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thereis o df ference. Dverse, highva une applications, including cell phones,

disk drives, antilocking brakes, nodens, and fax nachines, require both wP and

DEP capabi lities. This requirenent has led nany P vendors to buildin O fuctiondity.
I'n sone cases, such as in Senens Tricore architecture, the functiond nergingis so com
fdetethe it sdfficut to deternine whether you should call the devicea P or a pP. A the
other extreng, sone vendors claimthat their wPs have hi gh-perfornance C8P capability,
weninfact they veaddedonly a sinple 16Xx16-bit mitipyirstruction Your key to a suc-
cessful [DBH ess systemdesign is understandi ng hownuch D8P capability you need and

determining whether a wP can neet those needs.
Mst wPs cone nowhere near inplenenting all the

tht sthedf ference between a P and a C8P? According to many i ndustry cohorts,

Many embedded applications re-  standard &P functions (see box Features that nake
quire a mixture of wP and DSP DS DSs ). But how nuch D8P functional ity do you

functionality; semiconductor ven-

need? The answer depends on the trade-of fs yaure
wlling to nake between having enough D8P horse-

dors are creating hybrid devices e 1o get the job done on the ore hand and practi -
to handle both types of process- ca factors, such as cost, power consunption, ease of

ing_ Before you begin your next devel opnent, and board space on the other. The fun-

design with discrete wP and DSP

danental choices for inplenenting D8P in your appli -
cation range fromdiscrete D8P devices to a D8P core

devices, check out the benefits s .Pon the sae de to a hyrid pROP to a pP

and limitations that these hybrid wthanintegrated nitiply-accumiate (MQ wnit.
devices offer. To reach the top of the D8 perfornance | adder, you

nust use di screte C2P devices. But you trade of f hich-

er cost and power consunption, increase board space,
and deal wth two devel opnent environnents (the wP and the C8P). Rutting C8P and wP
cores on one die yields even better C8P perfornance and al so hel ps reduce power con-
sunption and board space (see box Dueling wth dual -core designs ).

Hybrid processors represent the next step down the D8P perfornance |adder. The
promnent architectures in this category include ARMs Recd o, Htach s SH DSP, Hyper -
stone s El-32, and Senens Tricore. Athough these inplenentations dif fe, a hirid
processor is besicaly a wPtightly coupl ed to a D8P (or vice versa, dependi ng on your vi ew-
point). In generd, the hybrid approach permits the wP and D8P portions to share on-chip
resources, such as nenory and other peripheras, thereby hel ping to elininate redundan-
cies and to reduce pover consunption. Furthernore, a hybrid processor typicaly all ows
you to use one set of software-devel opnent tools, a single RTG5 and a one systemtask
schedul er .



Ps AND DSPs CONVERGE

A though these hybrid processors can
perform a singl e-cycle MC operation,
the key to achieving sustained MAC
operations relates to howfast they can
access operands. In turn, this speed
relates to how the D&P portion of the
core inerfaces wth the pP portion, as
vell as the nenory configuration. For
exanpl e, inTricore, the 8P and WP por -
tions are inseparable (Fgure 1). Ths
superscalar R SC core has two four-
stage pipeines;, the first bit of every
imstruction idetifies viich ppdine thet
instruction follows. Qe pipeline does
| oops, |oads, and address-generation
arithnetic; the ather pipdine does d1 the
nat h and branches. The absence of sep-
arate X and Y nenory spaces nay
require you to perform sone |oop
urdling to achieve the pardld perfor -
nance of D8Ps. But S enens engi neers
added other features to nake Tricaore
look nore like a D8P These features
i ncl ude zero-overhead |oop capability,
packed nul tiply to hand e single-instruc-
tion, mitipedataoperations, axdaloop
cache.

Hyperstone s E-32 like Tricae is a
load/store architecture wth anintegrated
CP unit that works in pardle wth the
AU It can perform D8P cal cul ations
vhile the ALU perforns |oop counts,
address cal cu ations, or load store oper -
ations. Hyperstone based the EL-32 on a
two-stage pipeline, and the device can
issue only one instruction per cycle. The
C8P instructions require two or nore
cycles to conplete, and the ALU exe-
cues its instructions during the laency
cycles of DEP instructions. You or the
conpi | er nust arrange your code to take
advantage of these latency cycles. And,
because the EI-32 does not support
separate X and Y nenory bl ocks, you
woul d have to performall |oads and
stores during the latency cycles to
achi eve reasonabl e D8P perf or nance.

Zer o-overhead | ooping on E1-32
requires you to execute two MC opera-
tions per 1oop and use the | atency cycl es
to performthe address cal cul ations, data
| oads, and conpare instructions. The
100- Mz operation of the EL-32 hel ps
reduce the penaties incurred by having
to execute the extra i nstructi ons.

The SHOP takes a slightly dif feret
approach to integrating its D8P function-
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@a glance °

Add your P and DEPinstructions to

det ermine whet her a hybrid devi ce can

deliver the performance your applica-

tion needs.

® Hybrid devices sinplify system
devel opnent because your DSP
and pP share resources and be-
cause you need to debug only one
instructi on stream

® Mbst pPs wth integrated MAC
unts require higher clock rates to
get good DSP perf or nance.

dity. Inthis case Htach desigers gaft -
edthe 8P unit ontothe R sppdire
the D8P unit shares the five-stage
ppeine wth the integer unit. Athough
the HOFP is asinge core, theinstruc-
tion streamconprises both integer and
C8Pinstructions. Wen the GPUfet ches

and decodes instructions, it routes
instructions to the goropriate unit. R -
thernore, each unit has its omn set of
registers; the O wit s regsters are
visible only to the C8° unit and to &P
ext ended | oad/
store imstructi os.

The SHOBP also dif fers fromTricore
and Hyperstone in that its D8P unit has
its own data-nenory space. Snmilar to
nore traditiona D&%, Htachi s ach -
tecture has separately addressable X
and Y nenories. The nain integer ALU
cal cul ates X addresses, and a separate,
16-hit ponter-arithneticuit ccdaesY
nenory addresses. And, although the
integer and D8P units cant execute
instructions in paralel because they
share the chip s interna address and
data buses, the bus structure does al | ow
the D8P to access two data operands
and fetch aninstructi on duri ng one cycl e.
Dring that sane single cycle, the H
D8P can al so execute one ALU opera-
tionand a 16 X16-bit noitipgy.
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Senens Tricore architecture has one pipeline to performloops, |oads, and address-generati on
arithnetic and another pipeline to perfarmal | the nath and branches. Athird pipeline supports

5P | oopi ng.
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The SHDEP contains an instruction
bus (I-bus), which the QU a so uses to
load/store the RC or D registers. |f
the (U is loading or storing registers
over the |-bus, the D8P cannot simlta-
neously performother parallel opera-
tions. Hwever, the C8° does al | ow par -
ald operationsif youare using the Xand
Y buses for the noves to or fromthe on
chip X and Y nenories, thus yielding
sust ai ned singl e-cycl e MC operati ons.

(nh another note, ARM s H ccal o (S7%7)
is nore of a D8P coprocessor nodul e
than a hybrid processor. ARMI i censees
can attach SP7 to an ARM7TDM core
to add D& functional ity to an ARMchip
design. 7 instructions are inconpati -
ble wth the standard ARM instruction
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set; the coprocessor executes themin a
df ferent pipeline, which neans that you
nust debug two separate instruction
streans.

F7 features a 16 X16-hit sing e-cycle
mitigier, a-ht bard shfte, far 48
bit extended-precision accuml ators, a
saturation unit, and other O8P functi ons,
but the coprocessor |acks separate X
and Y nenories for operand access. To
hel p S77 achi eve sustai ned si ngl e-cycl e
M5, its interface includes a tagged
i nput - queue structure and an out put
HFO buf fe. The ARWTDM core per -
forns all the address generation for the

! I
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STORAGE
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2. EITHER ADD OR
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ACCUMULATOR.
STAGE 3
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L8P functions. The input queue, or

reorder buf fe, enables the ARWTDM  The mitiply-accuniate (MQ unit for Miordla s GidFire architecture conprises a three-
stage arithnetic pipeline that can performa MC operation every one to tvo cycles, depend-
ing on the location of the data operands.

FEATURES THAT MIAKE DSPs DSPs

to preload SP7 wth data before S7
requires the data, essentially denulti -

Ferforning ef ficient D3P ona pPis tricky business. Athough
the ability to support single-cycle nultiply-accunul ates
(MXZ) is the nost inportant function a D8P perforns, nany
other fuctions are criticd for red-tine D8P appications.
Executing a real -tine CSP application requires an architec-
ture that supports high-speed data fl owto and fromthe com
putation units and nenory through a miltiport register file
This execution often invol ves the use of DM\ units and dual
dat a- address generators (DXZ) that operate inparalel wth
other chip resources. DAGs, which performaddress cal cul a-
tions, alowthe D8Pto bring intwo pieces of data per cl ock
criticd for red-tine D8P d gori thns.

It isinportant for O8% to have an ef ficient | oopi ng nech-
ani sm because nost D8P code is highly repetitive. The
architecture alows for zero-overhead | ooping, in which you
use no additiona instructions to check the conpl etion of the

loopiterations. Greradly, O35 take l ooping a step further by
includng the adlity to hand e nested | oops.

DePs nust typically handl e extended precision and
dynanic range to avoid overflow and nini mize round-of f
errors. To acconmodate this capability, [5% typically
i ncl ude dedi cat ed accuml ators wth registers wder than the
noninal word si ze to preserve precision. D8 nust al so sup-
part cireda buf fers to hand e a gorithnic functions, such as
tapped delay lines and coef fidet bffers. DSP hardware
updates circul ar-buf fer ponters dring every cydle in pardl e
wth ather chip resources. During each cl ock cycle, the circu-
lar-bf fer hardware perforns an end-of -buf fer conpari son
test and nust reset the pointer wthout overhead when the
pointer reaches the end of the buf fe. H-Ts and other DSP
algorithns require another DSP feature, bit-reversed
addr essi ng.
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pexing mitiple input-data streans for
CeP al gorithns. The reorder buf fe
alows ARMcode to fetch D8P data or
coef ficients fromnenory and al | ovs the
D8P code to consune the itens in the
required order. The ARWTDM core can
transfer as nany as 16 16-bit words of
datainnine 32-hit bus cycle. 7 uses a
renappi ng schene to autonatical ly and
trasparetly refill its regsters franthe
reorder buf fer asit uses and replaces dd
data. Because Hccol o rel oads only from
the reorder buf fe, a dataintensive d go-
rithmnay starve the regster file Rur-
thernore, the programmer nust ensure
that the ARMcore responds to the needs
of the D8P, In other words, Hccd o can-
not interrupt or notify the ARMicore when

Hcco o needs data or has full
b fes

The ARM core perforns bit-reversed
addressing in software, but it can accom
plishthistask viile 7 is executing the
first stege of the FFT. ARMclains that
this approach elimnates any overhead.
Register renapping a lows ARMto logi -
caly remap physicd registers wthin a
loop to other register values. This
approach ef fectively creates snall circu-
la bf fersinthe reg ster barks.

out put

TMB320x: hybrid wP or DSP?
Despite the fact that T is known as a
DSP conpany, its TME320(x blurs the
line betveen wPs and D8Ps. The Bx,
vwhich Tl based on a very-long-instruc-

tion-word architecture, contains two
16X16-bit mitipiersadsix 2-ht aith-
neticunits wtha40-bit AUand a40-bit
barrd shifter. You can use these func-
tiona units for integer and 8P opera-
tios. Tonairtanthefledblity o itsfuc-
tion unts, the x lacks a dedicated
MC unit, wichis fundanental to nost
D8s. It instead perforns MAC opera-
tions by using separate nul tiply and add
instructions; the pipeline alons the G&x
tod fectively execute MC operations in
one cycle. Aso unlike nest D8, the
X does not support separate X and Y
nenory spaces. Instead, it provides a
singl e data nenory wth two 32-bit paths
for loading data fromnenory to the reg-
ister banks. The (Bx lacks dedicated

DUELING WITH DUAL-CORE DESIGNS

Designing a miltiprocessing systemwth discrete P and
8P chips has its chall enges. Froma hardvare perspecti ve,
you nust deal wth the interprocessor conmunication by
i npl enenti ng features such as senaphores, nail boxes, and
other types of handshaki ng nechani sns. You nay al so need
sone dual -port RAMto al | owthe chips to share sone of each
other s nenory space. Sone systens present additional
har dware chal | enges when the P and DSP nust comuni -
cate over a systembus. (onpani es such as Pentek (Upper
Saddle Rver, NJ; wwv pentek.com and Spectrum S gnal
Processi ng ( Bur naby, BC Canada;
WWwW. spectrunsi gnal . con) dedicate a large part of their
resources to inproving the data-transfer rate between a host
wP and the D8 on their boards.

Mil tiprocessing wP D8P systens al so have chal | enges
froma software perspective. Qe of the biggest challenges is
devel oping and debugging code on two dif feret architec-
tures. Greraly, (B sol ve this probl emby enpl oyi ng sep-
arate designteans for the wP and D8P portions. You can fur -
ther sinplify this problemby purchasing canned softwvere
from conpani es such as Hot Haus (R chnond, BC Canada;
www. hot haus. con) and C8P Software Bngineering (Bed-
ford, MX wwv dspse.con). However, yau still face the task
of neshing the two operating environnents.

Dual - core desi gns present uni gque chal | enges

Sliconprocess technol ogies are naking it nore practical
topt a pPadaDP coeonoe de S, inaddtionto dl
the challenges that discrete-chip miltiprocessor designs
incr, nore designers are facing the unique chal | enges that
these dual -core devices bring wth them

In designs wth mitiple chips, you can use traditiond |ab
equi pnent, such as logic analyzers and oscill oscopes, to
nonitor the interacti on between the devices. In a dua -core
design, the need for a snal| di e and package si ze forces chip

desigrers to bury the interface between the cores in silicon
The debugger devel opers nust provide visibility intotheinter -
action between the cores. Furthernore, the two cores nust
access external nenory through a conmon address and
dat a bus; whi | e one core accesses external nenory, the aher
caestdls. Vendors typicaly sdve this prob emby giving the
P higher priority, but this goroechrestricts design fledhil -
ity.

lddly, because a dual -core design is a singe chip, you
shoul d have one debugger. Auser shoud a least be abeto
vork wth both debuggers as if they were taking to discrete
devi ces, uncovering the hidden i nterface between the cores.
Afewvendors of dual -core devices either buildinspecid fea-
tues o o fer specia toods to help you wth your devel opnent
work. The nost conmon debuggi ng feature is the use of one
JTAGport to access bath cores. The port typicaly includes a
swtchpnto dlowyou to drect cotrd into either core For
exanpl e, Mtorola of fersthis cgpability wthits Redcap prod-
uct, conbining an MQxre RSC core with a D8P56600 DSP
core. Redcap i s a customdual - core baseband processor t hat
Mitorda devel oped for one of its sister dvisions. The inte-
grated debugging support allows you to separately single
step each core. Mitorol a al so adds features to start and stop
both cores sinultaneously. The OrChip Emlation circuitry
(O® design alows the debugger to prine both cores
before rel easing the cores to begin runni ng.

WS Technol ogy of fers a dual -core chip wth an ARV WP
and DSP G oup s Gk P core; this chip asoincludes asin-
de JTAGport. The conpany provides its $7500 V ector Ml -
ticore Devel opnent System (M M), which conprises a
devel opnent pl atformw th a devel opnent chi p and sof t ware-
devel opnent tools (Fgure A). Athough the softvare tod s do
not neld the two instruction streans, V.9 uses a dynanic-
link-library approach to tie the two sof tvare-devel opnent
envi ronnent s together. The devel opnent pl atformnai ntai ns




address-generation units and nust cal -
cul ate addresses, including circul ar
buf fers, using one o nare of its fuc-
tiod uits.

The third step down the C8P perfor -
nance ladder is a pPthat inegaes a
MCunit. Snlar tothe hybrid approach,
this D inpl enentation helps to elin-
nate redundancies; in nost cases, the
MAC unit becones part of the pPs
pi peline. Depending on the processor
supporting the MC unit, this approach
can yield enough C8P perfornance to
hand e | owend-di sk-drive servo-control
| oops, soft no-dens, software JPEG
conpressi on and deconpressi on, and
other types of lowdatarate D&P a go-
rithns. For exanpl e, using software from

the clocking relationship between the
cores. In debugging node, a single
step fromthe host clocks the board
once, alowng the cores to maintain
their rdaiashprdaive totha exder-
rd dock

For $2200, GEC of fers a sinlar
devel oprent board, the GEMBO1l
Assessnent Aatforml1l (GP-1). This
board houses GEC s (EMB01 Q@ obal
System for Mbile comuni cations
(&V baseband processor that con-
tains an ARWTDM pP and the 8P
Goup s Gk cores. The (GAVBO1 sup-
ports the d g ta -baseband fuctiond ity
that a GBVihandset requires. A though
both cores have their own debuggi ng
systens, CGEC designed a menory
inerface that alows the ARAVIs debug-
ging systemto suppl y val ues for signa's
that woud nornally originate fromthe
Gk D8P and vi ce versa. But hardware
support for interprocessor-debugg ng
coordretionis linmtedto start/stop syn-
chroni zati on; the ARM subsystemis
responsible for restarting an application
after a debuggi ng breakpoi nt.

Acther interesting twst, as a cus-
toner-specific Senens Tricore device
denonstrates, istoput tw of the sane
core on one die. This approach eases
debuggi ng because it | ets you use one
debugger. Bit this approach a so of fas

perfornance benefits. Wsing dual Tricore cores provides
Senens custoners wth a deterministic interrupt-response
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AtoCom (Muntain View, CA wwwdto-
comcom, In-tegrated Device Technol o-
o s (IDs) Rv4640 P can run a 56
kbps soft no-dem but the wP nay |innt
processi ng- power head room accordi ng
to IDT.

Athough anintegrated MCunit |acks
the fuctiodity of a hylrid or dscrete
DSP, vendors play tricks to increase
CsP perfornance. (e obvious trick is
inpl enenting a high-frequency cl ock.
For exanple, Dgital runs its SrongARV
wP at 200 Mtz to conpensate for the
wPs ingbility to achieve sustared sin-
gl e-cycl e MC operati ons.

SGS- Thonson s ST10x262 is one of
the fewl6-hit pG&Gtoinclude a MCunit.
The 262 s MCunit conprises a 16 X16-

bt pardld mitipier wth a 40-bit accu-
nul ator and a 40-bit AUto hel p support
saturation. The MChas two 16-hit data-
paths to del i ver two operands each cycl g
these operands cone fromthe 262 s
256-word, dual -port RAM Thi s approach
alons the 262 to ddiver singeinstruc-
tion-cycle MG wth two cycles per
imstruction util it hes tore cad the R
To inprove DSP perfornance, the 262 s
MCunit contains aninterruptibl e repeat
unit that supports as nany as 8196 iter -
ations through a loop. The 262 al so
i ncl udes special MC instructions com
prising mitipy ard MG 32-hbit arith-
netic, shifts, conpares, and transfer
instructions. The MC unit first sign
extends each signed 32-bit product, then

FIGURE A i
h DEBUGGER —l
OAK
1kx16-BIT
2kx16-| | 2kx 16-
ARM7TDMI  j«— PLL a7x || 8Ty |Je—={NSTRUCTION
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“| PURPOSE 110 ~>|CcOPROCESSOR
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- UART o DRAM
<«>| SACODEC |
<«—>| TIMER INTERFACE
SYNCHRONOUS
| SERIAL PORT
2-kBYTE
CACHE <> TIMER | —>
INTERRUPT | » INTERRUPT
CONTROLLER <=| CONTROLLER
EXTERNAL EXTERNAL
BUS-INTERFACE BUS-INTERFACE
UNIT UNIT

The two cores on VLS s WS3670 mul ti processor devel opment chip run asynchronously
wth i ndependent bus resources. Asingle JTAGinterface |inks the two cores for debuggi ng.

tine. If one device is busy, the shered interrupt cotrdler
isstes the next-priority-level interrupt to the other device
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you can optiona |y e ther negate or round
the product before the MCadds it tothe
40-bit accunul ator register.

A the aher end of the wP spectrum
IDl s 64-bit Rv4640 supports a two-
cycle MAC operation; high-frequency
operation allows this chip to achieve
good DSP perfornmance. However, yau
can achi eve a sustai ned two-cycle MC
only by loading operands into the regs-
ter fileduing the intervenng clack cycle
whi | e the GPUexecutes the MCinstruc-
tion. The hardware autonatically inter-
| ocks.

As with many pPs wth integrated
MC units, you nust al so performloop
unrol 1ing to obtai n two-cycl e MC opera-
tions. Athough the Rv4640 supports a
MC i nstruction, the | ack
of zero-overhead-1 oopi ng capability
nakes it inpossible for youtowiteasin-
deinstruction iner loop, instead, you
nust include a branch wth a decrenent
at theend of theloop. Apred cted branch
consunes one instruction cycle, but you
can nake up for this extra cycle by
increasing the wPs operating frequency.
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Another issue conmon to wPs wth
inegaed MCunitsis the lack of circu-
la bf fers; you nust perform address
nani pul ation in software. For exanpl e,
using the Rv4640 s suyyort for regster
and of fset addressing, you can partidly
urd| aloogpaduseexpicit of fsestoan
address pointer wthin the urdled | oop.
The bottom of the loop can inpl enent
the pointer update and circul ar address-
g

Mtorola has a MCunit for its @l d-
Fre architecture that serves as another
exanple of pwPs wth integrated MAC
uits(Fgure 2). The @ dRre s big M\C
is not a whopper, consuming only 8500
gates, or approxi natel y 10%of the core.
The MC conpri ses a three-stage arith-
netic pipeline that can achieve an ef fec-
tive 1.5-cycle MC A MMGw th-1oad
instruction sinultaneously dispatches a
16X16-bit MC operation and a 32-bit
nenory-to-register |oad. Athough the
MC operation executes in one cycle,
the | oad takes a nmininumof two. There-
fore the load holds up the MC execu-
tion. But if your O a gorithmuses sta-

tic ooff ficients that you can prddoad into
registers, thenthe MCcan fetch tw 16-
bt operands (one 32-hit regster) a a
tine

The @WIdAre s MMC unit supports no
zero-overhead | oopi ng. This | ack neans
thet its inner logp is a mninomof three
instructions: the MG decrenent the
| oop counter, and the branch. The @l d-
Fre s 90- to 100-M# operation helps to
conpensate for sone of these perfor-
nance di sadvantages. drcul ar-buf fer
support on @l dRre s MAC conprises a
nask register wth an autoi ncrenent
address node. Wthout addtiond over -
head, the GPU ANDs the nask register
wth the contents of the address regi ster
to constrain addresses into a circular
loop; that is, the (Uprevents carry gen-
eration. This addressi ng schene uses a
16-bit register, which yields circul ar
buf fers as large as 64 kbytes.

Aother inportant Gl dAre feature for
DR perfornance, as well as other tine
criticd gicaias, is tha it les yau
store code in internal SM or cache.
The ldFre Version 3 core alows you

MANUFACTURERS OF DSP-ORIENTED MICROPROCESSORS
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tolock the cache after storing the desired
code. Thi s approach mninizes the | aten-
cy for tine-criticd dgorithms.

NEC s W83x fanily also uses a
ppelined MCunit, but it runs a twcee
the internal frequency of the chipto help
it nantain an ef fective single-cycle
throughput; a MMC takes a nini num of
three clock cycles to run through the
ppeine Agin operand availability is
cuid toachieving ths levd o pefo-
nance. Because the V383x s MAC oper a-
tion is a three-gperand instruction, the
CPU should supply three 32-hit
operands during the register-fetch stage
o the ppdire In oe cdock cycde the
CPU fetches two operands fromthe
dip s dd-ported reg ster file The third
operand nust be avai l abl e through inter -
nal forvarding froma previous operation
for the MCto hit its three-cycle laency.
Wsual |y, the conpiler changes the
instruction order to help nmininze data
dependenci es. However, sone code

BT | Desion Fearure

does not alowthe QU to supply three
operands during one clock cycle. This
code i nposes a one-cl ock penal ty, brirg-
ing the MClatency up to four cl ocks.
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