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Abstract—Galois fields have wide applications in the VLSI
domain. This paper describesa new approach to verify VLSI
implementations of digital circuits using Gröbner basismethods.
The verification problemis modeledasproving the infeasibility of
a miter using Hilbert’ s Nullstellensatz.Buchberger’s algorithm is
then applied to reasonabout the variety of ideals corresponding
to the VLSI circuits. Experiments demonstratethe superiority of
this method against contemporary SAT-basedverification when
applied to datapath dominated applications.

I . INTRODUCTION

To compile this document,run the following commands:

prompt> latex latex-for-class
prompt> bibtex latex-for-class
prompt> latex latex-for-class
prompt> latex latex-for-class
prompt> dvips -o latex-for-class.ps latex-for-class
prompt> ps2pdf latex-for-class.ps

This will createthe latex-for-class.pdffile. You have to run
latex a coupleof times to get cross-referencesresolved.

A. Math Symbols

This is italics, bold font. This is how we usemathmode:
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This is also how to use in-line math mode:�����
�������
� �"!#� � �%$
, basedon my macros.

Let & ��')( � �+*,*+*�� (,-�.
� & ��'0/ � �,*+*,*+� /213.54 �6!87 9 � �+*,*+*,�:9�;2<
andlet =?>:&6@ denotethe variety = of ideal & . Actually, since
variety is neededover

�6!
itself, use =BA8C+>)&D@ .

This is how you write analgorithmandrefer to it asAlg. 1,
seethecaptionbelow thealgorithmdescriptionin theintro.tex
file.

This is how you write the polynomial reduction of
(
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. Also,

therearemany ways to write a matrix, two of themare:

a �
9 �+b b
cdb
�db

(�e �c �� f fb (��hg f i fb (�c f j f U i

ALGORITHM 1: Buchberger’s Algorithm

Input : k�l�m#n#o�p3q^q^q^p^n+r^s
Output : tul�mwv o p^q�q^q^pxv�yzst|{�lYk ;
repeattD}_{�l~t ;

for each pair m#n8p v�s#p�n��l�v in tD} do�I���+�0��� n8pWv
�K�2�������� ;
if � �l�� thentu{�l�tM�?m � s ;
end

end
until tul~t } ;

a �
9 �+b b
cdb
� i(�e �c �� f fb (�� g f i f(�c f j f U i

Now, reducing
a

to a row echelonform using Gaussian
eliminationgives:

a �
9 ��b b
c b
� i(+e �c �� f f� ��(�e U �� b (2� f �c U �� f

Z � � U �� (�c f f U �� ��
This is how you provide citation for a journal paper[1],

conferencepaper[2], book [3] or a PhD thesis[4].
Theorem 1.1: This theoremstatesthatProf. Kalla is indeed

the best.
Proof 1: The proof is trivial.
Corollary 1.1: No one is betterthanProf. Kalla.
Finally, this is how you includea figureasshown in Fig. 1.
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Fig. 1: This is a figure
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I I . EXPERIMENTAL RESULTS

Whenyou completeyour project,your resultsshouldcom-
pare like this. If not, all of you will fail the course. As
shown in Table I, both SINGULAR andour ­ j approachcan
verify the correctnessof up to i�®°¯ -bit Mastrovito multipliers
– correspondingto the practical NIST-specifiedGalois field� � P²± ³ . However, our ­ j -style approachis almost

g * ´8µ
faster.

TABLE I: Runtimefor verifying bug-freeandbuggy Mastro-
vito multipliers using our approach.TO = timeout of 10hrs.
Time is given in seconds.

Operandsize ¶ : 32 64 96 128 160 163
#variables ·�· ¸�¸ ¹�º�¸�¸ »�¼�½�º · ¼�¾�»�» ¿�¼�¿�¹�º ¿°À ¿�¿�¹

#polynomials · ½�»°· ¹�¿�¿°À »�¹°·�· · ¼�¼�¹�º ¿�¸�»�¿�º ¿�¼�»�¾�»
#terms À�· ¼�» ¿�¾�¼°À º ¼�¹�¸°· º ·�· ¹�¼�¾�» ·�À »�¿�½°· · ¾�¸�»�¾�¹

Bug-free(Singular) ·�Á ¹°· ·�· ¿�Á · º À ¸�¾�Á ¾�¿ º�½�¸�¹ »�º�¼°· · ¼°·�À ½
Bug-free(Â_Ã ) ½�Á ¾�º º�»�Á ¿�º ¿�¹�º�Á · ¼ ·�· º�¾ º�¹�»�¼ ¼�¸�º°À

Bugs(Singular) ·�Á ¹�º ·�· ¹�Á ¾�¼ À ¾�¾�Á ¼�¸ º�½�¼°· »�º�¾�¹ · ¼�º�¼�¾
Bugs(Â Ã ) ½�Á ¾�¹ ¹�½�Á ½°· ¿�¹�»�Á ¾�¹ ·�· ¸�¿ º�¸�º�½ ¼�¸�»�¿
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