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ARM Core R

— ARM : Advanced RISC Machines2| 2Kt
— ARMAL= architecture, processor core, system coreE 0|8 A ol == IP 3| At
— Core= architecture2l ?2& (implementation)
— ARM2| & A}
> 1985 : Acorn Computer GroupO| AlH == & & RISC Z2AIA JHE
(Acorn RISC Machine)
> 1991 : ARMAL =9 W& Jtsst RISC Z0{(ARM6E) JHE
> 1995 : ARM’s Thumb architecture extension Ml&, ARM8 &t &
> 1998 : XtAICH ARM10 Thumb HIE EZ2 MM HS
— ARM Core Family : 3&tH L= 5EH L0 Z kRl AFE
> ARM7 Family : ARM720T, ARM7EJ-S, ARM7TDMI, ARM7TDMI-S

Personal audio (MP3, WMA players), 241 handsets, S & S|
(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
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> ARM9 Family : ARM920T, ARM922T, ARM940T

MO S0 =2 MS (HICILE, PDAs), CIXIE Jtd HS (MS2A,

Dl

HOIERI0I, MP3 audio, MPEG4 video), S &F M (still picture cameras,
digital video cameras), At Xt (Telematic and infotainment systems)

> ARM9YE Family : ARM926EJ-S , ARM946E-S, ARM966E-S, ARM968E-S
XA S0iE M2 (BICILE, PDAs, 2IHY & ME), M&J|J| (HDD,
DVD), Networking (VolP, Wireless LAN, xDSL)

> ARM10E Family : ARM1020E, ARM1022E, ARM1026EJ-S
AN SUE M3 (BICE, SUHE S4001), TXNE I HSE (ASeA,
= HOIERIO]), &t MZ (still picture cameras, digital video cameras)

> ARM11 Family : ARM1136J(F)-S, ARM1156T2(F)-S and ARM1176JZ(F)-S
A= %t (OVD, UIBIAHIOIAE), HIOIE M&EE POA, CIXIE TV, CIXIE 3t02t,

MEEEA router, AOIEE

'l-
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— ARM CoreE AtEst 2HICIE ZE=AlA
> StrongARM Core : SA-110, SA-1100, SA-1110, SA-1111 (Intel)
ARM Core + 21& FHEX| (USB, PCMCIA, CF, PS/2, DMA) X &
> XScale : PXA210, PXA250, PXA255 (Intel)
S48 SAZ S0 HLIIE SHE dHE Z2HMAM 20
ARM946E , ARM926EJ-S , ARM1020E S2
Core J|=2 HIE®2Z AQEE, PDA, A&

TA S0 AFEE SOC &5 =382z g A=

— =1 : ARM system—-on-chip architecture, steve furber, Addison Wesley

- &3 AN&E  ARM Architecture Reference Manual, David Seal, Addison Wesley

|
e

A AIOIE : www. arm. com
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1. Z= XA 24 JHE

- ®H Qo

The design of a general-purpose processor, in common with most engineering
endeavours, requires the careful consideration of many trade-offs and compro-
mises. In this chapter we will look at the basic principles of processor instruction
set and logic design and the techniques available to the designer to help achieve
the design objectives.

Abstraction is fundamental to understanding complex computers. This chapter
introduces the abstractions which are employed by computer hardware designers,
of which the most important is the logic gate. The design of a simple processor is
presented, from the instruction set, through a register transfer level description,
down to logic gates.

The ideas behind the Reduced instruction Set Computer (RISC) originated in proc-
essor research programmes at Stanford and Berkeley universities around 1980, though
some of the central ideas can be traced back to earlier machines. In this chapter we look
at the thinking that led to the RISC movement and consequently infl uenced the design of
the ARM processcor which is the subject of the following chapters.

With the rapid development of markets for portable computer-based products,
the power consumption of digital circuits is of increasing importance, At the end of
the chapter we will look at the principles of low-power high-performance design.
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1.1 T2 MM X (architecture) 2 X2&! (organization)
- ME ITZZ2)SH INES 1408 S0 H, S PE FEHY 2=
- 5049 O|&4Sot 2NN =2 1 S HE2 iR &4

— 2HIIE| ALQ O] BT QO]

— ZFE 2= (architecture) : AFEXIL A E 0|28 = A= 2& (BEO ME,
dl XIAH, B2l 2l 802 2%, tlelxe 2 8)
- AFH XX (organization) : AEX0 20X %= (018 = Hes) E2 RS
(DtolZetel 2=, transparent JH4, table-walking StE 9 (TLB access),
translation look—aside HI{ S)

- ZAH EE2 0l8H  Jtat GIE2l, i+l HI2el, WolEetelel =8, RISC idea
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-T2 NA E2 220l MNEE BEHE adiote =t ot XAs Il
- T2 HNAS AEi=E 220 NEE aft d
C

- HE80= IZ2HAS el S BotAHl 6t

instructions

registers

processor

! instructions
and data
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1.2 ot=20 2H0HANE =&H OHE
- Oi0ld=2EZ= MM 120l =9 B A2EE = U= EAALH =HUIHE AIE
ot 2t=0E, ottte Y
- EdAAHS S H2 SEd2 Il =S&EotA2 ESAIAH
Ot MZ0 CHel =210 2ol =&tstE = US
- ERXIAEH 2HAZ SEGHKIC X2 EHXNAHI EEe 2 (=2l HOIE)

N ASS I 0 080 SX2 HS 2E6iH B8 It




H2 EUAABHZ =2 HOIE 225 Aol WEES 2

— Gate 4t H

tLI2t HOIEJ EMXIAHZ 2SO AL

=cl 3l 2H XL ERX

]
g
0

|
IMm
e
>
| >
[
n = o

rir

= AKX

e
ol

gon

E Mol A& 0ok 0f

--

E Y32

=
=)

3’)—> output

Logic symbol

Truth table
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- Fatsto| Level : HIOIE F&fat W 20] 0|8 HAHS £ el d=01 20 of

Lt E4=2 0I1F 10 U2 SHHC F4&3 &, S8e of=ER/0eE (e SHHS
=

1. transistors;
2. logic gates, memory cells, special circuits;
3. single-bit adders, multiplexers, decoders, flip-flops;
4. word-wide adders, multiplexers, decoders, registers, buses;
3. ALUs (Arithmetic-Logic Units), barrel shifters, register banks, memory blocks;
6. processor, cache and memory management organizations;
7. processors, peripheral cells, cache memories, memory management units;
8. integrated system chips;
9. printed circuit boards;
10. mobile telephones, PCs, engine controllers.
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1.3 MUO - simple processor (Manchester University)

- 2tHst HES Z2AAS 2 24

@ a program counter (PC) register that is used to hold the address of the current
instruction;

# a single register called an accumulator (ACC) that holds a data value while it is
worked upon;

e an arithmetic-logic unit (ALU) that can perform a number of operations on
binary operands, such as add, subtract, increment, and so on;

® an instruction register (IR) that holds the current instruction while it is executed;

¢ instruction decode and control logic that employs the above components to
achieve the desired results from each instruction.

> MUO : 16 BIE Z2ZAIA, 12HIE HEA =4 (2 K22 8KEIOIE)
—(16b processor 0|2 2)
> ZdNH= 16 HIE 20I, 4 HHE= opcode, 12 HIE= HEH A EE (S)
> ACC := ACC + mem,¢[S] : SOl M&& B2l =42 LHES &0 ACCOH
Hotd &2 ACCH M&E
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- MUO HE O ME (HZ30{= 8H)

Instruction Opcode Effect

LDA S 0000 ACC :=mem;¢4[S]

STO S 0001 mem;g[S] ;= ACC

ADD S 0010 ACC := ACC + mem [ S]
SUB S 0011 ACC := ACC — mem 4[S]
JMP S 0100 PC:=S

JGE S 0101 if ACC=20 PC:=S

JNE S 0110 if ACC#0 PC:=S

STP 0111 stop

- MUO =¢c| €A

SE MY, set & Al (FSM)Oll 2ol & 3
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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— Datapath & A

> BN MES PG| 2B HS 20| ZM, 0 L Sofl 51LIS
HEt5D| 25 S EREETE-Te!

T A Al

()
[ w—
c

Ol 1TAIOI2, QIHHE fetch, MR 1AIOI2)
=

data bus
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> HE 2l PC &II(incrementer))t 222, PCE ME2 HEHIAZ B3t
AIIKX L= HEO = 2A01201 AQLE S22 ALUE AFE0l PCE SItHA
Jl= 240l Jts (LDA, STO, ADD, SUB)
— Datapatho| =2t
> I YEN XA HETHOF HE OO A

> 80 ad 2t

02t

1. Access the memory operand and perform the desired operation.

The address in the instruction register is issued and either an operand is read
from memory, combined with the accumulator in the ALU and written back into

the accumulator, or the accumulator is stored out to memory.
2. Fetch the next instruction to be executed.

Either the PC or the address in the instruction register is issued to fetch the next
instruction, and in either case the address is incremented in the ALU and the
incremented value saved into the PC.
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- MU0 Z2AIACS =D&t
> stal St AE0M ZE2AM= S& o0

0
2
(D)
w
D
1°
J
=
I
0

> ALUE 02 =J|3t, PC=00002 =J|&t ER
- dAAH & dE ZAH

> datapath)t 32 HE & dot)| ol L+&E= M ASE Z2E

> A RNAHE S 2 HIXI0A 201 BHE = JUXICH EFEE 2 X0l A
OF gt0l BIH &= ool |loH MO &3 22 (PCce MO &S = PCce=1
2 ol 2t PCgtOl ¥ 3t) - (Basically latch enable)

> &85 = MO Az dXAH MO AS, ALU S& 881 s, BEISAA

S8 MO A5, ACCes U2l Ele A= Molote &A=, G2
S& MO Az, B2l &321/20] Mo s

— Control logic : &2 HEHE E40ol1] datapathll M M E Z2H
> FSM(finite state machine)O0lUt OO0 2 HEWHZ &

> MUO= SIHCel AtEH (fetch, execute)0|B 2 (Ex/ft) AtEH BIE =D}
(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
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[MUO control logic] - PLAL} &322 28 Its

|l|ll.ltﬂ 0/1 et ﬂ“m
Opcode Bsel PCce ACCoe MEMrq Ex/ft
Instruction ' Reset Asel +ﬁﬂfﬂ* IRce { ALUfs ' RnW f
Reset XXX 0 =0 1 0

l
0000 =B 1 ] Load
0000 B+l 1
1
1

:
ﬁ
-3

Tt

0001 X
0001 B+1

A+B
B+l

A-B

_-—E =8 =0 — O =

1
0
1
0
1
0
1
0
1
1

'
X
0
1
0
|
0
!
0
1
X
X
X

—_—0 M W W M oM W oW W o

E
|

Fd
ﬂﬂ-ﬂﬁﬁﬂ}ﬂﬂﬂﬁﬂ—'ﬁﬂﬁ|

o — i R e R e — e

- - -

e = B = R e T e T Y e T e

Fo - M - A - B - -
E 20 D0 O O e T O e
= e S0 O S 8o 50 O e e
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— ALU Design

> 5042 =& =& (A+B, A-B, B, B+1, 0)

> ALU= binary adderE & &

-/ O

ol
=
x
x
A=

olr

e A+ B is the normal adder output (assuming that the carry-in is zero).

® A - B may be implemented as A + B+1, requiring the B inputs to be inverted and
the carry-in to be forced to a one.

e B is implemented by forcing the 4 inputs and the carry-in to zero.
]

B + 1 is implemented by forcing A to zero and the carry-in to one,

AlLUfs AlS 0l tet Aen, Binv, Cin (LSB Carry—in)S Xl Z0at

19}

rir

2

il
[
Hu

e
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[1 BIE MUO ALU logic] = Basically Adder

o

- MUQJI £E2

1=

SMAI &I 28t DA

.

e Extending the address space.
& Adding more addressing modes.

e Allowing the PC to be saved in order to support a subroutine mechanism.
e Adding more registers, supporting interrupts, and so on...
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4 3| NE &H

- £ 22 C5t0] 2DE WEGHS ADD OIS 918 HHO| HAS 0T H &HE
2101047

|8t HIE, & source =242 S&X|E LIEILHD|
HBANHS =AE LIEHW DI

st HIEJIER
> H&aSe e &4 ADD d, s1, s2, next_i ; d=s1+s2
> Jl n HIE, opcodedl f HIEO|IH HENWHH 4n+f HIE

A
=l B

vl N @)
= 1o

n bits n bits
op 2 addr. | dest. addr.

n bits

. |next_i addr.

- 3FA HEN : Branch @3 0HE &

Of @E0 AJIE CotH & == AU ofLEe] =4 2=



21
LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

> A Se HE &4 ADD d, s1,s2 ; d=si+s2

f bits n bits n bits n bits

function | op 1 addr.

A dIAAE =2 ofLh2t EXIAIZ

20 &4 : ADD d, st , d=d+s1

\V4
=2
0z
iz
u
02

N bits n bits

f bits
dest. addr.

functlon op 1 addr.

A0 2EX HANAHIALUOIH BE = otLte| LI

e

f bits N bits ) .
e (implicit)

(o) =)
(=]

IH QIJAHES 02 & = R

OII

— 0FA @O : evaluation AERS AIE

> ADD ; A8 0Pl = A8 OHR[ + A OHP| [}S
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- nFE2 A= O
> 4= BHHE He AMI2EX s
> 0= evaluation A8 22X @ Inmos transputer, 124 22X @ MUO

> 22 22 D ARME Thumb &0 ME, 34 X  ARM &0 ME

- 43T WO FAE D5 XA, 154 FHOY FAE HR2). 25
A B FAE D5 YXAEOIL StLI= B2, st BIXIAH
- 3P0 B3

e Data processing instructions such as add, subtract and multiply.

® Data movement instructions that copy data from one place in memory to another,
or from memory to the processor’s registers, and so on.

e Control flow instructions that switch execution from one part of the program to
another, possibly depending on data values.

® Special instructions to control the processor’s execution state, for instance to
switch into a privileged mode to carry out an operating system function,
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> HEHES2 SA 6 JIsS & &= UEE2 &
‘decrement and branch if non—-zero’ : (HI0IE M2l + NI S8) Hd 0

— Orthogonal 280 : HEONE 2t= [ A& JIES0| M2 SE X HH
3

> FAS 380 = SAtet REE DA (add BEHIE AKX AH =49

1. Immediate addressing: the desired value is presented as a binary value in the
instruction,

2. Absolute addressing: the instruction contains the full binary address of the
desired value in memory.

3. Indirect addressing: the instruction contains the binary address of a memory
location that contains the binary address of the desired value.

4. Register addressing: the desired value is in a register, and the instruction contains
the register number.
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5. Register indirect addressing: the instruction contains the number of a register
which contains the address of the value in memory.

6. Base plus offset addressing; the instruction specifies a register (the base) and a
binary offset to be added to the base to form the memory address.

7. Base plus index addressing: the instruction specifies a base register and another
register (the index) which is added to the base to form the memory address.

8. Base plus scaled index addressing: as above, but the index is multiplied by a con-
stant (usually the size of the data item, and usually a power of two) before being
added to the base,

9. Stack addressing: an implicit or specified register (the stack pointer) points to an
area of memory (the stack) where data items are written (pushed) or read
(popped) on a last-in-first-out basis.

- MOl =8 380 4N ZZ2)H S8 oL fst B8N, PCE =&

OlA LY (“PC-relative’ branch)

_

> 8=t S8 |IXIZ 0ls0ot)| ?let dUHEQ HAE AN
Of &&= HIE =0 2oli 28
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- &4 branch EE0 : S8 S0 AIEAE Bt=ot HLE GIOIE gt0l et &L
= Z= 180 &ciOF & M ArEE= B0

> =& dIAAEBH0l 001 HLE &= A AE g0l &28 branch S

> 0|2 <ol QIO M2l 2= N &ol= condition code A X AEHI ER

A0l ER

rIr

j

Oli

— Subroutine calls
D QEE 2Oz Al =020 flof ER =4AE HE

> S 4= Z2AAM0 Tek B2, A8, A28 HE

— System calls : operating system routine

Ol EYst D|s2 Al ZEEZEH
Olcd S8t J|s=2 A2 [H= system call AtS

Bl DEE BEIAIIIX RoIEE ZZ2HMANME ES

EEE BtEA XI#
D20 MMM tlaotkl 28 Bt (GHEAO QIHEE

— 0l 2| (Exceptions) :
ATEN CLHEE, H22l AIAENAMS 2F)
(CROACLCCCCCCERRRRRARCCCLCCEERR R LLLLCCEERRRRLLCLCCCC RO LCLCEECCERRRALCLLLCECERR AL LLCCCER RO LECLCCERR R CLCLCREER RO LCLCCECERE RO LLCLEERCE RO CCCCCECEE RO L CLLCCEEERR RO LLLLLEREER
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1.5 T2MAN ZH K= (trade—offs)
-3 NE=s E=2 0fHUAH K20t] F8ot)| e2&80l Jls=2 K&t OF

_— —

ot DICHAIEEH0l ) =&t #&0] JtsotoF &

- 3oEd H4E0| E0lotd Ve H0E 28822 AHCHHOF &

— CISC (Complex Instruction Set Computer)

> 1980 0| &0il= ZILAHE 2t ofJ| ol SEHE S&otH A
==

=&ct B2 =2 E0HE oisol=0 E=2 4220 R, It HE

> CI&l 8086 HEZ, 2=t 68000 HE 0t0ld =2 E=ZAIA

— RISC revolution : 1&g A2 BN MES 2HEQI = =0/J| 2o BEUHE
S=SEIeH| 2IEE= 22 S50 HAEHE NHEA 2elis A 20PN
> &2 80 NEZ 2l E= A2I22 U R3S6 S&H2 2ldl AIE

> ARM, MIPS Z= AMlM= RISC 2= Al A

HEN S=2 SIHAZ = U= IS 22

> Z2ANA= 2= ot
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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- ODRNMN A 2A

> AMEE B BIE

U
I
0x
Ql
rir
Y
o
e
FO

Instruction type Dynamic usage
Data movement 43%
Control flow 23%
Arithmetic operations 15%
Comparisons 13%
Logical operations | 5%

> GI0le Ols 0t dot=Ul Z=2MAE Al2tS JHE B0l A4
> Z2AAME S5 SIHAIII= 28 @ THOIZ2tel, i

Azt Ed0 £



28
LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

— IOl =ZetQl (6EHH HHEN Aol FL)

Fetch the instruction from memory (fetch).

Decode it to see what sort of instruction it is (dec).

Access any operands that may be required from the register bank (reg).
Combine the operands to form the result or a memory address (ALU).
Access memory for a data operand, if necessary (mem).

Write the result back to the register bank (res).

PN gm BN e

> 2= BENII6EHHE 22= ot X2 OtLIXE2F 6HAHSE BIEAl HE
>

instruction

» time
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— OIO| = 2tel s H &
> CIOIE ol JE (read—after—write hazard) :

HE AA QIHAHEZ AIESE = EF A
2 ALU | mem
instruction
» time
HIOIEl HME 20 3 20| XNIHE OO0k oHXICBH LHE AA (ALU, HI2e2l)
A+ AUS

OIS &S
-

Il

=
T

rir

J

Ol

HOF

ol

g= Sol Al 2462 =€
h

HBO{Ol Y2 0l

> MO ol = (branch hazard) : branc

Hetot)l AL 2101 8le Uis Ed0=0] &
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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/reg | ALU mem res

e

fetqé dec | reg | ALU ‘mem res |

5 (branch target) fetch| dec | reg | ALU |mem| res
instruction

32 F0ll branch SX X2 FHNIt & (32 XNAH)
ALUNIA =AE HASHR 210 dec HAHNM =4 Aot ER

AL branch @802 A< ALU Z 30l et branch (I8 2 &
Ol & branch e 0l iet branchE Z2&8ote =& =S U2S AME

branch OUI32 @38 HE XA AHSl= delayed branch @30 A=
LCCRECC R C TR LR LR LR LR E LR LR AL RRRE LR LR LR C LR RCCER LR RE R LR C RO AL AT CECE AT ECCRR AL ECRR R LLEERR R AHES
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- Ioj=Zetel e84

A== I NN 50| £
[ =0l 2ot 2&olI|I HAS
> 1980E £ 2| CISC

ZOtXI X2 IOl = et ol

DI0I32 Z2NAE MEtE 22, =8

= 2t S&stHEH S
Ol IIO|Z2tPle2 RE X LAS
1.6 RISC (Reduced Instruction Set Computer)
— Z=J| RISC ZZ2 MM Q! Berkeley RISC |2 CISC Z2M M2 H 2t&otd] 72 IF

&K Hls3 &5

= Al

Nio

— RISC * £ (architecture)
> 2 Jie €A =2 JI& A

O o

=l BE0 20/, CISC= EE00tCE EE 0 20
ot HAEN &al0| Eet e 3

A0 A 20| &M
> OI0IH Ml 2E0H= Al NAHO J= GIOIHEHS JHXI 1D

Xl 2| ot= load—
store X (M2l 82 HHOW HIOIEH Xel

HHOIE PE=)
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> 32JH2| 32HIE HIANAH 3 (load-store _EAE 22X O=Z X6t
9

X
o

Ji0

N2
=

Olﬂ
Jlfﬂ

-

2= =482 ?ol dAAEHSE ME, HIoIHU =2 ME
ol AH2%l= CISC Al XIAHECH HXIAE 0t ES)

— RISC =2&! (organization)

® Hard-wired instruction decode logic; CISC processors used large microcode
ROMs to decode their instructions.

@ Pipelined execution; CISC processors allowed little, if any, overlap between con-
secutive instructions (though they do now).

e Single-cycle execution; CISC processors typically took many clock cycles to
complete a single instruction,
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- A 52 MY Leakage Current Dominant
recently due to low Vt

1. Minimize the power supply voltage, Vdd.

The quadratic contribution of the supply voltage to the power dissipation makes
this an obvious target. This is discussed further below.

2. Minimize the circuit activity, 4.

Techniques such as clock gating fall under this heading. Whenever a circuit
function is not needed, activity should be eliminated.

3. Minimize the number of gates.

Simple circuits use less power than complex ones, all other things being equal,
since the sum is over a smaller number of gate contributions.

4, Minimize the clock frequency, £
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