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2. ARM <12
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The ARM processor is a Reduced Instruction Set Computer (RISC). The RISC con-
cept, as we saw in the previous chapter, orginated In processor research pro-
grammes at Stanford and Berkeley universities around 1980.

In this chapter we see how the RISC ideas helped shape the ARM processors.
The ARM was originally developed at Acorn Computers Limited of Cambridge,
England, between 1983 and 1985. It was the first RISC microprocessor developed
for commercial use and has some significant differences from subsequent RISC
architectures. The principal features of the ARM architecture are presented here in
overview form; the details are postponed to subsequent chapters.

In 1990 ARM Limited was established as a separate company specifically to
widen the exploitation of ARM technology, since when the ARM has been licensed
to many semiconductor manufacturers around the world. It has become estab-
lished as a market-leader for low-power and cost-sensitive embedded applications.

No processor is particularly useful without the support of hardware and software
development tools. The ARM is supported by a toolkit which includes an instruction
set emulator for hardware modelling and software testing and benchmarking, an
assembler, C and C++ compilers, a linker and a symbolic debugger.
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2.1 Acorn RISC Machine
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2.2 2XHO HS
— Berkeley RISC2t &2 ARM E&
> load—-store 2%, 32 HIE D& HFE | 20|

> 3FA HAO A

— Berkeley RISC2 CtE ARM &
> aXAH A%
Berkeley RISC Z2 NIA= X2 dIXAAHE AIE, S0l Z2AIM 2=
HHEHY M M2 dIXNAEH E22 E0IoHH otJ] fdH el NAH /&S
E 080l 2 == U= 3242 dXNAHE =&, ARME dl XA ==

£ =0/ 02 MelE /ol shadow HXAH (DS A Y] ot U= register,
swapped in case of mode change)
E ME
> XA 2 2480
HE=2 RISC 2 MIAJH TFOI 2t MO cHAHEE o Z0ot)] 2?lol =&
OIS Bl X elE =S&SHA St branch W= HIZILISH A LEBEA

&2 8ot mlHAZet fEE HEH of2=2 ARM2 AFE et
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> 2= BHOW2 single AIO| 2 A/ SH

CIOIH Ols B8 0= HE0 S HIOIHE ?oi S8 HEZel 201 2R

ettll single AtOI2 s&= ol B2 02 GIOIE HIZ2

= JPEEZE 2R
ARM=Z Olclet M= Q00D ?loll EEl AtOI2 2 HEHUHE =& ot
G2 20 2280 HEdla 258 It
— ARM Simplicity
> EE0 MEEZL ot=RA0 240 2 20 2HE
> =R8t CISC S = S AotHA RISC OLOICIHS] JI=0AN SHSHEA HH
O MES 2ttt ot=ERAI 2 Z2&2 ==t RISCEL Z& AJ|E =01

2.3 ARM 2 )& 2E

- Pols FHA A0 2ol FHO Mel M AEHoIA BZol K2l
D2 AN AEHE HIRD) DIl MBS, MBS AXAEL HIS2l0 HE (FSM)
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- MEXN EE= 15012 & 32 HIE dINAH (r0-r14), Z2& It2H (r15),
T2 & dlXIAE (CPSR) E MEE = US

| . usable in user mode

@SR |2 |D|R|2 S

fig svVC abort irg undefined

usermode .4e  mode mode mode  mode
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- T2 ME I XAH (CPSR)

> ZZ2AAS A& UL HlW s&C| Z2UE MEoH)| fsgt AHEX 2

31 2827 87654 0
NZCV unused IF|T| mode

> Z2ANAM 25, A0 ME, AIHEE 200IE=2 MO Scid

® N: Negative; the last ALU operation which changed the flags produced a negative
result (the top bit of the 32-bit result was a one).

e Z: Zero; the last ALU operation which changed the flags produced a zero result
(every bit of the 32-bit result was zero).

e C: Carry,; the last ALU operation which changed the flags generated a carry-out,
either as a result of an arithmetic operation in the ALU or from the shifter.

e V: oVerflow; the last arithmetic ALU operation which changed the flags generated
an overflow into the sign bit.
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- M2 AlAE
> Z2M A2 AEsE U220 HE (H221 AEH)
> H2c2l= HI0IE &1 88Xl i (0 - 232-12] =AE JIHE)
> Cl0IE &Eil= 8 BIE(HIOIE), 16 HIE (half word), 32 HIE (word)
> ARM HI22| £&

1§ bit 31 bit 0 ;
23 | 22 | 21 | 20

19 18 17 16
word16

15 14 13 12
half-word14 half-word12

11 10 9 | 8
word8
7 8 5 3
byte6 half-word4
3 ] 2 | 1 | 0 fe— PV
byte3 byte? bytel byte0 address
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— Load-store &
> dIAAEHN U= g8 HI0IH XMElE & = Y0 Z2E dANAHN HE

BA
> 2o HeE SX

rIr

0

222 HIOIHE dIXNIAHZ 0lS (load E&)ut
dXAIAH WS
> CISC Z2AIM=

uio

H2e2l2 0l= (store HH)
122|129 HIOIHE HXAH 20 e &= U0 A

=

i

O P
HZ220 HEE = U2, LIS S0 otlt= H2e2l 31 S (8086 HE)
> ARMS| =2 HE
OIOIE M2l B3 - &t= =2l 8N, dXNAEHI AFE
HIOIE Ol & - load, store, exchange & & Of
Mo S8 @& O - branch, branch and link, supervisor call & & 0f
— Supervisor mode
> AEX ZE0 2st S HEQ SHCZREH ZZNME E506t0| 2ol
AMEXIL E2E &= 8l= supervisor mode X|&

> A AED Y 4= BEE Al supervisor callsg Soll del&l 00 &
(OCLLCERECECR PR E LR LR LR E RO L RO C LR LR R LR LR LR LR LR LR AL RO LR LR LR LR C LR CCE RO E R LR AL ERER T



> AIAE Y& &40l olERANH =S dXNAEH EZ20ILF 24 =& 20|
L0l AI2El= S&=0| L&, AIZ2A ZE2 032 A|AE 4 &2 AI2
ot floll 2 M M0 supervisor call2 &

- ARM EE 0 NE

@ The load-store architecture;

® 3-address data processing instructions (that is, the two source operand registers
and the result register are all independently specified);

¢ conditional execution of every instruction;

@ the inclusion of very powerful load and store multiple register instructions;

e the ability to perform a general shift operation and a general ALU operation in a
single instruction that executes in a single clock cycle;

® open instruction set extension through the coprocessor instruction set, including
adding new registers and data types to the programmer’s model;

e a very dense 16-bit compressed representation of the instruction set in the Thumb
architecture.
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- 1/O Al AE

> 1/0 X2 WE dXAEHE HR22 <2 Wel =401 &5 1D load—store
HE S A0 A XD MHE, IRQU FIQ 22 S0l CIHEE @F

E AAJ HALD FIQe Xl A0l SReh e

V
D
S)
rIr
-
all
Rl
10
=
(5L
11

S| AADN A YA 2ol CleHEEIN Z X 12 maskable Jts

— ARM 0| 2|
> 02 HelE S0l E= CIHEE, EAM, supervisor call S A&

l. The current state is saved by copying the PC into rl4_exc and the CPSR into
SPSR_exc (where exc stands for the exception type).

2. The processor operating mode is changed to the appropriate exception mode.

3. The PC is forced to a value between 00,4 and 1C,, the particular value depending
on the type of exception,

> W2 XMeldle A8 =45 LIEHHD| 2ol r13_excE AIE
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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2.4 ARM i =
- AZEIN HE S Rl £E2 B S MBotAl Z= AIAEUHA S ARMOI AHE &
C= otJ| flol ARM O E2 WXt Y 2& (cross—development)E X &
olO40F & (PC 2 =2 EZ0AN S&ol= e E0/XICH ARM ZEE M4H)
- ARM2 Ha=Sel AL C AHE AIEDHH Z2 08 Jts
— ARM symbolic CItHH (ARMsd)
> AZEQIN 0l=cl0I& (ARMulator)Lt ARM JHEEE0 M S&6t= Cle 2
TZ0d8s XA
180l ARMulatorLt ARM JH & Ol loadTl ) AHEEE &
' ClH2 = X2
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— ARM L Xt e toolkit 2 X (read text)

aof: arm object file
aif: arm image file
(can include debug
table)

Linker does 2>
*(Generates
executable prog.
*Symbolic ref.
resolution
*Generates
symbolic debug
table




