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Systems Design Using VLSI Custom Logic
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CSCE 491 Week 1 - Outline

o Introduction
~ Drivers for VLS| Systems-On-a-Chip (SOC)
+ Example: Wireless Communications
+ The Widening Productivity Gap: Capacity vs. Capability

e Hardware Systems Design with VLSI
v VLSI-based Design Space (Y-chart)
~ Designing with CPUs versus Custom Logic
+ Abstraction Levels and Representation Domains

e Example — 802.11 WLAN Project
+ Hardware Design Representation
+ The CSCE 491 Design Process
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Introduction

or

What’s so important about this stuff
anyway and why should we care?
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Technology Convergence
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Introduction - VLSI System “Drivers”

* Many market and technology factors coming together to create
pressure on electronics product engineering organizations
worldwide.

<

Increasing global competition and new markets.

Increasing rate of product innovations and new product introductions.
Decreasing time-to-market windows.

Decreasing “shelf life” for products in many categories.

Increasing pressure on competitive cost containment, profit margins.
Increasing convergence: integrated functionality in single electronics
devices and product packages.

Increasing quality expectations: means for containing distribution and
support costs.

Increasing innovation in silicon process technology and wafer scale
integration densities.

<

<

<

<

<

v Increasing disparity: capacity of the underlying technologies versus
capability of designers to manage increasing design complexity.
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Example — Wireless Communications

The market is seeking product
technology options to cover
different geography ranges and

data rates. o
~ Bluetooth — WPAN. | WWAN
+ |IEEE 802.11 - WLAN. @
v 2/3G Network — WWAN.
e The opportunity for creating
value chains encompassing G263
product offerings, distribution Network
and new service offerings CDMA
hinges Ion the ability tko get low
cost solutions to market
quickly. WPAN WLAN
- Deliver content to wireless Blue Tooth |IEEEB02.11a
handheld devices. 802.11b
+ Function convergence in the
hand§et and at the base st_ation. Data Rate
« Requires large cross-functional Source: Knowledge Edge KK
design teams in varied disciplines.
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The Capacity vs. Capab

o Increasing capacity of the
technology:
+ The rate of new technology
and associated silicon

process changes has el [ 10,000k
continued to follow Moore’s
Law.

o The capability of designers Device
and design teams to use o
this capacity isn’t keeping Mot “;z"
up.

+ The Capacity versus -+ Product Time-to-Market
Capability Gap is widening. | 1,000k
Each set of technology and
process changes requires g
designers to manage ever Desil pability

more complexity in the design L 100K
process. , .

New architectures,
abstractions, methods and 1985 120 195 00

<

tools are required to address Source: Dataquest
this increasing complexity.
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Course of Study

or

What are we going to do about it?
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The Systems IC Development Decision Tree

Based on Wolf. © 2003 Prentice-Hall Publishers. Inc.

Select COTS
embedded
processor

Select
Programmable
logic platform

Select Custom
logic platform

Reduce

product
expectations
ag

Adopt tools,
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Behavior to Architecture Mapping

y
Algorithms & Behaviors
&
‘General Purpose Application-Specific
Architectures Architectures
i Y
r
High-degres of z Optimized for
programmabisty — Fhbaliond ey Arocier. Raconfipurabie Cuntom Logic  application.
sprecenien Proceissrs Processors Legic specific
High-degres of processing
T Most 802.11b MAC We'll be impl our MAC layer/ %
. ea, timing,
Vot ptknievd for done as embedded systems executing on design in VLSI custom logic using okl
spplicationspaciic 3 CPU (9. MIPS or ARM processor) concurrent state machines, and will
processing (hopefully) generate a circuit using XilnX  Tighaty defined
FPGA devices. derivative
trajectories
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Levels of Abstraction in VLSI System Design

o A design transforms from Analysis models o be done in UL
"concept" to "implementation” in
a series of ordered levels.

quetieing network flowehart

block diagram
From the highest level to lower ~
levels of design "abstraction”, a
design is iteratively refined.

state equations
state diagram
flowdiagram

Behavioral

RTL notation
datapath diagram
truth table

The design description is verified
and validated at each level,
often cycling between levels of
abstraction. schematic diagram

netlist

Functional/RTL

Design models to be done as ASM charts.

Design descriptions are

described using one or more favout
domain representations

(Behavior, Structure, Physical).
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Application Design Project
or

How are we going to do it?
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Mobile Computing - 802.11b/g WLAN MAC

e Wireless Local
Networking (PCF)

Scroen shorts © 2002 D-Link Corporation

+ Supports pervasive
computing on PCs,
laptops, PDAs and other
Internet-enabled devices.

Wedium
(cSMAICA)

Most Access Points
support broadband access
to a wired network.

Personal network
management screens
access functions that

<

control behavior of the
MAC Layer.

Example: wireless router

from D-Link
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Clock
Peak Power
CPU core Die area Consumptio | Memory frequency
o (MWIMHz) | System & MIPS
performance
4.9mm* on 0.18um Selectable | &
ARMOYE / ARM946E-S | estimated size with D cache sizes: [ 150MHz on TSMC
cached processor | 16KB instruction & 4KB | 1.1 mW/MHz | 0, 4K, 8K... 1M | 0.18um (worst
with tightly coupled | data caches and no @18V Selectable | & | case)
memory interfaces TCMs (estimated) D TCM sizes: 230MHz on TSMC
Using Artisan cell library 0, 4K, 8K... 1M | 0.18um (typical)
& RAM compiler
A avvice
controller — T ;’b’l“:‘:
| Bus | | tunction
interface )
memory
ﬂ re " - o
e
P
TargeL BER&MAC ControterChip Sottriver
PN/ MAC \
Memory block On chip memory depens on 10K gates
(4~15KB) + control firmware size (100 ~200KB) PCI/PCMCIA
block the FW size depends on the MAC -
fomture 110417 Source: Knowledge Edge KK
ETTTTUITran
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802.11 WLAN — Example Use Case Diagram

e Operations

v Inventory of basic mmm”c
functions to be supported \
in our MAC layer
Receiver architecture. s
aw

Interaction at the system

AC lEyEr

ReceveFrme

boundary with the PHY
layer

Each Use Case will be
iterated using Sequence

<

diagrams, then hardware | .rmoricaer
block diagrams. DocodeFrameChock
Each Use Case will have
a set of behaviors
DacodeAdaessos

<

associated with it that we DecryptFrameData
will want to model as an

RTL hardware DecoseDurtond

description. DecodsSequincaContol
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802.11 WLAN — Example Sequence Diagram

e ——

T |

2 gl : : 2008 b sames . avi page 6

802.11 WLAN — Example Block Diagram
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802.11 WLAN — Example ASM Thread 1

e A model for a MAC-layer functional
thread.

+ We use Executable ASM diagrams to
model state machine behavior and
datapath operations for the hardware.

Executable ASM models have a

raphical symbol set that looks like a
lowchart.

<

Algorithm structure can be easily

modeled using the ASM graphics.

<

The diagrams are annotated with
register transfer notation (RTN)
expressing operations and events.

Executable ASM models are directly
executable in Nimbus™, are “correct by
construction” and result in VHDL/Verilog

code optimized for circuit synthesis.
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802.11 WLAN — Example ASM Thread 2

We can use a Case with nested
If-Then Else constructs.

!
G5 Go back to the “pol” state.
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802.11 WLAN — Example ASM Thread 3

R
Qv
?’E‘a‘ We have reset states for Hard
| resafrum and “soft” reset signals.
4 [itnge = w0

<«——— We have polling loops to
synchronize with other concurrent
threads.

[
‘ i R
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802.11 WLAN — Example ASM Thread 4

ASM sub-flow has cascading tests
as nested If-Then-Else structure.

Priority sequence defined by the
order of nesting:

)
T

bty 12011

BB bamaiobtgn < S0108
[ =

L LT e
s

B "'m..v.L,.,-.(, G
T

T 5 b dagm b8

frrey T This logic block encapsulates output
- Decoding logic, which is good to put
In ASM sub-flows.
2 stinipoin 2004 Jamos . oo Poge 21

Page 7



Tool Chain

Creating initial platform-independent designs for later
retargeting to specific mobile computing footprint
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Exploration Process - Methods & Tools

e refinement”, with

jons and

W ierate ¢

rea and timing

h synthe cking key

straints,

Areas
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Model Creation using Nimbus™

s o 10 e Bt
i 0 D
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Model Verification Planning — ASM Model

* In examining an ASM “thread”, we want to evaluate which logic paths we can test by defining
a set of input stimuli to excite the design, so that each run allows different logic to be tested.

e Test points:
+ We start by looking at
1 specific points allowing us
Ly : to check different logic
. paths through the design.

v We look at the signals and
the value ranges that will

T cause our design to

1 choose a different logic

path.

] ~ We then create a set of

L] stimulus “steps” that will
T 1 v allow us to trace the
) b design in simulation.

Use McCabe'’s cyclomatic
complexity as additional
metric.
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Model Debugging & Verification in Nimbus™

[T e
. e e —
o

Step through
executing model.

Animation of
executing threads [ =
(control flow).

Display of data
and cycle timing
values (data).
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Checking Model Latency in Nimbus™

1. On start of simulation, operands are sampled at inputs.

2. After total 2-cycle latency, product appears at output

| 4. Afier a cycle latency, 21 operand set is sampled at inputs.

5. After a 2% cycle, 2% product generated at output.
3. As product from 1% operation appears on output, new operands appear
on the data inputs (for pipelined operation of multiplication for streaming
data).
SOUTHCAROLNA ©2004 Dr. James P. Davis Page 27
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Synthesis & Netlist in Synopsys® FC2

IPCA Compiber
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Architecture Evaluation using

Xilinx® ISE

Resource usage: docs
the design fit?

Worst case delay: can
we clock it fast enough?

Will we have stable

outputs within timing
tolerances of resources?

SOUITICARDLINA
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The CSCE 491 Design Process-1

Specifcation to be supplied by the course instructor.

Implement
Emulator Test H

Create Emulator

Create Abstracted 802.11
System Specification

Specification

o
Pro

based
£ Spec. UML-based
Harness Spec.

Rational Rose MS-VCH,

Rational Rose

(C#++, VHDLIVerilog PLI)

HDL Simulator PLI

Implemented and
tested 802.11 Protocol
Emulator test harness

Project Planning, Conduct Conduct Detailed

Architecture
Preliminary Analysis & Verification &
Lectures, etc. Optimization
b 1
Project Plan, Abstract state
Homework, RationalRose  cpare, activity Nimbus.
: IPalette diggrams.
UML Packages
and interfaces.
Pariitioned block
diagrams.

VHDLNVerilog

Dosign
Implementation Integration and

& Module System
Verification Verification

Protocol Emulator

ModelSim VHDL,
test harness

Silos Verilog

To be carred out by the project teams.

SOUIFICARDLINA
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The CSCE 491 Design Process-2

Decompose into functionally
partitioned modules.
Capture, analyze and verify IPalette
entry unit-level module behavior.

Designer

Capture, plan and verify the

eycle-based system test harness graphically.

verification

Designer

test spec.
Nimbus

o
Desnr -
f g
cycle-based
oo
sy pree
automatic et
Rencration %E .
P
ttomatic

HDL test harness
‘generation

Integrate HDL modules Integrate HDL test harness
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The CSCE 491 Design Process-3

e Project teams of 2 or 4
~ Team of 4 works on both MAC Tx and Rev

We focus on MAC layer design and

performance optimization, but we hide blocks.
PHY layer in the test hamess.

~ Team of 2 works on a single side—either Tx
or Rev.

MAC
Layer

MAC
Layer

e Team organization

~ Team pair #1 carries out design on Tx block,
and test development for Rev block.

CRC-32 coding of CRC-32 decoding

of data siream

PHY Layer
c
decoding)

BBP

PHY Layer
(incl. CRC-16
coding)

+ Team pair #2 carries out design of Rcv block,
and test development for Tx block.

o Outcomes:

v All team members will get “down and dirty”
with 802.11 protocol.

« You will have digital systems and ad-hoc
wireless networking protocol design
experience.

v THIS MAKES YOUR EXTREMELY
MARKETABLE IN THE JOB MARKET.
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Homework Assignment #1

e Topic:
+Introduction to ASM modeling using the Nimbus tool set.
o Objective:
. To learn to use the Nimbus tool set to carry out design entry and simulation activities.
To ramp the learning curve so you can be proficient using the ASM method as quickly as
possible.

e Task:

Read the Nimbus Tutorial Guide, located at the link on my Tools web page:
http://www.cse.sc.edu/~jimdavis/T¢ i

orial.pdf

Start Nimbus on a Sun workstation (lab 1D39, 1D43), follow the steps in the tutorial, and turn in
the printout of the design file you have created. Keep this file, as we will use it again in a later
assignment. Do your own work!

Starting Nimbus, follow these steps explicitly: (1) logon to a Sun workstation, (2) cd $HOME, (3)

mkdir csce491; mkdir nimbus, (4) /usr/local/nimbus/setup_user (specify Printer as ‘139" and
Acrobat Reader as ‘acroread'), (5) cd $HOME/csce491/nimbus, (6) ./run_nimbus& (note the *./"
in front of the command, and the ‘&’).

Once you have completed the Tutorial: (1) put your name, “assignment #1” and date in fields
accessed from Options -> Design Information menu, and (2) print “All Sheets” option from the
File -> Print menu.

2 RN

©2004 Dr. James P. Davis Page 33

Page 11



