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Industry Trends:
Wireless Communication Systems

= Multiple target technologies

= Digital and analogue hardware
= Embedded software/firmware
= Shifting partitioning boundaries

= Performance, cost, development time trade-offs

= Process challenges

= |terate between algorithms and implementation
= |P portability and reuse
= Increasing cost of design flaws
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Systems Are Becoming More Complex

Software is becoming more complex Hardware is becoming more complex
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The compound growth rate of semiconductor manufac-
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turing continues to outpace designers’ productivity.

Source: Bob Frankel, Chief SW strategist & Tl Fellow

= Just adding more head count doesn’t help:

“Brooks' Law”, often summarized as:
“Nine women cannot have a baby in one month”
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Theses

1. Increasing the level of abstraction increases the
productivity
= Do not reinvent the wheel

= Challenge: trade-off development effort against optimal
performance
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Increase level of abstraction
MATLAB Vs C/C++

C Code
Bits spread=addChips(diffOut[slice(i,1)]);

Bits
IEEE802 11b Transmitter: :addChips(const Bits& i1nput) {
Bits spreadOut(input.size()*Ns, false);
for (int 1=0;i1<input.size();++i1){
for(int j=0; j<11; ++j) {
spreadOut[i1*Ns+4*j]= m_chip[j]*input[i];
ks
+

return spreadOut;

M Code
Tx_chips=reshape(Barker*Tx_symbols®,[].,1);
Tx_samples(1:Samples per chip:end)=Tx_chips;
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Abstraction: Graphical Design vs. Hand-coding

=  Simulation of graphical model

= automatic synchronisation of calculations
= handling of signals/data

= Easy start with prebuild standard-functions

vold maini)
{

int i:

double Discrete Filter, Discrete Filter A, Discrete Filter ©, Discrete Filter D;
File Edit Wiew Simulaton double Discrete Filter DSTATE;
Format Tools Help for(i = 0; i < NSAMPLE TIMES: i++)

{

D|§E§|J{IE|QQ /* Inport #/f

In = Wait for next sample(ICcard): —

/% DiscreteFilter 3tate updater/
Dizcrete Filter DETATE = In + (Discrete Filrcer 4 *Discrete Filter DITATE;
J% DizcreteFilter Outputt/
Discrete Filter = Discrete Filter D¥In:

!

In1

140521

Driscrete Filter

Cutt

Discrete Filter += Discrete Filter C*Discrete Filter D3TATE:
A% Outport S

F|]_[:I[:]':',-"'|:| | |'|'=|:][:|[:] 7 out = Discrete Filter:

Send next output sample (IOcard):
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Complex Timing and Concurrency

E! f14/Ancraft Dynamics Model
File Edt Miew Simulstion Format Toole Help

DEEES Ee |0 mEY &> = [Nom v

=  Complex timing
- Feedback
= Asynchronous edge
triggered blocks
= Multi-rate digital with
arbitrary sample rates

=0

O T L T o = Concurrency
= True expression of
parallelism
= Important for whole
=B system or hardware sub-
4] system design
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Possible pitfalls

Model-Based Design including graphical entry is more
than graphical programming

There Is no productivity gain, if you
= draw what you would write in a program

= try to tweak the code generator to generate the code you
already have in your mind

Long time goal of this next abstraction level is to
eliminate the need to review in detail code in C, HDL,
etc...(like today ASM, Gate-level,...)
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2. Start to adapt the “computer” to the application

= Single source cannot mean single language
There is not a single best “language” for everything
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Analog/Mixed-Signal
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Model Different Components different

Multi-Domain System level model

Analog/M-S

Digital Signal
Processing

Digital Video Broadcasting-Terrestrial
. |._ 2k Mode, Nonhleravchical Transmission
= e | 1o o |
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PLLs, data g
converters

Continuous time,
variable-step ODE
solvers

DSP Baseband

Discrete time, fast
frame-based
processing. Bit-true
cycle accurate.

MAC,
Control Logic

File Edit Simulation View Tools Add Help
==& s me|msae|» o

= |m @ s

4 Hiorle

MAC layer/Data Link Layer

Simple protocols,
acknowledgement
schemes

Reactive or event driven
state machines m
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System Architect: “For some pieces a block
diagram is appropriate...”

»
>

%

o e |

R. Durrant, Intel, 802.11b system block diagram, Jan 2002.

IEEE Std B02.11b-1999

(Bupplement
ANSWEEE B 202 11, 1999 Egiion)

Supplement to IEEE Standard for
Information technology —

Telecommunications and information exchange
between systems—

Local and metropolitan area networks—

Specific requirements—

Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications:

\ 4

Higher-Speed Physical Layer Extension in the
2.49 GHz Band v ve

Spansar
LANMAN Standards Committae
of the

IEEE Computer Society

= Crianges and addiions to IEEE Std B02.11, 1969 Edition are provided to support the
higher rale physical layer (PHY} for operation in the 2.4 Gz band
Keywords: 2.4 GHz, high speed, Incal area network {LAN), radio frequency (RF), wirslass
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Limitations of C and M for System Design

= No architecture information

= Can only model a pipeline
= Can’t describe a real system

= No timing information
= Can only model uniform Fs
= Difficult to model delays
= Must manually handle state
=  Can’t model A/IM-S
= Difficult to model Rx
algorithms

= For system level models this is
critical
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“...but not for other pieces”

E!Link: eq_sim,/Configurable Equalizer/RLS - Recursive Least-Squares *

File Edit Mew 3Simulation Formab Tools Help

MATLAB’&SIMULINK®
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Block diagrams are an unnatural
way to express some equations
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“For these pieces, equations are better...”

Output: ﬁn = WH u \

= ) Embedded MATLAB Editor - Block: equalizer_eml/Equalizer/eML script
File Edit Text Debug Tools ‘Window Help

Error: e:d —y NEH {2Bo~ ABET SHE I rr BRABE L
r] rl function [v¥, w] = egualizer(rxsig, d, initWeights, lambda, de

% Adaptive equalizer using BLE algorichm

% Initialize
M = lengthiinicWeights): % HNumber of tap weights

Gain Au
vector G

o | A+uAu

persistent weights Delta u

if isewmpty (weights)
w = initWeights + 07;
Delta = deltal * eve (M) + 07;
u = zeros({1l, M) = 03:

end

for n = 1l:lengthirxsig)

Inv. corr. et i

matric | A ¢— %(A ~Gu"A)

vin) = w' ¥ u;

e = din) - yin);

G = Delta * u / [lawhds + u'*Delta*u):
Delta = 1/ lanbda * (Delta - G*u' *Delta);
w = w + GFooni(e)

(MxM):

_Weight
" update
(Mx1):

Rl |

w<«— w+Ge ) = —
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<} Stateflow {chart) IEEES0211a/Adaptive Modulation Ce — Ellil
Fle Edt Simulaion View Tools Add Help

" PhySicaI |ayer e tledalieza|a 21 |8 B®aA

Finite State Machine that controis -
the adaptive moduiation scheme.

= Adaptive Modulation Control

hod_BPSK_Bhthps

[snrEste=thras(1]-fysi] [SnIEst=thres[1]+hyst)

=  Error rate calculation

B @ |@

Mod_BPSKZ2_9hbps
modidx

[snrEst==thres[2]-hysi] [snrEst=thres[2]+hyst]

= Visualization

Q [snrEst==thres[3]-hysi] [snrEst=thres[3]+hyst]
) IEEE 802.11a Link v

File Edt ‘“iew Insert Tools Window Help

R S N roraar R N et lozma xarrs 2o [snEst==thresld}-hysT
DGEA@ LDE (2| b 8 =M@ RET® TX Data [ETES ]
IEEE 802.11a WLAN PHY] BIEERSIIERR AR
[snrEst=thres[8]+hysi]
0 Mod_16QAM_36hbps
’ ) modlds = §;
Unequalized sighal RX power spectrum (dB) bitRate = 26

=

T T T | [snrEst==thres[A]-frysi]
! : : : [shtE st=thres[6]+hyst]

[snrEst==thres[7]-hyst]
shrEst=thres[7]+hyst]

The power of the Rx signal is compared against an aray
of power threshaolds in order to determine the corasponding

Ren Equalized power spectrum (dB) modwation as defined by the IEEE 802.71a specifications
m', = 10 T T T T T
[ OFDM Frames Equalzer '_E 1 : H ; i i j
MU0 paramsters 04 1] 1
Aol | Ready (CED)
Ot- H
L madids »> -1
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Circuit diagram

= Analog/Mixed Signal

ﬁ M 4/Aircraft Dynamics Model

File Edit Yiew Simulaton Fomat Tooks Help

= Feedback control loops, SIEL TR SO o
VCOs, PLLs, phase detectors ‘T::‘:’

- - — {1
< B [ vEmcglww
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File Edit “iew Simulation Format Tool: Help
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Thesis

= The competence people have developed in
“programming”/coding make them sceptical reagarding
alternative entries

= Software development tools will further reduce the
need to transform system descriptions from the “*human
style” to the “computer style”

= This is only possible if we leave behind the ideal of a
single language for all

= Single source in various languages




) The MathWorks MATLAB'&SIMULINK®

Distributed and parallel computing

Task
Result
|
Task
Result
|
Task
Schedule
Result
L
Task
Result
|
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Writing a parallel application

Parfor
parallel for loop to run in MATLAB or a matlabpool

>> matlabpool
clear A
parfor (1
A(r) =
end
A
matlabpool close
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3. lterative development
- Early verification
= Flexible partitioning
= Challenge: Moving between abstraction levels
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How to catch errors early?

— Made

— Detected “...each delay in the

/—\ detection and
] / correction of a
] design error makes
it an order of
/\\/

/ magnitude more

expensive to fix...”

Require-  Concept System Component Implementation Clive Maxfield and Kuhoo Goyal

H i “EDA: Where Electronics Begins”
ments R&D DeSIQn DeS|gn TechBites Interactive, October 1, 2001

ISBN: 0971406308

Source: “Migration from Simulation to Verification with
ModelSim®” by Paul Yanik. EDA Tech Forum, 2004 Mar 11,
Newton MA
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Early verification

Consider algorithm in its
Implementation environment

Use tools to optimise algorithm
conversion

Speeds up the design cycle

Easy to switch back and forth

Separate the algorithm from the
Implementation details

Simulation
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Iterative Design flow

= Top-Down

= Rapid prototyping

= Optimize by parameterizing the code generation
= Bottom-Up

= Reuse optimized IP

= Design flow:
= Create a system model
= Generate for a module
= C Code - Analyze performance
= HDL Code - Analyze performance
= Decide on the implementation method per module
= Optimize the performance per module
= Adapt code generation
= Manually optimize and reintegrate the code — Bottom-up
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Flexible partitioning

FPGA & ASIC

Single source in various “languages”
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Implementation trade-off

Blocks can have more than one implementation

= Gain
= hdldefaults.GainMultHDLEmission

= hdldefaults.GainFCSDHDLEmMmiIssIoON
= hdldefaults.GainCSDHDLEmMmiIssIon

= Lookup Table

= hdldefaults.LookupHDLInstantiation
= hdldefaults.LookupHDLEmission
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Limitations: Abstract Modeling

= Efficient but abstract

= Challenge: There is no way to easily switch between detailed and
abstract model

E! shared_access_media/Shared fccess Network

File Edit W“iew Simulation Format Tools Help

Node 1 Transmit Shared Access Communications Media

S— Network Subsystem
oy uT1 B N l:“;u w
B o) OUT BB N '[- TUT A
3N J 0Tz B
e o

Mode 1 Receiver | Data Out 1

Multiple Access Media

m [L] o
ot R Bort
in [113)
Hode 2 Transmit Signal Latch Pachket Time
Random Port
{3 ) - #n J #d Giogof
2y ~OUTH g IN ﬂ{gﬂ\ﬂw —”'"‘;E+ — auT
4 AG L] OUT pa— 1M ' * T fra Nz I t | il +
< =M & bt OUTEs—35{IN ﬂ 2 Latl_ »_'—» IN +aaym
. | IN3 =2 our N —_ouT -
= Path Combi -
@J SN #a mainer Get Atribute Single Sarver
) Output Switch

|Ready [87% [variablestepDiscrate A
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Conclusion

- Model-Based Design puts
modeling and simulation at the /\
center of system design , Executable

Specifications
om Models
= Increased abstraction = f

Increased productivity Confinuous 4 Desic
Test and Models with
Verification Simulation

= Make the computer understand
the “human” inpUt /plementoﬁon

with Automatic
Code Generation

= |terative design for optimized
system+process performance
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Thank you for your attention

Questions?

See us at our booth
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