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[Introduction ]

m Today's embedded systems
(telecommunications, multimedia, and
consumer electronics) require extremely
short product design markets.

= Current solutions range from general
purpose processor cores to application -
specific instruction set processor cores
(ASIP).

[Introduction ...continued ]

m Three important factors considering
the future role of embedded
processors in these applications
(where will the embedded systems
fit?):

o Low cost, short time to market.
o Stabilization of PC market.

o Increase growth of wireless and
multimedia applications.

[Introduction ...end ]

m Based on observed trends, we will
examine requirements of embedded
software development tools.

m Focus mainly on retargetable
compilation.

Overall Semiconductor Market ]
[Trends

m 1980's and early 1990’s, general purpose
processors, and memories contributed to
evolution of VLSI technology and design
methods.

m As of 1997, wireless communications,
multimedia, and video games are driving
VLSI technology instead.

m Wireless communication and DSP market is
expected to keep growing as PC market
stabilizes.

[Embedded Processor Trends ]

m What processors are classified as
embedded systems?

o Microcontrollers (MCUSs), digital signal
processors (DSP), and microprocessor
units (MPU, CISC and RISC).

o ASIP is more specialized and fine tuned
for applications.




Embedded Processor Trends
...continued

m Overall processor market is dominated
by 4-bit and 8-bit MCUs (40% of
revenue).

= But MPU (8, 16, 32 bit) account for
60% of total processor sales revenue.
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Fig. 1. Relative volumes of emhedded processors in 1994,

Embedded Processor Trends ]
...continued
= Transition from 8-bit MCU to 16 and
32-bit is slow.

m 32-bit processors sold are used for
embedded systems applications (57%)
than computing applications (43%).

[Embedded Processors in Multimedia. ]

= Multimedia applications of embedded
processors include set-top boxes,
HDTYV, digital video broadcast,
videophones, 3-D video, and
videogames.

[Multimedia Processors ]

Table 1 M ocessors (Seop Boxes, Digital TV, MPEG, Videophone, Dolby)

Froces
VLW ASIP (15]

DSP ASIP [16], 64 bit VLIW DSP ASIP
vired ASIC

= This table shows that almost all of MPEG2
decoders are custom hard-wired logic ASIPs.

m 32 bit general processors were not used as they
were not as efficient in computing functions such as
inverse discrete cosine transform.

3-D Video Acceleration

Table 2 3D Accelerator rocessors

Company Processor Archifecture Style
Phlips Trimefia™ T-1 ASIP YLIW
Clromatic Myac™ media prcesse ASIP (2000 MOPS)
1BM Meast™ Amay of 20 VLIW ASIP's
Rindition Verie™ ASIP: RISC-style processor + pixel HW engine
i Yoodeo™ Hard-wired graphics engine
Dlabs Permedia™ Hard-wired graphics engine
Nridia 8CS- Thomson NV (ST(2000). NV3 Hard-wired graphics engine

m ASIPs is also the popular choice in 3-D
video acceleration.




[Video Games ]

Table 3 Game-Oriented Processors

Company Product Model Archltecture Sle

Niiendo Uma6d™ (Magic Campel” spec) NIIPS RE300 RISC + Mafla Sght] Poc. ASTP + Nl Dsply Proc. ASI?
Segn Satur™ SHIT604 RISC (25)

sony Playstaton™ Custom R3000 + had-wied audiogaphics logic

At Jnpur™ 64 bt ASIP

0 MuliPlayer™ (M2) PowerPC 602 processor + ARM6D processor + hanl-wired raphics logic

m Most designers choose to implement a
standard or customize RISC processor
with one ore more dedicated ASIP(s).

Embedded Processors in Wireless ]
Communications.

= Wireless communication as in digital
cellular phone standards used in

Europe (GSM, DECT), and North
America.

[Wireless Communications. ]

m ASIP dominates here too, as they conserve
more power than general DSP units.

[Telecommunications Applications. ]

Automatic call distribution.

Cordless Phones.

Line interfaces for large telephone switches.
Synchronous optical networks interface units.

Integrated sound and data network (ISDN) phone
terminals.

Message deliver devices.
Cryptography for secure date communications.
Video codecs.

Telecommunications ]
[Applications ...continued.
m Two thirds of design teams use
commercial DSP/MCU chips.
m Two thirds of the chip volume is for in -
house ASIPs.
m General purpose processors are used
when time-to-market is short.

m ASIPs used in large volume, low cost
applications.

Embedded Processor Trends ]
[Conclusions.

m Diversity of processor architectures
are driven by low-cost consumer-
oriented markets.

» Many products use different
combinations of RISC, ASIP, and
hardwired co-processors.

m ASIP dominates the high-volume, low
cost segments of the market.




Application Trends: Complexity ]
[Growth

m Complexity for requirements are increasing.

o New cell phones support multiple standards,
GSM, CDUMA, DECT.

o JPEG to MPEG1 to MPEG2 to MPEG4.
o Stereo to Dolby AC3. Support for surround
sound.
m Starting to support standards (DirectX),
there fore less architecture freedom.

Development tools for Embedded ]
Systems.

m Development tools are increasing in
complexity.

m C compiler needs to optimize for code size
for MCU applications.

= |n DSP application, execution speed
optimization is necessary.

m As of 1997, DSP optimized compiler code is
still a lot slower than hand optimized code.

[ ]

m Over 75% of assembly code is used in MCU
applications for efficiency.

m Over 95% for DSP applications.

m Some assembly code compilers generate
wrong code.

= Future requirements: improved compiler
technology for embedded systems. (High
level, source-level debugger.)

Embedded Software System ]
[Needs

m High performance compilers for low-cost,
irregular architectures.

m Compilers associated with retargetable tools
like profilers, source-level debuggers,
incircuit emulators.

= For ASIP, ability to quickly provide feedback
on instruction set selection decisions.

m Fast and accurate instruction set simulators.
= Synthesis of lightweight real-time OS.

[Ideal HW/SW co-design environment. ]

Hardware Software
Behavieral

Phillips EPICS reconfigurable ]
[DSP architecture.

P;,,, Ui REG
" fater attod v
| II_“ k3
ns H o B
—= [E B
L J I
|

e}

=
3

’;l

s

pe
B ]
[e8z 4
KEd
f
§§ &

&
—*




Phillips EPICS reconfigurable ]
[DSP architecture ...continued

= Ability to quickly generate applications -
specific DSP cores.

[Northern Telecom DSP ASIP.

«Stripped out general connections which were not
required.

*Requires optimized C-compiler due to irregular
architecture.

]

Integrated video telephone H.263 ]
[standard.

Integrated video telephone H.263
[standard.

= Transition from hard-wired
implementations to mixed ASIPs and
standard DSPs.

= Need for programmability due to
standard.

= Need for high performance co-
simulation too since significant part of
chip functionality is in software.
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m Existing MCU and DSP processors will
continue to account for majority of designs
starts.

= However, ASIP provides design flexibility,
reusability, and variable complexity.

" Hiﬁh performance C compilers are needed
still.

m  Multilevel simulation to easy co-design. (C-
VHDL).

= Source level debugging tools are required.




