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Why did ARMbuild the MPCore ?

Ebedded designers are aways looking in the next generation more performance
and/or lower poner

ARM brought the Cortex-A8 uniprocessar answers this for nonHVP software through higher
IVHz and lowponer design methodologies

ARM brought the ARMIL1 MPCore nutiprocessar to answer this for VP anare software
through duplicating processors and loner MHz by sharing CPUs

lts nowdear that there Is an industry-wide adogtion of multicore for reasons of

providing higher perfommance and loner poner
ARM designed MPCore as a Imuiticore processar that wesi't sinply multiple uniprocessors
sharingabus

The longertermfuture is very multicore / multiprocessor
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VMPCore: What's It ook like?

RTL synthesis configurations to define scalahlity between 1 and 4 CPUs
With the design addressing the key scalahlity and battlenecks of traditional MP design
Interrupt distributor for high throughput and low latency inter-processor communications
Snoop contral unit for high perfomance and power effident cache coherency

H;vﬂamnedimerupt Configurable nurrber of ‘ | ‘ ‘ ‘ Per CPU private fast
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i erm herdwere interrupt lines + + + + + intermupts (AQNM
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Private peripheral to
CPUMFP CPUVFP CPUMFP CPUVFP oot
and software portability
o L1 L1 L1
coherence Memory Menmory Memory Memory
for flexibleand
efficient software
Looks like a uniprocessor with AVBA3AX AVBA3AX Performance, scelability
sinplified integration and Read\\fite Read\fite (oad and flexibility

vaidation for SoC designer
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Enterprise capable memory system

Merging Store Buffer with forwerding for inoroved bus utilization
Saving up to 70%af the CPU cydes wasted due to menory latency
Physically indexed, physically tagged data cache using ‘ cork-screw’ menrory and bufffers
Alloning single cyde alocatio/eviction of cache lines
Reduding the software cost fromflushing and de-aliasing of data cache
Scalable to mutiple processar designs
With full data cache coherence and cache-2-cache transfer capallities
Allocates cache line on bath readHmiss and readhwite
Reduding the bus wite load by up to 50%
Autometic adjustment to back-off fromwwite-allocate when necessary

Store Buffer

Data Side BI1U

Coherent
Data
Interface
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Hfect of MPCore's enhanced L1

memset() of 128KB
? Inproveent due to
g MPCore's new L1 merrory
4 - system
Providing better
. 5w g
W . .
Improverment Providing hi
performance fromhighner
1-1-1-1 101-1-1 20-1-1-1 latency menory
“jpeg compression” benchmark RBCLCII’gm s
menory activity by around
g // 14%
2
g _ _
2 i 46%
Improverment
— Without enhancement
1-1-1-1 | 10111 | 0111 — Witherhancements
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Dynamic and leakage power

Dynaimc energy is consumed when docking logic and is related to the logic

conlexity to acconylish agventask
Long care pipelines with advanced logic functions take nore energy to conpute a comparable
sinple operation ona sinple RISC care

Thereis a nonHinear relationship between the anount of logic required to achieve a hight
frequency, high throughput design

Leakage power is consumed whenever logic ar RAM has poner gpplied
(etting worse as falrication geonretries reduce below 130nm
Leakage worsen when you attermat high MHz ina given process
Broadly speaking, total leakage goes up as die area goes up
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The cost of more performance
TN

o =
f

1200 OMPS Pentium Il Mobile
1 MPS 20Kcis 20mm (32/32K cache) 2600 DMPS
MPCoreis 12rmt (16/16k x 2) FllI-Mis 80nm?2 (32/32k + 256)
MPCore is 36m2 (32/32k x 4)

- MPS20Kc

Less th
~60% Half the si

Sreller MPCore 4-way

Power Consumption

Also higher frequency cores
USe more power
as vottage factor is squared

IVPCore 2-\way Poner =k * MHz * vt * vt

MPCore

v

Conparisons frompublic infometion. All processors using 130nmprocess Performance
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IMulticore Processing

Hgher performance per n¥ than a uniprocessar design using the sare inpdlementation process
COifering higher perfomance at lower cost

Loner mWper “DMP’ than a uniprocessar inplemented in the saime technologly of equivalent
perfomance
Oifering longer beattery life / loner codling without sacrificing performance
Supparting partia shutdown of process to further extend the power contrals of atypical uniprocessor with
standby, voitage and frequency scaling techniques

Sane die size as a multithreaded processar of the sae perfomance
Renoving any reason to using a high design risk multithreaded uniprocessor
With the advantage of predictalle performance and design scalahlity
...and without the need to continue to push the VHz for higher perfomance
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Adaptive Shutdown to Standoy

IVAIntains coherence while in standy
Alloning immediate entry without any preceding cache house keeping
Allowing for 2 cyde exit, and back into active senice
Does nat meteridly effect the latency of the system

D)/I am IS saved for entire CPUwhenever
Qy -
= * The idle thread. We try to conserve powsr, while trying to keep
no task is schedulable on CPU o e e e e e
* a value to indicate the level of "idleness"” of the system.

*/
void cpu idle (void)

Consequence is adrect relationship e e,
lbetween consumed dynaiic energy [3,Sadiges 416 Toop with no priority ac all v/

void (®*idle) (void) = pm idle:

if (cpu_is offline (smp processor id())) {
leds_event (led_idle_start):

cpu die():

}
#endif

ARMISA affers WH (wait for intermupt) S
instruction to hint to enter stamb / i—-—i?ifﬁﬁf%ﬁii??“’ ’

leds_event (led idle_end):
preempt enable no resched();

schedule () -

preempt disable():;

See Jarchamkemel/process.c
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Measured Low Power Consunption

Using the MPCore's bult-in Adaptive-Shutdown to Standy
Cifering a 50%reduction in average power consunption

For further power savings, MPCore supparts Adaptive Shutdown to bath Domrant and Rese,
*and* Dynamic Vatage and Frequency Scaling (IBV), to loner the powner consumation by
over 85%

Readings taken of 1.2v supply to whole testchip

A running at 264MHz and the off-chip AXI bus at
) 22MHz
(Indludes CPUS L1 & L2 caches plus assodated Aot Tvrore poner
SoClogo) floating poirt consumedto
— execute redl gpplication
~ 400m\V workioeds
) ___ Mading
~310mN Playing MPEG2
B oo, _ __ (48027 _ ¥
~140mWV wﬁn%(\/\ﬂ)umcﬁideo OS & cache overhead
NgHALX No optirization done
abedgondis Wil
Al CPUINWA T Testarip overhead
Inreset | Testchip SoCactive No menegenent inplemerted within
(eskage) | Nocaches encled ta%er i
> Increasingly demanding performance workioads =
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Adaptive Shutdown to Reset (/Dormant)

Power save schenre to renove valtage gpplied to care logc and RAM and
thereby save al assodated dynamic and leakage current
Leakage becoming significant part (30-50%9 of consumed energy

VPCore alows indivicual CPUwithin the SVIP duster to isdlate thensalves from
the coherence domain

Also used by designs requining processar isolation to run AVP software

Requires all dirty cache data to be evicted before coherence isdlation

MPCore defines external signalling to tell SoCto also remove poner when software next enters
stanchby

Wake uwp is via anather CPU tdlling the SoC, and the anoken CPU reloading arny processor
state and regjaining the coherence domain
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HOTPLUG Integration
See fromKemd V2.6.15 Jarcarmimechrealview/hatplug.c

Device /sys/devices/systemicpu/cpu]0-3)/online
Whte “0’ to unplug the CPU fromthe SMP duster and power it down
Whte “1” to bring the CPU back online
Read tofind curent state

lllegal to unplug CPLO

Unplugging CPU isdlated it from been avallable to scheduler

Prease inpication is architecture dependent, for ARV
Ensure no hardware intermupt set to be distributed to CPU
Renmoves the CPU fromthe coherence domain

Interacts with the SoC power contraller to request power isdlation frombath CPU logic and
RAVE assodated with the CPU
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Sunmary of Per CPU Power Control

CPULogc RAMATays | Wake-up Mechanism
Ruming Ponered up Ponered NA
BEverything docked
WA Ponered up Ponered Wake up oninterrupts (extema /0o
(also WFE) Only wake-up logic dodked Tier / WetchDog)
L1 menory systemonly wekes up
tenyporally to process SCU coherency
requests
Domant Pover off Retention state Ma extemal wake-Up evert frompover
voltage anly contraller
Ponered Off Poner off Power off ﬁe?"e'nalvxd(eme\mfrompw\er
roller
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Intelligent BEnergy Management

Assuming the MPCore inplementation included options to
Dynamically adiust the (whole multiprocessor’' s) voltage and frequency
Each CPUwes isdlated so thet it could be individually powered down

SoC poner contraller wes integrated in the spedified manner to inplement required power
contra requests

Thenthe expected MPCore poner scheime would be

If concurrency exists, then run mexinumnumoer of CPUs at the lonest MHz and voltage
appropriate to acconylish the gvenwork load

VB processes to CPU in amanner than best balances utilization
If concurrency temporally is less than numer of CPU, nove to standy
If concurrency drops far ‘significant’ period, then move CPUs into reset
If only one CPUis currently powered

Gointo standby as necessary,

If nowork for longer periods, move CPU into domrant
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VPCore extends beyond simply DS

IMPCore extends contrd over power usage by providing
baoth voltage and frequency scaling and tuming off unused processors

Reduced concurrency or loner performance All processars active: IBEMiscales
required: shut doan processors voltage/frequency for required performmance
1 A A
Fully N I 'd I
Ponered \

4 CPU operation
with IEMextending
to peak
performance

Mninum\Vdd limits IEMsavings

> Energy saving fromCPU
shutdoan

f% Domant mode for low

»

Ponered . 1 CPUindomant mode

MBeximum
Perfomance
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Hgh performance, low power spinlocks

static inline void _raw spin_|lock(spinlock_ t *I|ock)

{
unsi gned | ong t np;
asm___ volatile_ (
‘1 | dr ex %, [%]\n® ; exclusive read | ock
“ teq %, #0\n“ ; check if free
“ wf ene \ n” ;i f not, wait (saves power)
! strexeq %0, %, [%]\n“ ; attenpt to store to the | ock
“ t egeq %0, #0\n“ ; Were we successful ?
“ bne 1b* ; no, try again
"=&" (tnp)
"r" (& ock->lock), "r" (1), "r" (0)
"cc", "menory");
rnb(); /'l Read data nenory barrier, Stops WD reads << lock wite
} /1 This is NOP on MPCore since dependent reads are sync’ ed

static inline void _raw spin_unlock(spinlock t *I|ock)

{
wirb() ; /]l data wite nmenory barrier, Ensure payload wite visible
/'l Ensure data ordering, but does not necessarily wait
~_asm__ __volatile_ (
" str o, [9®]\n” ; Rel ease, invalidates any LDREX
" ncr pl5, 0, %, c7, c10, 4\n” ; DrainStoreBuffer (flushes to RAM
" sev \n” ; Signal to any CPU waiting
"r" (& ock->lock), "r" (0)
rect, Tmemoryt); See /findudefasmamispinlock h
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Demonstration of power save with MP
Sge-CPU
For agvenworkioad requirement

Unused proocessor are ‘tumed off
andisdated fromOS (HOTPLUG)

Using a single CPU design paint requires inthis
exanple 1 CPU @ 260MHz, consuming ~160mwW

Dud-CPU (same MHz, same' M)

For the same wordoad level
Thisis asinge threaded gpplication,
concurency is with the operating system

Reduced VHz dlowfor loner supply voltage
which enaldes nore than 50%energy save

Loner power in dual-CPU than single-CPU at same MHz
Reduction in context switching
Increase in cache effectiveness
Once you have threaded code, VP difers nore performance at loner MHz and without suffering fromthe cost of
menory speed disparity and assodated inefficendes
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Realization of concurrency

B Top [_ Tl ) i . "
top - 00341:10 wp 41 min, 0 users, load average: 1,64, 0,87, 0,34 | ARH Perfornance Honitor | I GI W n

Tazks; 58 total, 4 running, 4 =leeping, O stopped, 0 zombie
Cpufs): 20,08 us, 2,58 sy, 0,0f ni, 73.6% id, 2.3 wa, 0.0 hi, 1.6% si dx ¥6 Processor rev 0 {v61}

Mem3 127244k total 44740k used, 82504k free, Ok buffers . _ _ . .
Swap: 0k total . 0k used, Ok free, 24140k cached Linux 2.6.7-arnl-snp WIHIGB arﬂ

_ — . e CPU Info
PID LSER R_NI MIRT RES SHR #MEH TIME+ COMMAND

346 root 0:42.9% ffplay .
B i i operating system
Video Playack
82 xperfmon
01 d111|:- B-W

342 root
302 root
154 root
00 migrationd0
\37 ksoftirqd/0 User Interface (X]J.)
L00 migrationl
L20 ksoftirgd/1

%? et Audio Flaybeck
Cther user gpplications
In addition, software developer can thread an application
Offloading tasks to spedalist processors
Qeatinga ‘poadl’ of tasks the operating system can share across general SMP processor
Exposing utility tasks that can be scheduled in the background

5

¥

Iy

4

cooohboominmchhinkioh

2 root
4 root
5 root
E root
7 root

GDDGGDGGDDI—‘HMMU‘I
Far e e e e e

Threaded software is aready very common even if not widely used in Linux today
Typical mechanisma OS/RTOS uses to enalde developer to express multiple tasks on a (timeslided) single processor
Soitware that needs to share a processar itself is conlex to wite, debug and meaintain
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Hrst test silicon of the 4 way SMP MPCore

nultiprocessar available on schedule and

working to spedification

Built for functionality testing but delivering the

equivalent of 1.2GHz ARML1 at around

600V (130nm process)

The highest perfomance
ARM yet!

CT11-MPCore Coretile
ARM Integrator/CP Denonstrating openly available Linux
Baseboard applications dynamically sharing the CPUs and
Linux 2.6 VP with oelivering stunning media performance
standard X11

applications
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(osely coupled communications

ARM Gereric Interrupt Contraller, (currently moving to an architectural oefinition)
Soitware contrd of priority, routing and maesking of interrupts
Qurrent Linux inplementation meps all 1P through only 1 of the 16 avallalde IR vectors
ARML1 MPCore inplementation:
16 Levels of hardware priaritization
With ‘binary point’ capahlities to reduce level of pre-ention
Configurable between 0 and 255 hardware interrupt inputs
16 software ID per CPU for inter-processar comunication
Typically combined with shared menory for message passing
Timer and watchdog interrupts defined per CPU
Ablity to ‘ Intermupt-lroadcast’ to, all but seif, seif, and specific

s Interrupt Distributor
¥ ¥ ¥ ¥

. Timer U Timer lo=1] Timer U Timer lo=0]

Ziv;t; " Dtk ] | irtertece | [ inteface ||| inerace ||| interface
Peri
e lg 3 3
+ v + v + v +
See Jarchammconmmon/gic.c
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Rapid access to shared data

The MPCare’'s SCUwes designed to resolves nost of the traditional battlenecks
around access to shared data and the scalaaility limitation introduced by
coherence traffic

Intelligent monitoring of operations on shared data allows optimzed MES state migration

Locally caching gabal cache state limits snoop interaction between CPU to only CPUs that
share data

Design limits snogp intrusion to only 4 cydes
Direct data intervention permits a local cache miss to resolved in arenote cache

Suisequently providing access to shared data 50%faster than the data could be
atherwise access fromashared L2 cache

The histoncally perceived scalahlity and perfomance limitations of SMP are no
longer valid
IMLititasking applications typically scale more than linear to CPU count
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ARMMPCore— SCQU

CPU core O CPU core 3

Dpli_cated L1

Key to fast MP. physical Tags
Interface upto 4 _ Tag ram DI
nultiprocessing CPUwith each Tes e g

other adthe L2 menory Direct Data Intervention
%&aﬂn Tag Ram o e =

Tag Ram g ey o

Tag Ram g o
Tag Ram gy o

Private
Peripheral Bus

Adt as Bus Manager insinge CPU case
Redundart logic removed via synthesis scripts
Management of Direct Deta Intervention (DD) traffic

Management of coherent traffic at GPU core frequency
Maintain conerency between conerent L1 data caches,
NOTE nat data with instruction, or instruction with instruction
Route non coherent data traffic (CPU In AMP node)
Routing of all instruction traffic
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Extracting thread level paraldism

Only required if task needs more performance than a single processor can
provide
Exanple: MPEG2 decoder

Sanpled fromthe ARM SVP Bvaluation Platform

Denmonstrates utilization of addtion processors

o A i
5.0 ‘ ‘ ‘ ‘ ‘ ‘
2 Threads 45
DPUl'“ I ' " | 4.0
3.5
DPUIIII | || ‘“ & 30
[ ]

H
& 20

15
e oo
0.5

0 1 2 3 4 5 6 7 8 9

Number of working threads
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Scalable general purpose processing

= T accessoris ,
Q Graphic processing » DEG ARN_Perfornance Honitor
T goamas » (3) N ax V6 P rev 0 (w6}
i [=1 3 Linux 2.6.7-arml-swp
Sy 2 1w || x| 47 [ceec ac
@ Sttfings e locks sla CPU Info
ens mewinfo  stalM | INV || sin || cos || tan || DRG
i aky Perfiion Siee
L . = CcPU
* In || u'x
@ iy cpu T sutersise ; = .
el T s WM
isk  Time
Zn driv &7 Bubonbr 9 | = ceuL |H ; I‘II “
exeg @ lini button bar
Hours: 5 .
@ shafomn b P contare cPUO
L
15} consoh s | - s
Minutes: | {k oebus 270m
D ity | =
2§ sweoske
Date——— &R 1 _—
FormTalk
{ bay: o vear: 1970 |[ ] ‘

= Untitled X Tashar

Bud Insertion, = Current code uses an improved himi-parser (formerly £
Voluntezring rewritien from scratch i ey ) e

= Dillo is very fast!

Developers
jeiy Dvsioper
nfo. Project Objectives:
arnin o & Colirng
il Gpee = The democratization of internet information access
Com e = Persanal security and privacy
s = High software efficiency.
Security contact S0, you have been using dillo for a while, but have you read about the_project objectives? Please
e — give it some time, you'll find some interesting issues there!
Help.

GPL Bhostscript 8,15 ¢
Copurignt €05 9888 art
This software comes i
gshoamage, press et

kons Important

ons
Bug meter

After mare than Al yeas of continued development, dillo project needs funds (sponsoring or donations) to keep
developing the nice browser it has come to be
Development of 2 Web hrowser is certainly a very complex task. Almost impossible to undertake over a part-time
hasis.

Related

Dilla in the Prezs!
.

Here is a nicely crafted project presentation that explains our current status and future plans. Please take some
time to read it, and consider contributing to this project.

Hosted at:

Current version

ARML1 MPCore - Linux 2.6 X11 Mutimedia Deskiap
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| Eile |8 | http:/wwwdillo.org/ File Edit Search Preferences 1E5) window indows
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@ omo fh B © m
Back Fonwand Home Reload Sawe  Stop  Book
- ~ W TP f Filter
BT | [ 5
x Lt | A1 ¢ Jroot/*
oy i 2} A
Horne: - iy
Achieved Goals I(: / Directaries Files
urrent Flans I 79‘]
Changelog
& hot: i ditdh
e Welcome to the Dillo Pr: Lt
alling List _ .
Fag ‘What's Dill? DS ey
‘Compathiity == dille xEtcache
Funding @ = Dillo is a web browser project completaly Fm winitre
ED"‘;‘E e = Dillo is small: source is less than 420 KB, geonf xscreensaver
s = Dillo aims to be a multi-platform browser & goongd xamOUB{CA
e and extensible (<
Bug Track Engine = Dillo is mainly based on GTks (GNOME | R i | = i ﬁ
Bug Track Intro = Dillo is a free-5% project in the terms of tl
View Entries = Dillo's bug meter is 2 tool o Nelp towards standards ol

WORLD

No nmodification of
Linux gpplications
Noticeably nore
responsive interface
Poner consured
dredly related to
CPU activity

Rich apdlication
experience
Scaleadle and low
power solution




ARM11 MPCore: Public Adoption

Hrst public disdosure (July 03)
“4CPU's look interesting”

NEC in cdllaboration (Oct' 04)
Bring SMP capallle cares to market
IVPCore announced (May (4)

* Desktop perfomance at handheld poner
levels’

NVIDIA selects MPCore (Viay' 05)
“To add applications processing”

Working first silicon (July' 05)
“Hghest performance ARM'

Renesas select MPCore (Felb' 06)
“Consumer entertainment

EETIMES

ARM ponders a four-processor core
By Peter Clarke, Semiconductaor Business News 20 Octoher 2003
July 12, 2003 {5:30 p.m. EST)
URL: http: f fvewwe.eetimes.com/story fOEG200
NEC Electronics And ARM Announce Long-Term

CHAMOMIX, France -- While stressing that his Strategic Collaboration
System-on-Chip (MPSOC) conference held hen

research project, John Goodacre, multiprocessi
{Cambridge, England), disclosed some of the tt MEC Electronics and ARM to co-develop and co-market next-generation
is, in essence, to offer a sinale core that come multinrnressn-hased CPU cores for home and autormotive multimedia

17 May 2004 dset markets

ARM Announces First Integrated Multiprocessor Core UBRIDGE, UK — Oct. 20, 2003 — NEC

2 B723), a global leader in the manufacture
CAMBRIDGE, UK - May 17, 2004 - ARM [LSE: ARM, Masdag: ARMHY], the  Wlions, and ARM [{(LSE: ARMY, (Masdag:
industry's leading provider of 16/32-hit embedded RISC processar ng;ﬂ"ggi;g;;aﬁi'nb;tee';’;:esfr:tejgilsc
solutions, today announced atthe Embedded Processar Farum, San Jose,
Calif, the availahility of a new form of licensable processor, which has
heen developed as part of its ongoi 31 May 20048

ting of a next-
The MPCore™ synthesizahle multip -Frocessor
architecture, can be configured to cc NVIDIA And ARM Announce Licensing Agreement ntical
processors delivering up to 2600 D Targeted At Mext-Generation Consumer Devices And System
MP Core multiprocessarimplement Platforms asks amanr

the ARME Intelligent Eneray Manadg

cansumption by up to 85 percent. W SANTA CLARA, CA, AND CAMBRIDGE, UK — May 31, 2005 — MyIDIA

ranfirnirahle ARM nraressar in hink Corporation (Masdag: MYDA), a warldwide leader in graphics and digital
media processars, and ARM [[LSE: ARM); (Nasdag: ARMHY)], today
announced that KYIDIA has licensed the ARM11™ MPCare™ processor.
The licensing of this ARME technology will enable NYIDIA to add
application processing functionality to its outstanding graphics and digital
media processing capabilities in new system-on-chip (SoC) designs.

. . eneration

Media Alert : ARM Demonstrates Highest Performance T GEO st NVIDIA

ARM11 Family Processor products, we can
tion processor and
15 to consumers.”

What 23 Fehruary 2006

ARM has recently dermol

synthesizable processo Renesas Technology Selects ARM11 MPCore Technology

toa 1.2GHz ARM11 fami
approximately GO0 w New agreement further profiferates ARM technodogy in the consumer entertainment market
perﬂ:nrmance. TORY O, JAPAN AMD CAMBRIDGE, Uk —Feh. 23, 2006 — Renesas Technology Corp., a designer and
manufacturer of highh-integrated semiconductar system solutions for automotive, mohile and PCIAY
The test chip, which cop markets, and ARM [(LSE: ARM, (Nasdag: ARMHY)], today announced that Renesas has licensed
the ARM11™ MPCore™ multiprocessor, enabling the company to produce and sell Large Scale
Integrated (LSl semiconductor solutions incarporating the ARME processoar.
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Take-anays

MPoore is a meture solution rapidly been adopted for the latest high-perfonmance
and lowponer designs

General availability of testchip development boards

Kemd, todls and filesystemavailaldle

Full G\U todls support

Qurent Codesorcery release indudes full threadHocal-storage support and NPTL for efficent
threaded software

Supparting the high perfomance ARMVG instruction set architecture

FuUll architectural kemel support

MaInine kemel from2.6.15 indudes al necessary ARM SMP patches for full MPCare suppart
iInduding Adaptive shutdown to standy and reset
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