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Introduction

« System Level Design
— Increase productivity by using
higher abstraction levels
« System Level Design flow
— Top-Down
— Refinement based

— Starts from Specification Model
« Using System Level Design
Languages (SystemC, SpecC)
— Successive automatic
refinement stages result in end
iImplementation

Input
Model

Auto
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Motivation

Need quality input model
— To allow Exploration

However, actual design T
starts with reference model
(flat C)

— Gap to reach Specification
Model

Existing design flows do

not automatically create of

this model

— [Shin et.al, Lahiri et.al,
Pasricha et.al]

Use manual re-coding

— Example: MP3 decoder -
* >90% of design time

Automatic
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Problem Definition

* Overall goal:

— Extend design flow to start at
reference model

* Introduce new re-coding stages

___________________

« This paper:
— Introduce Re-coding
« Code transformations
« Automation
* Interactive approach
— Two steps of Re-coding

 Focus on communication
exploration
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—

C Reference
Model

Overcoming the gap

Re-Coding

IE

N

| funcl (...) {...

| func2 (...) {...

| func3 (...) {...

| func4 (...) {...

| func5 (...) {...

}
}
}
}
}
}

| funcé (...) {...
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Overcoming the gap...

Introduce intermediate model
— Behavioral Model

Behavioral Partition I Expose Communication!

C Reference Behavioral Specification vee
Model Model Model
o [ | ]

funcl (...) {...}

| | BRI o | LD
func2 (...) {...} — A r\‘q,' — y

| | : , - (| e [—]

| func3 (...) {...} | BO I," /l ]I‘a‘ll @

| funcd (..) {...) | - I/I ,’/\ /', 7 N

| func5 (...) {...} | ;o !

| | B2 —([=[— B

B2 B3

funcé6 (...) {...}
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Overcoming the gap...

« Why expose communication?

Quality of Communication Exploration

J

— Number of explorations Behavioral Model
— Extent of automation B NN
4 4. 4«4

— Time A (Y

Bo/ ||/ Hi
Behavioral Model ( ) (

— Gilobal variables limit the B2 B3
number of possible - /K
automatic explorations Only Option l

Memo
Specification Model -

— Enables automatic om

exploration of more design U
alternatives
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Creating Specification Model

« Two new re-coding steps
— Behavioral Partitioning

— Expose Communication (CReference Mode>

° Expose Communication E Behavioral Partition E P ' '
— |npUt BehaV|Ora| MOdel i i/,/ Locahzedatiaccesses‘
— Output: Specification Model e e e~

. A4
Establish synchronization

— Transformations Specitioaion Mod> \

« Localize global variables T
 Explicit communication

. . Intermediate Model - 1
« Synchronization e oo T

| Refine;nent—N |

— Interactive approach

« Designer iteratively invoke
transformations instead of
manual re_COdIng Implementation Model

Intermediate Model-N
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Communication: Localize

RI RWI RW2 R.2 Behavioral
« Localize global variables to e —— Model
partitions 'Block_l ;ock-z Y
« To enable multiple explorations — Localize
« Procedure Rwi_| LRw2 KR
— Finding the Global variable —7 & \,\
— Determining the functions and Block -1 Block -2 .
Dependency

behaviors accessing it

— Migrate it to the only behavior
accessing it
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Communication: Expose

« Localize global variables to
common parent and provide
explicit access

« Makes subsequent analysis of
models simpler

« Procedure
— Finding the Global variable

— Find the lowest common parent
behavior

— Provide access to the variable by

recursively inserting ports in behaviors

ASP-DAC 2007

Rl || RW1 RW2 R2 .
; i~ & : Behavioral
— T : Model
v ' 4 A v
Block -1 Block -2
— Localize
R1, R2
RWI1 RW2
4 . -7k
I' A /\ (\ ‘*‘\
RI
Block -1 Block -2
Make explicit data
connections RW1,
RW1 RW2
Block -1 Block -2
A Read port W Write port
..... p  Implicit Data Flow/ Explicit

Dependency connectuivity
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Communication: Synchronize

R.l §W1\ ,sz R.2 Behavioral
« Use message passing channels e Model
: : CATY (e '
instead of variables ! ’
Block -1 Block -2
e Localize
: L R1, R2
 Defines synchronization scheme LR R
— Guides exploration tools 2T ) ()| 4 > Denendeey
Block -1 Block -2
e Procedure Make explicit data

connections RW1,

— Create a typed synchronization channel ([

: RW1 RW2
— Replace all the ports corresponding to
the original variable with the channel A Read port
g v Writzport
1:ype Block -1
— Modify each access to the original
variable to use appropriate interface . Establish
function of the channel Synchronization
RW1, RW2

> Explicit connectivity
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Explicit Communication

» Transformations require significant recoding

: /*Top level behavior */ /*Top level behavior */
( * Global variables */ behavior Main() { behavior Main()
int RW1, RW2: {

/* Global variables */
int R1, R2;

int RWI1, RW2;

/*Top level behavior */
behavior Main( ) {
int varl, var2, var3;

bl Bl(varl, var2);
b2 B2(var2, var3);

int main(void) {
B1l.main();
B2.main();
}
1
/* Sub modules */
behavior bl(in int il, out int ol) {
void main (void) {
ol = R1*RW2*il;
if(RW2) RW1 = (R1*RW2)*i1)&1;

1
N
behavior b2(in int i1, out int o1) {
void main(void) {
ol = R2*RW1*il;
if(RW1) RW2 = (R2*RW1)*i1)&1;
1
|5

/*Top level behavior */
behavior Main( ) {
int varl, var2, var3;
bl Bl(varl, var2);
b2 B2(var2, var3);

int main(void) {
B1.main();
B2.main();
}
|3
/* Sub modules */
behavior bl(in int il, out int ol) {
void main (void) {
ol = RI*RW2*il;
if(RW2) RW1 = (RI*RW2)*i1)&1;
}
1
behavior b2(in int i1, out int o1) {
void main (void) {
ol = R2*RW1*il;
if(RW1) RW2 = (R2*RW1)*i1)&1;

int varl, var2, var3;

int RW1, RW2; |/ Now moved here, no longer global*/

bl Bl(varl, var2,[RW1, RW2));
b2 B2(var2, var3,[RW2, RW1);
int main(void) {
B1.main();
B2.main();
}
1
/* No more Global variables */
behavior bl(in int il, out int o1,
[ out int RW1, in int RW2] {

int R1;
void main (void) {
ol = R1*RW2%*il;
if(RW2) RWI1 = (R1*RW2)*il)&1;
}
1
behavior b2(in intil. out int ol
|out int RW2, in int RW1)|{

int R2;
void main (void) {
ol = R2*RW1*il;
if(RW1) RW2 = (R2*RW1)*i1)&1;

int varl, var2, var3;

c_fifo chl; J*Channels instead of variables */
c_fifo ch2;

bl Bl(varl, var2,|chl, ch2);
b2 B2(var2, var3,[ch2, chl);

int main(void)
{
B1.main();
B2.main();

|5

behavior bl(in int i

out int 01,
[ Ereceivercid]

int RT;
int RW1; /*local variables*/
void main (void) {

o1 = R1*(ch2.receive(sizeof RW2)))*il]

if(RW2) RW1 = (RI*RW2)*i1)&1;
hl.send(RW1);

1

|5

behavier-b2Gn-inti ,tmtol,m
[ i_receiver chD{

int R2;

int RW2;

void main (void) {

| ol = R2*(ch2.receive(sizeof(RW1)))*il; |
if(RW1) RW2 = (R2*RW1)*11)&1;

[ ch2.send(sizeof(RW2));

f

15

(a) Model-1: Behavioral Model (b) Model-2: After Localization (c) Model-3: Explicit connectivity (d) Model-4: Synchronized Model
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Interactive Re-coder

« Why not fully Automatic Re-coding?

— Difficult challenges, for example
« Determining the type of message passing channel
« Handling pointer ambiguity

— Designer control needed

» Existing Interactive Re-coding
environments

— ParaScope, D-Editor, SUIF Explorer

ASP-DAC 2007 (c) 2007 P. Chandraiah
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Interactive Re-coder

« Source Re-coder

— Controlled Interactive approach to replace manual programming
— Enables generation of models suitable for design flow
— It's a union of

« Textual Editor

« Abstract Syntax Tree

» Preprocessor/Parser

« Transformation and analysis functions

« Code generator

Document
Object

A 4

Preproc Parser

v 1 T 1
Text Code Generator Transformation
Editor “ Tools

* i *

GUI
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Experimental F

« Design examples
— JPEG, MP3, GSM

« Created Specification models
— Manual
— Source Re-Coder

 Estimated Manual time

— Time to implement the
transformations manually for
10 variables and extrapolated
for all the variables

— In the order of minutes
* Re-coding time
— Time to implement the

transformations using Source
Re-coder

— In the order of seconds
Productivity gain

— 100x
ASP-DAC 2007

esults

Statistics JPEG MP3 GSM
Lines of Code 1642 7086 7492
Global Variables localized 8 70 83
New Ports added 2 146 163
New Channels added 1 6 2
Design Time JPEG MP3 GSM
Estimated Manual time | 53 mins | 497 mins | 585 mins
Re-coding time 27 secs | 246 secs | 260 secs
Productivity factor 117 121 135
(c) 2007 P. Chandraiah 16




Summary

« We introduced Re-coding to overcome the
gap between reference C model and
Specification Model

« We presented transformations to expose
communication
« We presented an interactive source re-coder

— Performs transformations to expose
communication

— |t creates flexible models in less time

« QOur results show significant productivity gains
— 100x
— Enables better communication exploration
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Conclusions

« SoC Specification Models

— Good models are necessary for effective exploration and
synthesis

— C Reference Models act as starting point

« Gap between reference model and specification
model
— Specification Modeling needs automation
— Complete automation is difficult
 Interactive Re-coding
« Programming specification is no longer tedious typing
« Becomes guided automatic re-coding
* Future work

— Transformations to create Behavioral model from C
reference model

— Coupling Source Re-Coder with system profiling and
estimation tools

ASP-DAC 2007 (c) 2007 P. Chandraiah
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Thank Youl!
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