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2000 & St=REEXCISte &

AR5 FF AAE A D,
2. VIS

2.1 VISl gk A&7

VIS(Verification Interacting with  Synthesis)™  verification,
simulation, 3t ] FF=9o] A|=El9] synthesis & Z 33
Z(tool)ol T} ©] =E 48 AR Verilog & AFE3IAL fair
CTL E9 A%, language emptiness 7A}, combinational and
sequential equivalence equivalence checking)Z*% T 554 7
Ab, 93 71dE AJE# o] A(cycle-based simulation)d} AlS-A A Al
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SHV Ul W22l Front Side Bus(FSB)®} Scalable Coherent
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A ZGREQ [5:0D%F 3 7h9] busy A &S wol FA) o}
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2000 E St=HEXc|ss EH St=dH=rd HM7H M1S

g Aol VerilogE ©] &3] ®WAste] H5& sttt 1o 3A] olol gty
woojeigh WS o] &3 A9 HWARY 2H/IF AS BF A 2) Wef WgTE ME oEste] dgEojol v WSS
g3 AL vt F F 5 goke EAv wys 5 wElste] always block o @Qafof vk 1A s4A] ko
ATH mEtA o] =il AE AAl FEol AME E Verilog & behavior 7} A3 Ao w24 H}
25 VISe gHoz ArEstuxl 3k o] WS o] &3t 3) always block 4] blocking assignment (=) & =32 A
Ae- ol S o]8E W dHS S8 T F da 9 A W73k}, always block 9141 non-blocking assignment (<=)& 3]-&
g3 HA5E & AS Aol A7 "t shA] 7] wiel a7 AEs A s AsAE A

VISE o]&3t 59 A WA formal modelS &3} oF g2 APF=AE S ofrt o)
st AA o ALES Verilog 422~ E o] &3 2 AA3) 4) assignment ] block = Zt= A2 38HA AL initial TF
I VI2MVE H3d &= JAoA o 714 o/77F 2 S 9% assignment 2] block & &-&%H T}
S AT AA FEA AFEE A= Synopsis toolol A 5) always block ol 4] Th clock ol 4] reg W=7F WA H oz &
o] &3ty s 4 Aol Wkl VISE o] &3ste HT T g A v old ks A
o ARESE AxE VI2MVE ]85t Huldsie] BLIF-MV 6) wire © S$ND assignment & A}-8-3}o] R A S e
stdE& st vise g#HS wrolof g17] wiel AA F4d 7)VL2MV & Z27|3HE BAeA] &2 Verilog Z =132 wb
of ARG Ao ofzRe] Aol AQsqlty ol AF3 ol ol reth AREAZE HIZAA A 7] AHE dgtd
o] verilogg& VL2MVS] Yo ukg wf ZHAte] o] m ol WA o= $ND X5 AREdhE e Al oF g
gk 7l wiEell A owde] Aozt A glol VL2MV ¢ 8) for =L VL2MV o 2d] A "t} for loop & always
2 dojz wirs 2ol Fasttar stk o] A Sl block WF-oll Ak Abg=E 4= ity HEER VI2MV & 23S
oEE A Fol & FE2 VL2MVAl A= inout port9} tri-state E2A sH7] Aol verilog code & WAZE & (unrolls) gt
portE ©]-§& & F ATt wapA o] Fito] uig W3ko] o] W unrolling & 7] gk —u FAE A& of gt}
8 lvh w3k vAA o] Fek A gk HASATH 9) wire + Wjgo] ofjzEt #WHoltt 2| reg &= Wido] 2

o)
5 A= vR2mvE °]&38le FHuldsd A)7]= BLIF-MV

HdE VISe] fHo s wol 5o FF x7|5HE dfoF

o] Aol E wgk o 7FA] FA17F A= 1Hink bus
AAE AL blifmyv 39S 42 WS W blifmy 3+ ¢
£ 9l non-determinism¥} table AL TAZ sl o
7} #AESiTE o] EAlE ofA AT Folw sjAdsior ¥ +
H7|2 3

Alolt. wrebM EEHEE 25 Stk ¢4 Hink W
ZolA T8 FE]l SAVI WE ASHFE AEekd.
A 54L&

LA =l wheh $A4 sh=7t.

2. vHE A% (busy signal)ell ek A2]E evk= Sh=7k

ojt}, ol g W& nlEgoR VISIA AT & u o]&dte
logic?l CTLE ©]-&3}] propertys " Al33Ith.

)

42 I-link ¥j£9] 8

I-Link H A& VISE AF37] HalAe 4 A28s 45
T iEde] YHE FE dof st} oW AT HH
VISe] fElol7t Veriloge]™ o] Ao]& AF&3te] I-ink B2
7F FEEI AlEEelA H AdHol7] wiitdl 2o AREE A
25 agE o)g3ste] AFsE d vk wEkd #HS 3 oo
FQl Llink WZ=o] #AHH TAE vY O Ilink H9 52
I T2 EFo| Tt oldfE Wx
s BANSIE gl S
2 AFEE Verilog?] oJ2] Ao]H o]
of dAT &S NPz AxE
st AE3t7] A8 vHAAdES
Sk wire 45 CTLE e 8oz ALE ¢
of tist WS At

=

421 VISE 913 Verilog 5%
1) always block o4& reg W<l blocking assignment Wt
g9t} 2822 always block Mol TAMR(E Aos] 23]

wire 7} ¥]5=)& 22A 23l non-blocking assignment(<=) &= A}

5 s B ozt

+ v

10) VL2MV = —z FAde] AH8E o jhEojzl $ND 725 9
& Umx Mg E Eu ddie u oA 2l viamy =
4 9% HG5E SND & Y3 v AAA table o] A4 AT

o e 2 7 ALgE
oF 3tt}t,  assign <var> = $ND(...);
assignment ©|th. AdE HAAA
<var>& AR&ST freF 7z A S

= $ND ¢ 2HlE A}EWS <to}
assign 3] continuous
table & =% WFEA
AFEFThE F 3ol A $ND

gole AHE & 4 Yk assigna=$ND(0, 1) + b 1} assigna=
(sel) 2 SND (0, 1) : b. o]& Ao FAs}I= HFE SND T
x5 f3 AT A UZE @S ARgsta RAgA
HTE PAAoR BWHshe Zlol o) dfvkstd 187 3t
= 3lo] VIS o oJAf §io] & Fo|al A&t o3 Folxl

422 A7 74

T o] §E Azl FAE B F VISE o] &35t A
=T & 4 e PHow WSt 4 AAAQD Al2~El

g FEaS e EtA BdkskA] Fokr] wEel TA ZREFE
e A st A ZREZS ALY gE RES
RE AR 4R AYE St wakA AV 4
o7 Eo] A HE A 8% 2%, busy AE, dere 21T,
lopbAle= FAHAQ Q4o|7] diio HAHHOR &I}
2ol AsHA 3

assign derc = $ND(0,1);
assign lopb = SND(0,1);
assign bsy[1] = $ND(0,1);
assign bsy[0] = $ND(0,1);
assign req[1] = $ND(0,1);

a3 QY AFEE Al CTLEAS Abgste] 2l 47

& 37) olg7] wiel thgat 2ol VIsdA Afshe 7154
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Typedef enum {ILINK ARB IDLE, ILINK ARB GRTS, o]},

ILINK_ARB_GRT4, ILINK_ARB GRT3, ILINK _ARB_GRT2,

ILINK_ARB GRTI, ILINK ARB GRTO! state; s A Ay T el ol 542 1 5491 ¢Alw
typedef enum {PIF, RC, DC, NULL} grant; o wt EAE st=rte] sk HAolth dE S0 W
typedef enum {ON, OFF} loop;
typedef enum {ON, OFF} rcdc; e “ 7
typedef enum {ON, OFF} request0; A busyRl T BT FAE 739 req3]el 9wt RCol

2 FA9 AR 0

% RC7} grant AT E W
T3 o]#g AT 5L wires T 4= =] wiel] CTLE S HF A 9 e req3le] 8HEA FS v 1otk
gl g £ glomg o ik FSMS tg3 go] A F=E 2E req2)7t 23S oA DOV PIFR S92
Asto] A3l AFEsHA T 7] 91t @3 ol= 2 DCY) grant AT E Wolol sl 9n|
oltt. Hel 4709 property Hg 1E g owjoln RF RS
piways @ (posedge clk) begin = A g AT mEA i 540 4 F=9d o
o OO en i (gl = 1) G 2ABOE AL AF T S Atk eow 2 549
by RC = ON: HHE A1 (busy signal)el T3 Ael & evkw Shestel w7
“end ’ =9 o& R vlX]9 property= req[5]9} req[1]e] sAlel &
else 2 & w weF DCY RC7F busyebd req[5]7F F-A=917F =
by RC = OFF: ot st Do RO AEE AR @ 4 g7l wjiel
end req[1]91 Al grantE A o RC7F W& AT = JEFH
A Ak 2 EAE o8 7HA HAFEE A busyil Sol
#H3AME o] TA ZREZO] AWE FEds & 5 9
g2 AAg RES Ay £22F agE o]&3ly o ot}
wHAQL ztolol o3t WEhe] oM 3G uhEbA
o] el Wl Fst AlA FEse AEe A Boe A vis> me arbiter.ctl
A G £AT T OSAUNE AN B3 A |1 N, e et - AUt O o ) -
ol ¥ aAvta I F dok FA ZEEF o]¢d sender, arbit_state=ILINK_ARB_GRTS) + arbit_state=ILINK_ARB_GRT1)) ->
rec?lver—gﬂ jL g Eﬂ_Z‘H 3} : _%O]Uq Aol A A ¥ #AI;\(/IgCrE_g)(r:rzl)zla passed --- AG(((((((req_state3=OFF * req_state2=ON) *
AAHY 71 AT w=E F8 T Aot busy PIF~OFF)  *  busy RC-OFF)  *  busy DC-OFF)  *

((arbit_state=ILINK_ARB IDLE + arbit state=ILINK_ARB GRT4) +
43 A= Az arbit_state=ILINK_ARB_GRTO0)) -> AF(grt=DC)))
o Ho = # MC: formula passed --- AG((((((((req_state3=OFF * req_state2=OFF) *

VIS 98 grlog 2 ZTREZS FIdJornz S req_state5=ON) * busy PIF=OFF) * busy RC=OFF) * busy DC=OFF) *
= A Hlol=lo ~ 5 6] Wae B ol= ((arbit_state=ILINK_ARB IDLE + arbit state=ILINK_ARB GRT3) +
= v2mvE 3 eiste] BLIF MV?} = N T = arbit_state=ILINK_ARB_GRT?2)) -> AF(grt=PIF)))

o] &3] AlEHOIAN AT AYES S} VISOAE HEE # MC: formula passed --- AG(((((((((req_state3=OFF * req_state2=OFF) *

WEZ 229 on wagsie] AlEgold I Ay ot req_state5=OFF) * req_:tate4=ON) *vbusy_PIF=OFF) * busy_RC=OFF) *

N — © busy DC=OFF) ((arbit_state=ILINK_ARB_IDLE +

2ol HoFA HArt arbit_state=ILINK_ARB_GRT3) + arbit_state=ILINK_ARB_GRT2)) ->
AF(grt=PIF)))

% Network: ILINK ARB # MC: formula passed --- AG((((((((((req_state3=OFF * req_state2=OFF)

*  req_state5S=OFF) * req state4=OFF) * req state]=ON) *
busy PIF=OFF) * busy RC=OFF) * busy DC=OFF) *
((arbit_state=ILINK_ARB IDLE + arbit state=ILINK_ARB GRT1) +
arbit_state=ILINK_ARB_GRTS)) -> AF(grt=RC)))

# Simulation vectors have been randomly generated

Anputs  bsy<0> bsy<I1> bsy<2> dcrc lopb req<(0> req<l> req<2> req<3>
req<4> req<5>
Jatches arbit_state busy DC busy PIF busy RC grt lopb_state rcdc_state 4 MC- f 1 d — AG(( rate3=OFF * tate2-OFF)

tatcO tatel tate2 tate3 tated tate5 : formula passed --- req_state3= req_state2=

.rsgiuztisegnreq;s atel req_states teq_states feq_stafet fed_state *  req_state5=OFF) * req_state4=OFF) * req_state]=OFF) *
initial ILINK_ARB_IDLE OFF OFF OFF NULL OFF OFF OFF OFF OFF req_state0=ON) * busy PIF=OFF) * busy RC=OFF) * busy DC=OFF) *
OFF OFF OFF - ((arbit_state=ILINK _ARB IDLE + arbit state=ILINK ARB GRT4) +

start veclors arbit_state=ILINK_ARB_GRTO)) -> AF(grt=DC)))

# bsy<0> bsy<1> bsy<2> dcrc lopb req<0> req<1> req<2> req<3> req<4>
req<5> ; arbit_state busy DC busy PIF busy RC grt lopb_state rcdc_state
req_state0 req_state
1 req_state2 req_state3 req_state4 req_state5 ; grt

# MC: formula passed --- AG(((((((req_state3=OFF * req_state2=ON) *
busy PIF=OFF) * busy RC=OFF) * busy DC=OFF) *
arbit_state=ILINK_ARB_GRT4) -> AF(grt=DC)))

01001000101 ;ILINK ARB_IDLE OFF OFF OFF NULL OFF OFF # MC: formula passed --- AG((((req_state3=ON * busy_PIF=OFF) *
OFF OFF OFF OFF OFF OFF - NULL arbit_state=ILINK_ARB_IDLE) -> AF(grt=RC)))
11101101110;ILINK ARB GRT5S ON OFF OFFRC ON OFF # MC: formula passed --- AG((((req_state3=ON * busy PIF=OFF) *
OFF OFF OFF ON OFF ON :RC arbit_state=ILINK_ARB_GRTS) -> AF(grt=RC)))

# MC: formula passed --- AG(((((req_state3=ON * busy PIF=OFF) *
arbit_state=ILINK ARB_GRT4) * !((req_state2=ON * busy PIF=OFF))) -

AF(grt=RC))) # MC: formula passed --- AG(((((req_state3=ON *
busy PIF=OFF) * arbit_state=ILINK ARB_GRT3) * !((req_state5=ON *

T3l AZslaAt sl EAESS CTLE o835t WA 3 = ((redc_state=ON * busy DC=OFF) + (rcdc_state=OFF * busy RC=OFF))
EETE
S=
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I+ (lopb_state=ON * busy PIF=0FF))))) -> AF(grt=RC))) i3 23
# MC: formula passed --- AG(((((req_state3=ON * busy PIF=OFF) *
rbit_state=ILINK ARB_GRT2) * !((req_state4=ON * (((rcdc_state=ON *
pusy_DC=OFF) + (rcdc_state=OFF * busy_RC=OFF)) + (lopb_state=ON * [1] Edmund M. Clarke and jeannette M. Wing, "Formal Methods :
busy PIF=OFF))))) -> AF(grt=RC))) . .
b MC: formula passed - AG(((((req state3=ON * busy PIF=OFF) * State of the Art and Future Directions" ACM Computing Surveys,
rbit_state=ILINK_ARB_GRT1) * !((req_state]=ON * busy PIF=OFF))) - pages 626-643, December 1996.
AF(grt=RC))) ; ;
L MC: formula passed — AG((((req state3=ON * busy PIF=OFF) * [2] David L. Dill, John Rushby, Acceptance .of Formal
rbit_state=ILINK_ARB_GRTO0) * !((req_statec0=ON * busy PIF=OFF))) - Methods : Lessons from Hardware Design, IEEE
AF(grt=RC))) Computer, April 1996, Vol. 29, No. 4, pp. 16-30.
# MC: formula passed --- AG(((((((((((req_state4=ON * req_state0O=ON) * . o ) .
busy DC=ON) * busy RC=ON) * req_state3=OFF) * req_statel=OFF) * [3] ] Hossein Saiedien, Jonathan P. Bowen, Ricky W. Butler, David L.
req_state2=OFF) ~ *  req_stateS=OFF) ~ *  busy PIF=OFF)  * Dill, et al., An Invitation to Formal Methods, IEEE computer, pages
irbit_state=ILINK_ARB_GRTS5) -> AF(grt=DC))) .
# MC: formula passed --- AG(((((((req_state5=ON * req_state]l=ON) * 16-30, April 1996.
(busy DC=ON + busy RC=ON)) * req_state2=OFF) * req_state0=OFF) * [4] Kenneth L. McMillan, "SYMBOLIC MODEL CHECKING:,
arbit_state=ILINK ARB GRT4

Kluwer Academic Publisher 1993. Tiziano Villa, Gitanjali Swamy,
and Thomas shiple. VIS User's Manual.

[5] Samir Palnitkar, Verilog HDL, Prentice Hall.

[6] D. E. thomas P.R. Moorby. The verilog Hardware Description

£ & jnvariant O E o] FA TREFA A Yo
v b = A9-5 WAlste]l 5% Aot PIF, RC, DC7}
FA Wzol ek ALEHES JMXHE oF "o ouje] WA
310 ]
=

= e o Language. Kluwer Academic Publishers, Nowell, Massachusetts,
om BF wEFS < 4 Ath

1991.
Viss chock invariant arbiterinvar [71 RK. Brayton et al.HSIS: A BDD based system for formal
# INV: formula passed -—- !((.grt=PIF * grt=DC)) verification. Proc. Of Design Automation Conference,1994.
#INV: formula passed --- ((grt=DC * grt=RC)) [8] R. E. Bryant, Graph-Based Algorithms for Boolean Function
# INV: formula passed --- !((grt=RC * grt=PIF)) . . .
#INV: formula passed — '(((grt=RC * grt=PIF) * grt=D Manipulation, IEEE Transaction Computers, vol. 35, no. 6, pp.677-
691, Aug. 1986.
o] AZS B39 LLink W27} AU® =42 ste] 74 3ha) [9] Tiziano Villa, Gitanjali Swamy, and Thomas shiple. VIS User's
A A5FL ¢ 5 AT A Verilog & 043 FHo] H Manual.
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5. 242 9 &= ax| [11] William Chan et al., "Model Checking large software
Specification", IEEE Transactions of Software Engineering,
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