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Automatic Generation of Assertions and their Formal Verification
through Simulations

MASAHIRO Fujital®  TakesHr MaTsuMoTo?)  Satosur Jo2:©)

Abstract:

Assertion Based Verification (ABV) is one of the most important verification methods for SoC and compli-
cated hardware system designs. Quality of verification depends on the amount of assertions checked, but it
may not be easy to prepare sufficient assertions by designers. There have been works which try to automati-
cally generate assertions from specification and/or design description. Although possibly incorrect assertions
may be generated from buggy designs, by the analysis on generated assertions with designers, even such
information could be useful. In this paper, we propose a new method by which logical relationships among
internal and external signals can be extracted and present its experimental results applied to combinational
circuits. With a formulation of the problem using LUT (Look Up Table), assertions on circuits having tens
of thousands gates can efficiently be generated using SAT solvers. The proposed method can be applied to
embedded systems in general.
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0 1 Ripple carry adder and an implication

Implication

Implication (contraposition)

0 2 Contraposition of the implication in Figure 1
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0 4 Carry bypass adder generated through implications
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0 5 LUT-based assertion generation for the carry bypass

gooooooooobooooooooboooooo
godoooboooooooooooooboooooo
O000000D0000Oimplication 00 O0O0O0O0O00OOO
gofdoobdooobooobooodooo soooooo
LTooooooodoooooboooooooooo
gofdooooooooooooooooboooooo
oo

Logic_.LUT1(p0,pl) = (¢2 = Logic . LUT2(c0)) ...(1)
LTooooDOo0ooOoooooooooooooon
000000000000000 po, pl, ¢0, 20000
dodoobooobooooooobooooboooooa
OO00OLUT1IO LUT20000000000000000
00oo0ooOo0oooooooUo [moooooo
0000 Quantified Boolean Formula 0 QBFO O OO O
000000000 (8,9, (1000000000000
OO0O0SATOOOODOOO0ODOO0OOO QBFOODOODOOO
goooooooobboboooooooooo 1ooo
dodddooooooooooo

0000 5000000000 LUT1iooo ooooo
ooooooob 1000000 oooooooooooo
O00OLUTIODOO oOoo0DOOoOoooOOooooboooooa

3. 0DoOdo

00000000000000000000000LUT
00000000D00000000000000 (9], [10]
00000000000000000000000000
0000000000000 000000000000
0000000000000000000000 LUTOO
0D00O0LUTOO0000000000000000000
00000000000000000000000000
000 QBFOO00O000000SATOO0O0000000
000000000O0SATOOOO0O0D000000000
001000000000000000000000000
00 [10].

0000000000000000000000000



gooooooooo
IPSJ SIG Technical Report

000000000000000000 50002000
0000000 LUTOD00000000 6000000
00000000000 6000LUTOO0000D0000O
00000000000000000000000000
00000000000000D000000000000
000000000000000000D00000000
000D00000O0LUTIO LUT20000000000
O0O0O0OLUTIO LUT2000000000000000
0000000000000 (9, (10000000000
00000000000000000000000000
00000001000000000000000000
00000000 LUTO000000000000SAT
0000000D00000000000000LUTOO0
000000000000000000D00000000
000000 LUTOO000000000000000
0000 LUTOO000000000000000000
0000000000000 SATOODDOD00D0OSAT
0000000D00000000000000 [5j000
00000000000000000000000000
000000000000 D000000 SATOO0O000
00000000000000000000000000
00000000000000D000000

009, [10)0000000000LUTOO0O000O0
00000000000000000000000000
00000000000LUTO00000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000D00000000
000000000000 0000000000000
00000000000000000000000000
00000000000000000000000000
0000D0000000000000000000000
0000D0000000000000000000000
0ooooo

0000000000000000 [9),[10)00000
000000000000000010000000000
00000000 LUTIONODO0000000000
00000000000000000000 LUT2000
000000000000000000 00000000
00000000000000000000000MmO
000000000000000O00LUT20 00000
000000000000000 LUT200000000
00000000000000000000000000
000D000000D00LUT2000 000000000
00000000000200000000000000

2014 Information Processing Society of Japan

Vol.2014-SLDM-165 No.17
Vol.2014-EMB-32 No.17
2014/3/15

0 6 General framework for LUT-based assertion generation
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Circuit | #Gate | #in of | Cases of no | Ave. | Max. Ave. Max.
LUTs assertion time time | #vector | #vector
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3 35/100 7.8 16 23.3 37
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to find assertion to find no more assertion
#Gate | #in of Found Ave. | Max. Ave. Max. Ave. | Max. Ave. Max.

LUTs | assertion | time | time | #vector | #vector time time | #vector | #vector

c499 202 2 21/100 | 0.29 2 1 8 1 3 7.3 17
3 34/100 0.44 2 1.7 13 3.2 6 19.4 35

4 42/100 1.1 8 4.9 34 7.0 17 33.1 69

5 44/100 2.0 18 7.6 59 20.2 69 61.5 144

c880 383 2 12/100 0.42 2 1.8 8 0.67 3 2.9 11
3 25/100 | 0.36 2 1.1 7 2.8 8 13.7 36

4 32/100 2.0 16 7.0 48 12.1 29 39.8 72

5 27/100 2.1 20 7.0 58 18.9 70 44.4 126
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4 27/100 | 0.92 7 3.7 25 13.7 30 40.3 72

5 25/100 | 2.88 22 9.08 53 46.8 103 82.3 136

c1908 880 2 17/100 1.5 4 5.4 14 2.7 5 114 17
3 23/100 0.78 3 2.9 14 5.4 11 19.1 32

4 23/100 | 0.87 6 2.7 19 13.6 36 33.1 64

5 30/100 0.7 4 2.6 13 52.8 167 69 144

c2670 1193 2 19/100 1.5 5 3.9 12 2.7 7 7.1 16
3 22/100 1 6 2.5 14 8.5 20 17.3 33

4 36,/100 1.9 14 4.1 26 26.1 67 33.2 65

5 39/100 3.5 26 6.2 37 86.3 306 62.8 143

¢3540 1669 2 39/100 | 0.92 5 2.3 13 2.5 7 7.2 16
3 39/100 0.79 7 1.7 16 5.69 21 13.4 35

4 50,/100 1.3 8 2.9 17 22.4 75 30.4 69

5 59/100 5.5 200 5.5 112 79.7 308 61.2 141

cb315 2406 2 8/100 | 0.38 1 0.13 1 3.9 9 8.4 16
3 13/100 1.4 7 3.1 13 17.7 33 22.6 35
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