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Abstract

Wiedemann’s determinant algorithm computes the determi-
nant of a nonsingular matrix with arbitrarily high probabil-
ity by randomly perturbing the matrix and choosing random
vectors to project the powers of the matrix onto the field.
This sequence of field elements is linearly generated by the
minimal polynomial of the matrix, and with high probabil-
ity its minimal polynomial will be the characteristic polyno-
mial of the matrix. Through the use of Chinese Remainder-
ing and the Berlekamp/Massey algorithm, the determinant
of a dense matrix can be computed in either a Las Vegas
or Monte Carlo algorithm. Furthermore, a baby steps/giant
steps method allows base extensions to be used to decrease
the running time of the implementation.



Wiedemann and Berlekamp/Massey Algorithms

For
� � � �����

and � �
	 � � �
,

let �
� � � � � � 	 for � � � ���������������
and� ����� � minimal polynomial of � �
�! #"�%$'& .

Wiedemann: randomly precondition
�

, choose random � �
	
Berlekamp/Massey: compute � �(�)�
Then *�+-, �.� � � /0*�+21 ���43 5 � � � � �(���0*6+71 � � � � �!5 � � � � �8�9�

and

� �%�9� � �0*�+21 � � � � �



Baby Steps/Giant Steps: Dense Case
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Modular Implementation

Idea: Compute determinant of preconditioned matrix
*�+21 � � �

for small primes \^][�_\�`a������� �_\)b using baby steps/giant steps.c Use bounds on for number of primes needed:

1. d � K d " e d � d K "
2. f

*6+71 � � � f e ��%$ ] dFg7h9ikjml n � � � � d ` (Hadamard’s bound)c Compute 	)BXCFE%� � K l h
*
\ � for � e � e o power whereb power�%$ ] \ � p � qrd � d K "

c Compute � BsMOE8�
*6+71 � � � l h

*
\ � for � e � e o det

1. Compute 	 BXCFE � � K l h
*
\ � with base extension if � p o power

2. Keep
*6+71 � � � l h

*
\ C if / � *�+-, �.� � or � � � �8�9�

3. Stop when \ C p � q ��%$ ] dtg2h9ikjml n �u� � � dF`c Use Chinese remaindering to recover integer determinant.



Garner’s Rule for Chinese Remainer and Base Extension
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Probabilistic Implementations

Las Vegas: Always correct, probably fast

c Use bounds to terminate loops (as above):

1.
b ��%$ ] \ � p ��d � d K "

2. \ �k� p � �� dtg2h9ikjml n �u� � � dF`
Monte Carlo: Always fast, probably correct

c Terminate loops when
� K

and
*�+21 � � � have no change

c Fewer steps when far from bounds; more when at bound
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Timings

c / × / matrix of small determinantc primes larger than �HØ &

Ù
16 25 49 100���W�·���y�¨§±�u���uª 3.500 21.109 316.789 2159.721

Normal Chinese Remaindering 0.580 1.921 14.320 122.750
Wiedemann with ��Á��u��� 5.010 21.880 294.229 15,484.490
Wiedemann with Garner’s rule 4.649 21.910 316.570 17,484.130
Wiedemann with base extension 4.630 21.289 315.610 16,590.511

Demonstrations of code available upon request.
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