m SERRER EDAIRITIE Rk TR

INTEGRATED CIRCUIT EDA ELITE CHALLENGE

2023 BhHiE) R EDA RiHERPRER S

T

i

TRl & R

] SystemVerilog Constraints FY3E 29 3E K 4R %

=

S

Rl LA

iAW T Bt R E R R F

FEE Chair
P 5 78 (T 7 &2 38 A 2F)
HOEH=

EHFMomRIENE, RIETBRFFELZEZMNKXFE

(testbench). MXF & AT~ £ T, 558N KR
MK %t (DUT, design under test) #HATHHE. IE & A WRAT
R R Tk R R AL B . £ SystemVerilogl[l] # %
IR FITURFBAFMN AR, BEREFTHENAX



EA SERRER EDAIRITIE Rk TR
INTEGRATED CIRCUIT EDA ELITE CHALLENGE

(Constraints), Joif T A & iy 29K K & (Constraint Solver)
R AE X LB 29K 7= A 5 5 B LR W &

NRKBHZRIETAFRA BN — NG, CFELH
AMEER. BERURERNAR LR, F£FIEE M5 EK
MR T, CFEGGERENEEANKEEENFHENE TR
i1l &

SystemVerilog constraints & X #9[5 #1 & 2%, XK AF % o bk
REAEALE 2 W ERRE . LA XFF SystemVerilog constraints
H 7= & Synopsys VCS, Cadence Xcelium, Simens Questa F14-
JL % UVS %,

EFAABRFFTEIE ¥, £&HF H#EHT System
constraints Bk &, R, BHAHMHHEARRET LLLIZ
FLHYSKAR: (1) T SAT. SMT. CSP A8 < #ykfE & %, 4w MiniSat.,
73 . CGecode % [2,3,4] . (2) # T BDD (Binary Decision
Diagram) [5,6,7,8] KM &, XK KM H L £ H RN o A 8
AR KS

BDD[9, 10] & —## 7] LLF sk R IA A R H W EE L . £
WHAE, BBRIET, FEESFHIRARGAERAANTHE
BDD f£ X Le 47038 o H & )R BN . AR A A K, B AR



INTEGRATED CIRCUIT EDA ELITE CHALLENGE

m SERRER EDAIRITIE Rk TR

AEMAE—RINEE, NEEWEATEHRNKARX, UL
H DL+ & F BDD Wi &k 2 3,
1Z A B BRI 1T £ E = SystemVerilog constraints #Y BDD
MR, URKMENEELA R EMKAEBID, BT EEHK
fR15 2| BT A BDD IR %, 52| %4 89 BDD, XA BDD x5 T A4
K AL AR 1] . FEIX AN BDD L HEATREAL R AFBN A 5 3| % A K
H— LR ALAE
ARBEAGTEN. EREE. HFEEXTLNFE, X
T &/ SAT/SMT/CSP 4mi2 & I my & £ . F i &

4,

f FEEA
iX B 47 P& SystemVerilog WA R 1B ESN AR EFE X
Bt 7 R B AT

(—) 23R [=) Ry & X



EA SERRER EDAIRITIE Rk TR
INTEGRATED CIRCUIT EDA ELITE CHALLENGE

2RI, HARE. HEMRERAM, Hh

o ERATS (signed) LIRS (unsigned) ). HA [ %€ A7 58 (bit-width) (1147 5] & (bit-
vector)
ol bit[7:0] x; 2 L T —A> unsigned (1) 8bit A7 7 1) 745 & .
o WEEAMSHILMT . BAM AR
o  RIBAHIRIELMZHERAM R, HERTUE LR, BHERAEGUT 635:
o WHIZH: &&,|,!
o NiBH: &, |, ~...
o HARBHE: +-*/1%
o RRIBHE:> < >=,<=,==1=

o If-then-else i

(=) S — -2 3R PR, FATH LLit 845 2 A< 4% = 4] 29 BDD
wn, B % TNl 2 R

bit[1:0] x,y,z;
x> y;

y> 7




EA SRR RS EDAIRIHIR Rk T
INTEGRATED CIRCUIT EDA ELITE CHALLENGE

x[0]

x[1]

y[0]

yl1]

z[0]

z[1]

£ LB, FE3ML, L& Then ¥, R bit B
1, X%z Else #, FONAHME bit 0. & HE L2 complement
W, wRMRT EE T AR A EH FHA conplement 1, AL
LEANBERFEA 0, EMEEH 1o #F39 R BB 1 82X A HY
FAbit (E, BNER AR —HRANKE, Z5BZ UK
ZAEEBE (w EEPWIERABE). HIAE BDD 2 EHk
& fE AL E By A2 52 A BDD BVAR T 2 2Pt m B T e T3k B 42



INTEGRATED CIRCUIT EDA ELITE CHALLENGE

m SERRER EDAIRITIE Rk TR

MR, Y THEFAENENERESEAIMEBEEZRTE, RITFE
RIEFAREANEL A RN EFTRE, 5EFTEN:

& HARE F A E 8 Then/Else/Complement 4 3 3t #y A 3%
H 7 o3k E

it & ¥ B Then/Else/Complement ¥ 4% i F e E, it

Then #f % = it Then HW A EBEH / IARTZT R
HY B R 2K

Else #f% = #if Else WG BAH / IAELTZT R
oY B R K

Complement % = i&if Complement ¥ ¥ & E B EHK / AT
BT RN BEREEK

BREZ—ATEE, RETEFHBELL,

% Rk, E4K BDD SR &8 TERE W T H:



m SRR RS EDAIRIHIR Rk T

‘ INTEGRATED CIRCUIT EDA ELITE CHALLENGE

EEENSystemVerilog gk a)5RAY
json3fH, SEiaRL NERETESA

v

ffEFICUDD APITE&E£UR[a)E, 5
ZIBDD

v

(eTE—EANEN, EISREIEER
51h, FEBDDHEZEEBRINFKEE
SRS

v

EiREE VRt RE BRI

H 1, CUDD & —~Jf T 1t 5 An 2L 2 BDD/ADD/ZDD &9 FF R B .
% | CUDD 42 51y APT ¥ DAL 3 7 (& 30 A R iA A it 4% 2| BDD, A
wegit E AR U S F MR8y XA, BT BDD, Z%& 47 Llik
J&| ADD/ZDD 5% f AL B .

B F SystemVerilog constraints % &% |# parser #4T4
BARGIEMUGER, A THATZNIEE, RINE2EH
2.2 parse Y json B AWML RIF &, Json # A 2 &M M4+
B



7Ny SR

AFRAKERE—ZHENNKAG, EFasT ATEER
27T R e e R R . BT R B AR R A SR ET R Y S5k A T, B
M A Bl AR E, ERELSTFASRTHSL. R

cpE TR AR L EROER, RERFHISEE
A

AR A 3 A H A

N\

1. i % R S0 JURALE IE #4% 5

2. & 6 3 AR 7 B AT B I SR VE A

3. MHAERFER AT e MANG;

RAE UL _EARVE & AN R A e o 4 2 R T, Bk U 7 4T
SR

I B EEREHNE, TR —AEHR, AAGAES N 0;

2. wBHER AT, wHAELFRETLKR, KAFRFL A O0;

3. BRIF#HEAM TR, REMEHL TS BERERA
BAN, BRAM, BRREUTLARITE

Score=10% (N-M+1) /N



F— 4510 4, B Z44F (N-1)*%10/N------

5 &R 7 By - B e R B B 4

(=) XU

AR EFERMEZHF XGRS, TR E =7
L — R

AEBE SR CUDD3. 0. 0 (JEAD T 2 B 4.

https://davidkebo.com/source/cudd versions/cudd-3.0.0.tar.gz %{ 7/&{]\% The CUDD package,

BDD, ADD Tutorial and examples | David Kebo, User's Manual (mit.edu)) %E QJ 72‘;%%‘@
B¢ 7£ %15 CUDD Y ¥ 6 i N R [B N SR 15 5 8 fn i T, CUDD o &
e

WAl SRR X L

+. SFHEH.
[1] IEEE Std 1800™-2017, IEEE Standard for SystemVerilog— Unified Hardware
Design, Specification, and Verification Language, IEEE Computer Society and the
IEEE Standards Association Corporate Advisory Group
[2] N. E’en and N. S"orensson. An extensible SAT-solver [ver 1.2]. In Theory and
Applications of Satisfiability Testing, volume 2919 of LNCS, pages 512-518.

Springer, 2003.


https://davidkebo.com/source/cudd_versions/cudd-3.0.0.tar.gz
https://davidkebo.com/cudd
https://davidkebo.com/cudd
http://web.mit.edu/sage/export/tmp/y/usr/share/doc/polybori/cudd/node3.html

m SERRER EDAIRITIE Rk TR

INTEGRATED CIRCUIT EDA ELITE CHALLENGE

[3] L. de Moura and N. Bjgrner. Z3: An efficient SMT solver. In C. R. Ramakrishnan
and J. Rehof, editors, Tools and Algorithms for the Construction and Analysis of
Systems, 14th International Conference (TACAS), volume 4963 of LNCS, pages
337-340. Springer, 2008.

[4] Gecode: Generic Constraint Development Environment, http://www.gecode.org
[5] C. Barrett, D. Dill, and J. Levitt. Validity checking for combinations of theories
with equality. In M. K. Srivas and A. J. Camilleri, editors, Formal Methods in
Computer-Aided Design, First International Conference (FMCAD), volume 1166 of
LNCS, pages 187-201. Springer, 1996

[6] J. Filliatre, S. Owre, H. Ruess, and N. Shankar. ICS: Integrated canonizer and
solver. In 13th International Conference on Computer Aided Verification (CAV),
volume 2102 of LNCS, pages 246-249. Springer, 2001

[7]]. Yuan, K. Shultz, C. Pixley, H. Miller and A. Aziz, Modeling design constraints
and biasing in simulation using BDDs, 1999 IEEE/ACM International Conference on
Computer-Aided Design. Digest of Technical Papers (Cat. No.99CH37051), San
Jose, CA, USA, 1999, pp. 584-589, doi: 10.1109/ICCAD.1999.810715.

[8] Jun Yuan, Carl Pixley, Adnan Aziz, Constraint-Based Verification, 2006

[9] R. Bryant. Graph-based algorithms for Boolean function manipulation. IEEE
Transactions on Computers, C-35(12):1035-1044, 1986.

[10] Henrik Reif Andersen. An Introduction to Binary Decision Diagrams. Fall, 1999



INTEGRATED CIRCUIT EDA ELITE CHALLENGE

E SERRER EDAIRITIE Rk TR

M fr: SRAAE X XA

HBRAE 7 B A\ R json 8 S R B 293K ] RO, M H RN
EREALE (N 32 B & A I0R Fl ey B 48 S0 FT LA 100 %] 1000 A
%),



INTEGRATED CIRCUIT EDA ELITE CHALLENGE

m SERRER EDAIRITIE Rk TR

1, B ASUHFEIAE X T

"variable_list":
[
{ /[ variable
"id": <number>,
"name": <string>,
"signed": <true_of false>,
"bit_width": <number>

]

"constraint_list™:
[
{ I expression
"op": <string> // operator type
"id": <number> // variable id if op is VAR
"value": <number> // hexical number is op is CONST
"lIhs_expression™: // if op is another type
{ /I Ihs expression
// same as above expression format

}
"rhs_expression": // if op is another type and rhs exists
{ /I rhs expression
// same as above expression format
}

"if_expression™: // if op is MUX(If-Then-Else), if: if_expression, then:
Ihs_expression, else: rhs_expression
{ /I pred expression
// same as above expression format

}
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"assignment_list™:
[
[ / assignment 1
{"value": <number>} // hexical number, sorted in asending
order of variable ids
{"value": <number>}

[ /I assignment 2




