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/ Technology Advantages

« No basic change in desigh methodology required
« ESE methodology follows present manual design process

 Productivity gain of more then 1000X demonstrated
« Designers do not write models

« Simple change management: 1-day change
 No rework for new design decisions

 High error-reduction: Automation + verification
 Error-prone tasks are automated

« Simplified globally-distributed design
 Fast exchange of design decisions and easy impact estimates

 Benefit through derivatives designs
 No need for complete redesign

 Better market penetration through customization
 Shorter Time-to-Market through automation
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/ ES Environment \

Decision Validation
User User
Interface Interface
(DUI) (VUI)

Compiler

ESE Front — End
Create Debugger
System Capture + Platform Development

Select Stimulate

Partition Verify
M
s TIMED
S

EYClE

Replace ACCURATE
ESE B Compile
SW Development —

Simulate
Verify

ESE Front-End
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CPU Mem Components:

Processors
Memories
IPs

Custom HW
Buses
Bridges

Arbiter
Bridge
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System Definition

Mem

Computation

Behaviors (in C)
(processes/functions)

Arbiter

Bridge

P
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/ System Definition \

CPU Mem _ .
Communication
(- ) Channels (in C)
[ Bl] [ BZ} o vl |« Variables (in C)
- /

Arbiter
Bridge

A

—i
'
@
HW P
&System Definition = (Partial) Platform + (Partial) Spece/
S
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Output: Application Model

Bl] [ BZT

-

J

‘BS I

ESE Front-End

C
Copyright ©2006, CECS ( S :

~

/

7



/ Output: Transaction-Level Model (TLM) \
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/ Output: Pin-Accurate Model (PAM) \
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CPU

System Modifications

Mem

A\ 4

A

vl

Arbiter

Bridge

TLM is generated/upgraded automatically with
changes in Spec or Platform, including:

N

» Software changes
IP

e Hardware changes

« Communication changes

ESE Front-End
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Output: Modified PAM
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/ Example: MP3 Decoder \

 Functional block diagram (major blocks only)

2 granules
AliasRed IMDCT FilterCore
/ Left channel
— HuffDec Y PCM |—
mp3 \ pcm
AliasRed IMDCT FilterCore
Right channel

 Timing constraints
e 38 frames per second
 Frame delay < 26.12ms
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ESE: System Definition

scc: SpecC Compiler V 2.2.0
(c) 1997-2005 CECS, University of Californig, Irvine

Ready

Allocate and connect system components
Edit processes (C code) inside components
Insert communication channels and variables
Run transaction-level model generator

File Edit View Project Simulation Synthesis Help
Project Archit4 Generate Network
Platforms 4‘ Generate TLM
=} Platform1
Opl.sc
=} Platform2
O p2.sc +F aliasrec
O p2_2.sc
ARM Mem = imdct
ARMv7 SRAMG4 18 filtercore
= = right
Bridge Halaes i
uCosl [ Eame ]
- o Add child
ul Add channe
Add variable I
mainBug Serialize
AMBA_AHB pembus Parallelize
DoubleHdshk R —
Remove
Database
PEs 1 aliasred.c E]@[z] Channels
H CZ[;SIVIW int process_mode; 4 PCM = @ c1 c_double_handshake
- a _senc
C Mg;“mz: void antialias(real xr{SBLIMIT][SSLIMIT], s Picceive
SRAM 128 struct gr_info_ *g7_info) @ <2 _handshake
(=} Hardwares int sblirr; @ ¢3 c_semaphore
Hw_Standard
NISC if(gr_info->block_type == 2)
if(!gr_info- >mixed_block_flag)
returr;
sblir = 1;
¥
else {
sblir = gr_info->maxb-1; =
¥
¥
void main(void)
L v
Output < _ L

ARM

[ AIimReH IMDCT]_.[FiIterOore

[ AIimReH IMDCTHFiIterOore]

Arbiter

Mem

real gainpow2[378]|

pcm Bus

mainBus

chl

>

Bridge

ESE Front-End
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ESE: TLM Simulation

=S PRI ECHETSESE
File Edit View Project Simulation Synthesis Help
Project v Instrument
‘ Compile [
Platforms P e
[ smme | _
; Platform1 | Kill simulation & Main
O pl.sc |————— -
=) Platform2 ‘ View log... ‘ = - left
O p2.sc 17 aliasred
Op2_2.sc
ARM Mem = imdct
ARMvV7 SRAM64 11 filtercore
uCosll
=) 11 filtercore
mainBug
AMBA_AHB Bus2
DoubleHdshk
Database ) )
Simulation log
PEs | CH Channels
Y0 MP3Decoder
s Input MP3 f : spotl.mp3 PCM = @ cl1 c_double_handshake
ARM|  output PCM file: spotl.pcm e i send
[=-Memo| Bjtrate = 96000 bits/s, Sampling frequency = 44100 samples/s P
SRAl Frame 1 ... 4.73 ms, meets_deadline 26.12 ms O LIEEED
SRAI Frame 2 ... J12 ms @ c2 c_handshake
=) Hardw Frame 3 ... .12 ms @ c3 c_semaphore
HW|
NIS(
*** Compare spotl.pcm to reference output for correctness..
.

Diff -s _/testStream/spotl_ref.pcm spotl.pcm
Files ./testStream/spotl_ref.pcm and spotl.pcm are identical

ARM

[AliasReH MDCT]—_[FiIterCore]
9

<) 2 8| || ™ Mem
Output

Running simulation ... [ AliasReH MDCT]—_[FiIterCore]
% xterm -e ./mp3decoder funky.mp3 funky.pcm

—y Drivers .

Run simulation on automatically-generated TLM

mainBus

ESE Front-End Copyright ©2006, CECS S 15



/ Computation Analysis \

 View computation time of processes
 filtercore is the most computation-intensive

DecodeMP3time distribution

ARM | o
ARMv7 Progranule time distribution
Channel time distribution
View Graph...
uCosll RTOS... o
Properties... right

channel

B

 Look for parallelism in process hierarchy

« Left and right filtercore processes can run in parallel
— Use two identical custom HWs

\_ @/
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ESE: System Modification (1)

SR PR ECOUETSESES

Help

File Edit View Project Simulation Synthesis
Project Architecture PEs
Platforms ARM PCM
(= Platform1 = Main
O pl.sc -
(= Platform2 = - left
s 17 aliasred
Op2_2.sc ARM v -
em = imdct
ARMv7 SRAMG4 11 filtercore
= = right
Bridge 13 aliasred
uCosll = imdct
T 7 11 filtercore
mainBus I - pcmBus
AMEAVALE DoubleHdshk
——
Database
PEs | CEs M Channels
CPUs
? ARMV7 = @ cl c_double_handshake
i 1= — = a i_send
[=}: Memories -
SRAM64 HwW1 | |HW2 A 1 | a i_receive
comest | Discornect | IRA — & <2 c_handshake
& SR AL 1} ) | pcmBus b|__masterCPU
/_Standar : )
NISC JECcdlpott. L Remove
Remove I
Output ARM

» Allocate new components from database

Ready

 Create bus ports for PEs
 Connect PE ports to busses

[AIimRe IMDCT

H

FilterCore|

Mem

[ AIimRe}—[ IMDCT

]—[Filteroare

real gainpow2[378]

—2 )

Arbiter

\ 4

mainBus

Bridge

HW1

HW2

ESE Front-End
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ESE: System Modification (2)

ESE - MIPSDacodar. aga
File Edit View Project Simulation Synthesis

Project Archil% Generate Network PEs
Platforms Generate TLM " ARM PCM

Help

(=) Platform1 = Main
O plsc -
(=) Platform2 = - left
IR 17 aliasred
Op2_2.sc
ARM Mem = imdct
ARMvV7 SRAM64 “
B right
Bridge % 17 aliasred
uCosll = imdct
? i ) e
mainBus pemBUS
AMBA_AHB =
- DoubleHdsh
Database
[=: CPUs
ARMV7 1 =2 -c: f:_doL;ble_handshake
[=)- Memories i_sent
SRAM64 HW1 / HW2 / PCM a i_receive
SRAM128 @ c2 c_handshake
LS @ c3 c_semaphore
HW_Standard
NISC @ m1 c_double_handshake
@ m2 c_double_handshake
@ M3 c_double_handshake
@ M4 c_double_hamdshake|
@ m5 c_double_handshake
Output

Mem
real gainpow2[378]

Ready

« Move processes to newly allocated PEs 5 | = 2 pcmBus
« Inter-PE channels are inserted automatically [ e : ey S [ >
* Run transaction-level model generator i T PCM

25 =
FilterCore) FilterCore) PCM

C b 2
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ESE: TLM Simulation

=S PEIVECHUETIESER

File  Edit View Simulation

Project

Synthesis

Bus Contention

mainBus Contention

Max, Requests

20 40

Tine (ms)

B0 80

Bus Utilization

mainBus Utilization

0.8

Mem
SRAM64

60

80

40
Tine (ms)

MP3Decoder
Input MP3 Fil
Output PCM

Bitrate = 96000

spotl.mp3
spotl.pcm
ts/s, Sampling frequency = 44100 samples/s

Frame 1 ... 9.39 ms, meets_deadline 26.12 ms
Frame 2 ... 28.45 m: Ssed dead B26.12 ms
Frame 3 ... 28.45 nfs, missed deadline 2§.12 ms

-

*** Compare spotl.pcm to reference output for correctness..
—

Diff -s _/testStream/spotl_ref_pcm spotl.pcm
Files ./testStream/spotl_ref.pcm and spotl.pcm are identical

<

A

DoubleHdshk

Channels

= -@» cl c_double_handshake

€4

a i_send
a i_receive
@ c2 c_handshake
@ c3 c_semaphore
@ mlc_double_handshake
@ m2c_double_handshake

Output

Running simulation ...
% xterm -e ./mp3decoder spotl.mp3 spotl.pcm

Ready

Drivers .

IMDCT

Mem

AliesRed

Run simulation on automatically-generated TLM

Display over-

the-time bus activity

HW1

FilterCore

HW2

FilterCore

ESE Front-End

cy
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/ Bus Contention Analysis \

 Bus priority: ARM > HW1 > HW2

HW?2

HW1

IDLE

ARM~

Usage Distribution for mainBus.._

HW2

None None

\ Waiting time when ARM uses bus Waiting time when HW2 uses bus
€
Copyright ©2006, CECS S
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ESE: System Modification (3)

ESE - VIPYDzcodlar s
File Edit View Project Simulation Synthesis Help
Project Archite  Generate Network " PEs
Platforms Generate TLM ARM PCM
(= Platform1 = Main
O plsc -
[=): Platform2 = - left
O p2.sc L‘j aliasred
Op2_2.sc
ARM Mem = imdct
ARMv7 SRAM64 .
= = right
L‘j aliasred
= imdct
uCosll
mainBus pcmBus
AMBA_AHB DoubleHdshk
Database
PEs Channels
[=): CPUs
ARMV7 e c‘l c._duu(;)le_handshake
[=}- Memories i .
SRAMG4 HW1 HW2 Connect = X a i_receive
SRAM128 Connect Disconnect 5 masterCPU - ¢2 c_handshake
©: Harduares | oiscomnect | T B @
isconnec Add port... c3 c_semaphore
HW_Standard | f |————————F 1 ¢_double_handshak
o ! Add port... ! Remove mlc_double_handshake
Remove " @ m2c_double_handshake|
l"—_|_‘ @ m3c_double_handshake
@ m4c_double_handshake
@ m5c_double_handshake
Output

Ready

Remove components and connections

Change connectivity
Run transaction-level model generator

Mem
real gainpow2([378]

Arbiter

mainBus

2D
A 4
Bridge

PCM

& )

1

Il_.@_p:u-lus—l

A 4

P
«

[chi] |
—

C

ESE Front-End
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ESE: TLM Simulation

File Edit View Project Simulation Synthesis

v Instrument

Project

Bus Contention

EEx

nainBus Contention

em
RAMG64

o

Max. Requests
L]

Help

mainBus Utilization

0.8

Input MP3 file : spotl.mp3
Output PCM fille: spotl_

1
0
0 20 40 60 80
Time (ms) Time (ns)
|
MP3Decoder 2 Channels

= -@» cl c_double_handshake
a i_send

Sampling quency = 44100 samples/s &

, meets deadline

Frame 1 ... 9.31 .12 ms
Frame 2 ... 25.33 {§s, meets deadline 2§.12 ms
Frame 3 ... 25.33 212 ms

ke

*** Compare spotl.pcm to reference output for correctness.
.

Diff -s ./testStream/spotl.pcm spotl.pcm

HW2

a i_receive
@ c2 c_handshake

Files ./testStream/spotl.pcm and spotl.pcm are identical

< L]

Output

Running simulation ...
% xterm -e ./mp3decoder spotl.mp3 spotl.pcm

Ready

 Run simulation on automatically-generated TLM
» Display over-the-time bus activity

------------ Mem
orivers BEGSD
mainBus
HW1
PCM

ESE Front-End
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/ Design Summary \

Frame Delay (ms)

Deadline: 26.12

TLM1 TLM2 TLM3
mainBus Utilization mainBus Contention
0.5 0.008
0.4 0.006
0.3
0.004
0.2 r
0.002 r
0.1
0 0
TLM1 TLM2 TLM3 TLM1 TLM2 TLM3

N s
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/ ESE Advantages \

 Platform and application can be easily captured
using GUI

e TL models are automatically generated

« ESE allows concurrent development of platform SW,
HW and application code

« ESE allows easy upgrade of platform

« ESE simplifies reuse of legacy application SW and
RTL HW code

ESE Front-End 24
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