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Without the advent of digital signal processing many of the latest

advances in personal communications and multimedia entertain-

ment would not have been possible. Digitising analog signals and

processing them in the digital domain not only eliminates the tem-

perature drift and ageing problems associated with analog circuitry,

it also means that adaptation to changing standards and the inclu-

sion of advanced new performance features can be accomplished

with software changes rather than changes to the hardware. Digital

signal processing has also had an impact on the digital world,

dramatically increasing the storage density of hard/optical disk drives

and the speed with which data can be transmitted.

The latest generation of consumer product DSP applications (for

example, baseband signal processing in digital mobile/cordless

telephones and multi-channel audio decoding in digital TV transmis-

sions) requires considerable processing power — comparable in terms

of MOPS (Million Operations Per Second) to that of a desktop PC.

In addition, most of these applications are ‘real-time’, putting severe

constraints on the time available to calculate the required DSP algo-

rithms.

With the ready availability of both DSP and RISC processors that can

be clocked at several hundred MHz, it is tempting to solve these real-

time processing problems simply by increasing the clock speed. How-

ever, the penalty you pay for doing so is greater power consumption,

which increases linearly with clock frequency. In applications such as

mobile and cordless telephones, where extended standby and talk

times are key selling features, it is simply unacceptable to adopt a

solution that increases the drain on the battery. Because consumer

applications are also very price sensitive, the challenge for

designers is to find a solution that combines high functional

performance (as opposed to raw MIPS performance), low power

operation and low cost in a single implementation solution.

Why consumer oriented DSP is different

Many consumer applications also call for a highly integrated implementa-

tion, in which the DSP processor is part of a complete system-on-silicon

solution. If circuit miniaturisation is important, such single-chip systems-

on-silicon have obvious advantages, and if the volume is high enough they

will also be the lowest cost option. Because of the absence of glue logic

and peripheral components, single-chip solutions often also achieve the

lowest power consumption.

However, in addition to the technical advantages of adopting a system-

on-silicon approach, there is also a strong business advantage in doing so.

In a world that is more and more dominated by standards (such as GSM

and DECT for wireless telephony and MPEG for digital video/audio) the

only way for equipment manufacturers to differentiate themselves from

their competitors is by designing performance improvements or extra

features into their products. The expertise within a company that allows

it to achieve this  — often referred to as a company’s ‘intellectual prop-

erty’ (IP) — needs careful guarding so that it cannot easily be copied. In

this respect, system-on-silicon solutions have the IP protection advan-

tage of being almost impossible to reverse engineer.

The value of intellectual property in the arena of DSP is particularly

significant for several other reasons as well. The algorithms involved re-

quire in-depth knowledge of complex arithmetic operations that are

highly sensitive to bit inaccuracies. In addition, real-time DSP applications

involve a very wide design space in which hardware and software co-

design is the only way to arrive at optimal solutions. As a result, DSP

expertise is in short supply and therefore expensive to acquire.
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Because power consumption considerations preclude the possibility of

simply increasing the clock frequency in order to meet the required

MOPS performance, most consumer product applications utilise DSP

processors that feature a high degree of parallelism. This parallelism can

be achieved in a variety of ways, each having its own advantages and

disadvantages.

Deep Pipelining.  Although not strictly a form of parallelism, deeper

pipelining means that more instructions can be executed in the current

processing sequence, thereby increasing the instruction throughput rate.

However, deep pipelines can suffer from a high level of latency under

program jump, branch and task switching conditions because the pipe-

line needs to be purged and refilled with a new section of program

code. Mechanisms to overcome this latency (such as branch prediction,

speculative calculation, and pipeline bypassing) have been employed in

some advanced RISC processors, but they all come at a price in terms

of additional silicon area and higher power consumption. Because they

disturb the temporal predictability of program execution, these tech-

niques would in any case prove complicated in real-time DSP proces-

sors.

Instruction-Level Parallelism.  This is a true parallel processing

technique that adds additional execution units (such as an additional

multiplier/accumulator) to the DSP so that two or more data paths

can be driven in parallel by a single instruction sequencer. Bearing in

mind the inherent parallelism that exists in most DSP algorithms, in-

struction-level parallelism is an ideal technique for increasing the speed

of algorithm execution. For example, the addition of a second multi-

plier/accumulator can speed up algorithms such as block-based FIR

filters and FFTs by a factor of more than two compared to single

multiplier/accumulator architectures, without any need to increase the

clock frequency.

Data-Level Parallelism.  Many of the multiply/accumulate algorithms

found in typical DSP applications involve the multiplication of a large

number of data values by a set of fixed coefficients. Where this high

degree of regularity in the data structure exists, advantage can be

gained by packing two or more data values into a single data word

that can be fetched from memory in a single cycle. This technique can

be used to best advantage when it is combined with instruction level

parallelism so that all data path elements are kept busy during each

instruction cycle.

Task-Level Parallelism.  Where no single DSP processor is capa-

ble of executing the algorithms fast enough, the task can be shared

between two similar processors (if necessary, on the same chip as

in Philips Semiconductors DUET AC3/MPEG multi-channel audio

decoder). Such architectures, in which both processors are essen-

tially similar, are referred to as homogeneous. A multi-processor

approach can also be used to advantage where different algorithms,

or different parts of the same algorithm, require fundamentally

different DSP architectures in order to execute efficiently. In this

case the architecture is referred to as heterogeneous.

Possible approaches to providing the necessary DSP performance.
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The R.E.A.L. DSP Architecture

practical FIR filter algorithms process the digitised signal samples in

blocks. For this finite block size processing, R.E.A.L. DSP’s dual multi-

plier/accumulator architecture can calculate two output samples simul-

taneously — both calculations using the same coefficient data.  As a

result a single fetched coefficient can be used simultaneously by both

multiplier/accumulators. In addition, because each input sample is used

in the calculation of both output samples, separated in time by a single

clock cycle, it can be fetched from memory once and stored for one

clock cycle in one of the input registers shown in Figure 1.

Optimum use of the data path through R.E.A.L. DSP’s dual multiplier/

accumulator architecture is achieved by two independent Address Com-

putation Units (ACUs), both of which can be active within the same

instruction cycle. Each ACU features eight address pointers (organised

in four banks of two) with automatic context switching of pointers

during interrupts and capabilities for modulo protected pointer updates

and bit reversed addressing.

The R.E.A.L. DSP dual multiplier/accumulator architecture accelerates

the calculation of the vast majority of block processing multiply/accu-

mulate type algorithms without the penalties (in terms of silicon area

and memory complexity) of having to use 32-bit wide data buses. For

example, a 64-tap FIR filter with a block size of N takes 8 + 37 x N

cycles to execute, compared to a minimum of 64 x N cycles for a single

multiplier/accumulator architecture.

Page 4

Philips Semiconductors’ R.E.A.L. DSP is based largely on techniques

for instruction-level parallelism that were first proven in the de-

sign of its previous KISS and EPICS families of DSP cores, but R.E.A.L.

also includes elements of both data-level and task-level parallelism.

R.E.A.L. DSP features an advanced dual Harvard architecture with

two 16-bit data bus pathways to its Data Computation Unit (DCU)

— see Figure 1.  The DCU comprises two 16x16-bit signed multipli-

ers and two 40-bit Arithmetic Logic Units (ALUs) each providing 32

data bits and 8 overflow bits. The data values generated by these

ALUs are stored in four 40-bit accumulators.

This dual multiplier/accumulator architecture, first developed by Philips

Semiconductors some five years ago, is an example of how the com-

pany’s extensive applications knowledge — its ‘intellectual property’

in DSP —  has resulted in a core that is optimised for the calculation

of sum-of-products based algorithms such as those used extensively

for the filtering of baseband signals in wireless telephony. Provided

that both multiplier/accumulators can be kept fully occupied, this ar-

chitecture can halve the time taken to execute these algorithms, with-

out having to increase the clock speed.

To overcome the potential problem of having to fetch two data sam-

ples and two coefficients from memory during each instruction cycle

(one data sample and one coefficient for each multiplier/accumula-

tor), advantage can be gained from the fact that



However, not all DSP algorithms are as regular as FIR filters. Other

applications, such as MPEG decoding for set-top boxes, or speech cod-

ing in GSM phones, utilise algorithms that contain complex sequences

of arithmetic operations. To cope with this type of algorithm, R.E.A.L.

DSP’s multiplier/accumulator structure can be operated as two multi-

pliers, four independent 16-bit ALUs and eight independent 16-bit reg-

isters, together with several shifters and saturation units — see Figure

2.   Each one of these elements can be individually controlled from

within user-defined 96-bit Application Specific Instructions (ASIs), giving

programmers maximum use of a massive amount of parallel processing.

ASIs can also be used to control the address computation units (ACUs)

and data transfers within the DSP core.

In order to call these instructions from R.E.A.L. DSP’s 16-bit pro-

gram memory, selected ASIs are stored in a look-up table and pointed

to by a special class of 16-bit opcode. They are typically only needed

to speed up the execution of the tight program loops that make up

speed critical parts of algorithm processing, but because these are

typically also the loops that execute 90% of the time, the ability of

ASIs to customise the R.E.A.L. DSP’s instruction set to the target

application leads to dramatic improvements in performance.

As many as 256 different ASIs can be selected, which has already

proved more than enough for complete target applications in mo-

bile telephony and audio processing.

Because ASIs are fully accounted for in R.E.A.L. DSP’s assembler,

linker and instruction set simulator, the effect of different ASIs on

the execution speed of algorithms can be evaluated from within

the programming environment. If silicon implementation of the

look-up table takes the form of RAM, different sets of ASIs can

also be down-loaded to the chip to evaluate their performance,

or even to customise the DSP core on-the-fly in order to proc-

ess radically different algorithms.

Application Specific Instructions Drive Massive Parallelism
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Figure 1:  R.E.A.L. DSP’s dual Harvard architecture and dual multiplier/acculator more than double the

execution speed of block-based FIR and FFT type algorithms.



Even if a suitable set of ASIs cannot be found to increase algorithm

processing to the necessary speed, Philips Semiconductors’ R.E.A.L.

DSP  has yet another means to achieve the required performance. The

VHDL synthesis model of the R.E.A.L. DSP core allows designers to

add Application Specific Execution Units (AXUs) at specified points in

the data path or in the address computation units. By executing parts

of the algorithm or address computation in dedicated hardware, these

AXUs represent the fastest possible processing solution for a given

clock frequency. Philips Semiconductors already has a library of AXUs,

such as dedicated shifters, but designers can also design their own

AXUs and fit them in to the R.E.A.L. DSP architecture.

Because R.E.A.L. DSP is fully described at VHDL register-transfer

level, it is strongly process independent. The existing RD160xx

R.E.A.L. DSP cores are implemented in 0.35 micron to 0.25 micron

CMOS — operating at clock speeds up to 85 MHz under worst-

case operating conditions (2.2 V supply and +85 degree C) and

achieving a sustained processing performance well in excess of

850 MOPS. Under typical conditions they can achieve clock speeds

of up to 125 MHz, increasing their MOPS rating to 1,250.

Hardware Acceleration Solves Speed-Critical Computations
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Figure 2:  Driven by user-defined 96-bit Application Specific Instructions, The R.E.A.L. DSP core adapts to

the execution of irregular DSP algoritms.

The dual multiplier-accumulator version is the RD16020, but there is

also a cut-down single multiplier/accumulator version designated the

RD16010 core for lower cost/performance applications. New genera-

tions are already under development for implementation in sub 0.25

micron CMOS, with increased processing performance and extension

of the data pathways from 16 bits to 24 bits to handle the resolution

required in complex, high-end audio applications.



With the current state of embedded DSP technology, hand-crafted as-

sembly language programming is still needed to create the time-critical

inner loops that make up DSP algorithms, not only to create code that

will execute fast enough but also to generate code that is compact

enough to fit within realistically sized embedded memories. Programs

written in assembler, however, suffer the disadvantages of being time

consuming to generate, difficult to maintain and, above all, difficult to re-

use. In addition, assembler programs are often poorly documented and

only the original programmer can read them efficiently and understand

how they work.

In consumer product applications where the re-use of intellectual prop-

erty (IP) and short time-to-market are critical factors in business suc-

cess, assembly language programming is not a realistic way forward. The

solution is to provide users with efficient high-level language compilers

that can handle the complexities of DSP architectures. Because of its

widespread use and standardisation, ANSI-C is the obvious choice of

high-level language to use.

However, C was not written with DSP processors in mind. It was writ-

ten for standard Von Neuman architectures (common data/program

memory) with a single contiguous memory space and no fixed register

structures. DSP processors, on the other hand, typically have Harvard

architectures (separate data and program memory) with multiple ad-

dress spaces, dedicated register sets and a high degree of parallelism, all

of which affect program compilation. In addition, ANSI-C doesn’t sup-

port the fixed point arithmetic employed by most DSPs.

As well as supporting R.E.A.L. with an assembler and linker to meet

current programming expectations, Philips Semiconductors is also work-

ing on C compilers for R.E.A.L. DSP.  Using the CoSy compiler develop-

ment platform from ACE Associated Compiler Experts b.v. (Amster-

dam, The Netherlands), one of the world’s leading compiler technology

companies, Philips Semiconductors has already produced a fully vali-

dated ANSI-C compiler that is capable of handling the control code that

surrounds DSP algorithms. Work is now underway, in collaboration with

ACE, to add DSP specific extensions to the compiler so that it can also

generate the cycle-count optimised DSP code which, although it only

makes up 10% of the program, runs 90% of the time.

The flexible framework of CoSy, with its rigorously defined inter-

mediate representation, opens up the possibility of making

powerful optimisation strategies available to programmers.

The existing development platform is being complemented by a

state-of-the-art Code Development Framework (CDF), which in

addition to providing programmers with an integrated development

environment and a common graphical user interface, will also in-

clude (among other features) configuration management and Real-

Time Operating System (RTOS) support.

Whichever way code is generated, the R.E.A.L. DSP development

platform includes powerful tools for software and hardware simula-

tion and debugging. An instruction set simulator allows designers to

experiment with different sets of ASIs or even to modify R.E.A.L.

DSP’s hardware architecture by adding AXUs as a result of the simu-

lation results. Emulation chips, capable of executing up to 50 million

instructions per second, are available for real-time evaluation of pro-

gram performance, and the program can also be simulated on a VHDL

model of the final core for interconnect verification. Simulated and

verified designs are supplied in the form of compiled VHDL, a synthe-

sised netlist or placed and routed blocks, allowing R.E.A.L. DSP cores

to be integrated seamlessly into ASIC design flows to create com-

plete systems-on-silicon.

Creating these systems-on-silicon requires IP contributions not only

in the area of DSP, but also in areas such as embedded

microcontrollers, peripheral devices, memory, A/D and D/A conver-

sion, I/O interfacing and mixed signal circuitry.  More  importantly, it

requires IP input in the areas of system level simulation tools, multi-

processor architectures and high bandwidth on-chip bus structures.

Philips Semiconductors possesses a high level of IP in all these ar-

eas, which together with its in depth knowledge of real applica-

tions, puts it in a strong position to create the low-cost, low-power

systems-on-silicon that will power the next generation of high-

technology consumer products.

Design Tools
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SUNSTAR 商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为

一体的高科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供

应商，是中国最早和最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专

业代理和分銷世界各大品牌 IC 芯片和電子元器件的连锁经营綜合性国际公司，专业经营进口、

国产名厂名牌电子元件，型号、种类齐全。在香港、北京、深圳、上海、西安、成都等全国主要

电子市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成

强大统一的供货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感

器、微波光电元器件、工控机/DOC/DOM 电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA 软

件硬件、二极管、三极管、模块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能

模块开发配套商。商斯达实业公司拥有庞大的资料库，有数位毕业于著名高校——有中国电子工

业摇篮之称的西安电子科技大学（西军电）并长期从事国防尖端科技研究的高级工程师为您精挑

细选、量身订做各种高科技电子元器件，并解决各种技术问题。 

微波光电部专业代理经销高频、微波、光纤、光电元器件、组件、部件、模块、整机；电

磁兼容元器件、材料、设备；微波 CAD、EDA 软件、开发测试仿真工具；微波、光纤仪器仪表。

欢迎国外高科技微波、光纤厂商将优秀产品介绍到中国、共同开拓市场。长期大量现货专业批发

高频、微波、卫星、光纤、电视、CATV 器件: 晶振、VCO、连接器、PIN 开关、变容二极管、开

关二极管、低噪晶体管、功率电阻及电容、放大器、功率管、MMIC、混频器、耦合器、功分器、

振荡器、合成器、衰减器、滤波器、隔离器、环行器、移相器、调制解调器；光电子元器件和组

件：红外发射管、红外接收管、光电开关、光敏管、发光二极管和发光二极管组件、半导体激光

二极管和激光器组件、光电探测器和光接收组件、光发射接收模块、光纤激光器和光放大器、光

调制器、光开关、DWDM 用光发射和接收器件、用户接入系统光光收发器件与模块、光纤连接器、

光纤跳线/尾纤、光衰减器、光纤适 配器、光隔离器、光耦合器、光环行器、光复用器/转换器；

无线收发芯片和模组、蓝牙芯片和模组。  

更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达实业科技产品网://www.sunstars.cn/   微波元器件销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-82884100 83397033 83396822 83398585 

    传真：0755-83376182  （0）13823648918  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 
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