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‘_L L ab Profile

s Founded 2004.02

= Lab info
= Office: EE-Il 444
= Lab: BL 627 (EJ[J}[?]L”}@E/% EE 353)
= PTT: NTUGIEE ric
= Website:
http://dvlab.ee.ntu.edu.tw/

= T0 find me...
= ric@cc.ee.ntu.edu.tw
« ric2kl @ ptt, ptt2, msn, skype, ...
« 02-3366-3644
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L@LaDS

Laboratory of Dependable ytoms

‘L 3 Major Research Directions

1. SoC design methodology and verification
= BE[¢GRBEE] SoC G
C R S (SpringSoft) .51 = (1)
. a:m‘fm%ﬁ (R
o Other cooperation: *’FPI]?}% (ITRD)...
2. Formal-assisted design optimization and debugging
g B"%E A AR
o RIFRTE ( prmgSoft) e Fi1=(2)
o B«'ﬂf il B (Wﬁi)
= MEAT (AUO) FhME
3. Next generation constraint satisfiability and
optimization engine
s ey ”Fef ﬁ}, (Cadence) 14;*?%[ J!;Jr . (expected starting Q4 2007)
«  BRIGFEE I
o Other' cooperatron: ..
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(1) SoC Design Methodology @yaDS
and Verification

= Think ---
= What is System-on-Chip (SoC)?
= What is a system? wii, ps-3, IPTV, video phone... etc

APl || AP1 || AP1 || AP1

Firmware Driver
RTOS

Ty
Processor DSP |:||:|

< >

DMA| |ROM| | RAM
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0
Design Component Paradigm Shifts L

2000s
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Where are you when you are graduated?

Layout design 1990s

automation MPEG4 .

always @ (posedge ck)

count <= count + 1;

1980s C 1=

1970s [_ 2 P RTL

_@ F@ OgIC gates

Transistors

Logic design
automation
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i Virtual (HW) Platform

—
—-—

C R B e—"
—
—_—

Eifmware Driver~

/ RTOS

cache

I[] HW

\ Processor

DSP I:H:I

‘s.f)hﬂ/\

ROM| [RAM| _ 7

—

Test/
N Application Analysis / More HW
/I:> programs debugging IPs
programs

1 1

Host machine (real computer)
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QuteVP: our virtual platform

Experiments:

* JPEG encoding

« IDCT SW

» Network data transfer

Full functional ARM
V5T (ARM11 + DSP)
with extended

user-defined instructions
Instruction |

Dual-port
Processor DMA

Virtual
socket

ARBITER
TML bus model

Ui Ethernet
module
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QuteVP:
Design Performance Analysis
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Our SoC Design/EDA
Research

MolP/NSoC w/ Prof. AY Wu, Prof.
SY Chien, Prof. Polly Huang, etc

QutevVP | —

Virtual SoC-Complete/NSoC w/
Prof. C Shih, Prof. CL yang
Platform

SpringSoft Project
a complete

SystemC front-end MolP/NSoC w/ Prof. AY Wu, Prof. W/SW Co- Slm,

SY Chien, Prof. Polly Huang, etc

High-Level
Academia Sinica -
w Prof. BY wang | FOrmal Engine

—|  Co-Verification,
Co-Optimization

L@LaDS
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(2) Formal-Assisted Design @La DS

i Debugging and Optimization

1. Designing circuit is now like writing programs

2. Every program has bugs

3. The more complex the design Is, the more
bugs there will be and the more difficult it is to
find the bug

2. The complexity of modern designs grows
exponentially

=>» The effort to find and fix bugs Is increasing
tremendously
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i Is it really so difficult?

= Yes, the design is too complex
=» Can you fix the real causes of the bug?

= Not really, if we can READ designer’ mind and
systematically verify the implementation

=> Artificial Intelligence (Al)??

= What human can do, the computer can do it
million times faster
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i Key Techniques

1. Design Intent Extraction (read designer’s mind)
= Extract FSM, counter, etc from RTL Verilog

~—£_¢

ff_s arb_state_reg_0 (.out(arb_state[0]), (5600010
—

3 assign arb_next_state[4:0] = arbiter(arb_state[4:0], -.);

4 ff_sre_4 arb_state_reg (.out(arb_state[4:1]),

5 .din(arb_next_state[4:1]), .clk(clk), ’,_f_a—f:':"f‘“’*sf,’”_‘”r”g]%z-ﬁﬁhﬁ
6 .reset_I(reset_1), .enable(1"bl)); Sy e sk kS [N TN

8

9

.din(~reset_l]arb_next_state[0]), .clk(clk)); \
11 function [4:0] arbiter; input [4:0] cur_state; reg [4:0] next_state;\"--.\
14 parameter IDLE = 5"b00001, REQ _ACTIVE = 5"b00010, \
15 FILL3 = 5"b00100, FILL2 = 5%"p01000, FILL1 = 5"b10000;

16 begin case (cur_state)

18 IDLE: if (pj_tv) next_state = REQ_ACTIVE;

o

20 else next_state = cur_state; -Qbmooo}i—mr
22 REQACTIVE: ... FILL3: ... FILL2: ... FILL1: _.. R

26 default: next_state = 57bx;

27 endcase

28 arbiter[4:0] = next_state[4:0];

2. Powerful constraint satisfiability solver
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FSM/Counter Extraction Tool

&1 Hiz evel Design Intent Information ractor for Intellizent ¥e AallODn L |

Broject  Miew Help

L W -
Module Hierarchy jﬂl 2002/05/10 H.Y.Hsu 0.1 Original
hodule Hlerarchy
o o ] WO A Wl W W W W W W A e e e W W ol ol e W e ol e ol ol ol W W ol ol ol
o Jeal ESCtl #1 W R
— & state
— counter module RScodec(Datatut, Err0OutEn, ErrLocEn, |
o+ i ES_#1 neyvmheols, tCorrect,
o il ESblock_#1 Dataln,
— Bl gfa_#1 DatalnEn,
— Ikl gfm_#l CLE, RET_;
— Dl gfa_#2
m- i EShlock_#2 output [7:0] Datadut; [/ Data Output Syvmbol may he encoding data
| gfa_#_3 or decoding data
Tl gm_#2 output ErrOutEn: // Error Magnitude Output Enable Slgnal
L i gfa__#-‘-l output ErrLocEn: // Error Location O
®- i EShlock #3 input [7:0] n2vmbole: [/ 0~255Codewor = =
I_E_ﬂ gfa_#5 i input [2:0] tCorrect; ff Correct Cap QUICk Llnk Icon
SRR I Click to re-open
Quick Link Area

g state [/ @cnumer ! ‘ g state r @cnumer /
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FSM/Counter Extraction Tool

B Finite State Machine Yiewer

Marme: n=

State Transition Graph I State Transition Tahle |

P 9 @ & BB Counter Fiewer E]@
Jnsen(o]& & selec... \\ MName: hms_cnt

\sert[0] & deselec, . Qb]ji{]) } inseri ()& & sel.. C”-b] ]U’) Action List I

T ...g,.[ I el / /% Active Condition Action |
{lrst) 5hi

1
3b00|
//’ ) 2| thms_clk||frarme_no_we_r&&rst) E'hi
)& & sele.. linsertfo] [select[o] select[01] -
/ f 3| Thrs_clk)&& rst) hrms_cnt + Shl
tinsert[0] 3"
el .
“//ﬁleul[f.\] _ﬂ_d_rf””j/
_____ﬂ—-—“—ﬂ_’f_ ||
01
i
=d |
—Analysis Result
—Dead states————— ~Unreachable state
3'b000 3'b100
3'b110
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Formal-Assisted Design Debugging [¥LaDs
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and Optimization Roadmap
.........joulsT
kevinlads : [RTL Verilog el JJ
o AT orear | designs
| FSM/Counter || & l Release !!
' Extract N : _
e ) N Hierarchical § Intelligent
DB : Debugging
| Berkeley
Flatten DB < ------ | | ABC
BEREEEE e N Formal rocky l
v engines :
Technology- s v Pdheglcr?l
Dependent Logic Low Cost k/’)g
Optimization ECO
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Laborstryof Depedible ytens
satisfiability and optimization engine

i (3) Next generation constraint L@LaDS

= Most of the problems in EDA are NP-complete or NP-hard
= Traditional approach

s

Greedy-based .| Stuck @ local | Perturbation
heuristics optimal (e.g. SA, GA)

= Our approach

Formal modeling CSOP engines + Perturbation
of the problem various learning | | (e.g. SA, GA)

11/16/07 Chung-Yang (Ric) Huang ric@cc.ee.ntu.edu.tw +886-2-3366-3644 16




L@LaDS

Laboratory of Dependable ytoms

i Formal Modeling

= Transform designs and problems in mathematic
or logic form
= Boolean logic (&, |, !...)
= Arithmetic operators (+, -, *, /...)
= AXiOoms...

= Solve it or prove it !
s SAT
= BDD
= ILP
s SMT
= Theorem prover
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Weekly Study Groups

1. Formal engine
=  Problem modeling
=  SAT, Pseudo Boolean, ILP, LP, CSP,... etc
=» How to create an EDA-specific formal engine
= http://140.112.42.185/~thlin/engine-study-group-index.htm

2. Front-end verification
= Design analysis, validation, debugging,
= Formal-driven synthesis & optimization
=>» How to intelligently utilize formal engines
=> http://140.112.42.185/~louius/fe-study-group-index.htm

3. S0C / ESL design

= HW/SW co-design, co-verification

= System-level design methodologies

=» Future design and verification paradigm

= http://140.112.42.185/~sam/esl-study-group-index.htm
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Related courses for my L@LaDS

i researches

. ST

n B 3[%%??%%’?%3”%% (Ric, 2008 Spring)
. 1@5‘? 1% (Prof. Yao-Wen Chang)

| E DA ’LE:LWIJ

0 7317” Fir-

A FEE = (Ric, 2008 Spring)
= [IED] F[E&Eﬁ%ﬂ (Prof. Jie-Hong Jiang)
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i Will you be one of us?

= If you..
. 7 é«'?*‘%
o B A
o [T IEIE IR
o B R E[,:J fol
> @’K’EW?SWI%E!!
= i%;ﬂ%i“éj [EE. N
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2 A~ ;\ » —r n > Laoratory o DependableSstens
f{/l FRE 2L 55{{
TBE ORE ot FE Title 13 ZJEF  2005.04 fE 2
------------------------------- 14 # ] 2005.06 18 3
0 F&H{ 2004.02 H 15 BF#H  2005.06 3
1 ;7#’5_&‘% 2004 .02 3 16 iyl 2005.11 % 2
2 BFFEFH  2004.05 3 17 Rt 2005.11 fE 1
3 F§l 2004.05 T 18 '“71[' 2005.12 B 2
4 WIS 2004.05 Al 19 H 2005.12 gz
5 HMH®  2004.06 fipid 20 %jr* 2005.12 12
6 ¥ 2004.06 Fid 21 2<% 2006.04 fifl 2
7 =7, 2004.09 —- 22 Fr,F 7% 2006.04 fifl 2
8 XY 2004.12 Eid 23 i]ﬁ % 2006.11 i 1
9 ZHEE 2004.12 it 24 #®EEH  2006.11 1
10 %z 2004.12 Fid 25 F°§i{T 2006.11 i 1
11 £FE= 2004.12 2 26 fRHEE  2006.11 i 1
12 it ﬁl 2005.04 (i 27 ZHEE 2006.11 o1
28 ﬂ?ﬁﬁﬁﬂ‘ 2007.09 RA

E-?E"E: 7, fE 11, P 2, gffgg@ - 4
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‘L For more information...

= TO find me
» Office: EE-I1 444
= ric@cc.ee.ntu.edu.tw
= ric2kl @ ptt, ptt2, msn, skype, ...
» 02-3366-3644

s Lab:
= BL 627 (Cl[LK#}= EE 353)
s PTT: NTUGIEE ric

= Website: http://dvlab.ee.ntu.edu.tw/
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