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m System design

m System verification
Hardware/software co-verification
Rapid prototyping
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System Design

System Specifications
r\_—;”——; Analyze the algorithm to Processing and Functional
Convert Specification To assess the Requirements
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System Verification

System Specifications

Check if it meets
functional ( Convert Specification To)
: Functional & Performance
require ments Requirements

5 =

L ~
Functional Verification Behavior/Functional
(System level testbench)| ™ | Design )

¢ S —
_ . HW IPs Library
Architecture Mapping ~——

(Behavior to Architecture &

HWI/SW Paritioning) >
SW IPs & RTOS
_Libray

Performance Verification
(System level testbench)

SoC HWRTL code SoC SW Functions
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System Verification

m V-shaped model: top-down and bottom-up
Implementation approach

m Create a system-level testbench
System testbench metrics

Emulation

Hardware acceleration
Hardware modeling
Mixed-level simulation
Design partitioning
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V-Shaped Model

m Top-down and bottom-up implementation
approach
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Create a System-Level Testbench

m Explicit and implied functionalities System

Specifications
m For example:
Data packet (xyz) will appear on port
A

f Extract Specific ) <

. Functions
No illegal bus cycles are generated ) v
Memory location (xyz) contains value (" Create Tost |
(AB) on completion of the test for Functions
Variable (A) goes active during the v
execution of the test

: ) ) rDeﬁne Success &
Variable (A) does not go active during Failure Conditions

the execution of the test

m Pay particular attention to
Corner cases
Boundary conditions
Design discontinuities
Error conditions

Exception handling Testbench Ready
for Verification

All
Functions
Covered?
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System Testbench Metrics

m \Whether or not all of the test defined In the
verification plan are included

A qualitative measure

How to define and measure functional
coverage is still a problem

m When possible, test all possible
combinations of transactions with all
possible data sets
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Big Challenge for SoC Verlflcatlon.

High Gate Count

m The number of gates on an SoC device
Increases

m The size of the system-level testbench
required to test the SoC exhaustively
grows exponentially

m Software simulation cannot keep up with
this exponential growth
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Some Verification Strategies (1)

m Example

System-Level
Testbench

( )

Multimedia SoC Design

_ ™
SoC Design
Processor Block#1 Block#n
B z '
Block#2
J
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Some Verification Strategies (2)

m Emulation

\_

Testbench

System-Level

J

m Hardware accelerator

Multimedia SoC Design
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SoC Design
FPGA FPGA#1 FPGA#n
ot § ',
FPGA#2
J
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Some Verification Strategies (3)

m Hardware modeling

EX: with a processor bounded core

-

System-Level
Testbench

Multimedia SoC Design

. J

~

-
( Processor . SoC Design
|1
o ] B Block#1 Block#n
iR : '
- t >
Block#2
\_
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Some Verification Strategies (4)

m Mixed-Level Simulation
Single complex block

-

\_

Testbench

~

System-Level

Multimedia SoC Design

e _ N
SoC Design
Bus
Functional
Model
(BFM) Block#1 Block#n
B i i
Block#2
\_ J
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Some Verification Strategies (5)

m Mixed-Level Simulation
Many complex block: verify one block at a

time

Testbench

g

~

System-Level

Multimedia SoC Design

e ™
SoC Design
Processor Block#1 Block#n
Model Model
B z '
Block#2
Model
\_ Y,
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Some Verification Strategies (6)

m Design
partitioning
Can significantly
reduce the
simulation
requirements to

verify the entire
SoC design

Multimedia SoC Design

e N e _ A
Probes SoC Design
Block
Under Test Block#1 Block#n
(BUT)
System-Level A t t
-
Testbench < Y t >
Block#2
Y, \_ Y,
Results
Stimulus —» Block - Pas_s/
Under Test Results Fail
(BUT) . —
Expected Checking
Results -
Shao-Yi Chien 15



Source Level
Debugger

!

Processor

!

System Interface

!

Peripherals

Multimedia SoC Design

Source Level
Debugger

!

Processor
(ISS)

!

System Interface

(BFM)

!

Peripherals
(RTL code)
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m HW/SW Co-verification environment

Hardware/Software Co-verification
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Software Environment

Hardware Environment

[SW Graphic User Interface

HW Graphic User Interface

v

v

~

r~

SW Tools HW Tools
Compiler, Linker, Debugger) (HDL Simulator)
Application and HDL Design

Device Driver Software

J
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Processor/Memory
Model
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m HW/SW Co-verification environment

Hardware/Software Co-verification
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Hardware/Software Co-verification

Debugger

m Emulation environment [ Source Level ]

Processor
(RTL)

!

I
I
I
I
I
I
I
System Interface :
I
I
I
I
I
I
I
I

(Bus)

!

Peripherals
(RTL)
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Hardware/Software Co-verification

Source Level
Debugger

m Soft prototype environment

Processor
(ISS)

Peripherals
(C-models)

=S
R
=N
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Rapid Prototype Systems (RPS)

Source Level
Debugger

m Rapid prototype environment
Emulation
Reconfigurable
Application specific prototyping

Processor
(Chip)

(Bus)

|
|
[ System nterace ]
|

Peripherals
(Chips/FPGAS)
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Rapid Prototype Systems (RPS)

m Features: m Limitations:

m Wide application m Design partition

m High performance Several FPGAs with limited
/O pins

Possible for real-time

= Work with AMS devices = Plug-in modulgs
ECO m May need design (RTL

Fast engineering change code) modification

order to minor design m Interconnect delay
modification on FPGA

m Software development
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(Quickturn)

Incisive XE Software

Palladium Il

Incisive Enterprise Palladium Series

I Palladium

Palladium Il I
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Cadence Incisive Palladium

Palladium | Palladium | Palladium
Il 1]
Maximum | Upto 128M | Up to 256M | Up to 256M
capacity gates gates gates
Domain 1M gates | 1.8M gates 1.8M
capacity
Domains 8 9 9
per board
Gates per 8M 16M 16M
board
Memory 4GB 4.6GB 4.6GB
per board
Maximum 750KHz 1.5MHz 2MHz
speed
24




 Cadence Incisive Palladium
(Quickturn)

meeeeeeeeeneesseeeneeeeesen@eesssssn@® Emulation
TMHz .
meeeeesssseneeeeeeeneeeeeeeeneeesmmen@® Acceleration
A
10,000-1,000,000x
1KHz - Performance Gap
100Hz
10Hz — v
RTL
THz —
Gate ] .
Simulation
100K 300K ™ 3M 10M 30M
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Cadence Verification Computlng
Platform: Palladium XP

mm

Architecture Algorithmic Block/IP Chip-Level I ET Software Field
Exploration Verification Verification Verification Verification Verification Prototype

Simulation Simulation Acceleration Emulation
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Architecture Algorithmic Block/IP Chip-Level Firmware Software Field Y )
Exploration Verification Verification Verification Verification Verification Prototype o
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Cadence Verification Computi
Platform: Palladium XP

In-Circuit
Emulation
UXE

Unified Xccelerator

Emulator Software
Debug Advanced
Debug
o=
Verification
Intellectual
Property

Palladium XP ;
: Dynamic Power
Assertion-Based IV N:¥ .\ Hardware XL, GXL s
Acceleration y
Power Shutoff
Verification

Up to 2 billion gates!

Open Verification
Methodology for
Acceleration

Metric-Driven
Verification for
Acceleration

Synthesizable
Testbench

Vector-Based
Acceleration

Transaction-
Based
Acceleration

Signal-Based
Acceleration
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Mentor Gra
(Aptix)
m CIC has one

similar
eqguipment!
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ALDEC HES-DVM

e Verilog/VHDL/SV/SC o ASIC/FPGA e SystemC TB

Cycle-level TB RTL Design Transaction-Level
HDL 9 HDL/SC Avstemc
Simulation Co-Simulation
RTL Simulator —)
R o R
HARDWARE DeSIgn Setup for HARDWARE Co%o”
=SS Emulation [HES
Simulation o Transaction-Level
Acceleration Emulation
Hardware
Emulator

Software Embedded Processor
Debugger Firmware/Software
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ALDEC HES-DVM
/Systemc TestBenclth | / Hardware Emulator \

HW Filter
S ] o AHB Slave

llllllllllll

LM

THE DESIGN VERIFICATION COMPN\)
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Reconfigurable RPS

—P{OscilloscopeJ

Motherboard
Workstation/
PC
# CPU | [Memory| | FPGA mun}l FPGA
ICE ¢ Module | | Module | | Module Module
Module Plug-in Area
[Clock | [ BIC BIC =au[ BC |
Gen Device | | Device Device |
Logic
Analyzer f ¥
BC FPGA FPGA
Module § | Module | | Module
Module Plug-in Area
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Application-Specific RPS

m Map target design to commercially available components
m Limited expansion and reuse capability

m Usually provide board support packages (BSP)

———————————,

’ N
! ASB Module '
|

(ARMYTDMI] [ROM] [Arbiter] [Decoder]é [ Codec ::%'
: i P ASB

- —— l
| 1 ' '
[ ]' ASB/APB | | Bluetooth ]“ >
| ] RF I/f
[Flash] [RAM] | ! [ Bridge } {\[Link Controller )
H /

———————————————————

Interrupt Parallel
[Controller] LTlmersJ [ BART ] [ /O ]
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ARM Versatile

A T F 3 A
excal;rtl:gon ity
i DAC
connector
[ [
ARM26EJ-S DevChip IRRE ,
: AHB bus 3x Watch 32-bit | Sync ; i
ARM926E)-S, VFPY, | Timers | ponior | yarts | S| o ColorLCD GPID | Serial TR Logic Tile
and MOVE
Multi-layer AHB and bus switch T
System Interrupt Static Mem MP Mem AHB
ETM3 JTAG RTC cantroller OMA controller Controller Controller MBX ‘ bridges I
Int t
Select ! re&{ Mailbox ‘ ‘ Z RAM ‘ ‘ Mux INST X —»{ X RAM
t T ose
DiskOnChip
SDRAM ‘ AHB Interfaces and Bus Matrix }Q—Z Y —’{ Y RAM
Trace Port NOR Flash
Adaptor Memory FPGA 1T
-m |H expansion
connectar
Memory
expansion
USB debug R et PB926EJ-S
switches Clocks, reset, JTAG, AHB M1
configuration, L Lagic Tile expansion connectors "
JTAG s 9 P DMA Audio
«—> .
interface Sl,-léxltjus -— it il el Controller Controller !
B
7 Shared connections to I/0 signals from : .
Chip scope : Multi-layer AHB M2 Physical
interface GPID, AHB mnmdro&ggl, UART, SSP, bus structure . devices
gk ARME26 E-8 PCI Bridge {——|
AHB S
Control Serial DMA Sec. interrupt
JTAG registers bus expansion controller FPGA Development chip EPGA
I I I |
| | | [ [ | |
LCD 1/0 [uaRT |[ usB ][ Kbd ][ mse | [ aac |[ MMC || Ethernet |
[ F 3 Fy A Y [ A A F 3
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Kl6char | | GP GP 076243 Audio e
display LEDs || switches USB Codec e
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SOCLE SoC Platform

m ARM RISC + FPGA + Peripherals

Nor Flash

SD Port

JTAG

Audio In/out

MAC

USB A/B

Cheetah )
Connectivity
SoC

PCI

RS-232

K10 Ver.
CHEETAM DEVELOPUENT KIT
SOCLE TECHNOLOGY CORP.

Power adapter

Mini PCI GPIO/I12S/12C
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FPGA
Download
Port

ADC Connector

LA Miter

10 Ext. Slot

LCD

LCD Connector
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~ SOCLE SoC Platform

Arbiter Interrupt AHB

I - -
Decod ontrol 4 Expansion to
y : FPGA

SOCLE Cheetah SoC Chip
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SMIMS PC-Based FPGA Platform for

Hardware/Sofware Co-Design and Co-
Verification

Software Hardware
Video Player | YenCom PCI
Audio Player " Verlnstru USB 20
FFT
CIC+ B P
Program gorland | User E SMIMS S

Prograrm = R N

Matlab ‘ \ | Engine FPGA
Simulink .

SoC

. SMIMS

Designer [ ‘ d
VeriLite/VeriEnterprise
Host PC Board
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SMIMS PC-Based FPGA Platfornyfot

Hardware/Sofware Co-Design and Co-
Verification

SMIMS Engine
Ver. J

j |7 TLM2 Interface

VeriESL U.S(?I"S
Target Initiator
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Comparison

Environment Speed Debugging Software Timing Cost

Soft/virtual Medium | Algorithm | Firmware | No Low

prototype

Co-verification Slow High Firmware |Yes High

Rapid prototype | Medium | Low Real Yes Medium

system —->High

Emulation High Low Real Yes Very
high
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