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VARIED APPROACHES
TO EMBEDDED SOCS
Wmxsw&wxmy Wywffiw%%w{ W*y%wrwwm#w erx& rq*rfuw*xwg K&xw *ffi%X ffiffi#
ffiwmrygww&W w{ %w*w #ffiw fuw w*fusffiww& fuy mw&Ks-wwrw mrx& %eeryw{%ffialmr
mr*fusry"wxrya.&rww. &S\wrwm%aww\y, mxx&Ks-Kfurww&xrNg *&w fuw www& sw wrwfuw$&wr{
mWWXx x mtx*xNw, wsrs%w w ffi &WffiL&WW" W&YWffi
I  n embedded pnocessor^ design today,

I  Lfrere is  a d ichotomy between CPU

I f requencies and memony speeds.  which

has impacted on processot 'and SoC designs.

Whi le the avenage CPU trequency increases

by a factor of two eveny two yeans, DRAM

speeds,  for-  example,  only incr-ease by a

factor  of  two eveny srx years.  As appl icat ions

incuI  h igher f requencies,  tnadi t ronal

pnocesson methodologies can be less

e t l  c  e ' r  as  Tne  memony  l aLenc ies  i nc rease

Wh ie ihe pnocessor is  wai t ing fon the

nremony e ement to nespond, the pnocessor

rs I  kely to sta l l .  The higher f requencies and

the latency gap also increase power

consumpt ion.

Superscalar  archi tectures can suf fer  fnom

an incnease in anea s ize as wel l  as low

efficiency, which can reduce the effect of any

penfonmance gains.  Mul t i -core processlng

can del iven penfonmance gains but  at  a

penal ty in that  i t  can incnease the die s ize

and raise the powen consumpt ion levels.

Mul t r - thr  eading is  a popular  concept as

mult ip le threads,  fed thnough a pnocessor ' 's

pipel ine can be executed wi thout  cycle wal t

t imes which delay a s ingle- thneaded

micnoprocesson As a resul t ,  mul t i - thneaded

processons can save lhnoughput L lmes

maximise penformance but  the f fade-of f  for '

th is can be a srgni f icant  incnease in d ie s ize

Multi-threading cores
ln a bid to balance system performance with
reducing system costs in SoCs, MIPS
Technologies l',*:zrrrv:t.tttrytt:,.t:a;rr J has neleased

the 34K fami ly of  mul t i - threading cones.  They

u,rt;t:l #* p*r r:r:** {r;r;l;t:r f:fu*n ;';

join the company's 24K and 24KE cores for

single-threaded applications. With mult i-

thnead and DSP extensions, the cores can

deliven up to twice the level of penformance

l*tr:rr:*l l:***hmxrkr; r;'tt:*d t;k* 3l&K.* {;{}r{:, run*lng tvv* {l-tr*e';*rt

over pnevious generations. The 90nm

technology cores has a wonst case

fnequency rat ing of 5OOMHz on a 2l mm2

core size with a powen consumption of

0.56mffMHz@1V [cone only].  The 34K

cones are designed specif ical ly for mult i-

threaded wonkloads and use the company's

MT Application Specific Extension [ASEJ They

. : .  l r ' / "  I l , t ' , ' . ,  l  , i  t t ! " t ' t : : t : j t '
" "  t J " .

are based on the 24KE micro-architectune

that includes MIPS DSP ASE, which
inrpnn^!:ps rhe nSP function in addition to the, , , u u v '  u v v v

RISC instnucl ion set on the same cone.

The 32bit synthesizable core has a nlne-

stage, single-issue pipel ine and tncludes an

optional intef-thnead communications unit

and an optional f loating point unit .  The 64bit

memory sub-system is divided into

integrated, fout'-way set-associative wnite-

back caches and nine out-of-ondel non-

blocking loads. Thene is an optional dala

scnatchpad with a DMA pont. To enhance

clock gating, the power management is f ine

grained to account fot ' the increase tn

penformance speed.

Spreading the load

The mult i- threaded wonkload applications can
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be single appl icat ions with specif ic threads,

for example VolP channels in domestic

applications. The cone could also be used to

menge sevenal single-threaded functions

onto a single core, as in a host pfocessor,

nunning Linux and a DSP nunning an RTPOS

in a set-top box application. The cones can

also be used in netwonk noutefs and digital

TV on DVD neconders, which nequine a level

of workload concunnency. Ear' ly adoption

l icensees include PMC-Sienna, in i ts next-

generation SoCs and Mobileye, in the

Netherlands, which has used the mult i-

thnead cones in i ts  EyeG2 SoC for  cans'

driver assistance and safety systems.

Using the cores in embedded sYstem

design,  ther-e is  an increase in d ie s ize area

This increase is  14 pen cent  oven a s ingle-

threaded processon but  th is is  compensated

fon wi th an incnease in throughput.  Internal

benchmarks rated the 34Kc cone, running

two threads was 60 per cent  faster  than a

single- threaded processon
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Processing bandwidth within the cone can

be al located to neaft ime tasks, increasing

the nesponsiveness levels in embedded

applications, This can monitor the pnogress

of the thneads and take cornectlve actlon fo

meet, or exceed, the application's real-t ime

nequirements.
As one thread waits to access the

mernony, othen threads can be fed into the

pipel ine and executed which makes the

system mone efficient. The MIPS

Technologies 34K cores can undengo

minimal changes to nun two-way symmetric

multrpnocessing operat ing systems. Most

embedded appl icat ions use asymmeLnic

processing,  yet  i t  is  the cores '  symmetr ic

conf igunat ion whereby the data is  d iv ided up

for^ sepanate analysis,  that  makes the cones

partrcular ' ly  sui ted to h igh-performance

imaging appl icat ions.  With the levels of

power ef f ic iency wi th in the cores,  they can

be used in low-power appl icat ions,  such as

handheld,  mobi le devices,  MP3 players and

digi ta l  cameras.

Extended family
There are foun members in the M|PS32 34K

core fami ly,  a l l  of  which ane avai lable now In

addi t ion to the 34Kc, there is  the 34Kc Pt 'o

rtairg;:!a:

and 34Kf Pro which have CorExtend
capabil i ty. This featune enables the addit ion

of proprieta|y functions and t ightly-coupled

hardwane. Thene is also the 34Kf, which

adds handwane floating point suppoft,

compliant to the IEEE 754 specif icat ion.
Al l  foun cores can also be used where

independent concurnent thneads have

differ^ent noles, This is known as asymmetric

mult ipnocessing, They can also be configured

with up to two virtual processing elements

IVPEs] and five thnead Contexts. The latten is

a nepresentation of the usen-state of the

M|PS32 anchitectune. This dual capabil i ty

al lows the cones to run two independent

openating systems [OS] concunrently or can

be used to run a two-way single-issue, multi-

thneaded pipel ine OS.

Core support
The cones include OCP [on-chip protocol ] ,  the

industny-standard lP core intenface for  p lug-

and-play SoC design as the nat ive inter face

for  a l l  members of  the fami ly.  Thene is a lso a

scalable,  inte l l igent  interconnect  archi tectune

that boosts 34K-based system perfonmance

avai lable f rom Sonics.  The anchi tectune is

designed [o make per ipheral  inLegnat ion

easier: The company's SMART Interconnects

al lows usens Lo customrse designs and

reduce development t ime for  SoCs.

EDA companies support  the mul t i - thread

cones,  wi lh Cadence making Encounter

Reference Methodology avai lable as wel l  as

i ts  Incis ive emulat ion co-ver i f icat ion and

Pal ladium sof twane debuggen tools.  Magma

has also re leased a reference methodology

based on Magma Blast Create RTl-to-placed

gates,  Blasl  Plan Pro hieranchical  design and

Blast  Fusion for  physical  design solut ions fot

the cores. Synopsys has optimised its Galaxy

Design plat form neference f low for  the

coTes.

Other companies pnovid ing support  to

develop the cores ane Cowane with its

ConvergenceSC environment and Green Hi l ls

Softwane's softwane development solution

Simi lar ' ly ,  Accele|ated Technology suppofts

the cores with its Nucleus RTOS and Eclipse-

based Nucleus EDGE lDE, Expness Logic 's

ThreadX RTOS is a lso avai lable.

Microsoft has announced that its next

vension of Windows CE wil l  nun on the 34K

core family and has made a boand support
package ava i lab le  f to fn ' , r i , r ' ,  , i i ' ]  '  (  u "  .

A software development envlnonment

supponting the cores is avai lable free

fnom the same website. A toolkit
'' includes Free Software Foundation

Open Source GNU tools with the

company's propnietary runtime

libraries that ane pne-configured to
popular evaluation boards. ffi.
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