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Descending (address grows download)
Ascending (Address grows upward)

Full/Empty: the stack pointer can be
either point to the last item (a full
stack) or the next free space (an empty
stack)

Full descending STMFD /
Full Ascending STMFA/
Empty Descending STMED /
Empty Ascending STMEA/

LDMFD .
LDMFA /
LDMED

LDMEA |

Georgia GCadllege of
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Use of R15

R15: PC

— PC may be used as a source operand
— Register-based shift cannot use R15 as source operands.

Running-ahead PC’s behavior
— PC is always running ahead

— PC is always pointing +8 of the current instruction

* Imagine 3-stage pipeline machine . PC is pointing what to fetch when
an instruction is in the WB stage in the 3-stage pipeline machine

When R15 is a source, the current PC + 8 is supplied to
the source operand.

When R15 is a destination

— S:1: SPSR-> CPSR, affecting interrupt, resource PC and CPSR
automatically,

Georgia College of
Tegch Compuitfing
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Exception generation time

 Pre-fetch abort : instruction fetch

- Decode Execute

PC+4 PC+8

» Data abort : memory execution

Fetch Decode -

Georgia GCadllege of
Tegch ConppPUitine
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Controlling Interrupts

void event EnableIRQ (void) ypid event DisablelRQ (void)

{ {
__asm { __asm{
MRS rl, CPSR MRS r1, CPSR
ORR 1, r1, #0x80
MSR CPSR c, rl } B
} }
}
// Enable Bit 7 (set // Disable bit 7 (set 1)
register 0)
31 28 27 8 7 6 5 4 0
NZCV unused IF | T | mode

Bit 7: interrupt
Bit 6: Fast interrupt

Georgia College of
Tegch ConppPUitine
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Typical example of interrupt handler

e« SUBIr, Ir, #4
« STMFD spl{reqlist, Ir}

LDMFD sp!, {reglist,pc}*

Georgia of
Tech Compuiing



ARM946E-S:(ARM 9 in Nintendo D

» Soc for embedded system.

« Single chip DSP

« Embedded applications running an RTOS
 Mass storage - HDD & DVD

Speech coders

. Automotive control
—  Cruise control, ABS, etc.

. Hands-free interfaces
. Modems and soft-modems

* Audio decoding
Dolby AC3 digital
« MPEG MP3 audio

*  Speech recognition and synthesis.

(R4

AHB
Bus Interface Unit
and write buffer

T

SRAM

|/Addr
5t

Instruction

Addr

SRAM

Data

Din

Njy 7

2
4

)

ot

System control
COprocessor
(CP15)

External
coprocessor
interface

I

]
l

],

1 |
1A DA
WDATA
ARMSE-S
‘:i] INSTR RDATA —[ [ I—o
ETM
] interface
Memo Din Din
System p,mectgn Instruction Data
controller unit cache cache
| /? A\
—
</
Instruction Data
cache cache

control

control
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ARMO46E-S:(ARM 9 in Nintendo'D8):
Instructions

» Data processing instructions

* Load and store instructions

* Branch instructions

» Coprocessor instructions
— Coprocessor data processing
— Coprocessor register transfer
— Coprocessor data transfer

Georgia College of
Tech | Compuitfing
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ARM 11 MP Core Processor

ARM 11 MPCore Processor
Distributed j—lnterrupt—
Interrupt <« lines —
Controller |
I |
A l l A 4
Interrupt Interrupt Interrupt Interrupt
» CPUO CPU1 CPU 2 CPU 3
interface interface interface interface
Timer and Timer and Timer and Timer and
watchdog watchdog watchdog watchdog
Private peripheral bus
Private
FlQ » > > >

lines MP11 MP11 MP11 MP11

CPUO CPU 1 CPU 2 CPU3

i 1 i 1 Instructi 1 Instruction

Ir;sr:(;u(jc:;n Coherency Igitdm(i'g n Coherency r;n;u;a'&n Coherency gnqdata Coherency
64-bit bus contI)I bus 64-bit bus control bus o o CONtrOlbus g4 o o coNtrol bus
L—»| Snoop Control Unit (SCU)
AXI| Read/write AXI| Read/write
64-bit bus 64-bit bus
Georgia Caollege of
http://www.arm.com/files/pdf/ARMCortexA-9Processors.pdf
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New Features in ARM 11

* Improve Memory Accesses
— Non-blocking (hit-under-miss) operations

 LD/ST and ALU are decoupled.

» Qut-of-order completion:

— Instructions that have no dependency on the

outcome of the previous instruction can
complete. ! - Good or Bad?

The ARM11 Microarchitecture, David Cormie, ARM Ltd Georgia College of
Tech  Compuiting



Feature ARMYE ™ ARM10E™ Intel® ARM11™
XScale™

Figure 5. ARM Architecture Feature Comparisons
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Thumb-2 ISA

 Thumb-2 is a superset of the Thumb instruction
set.

« Thumb-2 introduces 32-bit instructions that are
iIntermixed with the 16-bit instructions. The
Thumb-2 instruction set covers almost all the
functionality of the ARM instruction set.

 Thumb-2 is backwards compatible with the
ARMv6 Thumb instruction set.

Georgia GCadllege of
Tegch Compuiing



* Neon: ARM’s SIMD engine

« 128bit SIMD

« NEON instructions perform "Packed SIMD" processing:

« Registers are considered as vectors of elements of the same data
type

« Data types can be: signed/unsigned 8-bit, 16-bit, 32-bit, 64-bit, single
precision floating point

* Instructions perform the same operation in all lanes

Elements ——_ : :
N il ":”“\‘ Source
(e ie ie Te ] o= Registers
Operauonﬁf;k,’;“f ﬁ
: : Destination

' ' ' I e Register

G ia  GCollege of
http://www.arm.com/products/processors/technologies/neor??pﬁ%?-



Usage model of NEON

* Watch any video in any format

* Edit and enhance captured videos - video
stabilization

* Anti-aliased rendering and compositing
« Game processing
* Process multi-megapixel photos quickly
* Voice recognition

» Powerful multichannel hi-fi audio
processing

G ia  GCollege of
http://www.arm.com/products/processors/technologies/neor?ﬁ%?



ARM BUS
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Advanced Microcontroller Bus = EIil
Architecture (AMBA)

Test i/f ctrl
ARM On-chip
Core/CPU RAM
External
¢ ¢ bus
¢ AHBorASB ¢ interface
bridge l
DMA
controller UART
APB timer
« Single clock edge protocol
Parallel i/f

Georgia GCadllege of
Tegch ConppPUitine
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AMBA

AHB (Advanced High-performance Bus)
— New standard
— Connect high-performance system

— Burst mode data transfer and split transactions

— Pipelined
ASB (Advanced System Bus)
— Old standard
— Connect high-performance system
— Pipelined
— Multiple systems
APB (Advanced Peripheral Bus)

— A simpler interface for low-performance peripherals

— Low power
— Latched address, simple interface

Georgia College of

Tech

Compuiding




AMBA Revisions

AMBA 1 AMBA 2 AMBA 3 AMBA 4
ACE™
ACE-Lite
[ AXI3™ r AXI4
r AXl4-Lite

ATB™ | , AXl4-Stream ‘

[ AHB™ ] AHB-Lite
ASB™
APB™ [ APB2 ] [ APB3 ] [ APB4
> Time
‘95 ‘99 ‘03 ‘10 ‘1

Figure 1 - Evolution of AMBA Standards

G i Colllege eff
http://www.arm.com/files/pdf/CacheCoherencyWhitepaper b deee20 4 tpdfine
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Bus Arbitration

Arbiter Bus grant

Addr - —

Master 1 —> data Slave 1

%
Read data

—_—>
Master 2 Slave 2

Master 3 > Slave 3

Decoder

Georgia College of
Tegch Compuitfing
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AMBA Arbitration

* A bus transaction is initiated by a bus master
which requests access from a central arbiter.

* The arbiter decides priorities when there are
conflicting requests.

* The design of the arbiter is a system specific
ISsue.

* The ASB only specifies the protocol:
— The master issues a request to the arbiter

— When the bus is available, the arbiter issues a grant to
the master.

G ja_ College of
Wuzwuz.nuigalway.ie/.../SOC_Lecture_OZ_UCG%ZONoveme eB2012%205%
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Bus Pipelining

A memory access consists of several cycles (including
arbitration)

« Since the bus is not used in all cycles, pipelining can be
used to increase performance

Write Access Read Access
AR | ARB | AG RQ | ACK AR | ARB | AG RQ P |RPLY
Arb request Arb request
Arbiter Arbiter
Arb grant Arb grant
Bus Bus
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
1. Read AR | ARB | AG RQ P [RPLY
2. Write AR | ARB | AG | Stall | Stall | RQ | ACK
3. Write AR | ARB | Stall | Stall | AG | Stall [ RQ | ACK
4. Read AR | Stall | Stall | ARB | Stall | AG | Stall | RQ P |RPLY| RQ
5. Read AR | Stall | ARB | Stall | AG RQ P |RPLY
6. Read AR | Stall | ARB | AG Stall | Stall | RQ
ooy || | P P

t_)égia College of

G
http://www.imit.kth.se/courses/2B1447/Lectures/2B1447 L4 ¥ubescpaiputing

.
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Split Transactions

* A transaction is splitted into a two transactions
— Request-transaction
— Reply-transaction
* Both transactions have to compete for the bus by

arbitration
Variable request sizes
Pipelined Bus
1 2 3 4 5 6 B
1. Trans RP A
2. Trans RQB
3.Tra
Split-Transaction Bus
1. Trans IROAI RP A
2. Trans |rasB RPE |
3. Trans RQC RP C

http://www.imit.kth.se/courses/2B1447/Lectures/2B1447_4 Buses-pdf . .
Tec%



Burst Messages

* Overheads can be reduced if the requests are
sent as a burst

* QOverheads
— Arbitration, Addressing, Acknowledgement
« Better efficiency, but be careful with long requests

ARB ARB ARB ARB

Cmd Adr | Data | Cmd Adr Data | Cmd Adr Data | Cmd Adr | Data

—

e

Request

ARB

Cmd Adr | Data | Data | Data | Data

—

Burst Request

G i Colllege off
http://www.imit.kth.se/courses/2B1447/Lectures/2B1447 L4 toabespdisiiing
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Bus Bridges

* Bus bridges are used to separate high-
performance devices from low-performance

devices

* All communication from high-performance bus
with the low performance device goes via the
bridge

gégia Colllege off
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