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Abstract

Design verification problem is emerging as an
important issue to detect any design errors at the
early stage of the design. Conventionally, design
verifications have been done using a simulation
technique. However, this technique has been proved
not to cover all potential design errors. Therefore,
formal technique is often used to verify digital
circuits as an alternative.

this paper
technique and verified some important properties

In we adopted formal verification
derived from our pipelined digital systems, using
SMV (Symbolic Model Verifier). Our
shows that model checking method (one of formal

verification techniques) can be effectively performed

example

in verifying the large digital systems.
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CTL(Computation Tree Logic)[2.3.4]& &% =do
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AFf = Altrue Up,
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EFf = E(true Uf)
AGf = TEF(TY)

2.3 SMV
SMV{(Symbolic Model Checker)[1]13 BDDs(Binary
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Op => and. or, xor. add, sub
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Data transfer
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Cpecation o | R | Immediate Vale |

format {
Op => mov

29 3. 8-bit instruction format
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4.1 register-fileo] A data®] correctness

(1)L register-filedl M BA Y data®d A4 EH
7} 2-cycle °1%F write He7FE HAFslE Aol

AG((reg_fileread_datal & reg_file.read_data2)
— (AX(AX(reg_file.write_reg_data)))) (D
of 7] A stall, reset, forwardinge YolU= Z=oxn
7}A 831, operation® ANDSQ BS$& HAET Zold,

friste, stalio]l 2A3A o E operation® HEH

941

2 geonz HA9 regiter-file®] datat 2-cycle ©}
3?101] Efol1, resete] RAISIH register-filed] =
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4(2),(3)2 execute GANAMY dA sux FEe
register®] dataZ write 9 A2 23 registerd) datad
278 o, writeg A9 A data® A GAEANE
HF3e o)k

AG((ew_register.reg_des = de_register.reg_numl_e)
—AF((ew_register.result & de_register.data2_e)
(2)

de_register.reg_num?2_g)

= ew_register.data)))
AG((ew_register.reg_des =
—AF((ew_register.result & de_register.datal_e)

= ew_register.data))) 3)

o71M stall, resetE WAFA Yedun Rz,
operation® AND? ZA$-E HF3lHoh
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% 6. counter-example

% 12 register-filed) Al data®] correctness &4
€ AND, XOR, ADD operationl A9 A3xE 9893
At

BDD number
word user
Op i nodes |of states i
size time
allocated | reached
1 9089 | 8.38e+06 | 0.078125
AND 2 13190 | 1.07e+09{ 0.109375
4 34930 |4.39e+12 ] 0.140625
8 61991 |7.37e+19| 0.53125
1 9064 ([8.38¢+06 | 0.0625
XOR 2 13191 | 1.07e+09| 0.125
4 35243 14.3%e+12 | 0.109375
8 61990 |7.37e+1910.359375
)] 9057 [ 8.38e+06 | 0.015625
ADD 2 16876 | 1.07e+09| 0.15625
4 35966 |4.3%e+1210.171875
8 85292 | 7.37e+19 | 0.628125
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