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Abstra
tLarge digital integrated 
ir
uits typi
ally 
onsist of multiple fun
tional unitsintegrated using glue logi
. The main fun
tional units in the design are typi
allyextensively veri�ed using both formal and simulation te
hniques. On the otherhand, the glue logi
, whi
h a

ounts for a large fra
tion of the integrated 
ir
uit(40% or above), is often developed from an intuitive understanding of the ar
hi-te
ture, typi
ally not do
umented properly and not formally veri�ed in industrialpra
ti
e. Consequently many of the late bugs are un
overed in this part of thedesign, and are asso
iated with in
orre
t interpretation or implementation of themi
ro-ar
hite
tural spe
i�
ation.The glue logi
 is often modi�ed lo
ally during the design 
y
le for �xing theselate bugs. However, these lo
al 
hanges may indire
tly a�e
t a mu
h larger portionof the glue logi
, and it is non-trivial to determine the exa
t boundary of the 
one-of-in�uen
e of that 
hange. The task of using formal methods to verify whetherthe fun
tionality of the modi�ed glue logi
 in its entirety remains un
hanged evenafter appli
ation of these lo
al design 
hanges, is a very hard problem in pra
ti
e
onsidering the enormity of the glue logi
 and the nature of the 
one of variablesin�uen
ing the lo
al design 
hange. Model 
he
king or sequential equivalen
e
he
king on the entire glue logi
 as a whole, does not s
ale. In this work, wepropose e�e
tive methodologies for verifying su
h lo
al design 
hanges, withoutattempting to apply formal methods on the entire glue logi
. Spe
i�
ally we solvethe following problems:1. Tra
e Assisted Formal Methods for the Veri�
ation of Bug Fixes: Bug tra
esreprodu
ed in simulation serve as the basis for pat
hing the RTL 
ode whi
his essentially a lo
al design 
hange in order to �x the bug. This work proposesformal methods inspired from software debugging for analyzing the 
ontroltra
e obtained from the given bug tra
e on the �xed design, and for verifyingthe robustness of the bug �x with respe
t to that 
ontrol tra
e and providingformal guarantees with respe
t to the spe
i�
 bug s
enario.2. FormalMethods for Ranking Counterexamples: Verifying lo
al design 
hangeson the total glue logi
 involves 
utting out a 
one-of-in�uen
e of the 
hange.Verifying the property on that 
one-of-in�uen
e in isolation typi
ally throwsup a large number of 
ounterexamples, many of whi
h are spurious be
ausethe s
enarios they depi
t are not possible in the entire logi
. In this work,we introdu
e the notion of ranking the 
ounterexamples and assigning 
on-�den
e values to them so that only the most likely 
ounterexamples arepresented to the designer.3. Reusing Component Invariants in Equivalen
e Che
king: This work ex-plores the utility of reusing proven 
omponent invariants in the ba
kwardrea
hability-based sequential equivalen
e 
he
king paradigm of formal veri�-
ation, for verifying that the modi�ed glue logi
 is equivalent to the previousversion. 1
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2 The thesis also presents the empiri
al evaluation of the proposed te
hniquesusing standard ben
hmark 
ir
uits and the 
ommer
ial OpenSPARC T1 pro
essordesign.It is anti
ipated that the resear
h presented in this thesis will motivate theindustry to adopt some of these methods into industrial veri�
ation pra
ti
es.Keywords: Veri�
ation, Sequential Equivalen
e Che
king, Simulation, For-mal Veri�
ation, Model Che
king, Properties, Tra
es, Counterexamples


