6] would put 0x0000657B into register r1
« Byte (endian not important):

LDRB r1, [r6] would put 0x0000007B into register r1



MEFTF (Little Endian) /NRFTHEFEF, BURNRFT (BNNED) FRERAEFLS, MESFD
(RANE D) FHRESAFEIS,

&8 fEregister bank r6H, r6fiEfZAYMESE 0x00004000, XigME T —NA7FEMtE, BN 0x00004000
1. #£0x000040003X Mttt 77 fiE T —NF¥ 0x7B,
2. [EA, memoryithilty 0x0000400189ith 75, 7F6iE T — 1 byte 0x65,

BTk, MTE<SHIER:

1. LDRH r1, [r6] (IN&i¥F/Load Register Half-word) : X MESHMATFMIE r6fvalue
(0x00004000) FF&, MEFMTFT (¥F) Bl r1, EXENHERNTFNERIXENMS, BAMENT
AEEERNSHIM—165, VUREFEM

il il inlin sl s lininli sl sl il sl sl sl sl i il sl il

MR —TATFHULES bitsAYiE, MEEF, WTFMOXTI2MULIEEMSE, 16MUA! | BExdFloadkij,
= BaIMEYA F i R AY0x00004000F10x0000400 1 IX A M EHIvalue, BFHTIEEIEAEFT (B/NAIER
) FREERAFILRAHES, F2—116 bitshIEE,

il i lininlin il lininli sl sl nli sl sl sl sl il el sl il

* BFEAMRIRE/NGEFTF, AUEANIFEER 0x7B 7 0x65 1R/ N\nF T FHSIER, 1§52
0x0000657B, Elt, TR MELE, FiFss r1 HERKEN 0x0000657B.

2. LDRB r1, [r6] (HNE=FTi/Load Register Byte) : X MESEMATFHBIL r6 (0x00004000) FFi4, MnEi—
PFN (REKREFNRFTF) FFFE ., EXTHIFH, AfFHbIE 0x00004000 FiE T —PFT
0x7B, HIt, HITXTERGE, FFes r1 BE¥EH 000000078,

X Load Register Byteth A T Kimdl/Nm=F 1% 15
BT, HERANMNGFTRN, XM TENITERSHIRE:
* LDRH r1, [r6] {57728 r1 AYEZH 0x0000657B

« LDRB r1, [r6] (£ 1788 r1 BIEZZ 9 0x0000007BMAEME F 251722

Storing half words and bytes

STRH # STRB 5<% 25l T Kregister PAYRI16MI (FF) MRS (F73) ZFfERImemoryd, XM TMELHIE
REEIUS R,

STRH (Store Register Half-word) ! | | FEHEHMER, ! ! !
STRB(Store Register Byte) NS Z2aNEFE B EIAE

HsLpiZloadMstoreXFINEE

Base plus offset addressingE it iN{RF2 St

ENmEIUANERFTEFRTNE (Bib) ME—1T#HEE (RBE) KBERFILL, F0, $< 1or
r6, [rl, #12] JEMAFMIE r1+1210 LINEEIESIFZ25 r6 F. LDR=Load Register

MEvalueZETHAIERT, FHAIINTIE, # means immediate’.7£ #12 A, BERRBHFNRR?



Offset using another registerEiLtIN{ERZFUFER B IIFEF
&5

R A AEFEEES— 15723, XX TF{EH LDRSH #1 LDRSB 5<9F#HE M. i, 5% LDRSH r6,
[rl, r4] RFREFMILE r1+rd M ERFSFFINFEIZFE2S r6 H., LDRSH=Load Register Signed Half-word

Words, half words and bytes

EUbnmBIU TR T mENEME, BTFE. ¥FH0FED, sEFTSNFFIERFSHNFT,

1 STRH r6, [rl, r4]
2 LDRB r2, [r3, #17]
3 LDRSH r5, [x0, r7]

o STRHIESMIZFRZE "Store Register Half-word", ERTR—1TFF (16/UfE) FMEIIFMESEPIETEH
i, FELPNERERMELST TS r1 MEBEFFE rd4 PITEHERN.

e LDRBIESHIEMRE "Load Register Byte", ERTMEFMEZSFMNH—1FT (EISMEYE) , HEEFMHERIE
ENFFRT. HLPZRERMEUFTFEE 3 M—TUEMERBE #17 it EHRA,

e LDRSHIEXMIZEFRE "Load Register Signed Half-word", ERTMEFHEBZFNE—TERSEF (BN16UK
17) , FRET RAAUANSEY, AREFMIEENTFHRT. BLTIHRERMELLFZFEE r0 f
IREES 7 r7 PIELRN

Words and half words alignment(335%)

ARMIELEEHR—LE4E<S, QILDRANSTR, EKMUHER"FIIFF "M, BMtulH{ENTE4REEN.

EAR—DF (321IEE) WEMEES MBS EESS MBS, Fla0, Hht{EH0x00000000, 0x00000004.
0x00000008 52 F 343509, TMittit{E }90x00000001. 0x00000003, 0x00000005% £ F I,

A AR X B ARSI ST 2 e memory EASHBIHE

/5&Q
1. 14 4t {E70x00000001, 0x00000003, 0x00000005 FEFAEFFX77H:

8%, AitENEMHSES, 8TEMETHXNEER—TFT (8fL) , HES M FHMETEHE — I E—H
i, BEEEMNEFIREEN
FFE—NUNEBIERE, RtEFMERED, —TFFREMER TMESNEMEETS, BT FEHETAN—

PTFER (8fI)

itk {E90x000000008F, FFHIFE—PF T FETEO0X00000000tE F, FFHEZPFTEEEO0Xx00000001
ot b, EiEibik{&90x00000000: 2+ FXI75H, M =iiiE{EH0x000000018Y, FFRIE—NFPFHEE
0x000000014tutik £, = NFFEEEO0x000000021tbiE £, FHLbittiE{E0x00000001 24 FF XI55,

2. Lttt {E %0x00000001 41, EFHIE—F T ZHE7E0x00000001 ittt F, 2= 1NF FZAEE0x00000002 11t
£, F1tAHE4LEH0x00000001 27 £ F 3155697



MNTHF, ENEFEANERMEBIERD MM INMUNTFT, REDaFHEEM TESNEERTR. FELt, 7B
TRIEFFEFMEZERN, FFHMILATREE, HENFHN, FFRNE-TFREFEESLENE,
ME—PTFRWEFHEE T —MERIE . XEREFFRIMTF R ESEEBOMIE £, MEEE T ™ML,
FUEARFEFFIIFTHIER,

ppt:
BEEHNREEEIUOTENHIHEN TR

o JILDRFASTRIIRZ "FXI55 "0, "FXI55 "Mttt 2RI DAMGAZERREY, FIRFMEEATMBLHNNEFUE.
LDRAMTARTF? FEHIHEregisterf§FEXNNMUNE, REREFLN, &F.

e SILDRH. LDRSHFISTRHRIZZ "HFXIF", FFXI55 "t eT#E2%ER, FFHEMEEM MEBHRNEFLE.

Offset immediates{RIZENE{ERIPR

EENNRE S U P ERANRZERES bits immediate.

33 FFHikE (LDRBFISTRB) , {RIEBHEERZ0-31, (FEIELDRSB)
MFHFihE (LDRHAMSTRH) , RmEERE0-625EEAMNEL, (FE4ELDRSH)
$3FFi5E (LDRFISTR) , (RIEEE—E0-124EER A HARIRIEE,

18]: It 43T FFiBEFF e = 2 174

1 £ ArRM CRES, WTHF (half word) MF (word) hiE, HAIRMU 2 M 4 NEEASAENFEX. X8
HNXBEEEE, BMNFERFRBIEEAFPOMIEEEXNNREE, NMRSAFHEEEE.

3 F¥FE: FFE 2 FU (16 i) BEE. ATRIEFFHEENTHU 2 FHBRYT, HNFEMN 2 F
TARMUBAFILL, R, SRNEBUFEFHRNELRINRSEN, FERRBORBERMU 2, RS
KT 2 FIHTFH,

5 FiplE: F2 4 FH (32 i) R, ATRIEFBIEEAEFNU 4 FEHRNF, BNEFEMU 4 FHhE
BshAEFEE, FTBA, HENEEUFERNELDRNRBEN, FEERANREBEREN 4, DRRSRM I
£ 4 FUXFH,

6 EMIF, WRENBHG—DFE (4 F9) E, BEWFE[NEN 0x1000, ®BEN 3. EiTEIRRibHE
B, BINEFEERBERA 4 (AR—1F2 ¢ FV) , AAAZFORBER 3 * 4 = 12, B4, EIIEHNG
BIAFEHEUERE R 0x1000 + 12 = 0x100C, X PMHHEE 4 FHNFH, BRNEEIUE 4 EE,

7 EmEZ, EMMENAEER (2 3 4) BATHRERFHORENEAEITENR,

[8]: +42EB1E, EAF LERIILHE, T&Eregister L1 AIAF L E



1 {RBE (offset) B—THTFIHEIMGAEITRINEE, EARRELNIMNE, BIARFERLNANELE. R
BEBESEUFERNERN, UHREEHRNAEFIRLE,

2 EEUFESHMNEEIU (base plus offset addressing) A, HANEA—TELFESE (H1W0 ro)
M—NMRBE (e 4) FTERFIE, XPAFEIDER TS FEINE. BMTEAX R EENSEREN
BESmEERN, SEIXFERRNAFI LI,

3 A—E2rflFRE

4 BREBNE—TEUFESR ro, HERN o0x1000, BNNE—MEBE 4. EITEXIRHRINANFEILE, RIFE
BENESESEMNE (0x1000) S5HEE (4) 80, 5% 0x1000 + 4 = 0x1004, FIA, FHAIEIHCQIAIAFH
2 0x1004,

5 ERTMHIFH, mEER 4, ERTHEAFMINRERUE, B S REZESEUSEFRNERMN, FNEET
SFRIARINAFI L, XMIUF X AR EMISRIAE, 155 TR AMSMREIESMNIEEERAA.

[@: Soin base plus offset addressing, what is changed is the starting point of the addressed memory
address, not the actual word or half-word stored in memory, and these stored locations are recorded in
registers on register?

Offset value = 5 bits immediate => 2A5 = 32 portions of memory (0 to 31), called chunks.

Addressing modes: a summary

Register addressing:
Immediate addressing:
Indirect addressing:

Base plus offset addressing:

Lec 22 week 8
Flags

Flagr] A F3k & Hisignal to reflect REEEBEE R KA EARKE.
FlagZ& /& £ 21 bit memoryi&#&,

MRS EAflags RRRELERE T4,
TR IEZRE R EHIIRE

FEARM cortex MOHR, XPO MRS IZEE— MU Current Program Status Register (CPSR) BYZ7z23H,

LA A A A A CPSR4bit 2



The ARM Cortex MO processor has four flags that are commonly
Z ero flag (Z), Negative flag (N), Carry flag (C) and Overflow flag (V)

o Zeroflag (2): RARE—REARFEZEBRMFNERESHET. WRERNFT, WZAREMFIRERNT, SN
0,

¢ Negative flag (N): RRREL—RBEARFZERFNERESHON., WRERN UL, WNIFEURIREN
1, &MWHO,

e Carryflag (C): RRRIA—RERRIERHMIEMUIT R, H1A0, RTINS SEENN, MRERATEE
AILIER, JﬂUC’ﬁLMﬂFqujﬂ, BNA0, ERTEFSEERN, IRERNTE, NARSUKIRERNT,
SA0.

e Overflow flag (V): RRBE—XRERRENREER. F10, FRITERFSERMN, MRLEREL T Fr6e
KRRRGEE, WVIRSUBIRERN1, SR,

SARMBATRZEIEQE, 2BMT4E4MES (N. Z. V. O) . N Z. V. CREEEFARERTNIRKE
HIZMBRZHFICPSRALE

BRT 9L (B) 4b, FREIESHEEAIANIIELS.
XN RIEINSIRE "set flags "BITHIE
For example, the following instructions set or clear the flags as appropriate:

MOVS , ADDS, SUBS, RSBS , MULS , ANDS , EORS, ORRS, BICS

Status Register

BAEESL T HRARM MO RS FRPIRSE 783 (Status Register) , REFFSR (EMXPSR) B—132(UE=F
Z7, HPEES—LEHATRRGEZIRSIIREN, HRZ—ERHATE (ChREA) , BAITxPSREVE291IL,

carry flagi# fitn

HAtnE (Carry Flag) FERFRRTsign integerBAREE (WA, BiA. (UBE) RS RE T HASIE
fil, X MRAL A BB ERANMGNEERE LAER, EEHTIERT D IR ERE L ERRATFIET,

example

BRSNS NS SEAEIM: A=10101010 (+3#HI%ER: 170) , B=00111001 (+#HIE: 57)
1 ADD R1, R2, R3 ; Rl = R2 + R3
EMMaLERE, MEUMECERENT. BT MBIRBEGREMARAMEE RE Tiad:

1 mathematicaCopy code

2 bcs overflow_handler ; MRHUARGCHWEN, PEFERDGELLIERF

ERXNMFAR, #HAUTGCHT, BREHkEEloverflow_handler#{THEN A EE MR, THME—ZIEZ



Before Execution
CPSR |0 0 0 O
N Z C V
Flags

After Execution
CPSR 0o 0 1 0
N Z C V
Flags

BNEERTT P SRCORGAHEERN 1 INERIE, ABRRITT S —TINERE, FUREMM1EZRO, Eppt
R, fFEcarryUERNTHIIERT, AJIAZEE0,

The zero flag

If an instruction produces a result which is 0x00000000 then the zero flag would be set to 1.

The subtraction of a value from itself will always be 0. EfrEELER. MK D ZIELSHIEEER, ARNEAM
EBBNRERIENZBNXR, FIUNESEHEE,

R Evalueto, BBAzvaluefistHE".

Flags{EFB

1. &HENIT: MG EERTHMERGOZIELESMZINT. MERITELEEARSBERIER, SRIBIRE
FERKIZBBNAIFEL, MTRE (Zero Flag, Z) . #{Itr& (Carry Flag, C) . j@Hitn (Overflow
Flag, V) fIfa#i5& (Negative Flag, N) . /5, EHHFDXIESL (MIBNE. BEQ. BGTE) 1, 43
SIRBRXLEEASORE ST IS ENREFIbN, XTMETFAREMAR RGN ESTIZFEBRIESIEER
BEEREEARNIITIR.

2. FREIMIES SBARGE: BTRTHRERITIN #AURE (Carry Flag, C) HEREEFERTERIMTELEE
RiZEEIMAN, B2, ELRSNTHEHAINZE (WADCSIESR) HEMBALAZE (MSBCSIES) B, (I
IS A AN IRIER 2 BIRVERIMA S E S 58, IMAEESFRENEENNZEAFEIRPIFER
A, AUESINESHKENERENITE,

Branches

1. TS BEHDPZEENT, HESA—THESHERITEEE (Program Counter, PC) (R15), &
@&, Unconditional Branchea SRR HITREMER— M Fa0tthil, MAZRERIFRME. FEARMIIE
g2rh TLEMBIEIESEB (Branch) . I8, {EF B label 35X I LMEZE BKEEZIFR S label” BT X R A
HEREERTT, TRM I BERTEN. FREFBE ((EFABLIES) MRE ((FABXER) HiHx.

2. FHDX: FHSZNPATEURTHESRY, BIMESRPIFEMLRTS (BINTFRE. #NESE) . RIEF
HESHE, GRB[ZEFREIFN (BTOX) , ERREBHITT—FES (A9X) . ARM&
HBSRM T SMETAEFHNS XSS, WBEQ (57F) . BNE (RFTF) . BGT (KTF) . BLT (/©F)
F. B, HFFE (2) A8, BEQ label HELTSHIEFHMEEEIREE " label" FTXS R AYHELE AL ARENTT 5



HEMG AN, EFEEIMFRIT T —FES. RO XERFT ZNATHBIAEIMEEIES.
HICERMHMEFE 4

Unconditional Branches - range {350

B <target_address>

® The lower 11 bits of the machine code are used to determine the
destination address as an offset from the current program counter

value. NZFfi:20-1017/E 75, 2 BRtt{ERN SaifEFit HEstRiEE

e The difference between the destination address and the memory
address of the unconditional branch instruction must be an even
number within the range +2046 to -2048. Tt &4 fIbranchig < 2 — 1N E+2046%!-2048 R {BEX

o TRABIZIESHIE UL SIELAZRIMN 2 ZE (IS RBE) WFiE— 15, HHE+2046Z)-2048
HIBEIR, XEEIARMIESERIIESKEN2 TF(1611), BFULEKFE Birthit Wi iE2 F TTXIFFH, B2t
Ht, TMEFE IR E AT EEIRFINE B T8 < He 5 L AIBRE TS LAY .

o 7EXEOpcodeR T4k

e opcode (operation code) RIE—FIBLHNIRIEN, TIEE TITENHIITHISERE. Hlal, U TFTE2—
ARM$ELHYR I

1 ADD rl, r2, r3

XEESHIRIEIGZ "ADD", BIERCPUR2Mr3FRREEM, HISERFMEN S,

15 1 10 0
1 1.1 0 0| X X X X X XXX X X X
Opcode target_address (signed imm 11)

Conditional execution

BFEMHALT, X7 FHE T TFFlagay#) T

FHRATRIED I RIBNaghVRSHFABTE ST —FIT AN, EITENH, SR —AHHIFRC,
AT IR TRIREREGRIVIRTS,

B <target_address>

HEARMIESER, HXIESHBNE(Mmnemonic)EB, BEEBICHERINA N EERRTEERIT, FH, BCS
RIE B AIAREAL(Carry flag)iig BRITO ZIES .



SADE R BT BB BB, SEMGUAMKRTRERE A, ESatllEEBTEHTH —DERE
FER. EFHNTH, DESHIRERSUNERAMESHIEREENBmibE, WRBEFRYE, WHRITHD
XiER, BMNTRT, BEFITRERES.

EARMIES &R, ATV ST A BB EEMTINRI(almost(EaIBNiCaH, XL M EIEEQ(ETF). NE(RETF).
CS/HS(ERBARTFTHHFT). CC/LOGKFS/NTF). MI(Tazl). PLIEXY. VSCaH). VCEREH). H(FER™MSEAL).
LS(EfFERML). GEBFSAXAFHETF). LIEFSNF). GUEBELFEAXF). LHEHFSNFEHEF) ., ALER).

BIERFERIT, BFAIMMRERSMURINSRRERFNIITER, MMESEFIITHRERMATE .

Conditional execution 2

The common ones are:

EQ: 'equal’, it is executed only if the zero flag (Z) is set

NE: 'not equal’, it is executed if the zero flag (Z) is clear

CS: 'carry set', it is executed if the carry flag (C) is set

CC: 'carry clear', it is executed if the carry flag (C) is clear

MI: 'minus’, it is executed only if the negative flag (N) is set

PL: 'plus' or 'positive’, executed only if the negative flag (N) is clear
VS: 'overflow', executed if V is set

VC: 'no overflow', executed if V is clear

AL: 'always', execute always unconditionally (default if no condition field
is specified.

Conditional Branchesz& {5l
FTEEDTALAER)N, BERESZERSEL, EOEFEEFEREFIMUES oZ—FER, Ha

1 BNE 0x08C00000

BEHREMRAREE, Mo 2EI0x08C00000:
LBR—PRTNMEAIESE (Not Equal) M9y ZEhE0x08C00000 RIS Y, LMESISIRIEZATE (Z flag)
FPRSRAIMTE SHITD .
Zero Flag RIRNSHEFERTPH—1bit, ATFRTRERFERACGENEREEAZE. HFntuas (clear) B, ®RR
AN EAESE; HSHEEM (set) K, RRMMEIES.
ERXNEIFHR, BRMIER:

1. MRFJ|INEBST (Zflagis clear) , MILEEIZSBEEZEH#bHEOX08CO0000FH AT IZMILEAMTIES . XEIRE

TNTEE, £HHE, FIARMITOX.
2. IRFEENM (Zflagisset) , MAEBRERERITHOIELIFEN T —KIESL. XEKREMTEHESE,

FUARBR, PAIATRAITOX, MEREIRFAT.
BEXFNFHDZES, EFEAUUMREAERNGITHEREFERTAENAEER, EMRIEZHIRE.

et

Branches - mnemonics

mnemonicsigRIZBIICHF, tEal SUB ADDS



—ARFKE, REILRIESEF A RERNASFCEAAFIDIL,
Et, 2ZENCICAER "IRE "MAEERNAFIE, CHREFIRTE T EhMERNEIE.

E.g.
1 BNE continue
2 SUB r4, r7, r7

3 continue ADDS r4, r4, #76

Use of the zero flag

Frs (Zero flag) BITBEAEFFERN—TRETEM, ERBERATHERFNBR EEELNIT THEN

RE

plan, FRRFENFEREAFFNI0TEEM, ZATNBIRT-—TESE10RNESRREIR. EXMERT, HNF
BIEFE—1FFHRENREHITEER" (loop counter) . ARIXEIFIRES, HHENERRT, HiHH=s0E~R>
ZIORY, TBMFER,

MEFGALCRESRE—TEF, ANS—THITHERE:
i BRIRFAEZRAF I 0x1000FH 18R 10N ERABIN, RERFEESTFRR0H

1
2
3 MOV RO, #0 ; BEEHRROES, BT EFMERNES

4 MOV R1, #10 i BEEFERRIEE 10, BEEIMTEES

5 LDR R2, =0x1000 ; [HFEHRR2JIZENAEFMII0x1000, AFIHRINGFEFREIE
6

7

8

9

LOOP:
LDR R3, [R2] 7 BAFHIER2 A E IR FFEER3H
ADD RO, RO, R3 ; MEFFRROSRIFWEEN, HIEERFMEREIROA

10 ADD R2, R2, #4 ; MBHFFHRR2MEM4, BRI T—1AFELE

11 SUBS R1, R1, #1 ; BEEFHRRINVERL, HEHSZHE

12 BNE LOOP ; MRBIEARENM (FMEZE) , NBKEEILOOPIREE ML ITIEIS
13

i Fiykahoot 501, RIBAR
Lec 23

Negative numbers

NFABNRTEEEMMAIE in microprocessors.



1. Sign magnitudefF ST — 1 HFIN RS, MRGFSA 1, WL WRFSAUN 0, iz

HAEH.
For example, for 32 bit numbers:
Decimal Binary Hexadecimal
+160 00000000000000000000000010100000 0x000000AO
-160 10000000000000000000000010100000  0x800000A0
+1352663040 01010000101000000000000000000000 0x50A00000
-1352663040 11010000101000000000000000000000 0xDOA00000
ERA— N HHBORBENFS (. ERURTIZRNEIHE, Fia:
o IEH5 M #HIFTH: 0101
o fH -5 M HEIRTAN: 1101
o EEE, BRMETEFCESNATHEA.
For example: 3 + (—-3) should be 0.
Decimal Hexadecimal
3 0x00000003
+ (=3 + 0x80000003
? 0x80000006

The answer is =6 rather than 0!

2. Two's complement

IMBRTER T BT RERNRTENSBHNGE. EXMERTER, MAERSSMUERNFSI. XT
E#, HEAMERTRERE EIRFSA/NKRRIE) BE: YT, HEiIMI2MZBNENERRE, RENER

B TIRAER (B 0ZTR 1, ¥1ERO) , &EHM1. F:

o IEEN 5 MHMERZA: 0101

o A% -5 AUFMERZI A 1011

o HMERTEN—TMMREBERE—ITERT, RAEETNATNIEA,
R4iREON PPT
e (most significant bit, MSB)

MR—PTHEBEIM.s.b. 21, BBARX T E S
MR—PHBIEFARIM.S.bZEO, ARXTEFMZEELL

MR—TTARHFBORERNFES, 9, A, B. C. D, EZiF, PAEMEZ—T0E,

MR- AHFHFHNREENRFRZ0, 1, 2, 3. 4. 5. 67, BAEMRE—TEH.



2's complement

Unlike sign magnitude, arithmetic is simple in two’s complement.

For example (32 bit number): 3 + (—3) should be 0.

Decimal Binary
3 0000 0000 0000 0000 0000 0000 0000 0011
+ (-3) + 11111111 111111111111 1111 1111 1101
0 1 0000 0000 0000 0000 0000 0000 0000 0000

Note that, if the carry bit (33 bit) is ignored, the answer is 0
which is correct.

FtuthBL%S), E—TRHTANV,CZHEZERT

Negative numbers in 4 bits

Hex Binary Sign magnitude Two's complement
8 1000 0 -8
9 1001 -1 -7
A 1010 -2 -6
B 1011 -3 -5
C 1100 -4 4
D 1101 -5 -3
E 1110 -6 -2

F 1111 -7 -1

FRIAST F 5B ENARE, thSE T Unsigned integer, Sign magnitudefITwo’s complementfiEERRAERE L
IMAE



Allowed ranges

4 bits 16 bits 32 bits

32 _
Unsigned 0to 154 0 to 65535, 0to (2 —1)
nteger | 00002t | o000 SIECAS | 0000000046 to
Intege 1111, 16 16 | FFFFFFFF,q

~Tot07,| —32767,,t0 —(23'-1) to (231-1)

maS:ﬁt"u o | 1111210 32767, FFFFFFFF,4 to
g 0111, | FFFF,oto 7FFF,s| 7FFFFFFF,q
Two's | 8wt07n| -32768,to | —2%'to (251-1)
1000, to 32767, 80000000, to

complement| “614%," | 8000, to 7FFF,s | 7FFFFFFF,4

2's complement: sign extension {5 &

I ENF, BRENFEG—TBIMUERIFMIEL (40 4 (713§ 16 {i7) FERANESUERIEIL (40 8 sy 32
fiI) . A7TERBHATXMEER, HAMER—MMRARFSYRE" (sign extension) AIITE,

FEST RNEEZEANEERIBARTSBHETTNEN, BEM—MIBEBRNS— T ERNUEN, HTEIX—
=, BMEERESL (BIFS) SHRESUERINTIMIL, X, BIRIMMRISHFNER MR, BN
IREERISAE,

BN, FRRFANFER—T 4 UAIFMBEL 1101 ¥Ry 8 (UAIET, FATRIDURBA TS EHHLT:

1. B%, URAMBNRSU (FSU) , EXEZ 1.

2. RfE, BEFASUEHRTINMISAL, 528 1% 11111101,

BEXMEGEST BAE, BT UBARBEEZEIREPREAE, EXMMIFH, 4 (4M3ER 1101 (-3, A#ME
fo=0) AR INithEEHRY 8 AI4MBER 1111 1101, EHAETR -3,

Decimal 4 bits 32 bits
7 0111 0000 0000 0000 0000 0000 0000 0000 0111
-6 1010 111111111111 1111 111111111111 1010



The extra 28 bits , extending the bits from 4 to 32 take the value of the sign bit shown in red . Likewise in
hexadecimal:

Decimal 16 bits 32 bits
20165 Ox4EC5 Ox00004EC5
-32501 0x810B OxFFFF810B

2's complement: arithmetic
R’K, mMeid

{$ [ Setting the N flaghy /5%

WR{EF ADDS 182, ffnds (N) BRIRE, (BFNG (C) BHErR, RASTMAR 32 &R,
EEREEEEMRITERIIES, B8 2%in the destination registerfJEMMSAIZT 1, MOVS SR E fitTis.
what? &F&E

Overflow

—231 to (23! — 1)or 0x80000000 to 0x7FFFFFFF.

PR UUXXERET UG, Esign bithgEha) I T AS 2ITESEIE, FIAKNTFIXDER0x9AFSDAOK,
B T

Setting the V flag
XTI MBI,

Adding negative numbers

Using two's complement we can do sums, X + (-y)

RAIE1, 500, 000, 0040 H0ZE -1, 100,000, 00010 £

—_

. #%%1-1,100,000,000892##M5, EE=Z: 1,100,000,000105%0x4190AB00
2. REEFERINIENOx4190AB00 - OXBEGF54FF

3. TELRFNANT: OXBE6F54FF + 1 = 0xBE6F5500

4. ¥0xBE6F5500#N%0x59682F00 (1,500,000,00010) ,



Adding negative numbers

Ox 59 68 2F00
+ Ox BE 6F 5500
0x1 17 D7 8400

Because we are working in two’s complement, we can ignore the
carry 1 and the answer in the lowest 32 bits is 0x17D78400 or
400,000,000+, which is correct.

There is a ‘carry’ indicating that the result is too big for a 32 bit
unsigned integer

There is no overflow in two’s complement

The signed number is positive because the m.s.b. is 0 (most sig.
hex digit is 0x1 = 0001,).

Adding negative humbers

1 1111 00... < carry from previous column
0101 1001 0110 1000 0010 1111 0000 0000

+ 1011 1110 0110 1111 0101 0101 0000 0000
0001 01... < result (top 6 bits)

The sign bit of the result is 0 indicating a positive result.
A carry out (1) occurs so:
* The result is incorrect if considered as an unsigned integer

* The 32 bit result is correct if consider as a two’s complement
number.

Lec 24

TuT 18th

add T2 ZE

7 BETREEN—B R
8 -1pFLA, FB1, 1=0000 0001, FAfLA-1=1/&+1=FFFF FFFE+1=1



IEEE 754

# Y decimal to binary

Studyeaq
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jhpooh
ohgtgoijn RIAINEE

vertong
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Subroutine

sub, FHER, RIFFIEROFME, Mmain=BtEFizk

Instruction 1
Instruction A
Instruction B
Instruction C
Instruction 2
Instruction 3
Instruction A
Instruction B
Instruction C
Vlnstruction 4

So instead of this:

We have this:
Main program Subroutine

Instruction A
Branch to Instruction B

Instruction 1

l

Subroutine Instruction C
Instruction 2 Branch to
Instruction 3\ Main program
Branch to

Subroutine
Instruction 4

Link Register

LSRG, subroutine, 2EIR[EFIMainfREE, EARM Cortex MO4MEREH, HEIEFFRE 578 M4

Ir 2Bhic, mnemonics, Link Register

Branch with link

The mnemonicBhig T for ‘branch with link’ is BL



1 BL <address>

2

Hr, <address> REMFERINERIbIE, EHMITBLIESH, AEEIGHRIE<AMLE (R EMIE) &R
FHELRF 739, HPRELEIEEMIL,

BLIESHBMEER+16 MiB (JLZFT, BI16 * 1024 * 1024%F7) , AW FURIFEFITEEE (PC) BE. E/Fit
R — TR FES, BTEHECPUEERITHIESHAE BN, AL, BLIEL T AR HFIPCERIG16
MiB3E B AR {E Tttt

BLIESQERA—1T24MIENE, XERE ER URTAIMI RIS TEEM-2/23 (-8,388,608) F2/23-1
(8,388,607) , HIFBLIESRAPCHENFUA N, ELILXEEZENFHPCEN.,

It5h, BLIERAFE—132MU (4F7) ML, XE2ENARMAMIESERAREI2MRREN, X1 3211
SRAEPN4MATRTIZENE (GtiRER) , R TNSUATRREMBEQER, MREB F,
Ve

o=

BLIEQ BARMIF RS —MPEkEEIE<, BT RAFREFNRE. SERAMNIANRRMIH RS, AJUES
RIFEFITEIEERI/E 16 MIBSTEEAREEE, HAZSRCIBRKEN32ML (4FT) .

Branch and exchange

(D FRH) IELEARMAREMPRATEFEFIRBEARZEREZARAR. EFEABLIELEARTER
B, REHHE (BDAR ST —RIESHMNL) RFMETELINK Register (EIZEZF1FE, BEXRTALREr4) H,
FREFHITTRRE, FERLink Registerfy{E(£iE[EIProgram Counter (F2RFR1t#4Es, PC) ASCILR[E,

instruction
1 main:
2 // Some code here
3 BL subroutine
4 // Continue executing code here after returning from subroutine
5
6 subroutine:
7 // Code for the subroutine
8 BX LR // Return to the main function
9

BAMEABLIEL Bk imain, (EZ(EMBXIEXIREIMainBIED,
BRAIRIEE ST 2NZR15HE, BIPCIE,
HAMEMABXIEL W Link Register (LR) HHYEBRIRRFITEEE (PC) , MTZMMFREFREZIERRF,

Branch with Link and Exchange X @— 1" #T{§<

instruction &=FFi0LBranch with Link and Exchange



main:
// Some code here
BLX subroutine

// Continue executing code here after returning from subroutine

subroutine:
// Code for the subroutine
BX LR // Return to the main function

W 00 4 o U & W N B~

=
o

Subroutines — example

Address Main program Subroutine
0x00008000 Instruction 1 sub1 Instruction A
0x00008002 BL sub1 Instruction B
0x00008006 Instruction 2 Instruction C

0x00008008 Instruction 3
0x0000800A BL sub/ /
0x0000800E Instruction 4

During the first pass through the subroutine the link register
holds the return address 0x00008006 and during the second
pass it holds the return address 0x0000800E.

BX Ir

FEARMIRET, BLXIELBMIFIE:

1. BLX: {ERIEEFFRTAMURTHE., EXMERT, BirttithSESREM, AEREIINEERR
BRUL.

2. BLX : {EAIENERRAI BRI #HITEREE . ERXMIER T, BEEME—TInE, BIESBIVDARTE
HREERILE B Mt I RRB R, MERE—?

3. RO RFERES 728 (Link Register, LRE(r14) &,

BLX& BL& BX

BLX (Branch with Link and Exchange) . BL (Branch with Link) #1BX (Branch and Exchange)

BLMBLXfER AT FREFBEA, HREMIREFERETFERETD.



BXFIBLX There is no restriction on the destination of the BLX or BX branch
X

BLX iR Bttt fRIF7E TR S 788 (Link Register, LREir14) &, BXIGHRFFas (LREr14) HrVREIHETE
hEIFEFIT =8 (PCERr5) /A,

=/, BA—IVAY = ZE A
5'%7517_"—*0 o o /q\ﬂlgﬁ;ﬂlﬁm

a

C]

% (Stack)

1. LIFOIRN: #%EBfEEHFSENERN, XBRERERNZFXFNEYE (AKX push"iR(F) ZRITEMILH
B ("3 pop 1)

2. ZFREE: RIBERMENE T, WRIZRBUTINFISEHREAS: 0x00FF, 0xFFO0, 0xAAAA, FRAE(TIEE
BEHE R AR MR 38 : OXAAAA. OxFFOO. OxOOFF,

3. HKiBH: BE, KEA—RALIEH (Stack Pointer, BERTRNSPHr13) MSFHASTFEERRIBER L AOAL
B, SEIEAKE, HIEHSANEE), BRI HEURL&N, HiEtth BN, EE E—
TR E.

The stack pointer holds an address in memory that identifies the top of the stack.

Empty stack and Full stack

HWRIEHHFEAEFN— i, AFIRB#EENop,
Empty stack T—AI DA E F— M EURN=EBIUE
Full stack iZiF B4 B RE— T RN ERNEIENUE



Empty stack Full stack

SP —>
Value 1 SP —>| Value 1
Value 2 Value 2
Value 3 Value 3

Ascending and descending stacks

Ascending Descending
Value 3
Value 2 :
Top Value 1 | Bottom LUl
address
Value 1 | Bottom Top Low memory
Value 2 address

... Value 3

top, descending, £

The ARM Cortex MO uses a descending stack.

Stacks and the ARM Cortex MO



1. #EH%: ARM Cortex-MO{EM#E % (Descending Stack) , XEMREKM S EFIBIHER, SR
IRERT, #R38% (Stack Pointer, BERMIArI3HSP) ERMIIREE); SREKRIRER, KigHBSHIR
&,

2. 1418 FFE3 £ARM Cortex-MOFR, Fiz=sr13f Mgt MTIEREINAINIE.

3. NHRIE (Push) @ ER5EF a8 (Link Register, LREr14) UEBNZRL, (ERNE<LBNICHT
EPUSH {Ir}, H 1r REAKNFEFRIIR, HlA, MREBRKEESFESE (LR) MFFEr000EEN
&, AIDMEMBTIES: pusH {r0, 1r}. XTEIZTEHIEFTERNENK, REHEONEANK.

4. HIRIE (Pop) @ BHEMERLELEEET 73, EANESICHE ror {1}, Hf 1r KXEL
HEINFFRIIR. HIA, MREEHFROEBRLIESTES (LR) MEHFHE0, AIUERMNTE
{1 POP {r0, lr} , XTHELTEFRHHRRVERLEIO, AR T—MERLEESFFS.

B2, ARM Cortex-MOLMEZHMERIZ MR MEIGITEIE. I8t FERr13MTEREIINME. AIRIFE
A pusH {1r} {52, BIHESFERSFSTEROEEAK; HRBEEER ror (11} 152, BEMGEHITHES
FRSFTFE, XERJERMFRREN, MWRERFNNREFEFHREN, EREZEFM.

Trumb

BXL BL BXg9X 3

Lec 28

Memory

Memory can be defined as any device that can store
information.

In the context of microprocessors, memory is a device that can
store information in a binary format.

Silicon IC memory can be classified as either read-only or read-write.
Read-only memory (or ROM) is used for:

e BIOS/UEFI on a desktop computer
e Operating system in an embedded system
e Store of cryptographic data to improve security

Read-write memory is used for:

e Operating system(s) and application(s) on a desktop
computer



e Application(s) in an embedded system

e Temporary data

Types of ROM
There are several generations of silicon ROM:

® Programmable ROM (PROM) could be electrically programmed once only and then the contents were

fixed.

® Erasable PROM (EPROM) could also have its contents erased by exposure to UV light and could then be
reprogrammed.

® Electrically erasable PROM (EEPROM) could Ihave its contents

erased by an electrical signal.

In contrast to ROM, the contents of RAM memory will be lost almost
as soon as power is switched off - RAM is volatile.

The acronym RAM stands for Random Access Memory
The time taken to read or write data from or to the
memory (the 'access time") does not depend upon the
order in which the data is accessed.

d

h

h

The memory locations can be accessed randomly or

B

h

arer

sequentially in the same time. This is not true for hard
This Photo by Unknown Author

disks for example.

is licensed under CC BY-NC

There are two types of RAM: Static and Dynamic RAM
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