1998 4 ) AWM E T LAE ZFHENLE LS B B2AB H 1%k 98/6

VHDL 3% @8 AA A5

$R%, WER USF, WES
e uletn A2 E ot

139-701 A&~ w5 9A4% 447-1

e-mail | rasicon@netian.com

VHDL Behavioral-level Design Verification from Behavioral VHDL

Seongwook Yoon, Jonghyeon Kim, Sungkwu Park, Dongwook Kim
Dept. of Electronic Materials Eng., Kwangwoon Univ,

447-1 Wolgye-Dong Nowon-Ku, Seoul, Korea

Abstract Sl e WA olfelnliz A, A

AR R A A FRarh oxetl: S4

Hardware Formal verification involves the use (specificntion)¥'7h A AlRIe] AA mAle] ahe.gol

of analytical techniques (o prove that the (imp]emumati(m)['”.‘L’ AHHD s njusted Ynop}

implementation of a system conforms to the Wers| WA ojmp sodelm prEEAL-ag

specification. The specification could be a set of srelmolol atni o]@  ziEabi o] AA =
properties that the system must have or it could RIRIE]]

(design  verfication)el2h gt} W
AAst HDL 2o A" d2iH 4 gaw

e wEel -‘r»"»a ol gale) WHE Aol4

be an alternative representation of the system
behavior. We can represent our behavioral

specification to be written in VHDIL. coding.

A WA GA A Rl A HEe] ol Fea

In this paper, we proposed a new hardware arg iy i% a ’HH,-#, A Ao wa o
design verification method. For this mcthod, we & W Astela ANE shel A4 ww slal
assumed that a verification paltern already - mTre] AWELD eleld ML Hae] ma v
exists and try to make an algorithm to find a af 3} .J'F 329 T (implementation) 78] 7 sso] ¢

A
lacc where a design error occurred. Thi - . -
v £ . s $ wolbn uh olo] & & HDLE #He o

o] o] & 11 iz VHDL(VHSIC [Hardware
Desceription Language) 2 42 of A FaEs: 3
ol g o] eyl HAR HAAAD AEH o

Aol A was A Ralt 2 oldE ALY

n

method uses an hierarchical approach by making
control flow graph(CFG) hierarchically. From
the simulation, this melthod was turned out to
be very effective that all the assumed design

errors could be detected. {specification or gold unit)¥ W are] sdzpae] o

¥ WA o] XA Fu Ay

Al &= -
I. A& Eonye 458 A% AdAUe 7 44y Ao
Reowsa kel dee deh agsh gus, ¢ TTERF o wEd WAdee dd e g
. X . Mol opbd 1 @yl glvlElEe 7 2l Lkl X
guElar wWEE e 9} ulebd schematic capturing gel of ALE Gelaigs o Azl o3

AALHE Bstel 7 o irg Adaiizdl 1 4ol

of Sl FWH MAWRLS Forg YA Ags 2w 5
PowEAA et gadne Az

atof AabalE aA FrhAFe gk ele) olal]l A e
NS VR o Huei st RE 4 A WHeR LRUATIGE dAwEs 0 e

LoF r W] s gakaly Heloh o] W
o FHe AAYSL Aol HaADO BANTE ALE

g gigkelvl o) Wil ARg )

o] (Hardware Description Language: HDL}Z A} 83}
of MAT W Ao 35 glu) i

.Ir
B
‘AD

\D -+



1998 4 18 AN 8 % & LB G O F 4

MW AR & ok W2l W1k 98/6

EXTETRNRY
(Behavioral
Specificaljan}

Y &9 &
(Gold Unit)

Compile, Simulation
dEol dasy &

PMG or CFG & HE
Curanslate PMG or CFG)

EEES L
2|5
L5 2

Y 1 oEmee] BH Aol YT TE

PMG{Process Modeling Graph)¢l CFG{(Control Flow
Graph)elt},

O. VHDL #A #3 A&age 72

2@ 19 VHDLAAZS Alzglel Asg vhehy
Atk VHDLSl 813 2AF 299 4A%e e
= ojfoldrh ol HAZE HA HAUN 2

HH & AHAagn B ¥2te] FiEel Hiz 3] - &Y
g, & TS #4(Gold Uninel g8 A& + U &
Lade] g PEAAAA 2 e 9ud
Aol dmz ulg Fads gz SGAm /%ol 4
£5]= ol

>,
i
&
L
i

tjo
A
o=
o]
n}L
i)
~~J
>
s
!

ALg 3k ,
2} o7} ok #HEH e AAF HAeotete] £As

| #18h "Enadel HastA i Aorh

olwf ILAAN FEL FHiz 7ol epuel 2L
Hel - viger PEE FPskA wed, o7
of ol 2P Eo  PMG(Process Modeling
Graph)“”-‘?} CFG{Control  Flow Graph) N Sy =
PMGi o3 IR A FEo Lissg T2
tel 3 @& EES 2g2eln (FGY- TRAM L%
Ry 243 ZHA(condition)zt @ ZFassignment

statement) & F & F 1o Lelc)

. efe &5Fs% §7F L7

o] =Fo4 Bl Atarget) &5 #E 2Fic AbEe
mEH e fst otzm A el if cased TE X#

el by wAeld Yelihiz my eirEolth &

dal wgeld #rslE FE st AN oRE
Aoy wAze] swg gEA 4dE Lhs AL
B

if en = '0" then f <= 'a',
else [ <= "B’

{a)

if en="1 then f <= 'a'"if en="0" then f <= 'b':
else { <= 'b' q

elae f <= "a';
(b} (<)

{a) ¥ 5 F5{Gold Unit)
(b &= (Condition) 2.5
{c) @ 4l Assignment statement) £ F

OF 2 wER S 2

of 2%, VHDL xue] 2leld 8z} @8

&7d el 38 ¥dtassignment)slel gt o

el tfE ¥ S dojer shARl, dAz] LR
b g A% sl SAST Q/E LI 4
2 ol 19 2 ic)E UE F2ARL NEFHa geo
ogrto] elol M f <= gojejeof sz AHAe] f <= bR
Aol FEld= dALzE st gho) e gn
Udg ¢ o4 sl
m-2 A 5

ol L&y % ddeiftas g8 ¥del Ad=

R e
B oefoltt o F 5 ¥ 2 e gel f <= ad
F Z&7Ae] en = 0 olojel B en = 1'YF o
+

O-3. & 7F2 5 {equivalent)

el HWE T o7lAe ¢ H:e A
WEe 7tra gEd o= ¥EH =Hol

o
elr
‘e

R
ﬂﬂ'. s

do 4% ofl i
o

5 ©

FASNE Wy HDLREE gl Avpe Aol
Al gahe oo BHE e w@ed dRHeR #Ed

2+ 4= 9l
2euE 9 F A4 Az Frhag drbag A

sl Wl ERHOF OF WAL F4Y & ok

dreh gl &
sy g A gl dE 4
# 23 g4 A#ed ¥
24 287 sdir 2RASE 31'31 W oAFHaR
Boj7h g el gas Ao oju:

A4 Ay TEigo] Bty shystn HAE CFG

- 816 -



VHDL 4] a4 dA4 35

sl

PMG 2} CFG #F42

PhG 2h s
s ata) o 8ol

CFG )
Fhub Ak el 4t

CFG o 2)
bt A Wi

& ol &dte] zhztel 2H ZUS ol W 2 HAA
F A Hy Aol o] PHelM 25 @A R
= AL ojgiel | &uvtn vpdsta e 8
habiz 27 29FE CFGE ol &8to] 4%

o] tae]H$ VHDLE @isiddz HdAE ALU
of ME-2 AFlE ], oo whgh VHDLZY I PMG,

CFGE 719 4, 229 59 ehngieh

A gyE TYL ABeAIEE Bl 2oy
8, AT Wadd mack wer @zel &
g We e Ne g AFE FAM A

Fadel A5 AR F FuH9y 299 HA

o] gytel B E Hy ohen 2o AHE AAH HE
& g8 gk

) PMGel A Zwate 2RE 2 (condition) 2§

& }7‘6}01 Ayl gho] ot MRz gt
AF " A ARG

A21AE 2 (enable, enable2, con, clkl = (1, -,
10, 13 o dial F=fyleajs 0 ghol Fslel Htx
d oigd 48] sgelAE o] 2851 ol 2B
Aol Hasin 17 5 @e PMGAIA p3el A
id? HEdn. a9 Frayle] clkatel ‘1 ol

| &y g& plo2RH &S 4 o7 3l o
o & ple CFG =

i) plel CFGE #4at/ g8l 0" 5 2 o9&
ok ol s (ol ZALFE o) &3y wE

W AL RE ol g

7

2=
f
==

§ B

d=

I Cnuty ALL s

[ port (enable, enable?, con, cfk @ in hit
i Jou T out bitk

H end ALLL

3

B Architecture bthaut)ml of AL is
H signal f_7 ¢

K signal f£.2 0 bl! .

£} bewin

10 pl : process (con, cnable}

11 boegin

12 if enable - *17 then @

1} case con s

i when “00" -»> .1 <-

1) when 017 -3 (1 <= 1t

16 when "0 - ] < 1 Sk
N7 (when "10" > 1 <- 0:) A8&
ik when 7117 - - (.1 <= 18

19 ond case .

PO olse £21 <0 00 end 0f ¢

Pi 0 cnd process pl o

[

3 p2 @ process (cnabic2)

[

Lo 2 - 1 then {2 <- 1,
H -0

7 end process p? o

&

4 p3 : process {clk}

0 begin

31 ioelk 1 then foul <~ 121
32 clse four < {22

(33 end i

31 ond process pd L

B3 end hehavioral

TRA ALUE #3 HDL 29 o

o §1x CHGel A &l Luar gk gelol Ay
) et 208 Mass e RAG AsHen
Aphi= Aol FMHe|Y| Wy o1| Yup ME o unn
A ahol 7 A g
7—1 A“ —q,

m

=y

. GL

=

& owr xegule] gEle] ¢
3 o 71A F=0] enable <= '1', con << "107e] i
2 el w4 enable <= 1" 2HS

con <= ‘'10'% do} AL ST ol

i) ppRlubo & CRGel A %‘%‘% ate] f19] ghel
-.0’ g] ra 71-1?. QLLLHO-] ! o
%" 4 9 2y #9218 01]*1 AgE Q5 4EE

2} 5 g Aol

Al Hgp if, caseT Vo i o] itolx
combinational 2 2o A AEe G 2
Fiogal e ks aEstg e, 205 g el
S48 AFETH case®AM T B8 gl R
A olel® 7bF &le] TEAAG H =gdAe i
18] 4782 o8 dEsigien, 7 #ze] 54
A2 oA Aetfl el A8 @ el
vt glol. 4_bit ALUSE resource sharersl™ @&
HEFo] ¥e oft, ¥ middu Wy e5iE A
Hotel whAE 255 HEE

FEAEN Fdd durt B2 E

\1

- 817 -



1998 S f K M B UM e HEBES

B A B G X M2k 1 98/6

cnable von il enalile?

)

pl pl

lout
{a}
- e s
i ! 1
o 01 10 11
A=y ey (fes
1 o1 1

)

(a) PMG(Process Modeling Graph)
(b} CFG(Control Flow Graph)
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