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Abstract

In this paper we describe ideas used to accelerate the Searching
Phase of the Berlekamp—Zassenhaus algorithm, the algorithm most
widely used for computing factorizations in Z[z]. Our ideas do not
alter the theoretical worst-case complexity, but they do have a signifi-
cant effect in practice: especially in those cases where the cost of the
Searching Phase completely dominates the rest of the algorithm. A
complete implementation of the ideas in this paper is publicly avail-
able in the library NTL [16]. We give timings of this implementation
on some difficult factorization problems.

1 Introduction

The Berlekamp—Zassenhaus algorithm (BZA) was invented about 30 years
ago [2, 18], and it “solved” the factorization problem in Z[z]. Another
algorithm had been discovered centuries earlier but was practical only for
very small polynomials. The main “defect” of the new algorithm is that its
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nal step, the earching hase, has worst case comple ity e ponential in
the degree of the input polynomial whereas all other steps are polynomial
time. amilies of polynomials which e hibit this e ponential cost are known
e plicitly [10]. owever, it has also been shown that the earching hase has
polynomial time average comple ity sub ect to two plausible con ectures [ |.
ater, enstra, enstra and ovasz [11] employed a new lattice reduc
tion algorithm, called , instead of the earching hase to produce a
factorization algorithm completely in polynomial time. ith this result,
the polynomial factorization problem had been “completely solved,” at least
in theory in practice, however, the original BZA is generally much faster.
A fuller account of the history of polynomial factorization can be found
in[,8, |
ne motivation for this study is Zimmermann s collection of di cult
polynomials to factorize [1 ], all of which have arisen during the course of
solving some problem with the e ception of one which was arti cially created
to be hard to factorize, and which we shall ignore. The harder e amples
have defeated factorizers distributed with the more popular general purpose
systems for algebraic computation (in the sense that no result was obtained
within a reasonable period of time). These hard polynomials are problematic
because they provoke the e ponential behaviour of BZA since they are of
fairly high degree and have many factors over any small nite eld (and
probably over any nite eld). The ideas described in this article have led
to an implementation which can tackle all of these challenging polynomials
routinely in a modest length of time on a modern workstation.

perience shows that polynomials which are troublesome for BZA,
while rare amongst all polynomials, do arise uite often as inputs to fac
torization re uests, e.g., as resolvents used during alois group computa
tions. n such polynomials, current lattice based factorizers are too slow,
and a naive implementation of BZA even worse. e shall e plain how the
earching hase of BZA can be speeded up su ciently so that these “nasty”
polynomials can be factorized reasonably uickly.

n the earching hase, one must search through a large number of candi
date factors, looking for “true factors.” The usual approach is to implement
fast tests that can uickly rule out most candidates, employing more e pen
sive tests only when necessary. e follow this approach as well, and describe
several tests that are uite e ective, and yet do not seem to be widely used.

e also introduce a techni ue that can have a much more dramatic impact
a “pruning” techni ue that allows huge numbers of candidate factors to be
eliminated from the search without even being enumerated.



ne noteworthy success is the factorization of the polynomial  which
is of degree 2 and has at least  factors modulo any small prime. rior
to our ideas, attempting such a factorization would have been deemed pro
hibitive, particularly if the polynomial should be irreducible, as indeed it
proved to be.

This paper is organized as follows. mmediately below we introduce our
notation and terminology. n 2 we recall in outline what the earching
hase does. n 3 we focus attention on the inner loop of the earching
hase the various ways of distinguishing uickly good from bad candidate
combinations of modular factors. The method for pruning the search space
is e plained in . Then in  we give some e perimental results, and make
some observations on the polynomials in Zimmermann s collection.

The earching hase is the last phase of BZA, and conse uently works in
a well prepared environment which we describe here. e denote by the
polynomial being factorized. The polynomial  will have been “tamed”
in various ways, in particular it is s uare free, and there is no common
factor dividing its coe cients. or clarity of e position we shall also suppose
that is monic the necessary alterations to handle non monic polynomials
are uite routine. A prime not dividing the discriminant of has been
chosen thus mod is s uare free and of full degree. Also a factorization
mod  has been determined. e shall refer to these factors as

in contrast to the which are factors in Z[z].

Again for clarity, we shall assume that the modular factors are monic. The
e ponent is large enough to permit recovery of all the true factors in the

earching hase.

e shall say that a polynomial is if its factorization modulo
any small prime (not dividing the discriminant) comprises solely factors of
very low degree compared to the degree of at least one true factor. t often
happens that all the modular factors of a BZ bad polynomial have the same
degree, though this is not a re uirement for a BZ bad polynomial.

e shall also refer to a for  this is a set of integers which
contains the degrees of all true factors of . necan be determined easily [13]
from the degrees of irreducible modular factors for several di erent primes.

e de ne the 1 of a polynomial to mean the coe cient
of the penultimate term , where is the degree of a polynomial then
the 1 coe cient of is the coe cient of x in . Analogously, we
de ne the 2 coe cient to be the coe cient of x



ur methods rely on knowledge of good bounds for certain coe cients
of true factors.  ost particularly for any true factor we shall want good
bounding intervals for its 1 and 2 coe cients good bounds for
the other coe cients will be useful but they play a less crucial role. The
uestion of bounds on factors has been e tensively studied [ , 12]. et
T x x be a true factor of of degree
then we can deduce immediately that and ( 1) 2
where is a root bound for which can be found using the method in [ |,
for instance.

t will also be handy to know one or more small integers , , for
which the values ( ), ( ), , are all non zero and preferably not too
large. uitable choices could be 1 and 0 under the assumption

that any factors z or x 1 have been removed from during its taming.

rc in
ere we recall the task which the earching hase accomplishes. The “in
put” to the earching hase is the environment described in 1.1.

n general the modular factorization of is ner than the true factoriza
tion , a true factor of splits into a product of several modular factors.
The task of the earching hase is to group the modular factors together
correctly so as to recover the true factors. This is achieved by more or less
blindly trying all possible combinations of the modular factors to see if they
correspond to true factors. The rst guidance on the order in which to search
through the combinations was given in [ ] where it was shown that taking
combinations in increasing order of cardinality is better than in increasing
order of the total degree of the combination. enceforth we shall suppose
that they are checked in order of increasing cardinality.

sually the number of modular factors is somewhat greater than the
number of true factors, so most combinations will be that is they do
not correspond to a true factor. BZ bad polynomials are e treme in that
the number of combinations is huge, but only very few yield true factors.
Thus the main aim is to discard bad combinations as uickly as possible.
e are interested e ually in ways of disposing of individual combinations
rapidly as in techni ues for eliminating large blocks of combinations all at
once.



(1) for 1 2 do

(1) if 0 then ( _ _ ) return

(2) if 1 then return

(3) ( 1 1 o )
() ( 1 2 )

igure 1 Algorithm

To describe how various optimizations work, it is convenient to  a particu
lar strategy for enumerating subsets of modular factors of a given cardinality.
igure 1 shows a pair of algorithms for which a call to () will ap
ply the function to all the subsets of 1 2 up to size 2
in order of increasing cardinality. e can view these subsets as ordered
tuples with the indices in each tuple sorted in increasing order. Algorithm
A enumerates all tuples of a given length in le icographic order. A
good source of such combinatorial algorithms is [1 ].  aturally, the corre
sponding piece of code in a factorizer, which could actually be iterative, will
be more complicated because when a true factor is found the indices of the
modular factors comprising it should be removed from further consideration.

The fact that test tuples are enumerated in le icographic order allows us to
reduce the amount of work needed to carry out the tests described in 3.
ach of these tests can be cast into the following form. ith each modular

factor , for1l , we associate a value , which lies in some group (or
semi group), and to test whether a given tuple ( ) passes the test,
we check if satis es a certain predicate.  nstead of computing
each product separately, we can “amortize” the cost of computing

the product over several applications of the test.  ore precisely, whenever

o o (0] o o o o O



we apply the test, we compute and store the intermediate products

1 (1 )

n such a way, if the last time we applied the test it was to a tuple that
shares a pre  of length with the current test tuple, we need to update

only the last products. This approach is uite attractive, since if a test
is performed very fre uently, the amortized cost for computing the product
is very small moreover, this approach is more e pensive than the

naive approach of computing each product independently.

The idea described above is hardly new, but it seems worthy of high
lighting, since many available factorization implementations do not seem to
fully e ploit it. e shall refer to this techni ue as a

uic i in tion t

The matter of eliminating uickly bad combinations has already received
some attention the use of degree sets was discussed in [13], the idea of
checking the size of the penultimate coe cient (the 1 test) was men
tioned in [ ], and testing divisibility of the constant term (the evaluation
test) too was mentioned in [ ] and investigated more thoroughly in [1]. e
introduce here the 2 test, and in the ne t section introduce some im
portant improvements to both the 1 and 2 tests. e describe the
tests in the order in which we suggest they should be applied to speci ¢
combinations the order a ects e ciency not correctness.

e de ne the of a test to be the proportion of the bad
combinations which it detects (during a particular factorization computa
tion). ote that the e ectiveness depends strongly on the e ample. ore
over, a test which often has low e ectiveness could still be useful if it is
especially cheap to apply. n the other hand a test with high e ective
ness which is very costly may not be useful. learly no combination can
be declared to give a true factor until it has passed a test which is guaran
teed to have perfect e ectiveness, so the last test we apply is an absolute
veri cation.

An interesting feature to note is that the rst three tests described below
have cost essentially independent of the modulus provided the ideas in
3.1.1 are used. t is also clear that the e ectiveness of the degree test is
independent of the modulus size, and we suspect that the same is true of
the e ectiveness of the 1 and 2 tests e cept perhaps in very rare
cases where the bounding intervals for the respective coe cients are uite



uncommonly large compared to the modulus in such cases a small
amount of over lifting (, using a value of larger than strictly necessary)
may be bene cial.

The test simply veri es that the 1 coe cient of the product of a combi
nation of modular factors lies within the bounds permitted for a true factor
of . erecall from 1.1 that in most cases a narrow bounding interval for
this coe cient can easily be found.

The attraction of this test is that it is cheap because it involves only
additions the 1 coe cient of a product of monic polynomials is ust the
sum of their respective 1 coe cients. The success of this test hinges on
two crucial features typically, the width of the bounding interval for the

1 coe cient of a true factor is very small compared to the modulus
and the 1 coe cients of bad combinations usually seem to behave rather
like uniformly distributed random variables modulo . n other words, it
is improbable that the 1 coe cient of a bad combination will lie in
the relatively narrow interval allowed. onetheless, there are some BZ bad
polynomials for which this test is completely ine ective.

Armed with this knowledge we can eliminate all combinations whose

1 coe cient lies outside the bounding interval with the e pectation that
this test probably re ects the vast ma ority of bad combinations and at low
cost.

A simple trick which nevertheless proves to be of great practical bene t is
to implement the 1 test using machine arithmetic, as we now describe.
ddly enough this simple idea does not appear to have been used before.

The test as outlined above performs addition modulo , but that is too

e pensive an addition modulo  costs ( log ) against (1) for adding

two machine integers. nstead of using arithmetic modulo  we shall use

“ ed point” arithmetic recall that in the programming language addi

tion of integers automatically reduces modulo 2 where is the
wordsize of the computer.

et be the 1 coe cients of the individual modular fac

tors for a given candidate tuple ( ) the 1 test amounts to

computing mod  and checking that the symmetric remainder lies

within the small bounding interval. ow let for each , then the



above test is e uivalent to mod 1 being small using a symmetric
remainder (it should lie within the bounding interval divided by ).

e shall compute an appro imation to the sum of the using ¢ ed
point” arithmetic. ince addition of machine integers is automatically re
duced modulo 2 , a natural choice is to work with the uantities 2 which
can be appro imated well using machine integers. e ne 2 for
each so each  is small enough to t in a machine integer, and we have

2 1. rom this, it follows that

o if this interval containing 2 is dis oint from the bounding inter
val (rescaled by 2 ) then we can be certain that the tuple ( )
is bad, otherwise we cannot be sure. ote that in testing whether these
intervals overlap, it su ces to compute modulo 2 , and so we can use the
built in machine arithmetic directly.

This techni ue weakens the test slightly it is e uivalent to loosening the
bounds on the 1 coe cient. n practice, though, this weakening is more
than compensated for by the increase in speed.

2

The 1 test is fast and usually e ective at weeding out bad combinations
though in rare cases it can be uite ine ective. To handle these cases rea
sonably swiftly we propose a 2” test. ven if the 1 test is fairly
e ective, the 2 test can still have a signi cant impact on the overall run
ning time, since it is usually signi cantly faster than some of the subse uent
tests.

The idea is completely analogous we ust verify that the 2 coe cient
of the product of a combination of modular factors lies within the bounds
permitted for a true factor of . e recall from 1.1 that in most cases a
narrow bounding interval for this coe cient can easily be found.

Those keys to the success of the 1 test are valid also for the 2 test
a narrow bounding interval can easily be obtained, and we can determine
the value of the 2 coe cient of a product of monic modular factors ust
using addition. or this latter claim to be true we assume the e istence of a
table of products of all the possible pairs of 1 coe cients of the modular
factors, a table which can be pre computed at modest cost.  oreover we
must allow a number of additions uadratic in the number of terms in the



“

product. onveniently, the ed point” trick used for the 1 test works
ust as well here, and the use of a memory stack for this test will reduce
signi cantly the number of additions per combination if the test is performed
fre uently.

e can discard any combination whose total degree lies outside the degree
set since it cannot possibly yield a true factor as its degree di ers from
that of any true factor. This test is as cheap as the 1 test using the
“ ed point” idea, but can often be totally ine ective at weeding out bad
combinations for BZ bad polynomials. ustomarily the degree test is used
as the rst test because of its speed, but with our new “ ed point” trick
the 1 test is ust as rapid and with generally better e ectiveness. The

2 test is slower than the degree test, but fre uently much more e ective,
so it is perhaps better to perform the 2 test before the degree test (but
it probably does not really matter much).

e mention three points which are helpful in e tracting the most from
performing degree tests.

irst, recall that a degree set is obtained by combining information
about the factorization pattern of the given polynomial modulo several small
primes. f the earching hase seems to be going slowly, we can from time
to time factor the polynomial modulo additional small primes, thus possibly
re ning the degree set.

econd, one should compute degree sets for individual cardinalities, so
that during the search phase, one can potentially rule out entire cardinalities
without having to generate any tuples of that cardinality.

Third, one should be sure to completely update the degree set informa
tion whenever a true factor is found.

et Z[x]. owif  then there is Z[z] such that Z[x],
and conse uently () () () for any Z. nother words () ().
onversely, if () () for some Z then clearly . e can use this
converse for detecting bad combinations. n the special case 0 we see

that () is ust the constant term of
et be any integer for which () 2 it is possible that no such

can be found, in which case either the evaluation test must be skipped or
some over lifting must be performed. Assume that the values ( ) modulo



have been pre computed and stored. Then the value at of a product of
some of the can be found by multiplication of the stored values modulo
viewing the symmetric remainder as an integer we can then test whether

it divides ( ), if not then the associated combination is surely bad.
otes several di erent evaluation points can be used, we suggest using
1 rst and then 0 this test is generally far more costly than the
tests above since multiplications modulo  must be performed (at a cost of
( log ) for each multiplication using classical methods) the overall cost
can be reduced signi cantly using a memory stack. ormally this test is very
e ective at detecting bad combinations , almost no bad combinations

pass.

All the tests described here detect some proportion of the bad combina
tions. ltimately, a combination which passes these tests must be veri ed
absolutely, this we do by trial division.

To e ect the nal trial division check it is necessary to convert the prod
uct of the modular factors into a single polynomial over Z. The cost of
multiplying out the modular factors modulo is relatively high, and use of
a memory stack makes little di erence since this stage is hardly ever reached
with a bad combination, hence there is not normally any common pre  with
the last combination which reached this stage. onetheless, there is a chance
of having a bad combination, and the potentially enormous cost of a failing
trial division (in Z[z]) makes further checks worthwhile e.g., the uotient
and remainder produced by applying long division to, say, x 100z 1
and z 100z 1 would each contain coe cients with almost 200 decimal
digits. Thus we check that the putative factor is plausible by ensuring that
its coe cients all lie within their respective bounding intervals  the tighter
the bounding intervals, the more stringent this test is. imilarly we check
each coe cient of the uotient as it is produced if ever a coe cient does not
lie within the bounds permitted for a factor of , we can abort immediately.

din u t t u in

n this section we wish to focus attention on the 1 test which can be
developed into an e tremely rapid way of pruning the search space, elimi
nating many candidate tuples from consideration without even enumerating
them. rovided the 1 test is itself e ective (which is typically, but not
always, the case), this pruning techni ue can dramatically reduce the overall
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running time. ur idea is related to methods used in solving the knapsack
problem in combinatorics. To use the ideas here it is essential that the
“ ed point” trick of 3.1.1 be employed.
The idea is to build an oracle which can decide uickly whether a given
tuple pre can bee tended to an tuple that would pass the 1 test. A
perfect oracle would cost too much to make, so we shall make an imperfect,
but good, oracle which can answer in one of two ways either “ o, the
pre cannot be e tended” or “ aybe the pre can be e tended”. A good
oracle should only rarely respond “ aybe” when a perfect oracle would have
responded “ 0”. e implement this oracle by table lookup. The size of the
table is controlled by a parameter , and the resulting tables have size about
2 bytes.
The oracle can be used in Algorithm A (see igure 1) by inserting
the following step between steps (2) and (3) in the au iliary Algorithm A
AT

(2. )if and ( -~ ) “no” thenreturn

e now describe the implementation of the oracle in a bit more de
tail. e refer the reader to 3.1 for notation. uppose that -
( ) where , and further that we maintain the sum
mod 2 throughout the computation. e then use the values
, and the high order  bits of  as indices into a three dimensional ta
ble of bits. The value is a parameter whose choice is described below.

The entry in the table will be 1 if there e ists a tuple su  ( )
of cardinality = with such that mod 2 lies in
the permitted interval. iven , it is straightforward to construct

such a table. f course, an entry may be 1 even if there is no such su
to control the number of such “false hits,” for a given = and , the value
is chosen so that the density of 1 entries in the table (for these values
of and ) is between 1 (2 ) and 1 . This particular density level was
determined e perimentally it seemed to give the best time space tradeo
on a number of e amples.
This particular way of implementing the oracle seemed to be a very good
practical compromise among a number of competing goals

keeping the tables small,
making table lookup fast, and

minimizing the number of “false hits.”

11



n practice, if the 1 test is itself e ective, this pruning techni ue can
have a uite dramatic impact on the running time, leading to a speed up by
a factor on the order of 2 . Thus, we obtain a tradeo between the size of
the tables ( 2 bytes) and speed (a factor on the order of 2 ).

ri nt ut

The polynomials and are contributed by abrice ouillier they
come from the ational nivariate epresentation ( ) [1 ] of the “ yclic

7 system for , of “ yclic ” for and . was contributed by
A. ulpke and . atzat it is the set resolvent of the polynomial

T 101z 1 1x 8 8 1z 82 x
2182 x 8 =z 113111 =z 1223 2 =z
111 3 201z 1 0 3122 3321 0 2

and its factorization proves that has alois group . isthe winnerton
yer polynomial for 2 3 11 13, , the product of all  monomials of
theformz 2 3 13, which once e panded has only integer coef
cients. is related to alois group computations, and was contributed by
rederic ehobey ( niversity of ennes) and icolas ennert ( , ni
versity aris ) it is the resultant with respect to = of the polynomials (z)
and (  2z), where (z)

T 308z 310 ¢ 33122 =z
13 0 = 2 800x 11 2 0000

The polynomial , contributed by ean harles augere ( , ni
versity aris ) [ ], comes from the decomposition into irreducible primes
of the ideal generated by the e uations of the “ yclic ” algebraic system.

uring the computations in one (not yet irreducible) component augere
found a non s uare free polynomial of degree 2  of the form (z ). e
then called T rston (z),thenon (z ) forall factors of ,thenon

(z ) for all the factors of (z ). At the end he found a list of 33 factors,
which were all easy to factorize using T , e cept one of degree 2, which
is precisely the polynomial

or want of a better test suite we have used the polynomials in Zimmer
mann s collection to construct the table below it did not seem useful to

12



oly. eg. eight T aple
1 10 0 0.2 0.
1 10 20 1.1 1.8
33 10 28 2.2 2.
2|10 2 28 0000
10 32 3 0000
1 10 8 0. 8
2| 10 10 0000

Table 1 Table of Timings

include arti cially created e amples. All times given are in seconds, and
tests were conducted on a ompa computer whose processor is a 00 hz
igital Alpha 212 ( ). The software used was T version .0a for
the factorization of  the oracle parameter was set manually to 2 ,in
all other cases the default setting used.
n Table 1 the column headed “ oly.” contains the names in Zimmer
mann s collection the degree and the order of magnitude of the largest coef
cient are in the columns headed “ eg.” and “ eight” the column headed
contains the smallest number of modular factors modulo any prime  not
dividing the discriminant up to 100 the column headed “ T ” is the
time (in seconds) taken by T  .0a to complete the factorization nally,
the column headed “ aple” is the time (in seconds) taken by the computer
algebra system aple (version elease .1) to factorize the polynomial,
in some cases the computation was stopped because it was taking too long.
ur implementation in T was able to factorize , a polynomial hav
ing at least modular factors (for primes up to 1000), in under an hour.
ith the oracle parameter 2 the tables occupied a total of about
00 bytes and the computation was completed in about 2000 seconds with
2 the time rose to about 2800 seconds and the tables occupied about
300 bytes. A full search through all the combinations would have entailed
e amining 2 10 cases it would take years of time merely to
generate all those combinations, let alone process them in any way.
(x )  hena polynomial (x) has the special
form (z ) for 1, one can e ploit this structure by rst factoring (z),
then substituting z by  in the factors (z) of (z), and nally factoring
(z ). The last step is re uired since (z) is irreducible when (z ) is,
but the converse is false (x ) x 1 1is a counter e ample. This trick
dramatically speeds up the factorization of polynomials of the form (z )

13



when (z) factors if not, the overhead is rather small since the degree of
the latter is at least twice as small as that of the former. ersion .0a of
T automatically e ploits this special form.

ere we make some comments and observations about factorizing the poly
nomials Zimmermann has collected.

The rst three polynomials, and are not BZ bad though
they do have many modular factors they also have many true factors, so
the earching hase does not take long. n fact, in T , most of the time
was spent in the ensel ifting hase. robably the performance of T
could be improved in these cases by employing an “early factor detection”
techni ue for very small cardinalities [3, 1 ].

The polynomial is the rst interesting case. t is BZ bad having only
2 true factors but 2 or more modular factors (certainly for all primes up
to 1000). nusually, we nd that the 1 test is completely ine ective.
The rapid completion of the factorization is due to the combined e ects
of the 2 test and the degree test the latter proved highly e ective at
eliminating entire cardinalities this polynomial was the motivation for
the idea of re ning the degree set every so often during searching. ndeed,
once the search in cardinality is complete, the remaining unfactored part
can be proved irreducible by computing a degree set for all primes up to and
including 3.

The polynomial is a winnerton yer polynomial, , & member of
the rst family of BZ bad polynomials to be discovered. t is irreducible
but has modular factors of degree at most 2. The 1 and 2 tests

are both uite e ective. The degree test is totally ine ective (as for all
winnerton yer polynomials).

The polynomial  is also BZ bad the modular factors have degree at
most 3 (for primes up to 1000). The di culty arises from the need to search
up to cardinality 1 before nding the two largest true factors. Again the

1 and 2 tests prove uite e ective. As soon as information from the
prime 83 is included in the degree set, all odd cardinalities are instantly ruled
out. Taking advantage of the structure (z) (z ) led to a signi cantly
shorter time.

The last polynomial is of high degree and is BZ bad having at least
factors modulo any prime up to 1000. t is also irreducible the worst case
for the searching phase. ortunately the 1 test is e tremely e ective,
and together with the table based pruning scheme permits the factorization



to be completed within a reasonable time. The 2 test is highly e ective

too.  isof the form (x ), butsince is irreducible, all time spent trying
to factorize (z) and (z ) is ust wasted  in this case we waste about
1 seconds. is also self reverse ( , if the order of the coe cients is

reversed then the result is the same polynomial) it may be possible to use
this special structure to obtain a faster certi cation of irreducibility, but we
have not done so.

onc u ion

n view of the recent developments reported here there is good reason to
reconsider the widely held views that methods for factorization in Z|[z] have
been developed as far as possible, and that they are generally rather costly.

ndeed, we have observed that a correct and careful implementation of our
ideas for the earching hase can have an enormous impact on computation
time for the worst cases for BZA (without any measurable penalty in the

“normal” case).

The two key ideas were the use of “ ed point” arithmetic in 3.1.1, and
then using tables to prune the search for plausible combinations of modular
factors in . The greater impact came from the latter idea.

The authors believe that there is still scope for signi cant improvement
to current implementations of BZA, at least for certain classes of polynomial.
To guide further practical developments it would be useful to know what
sorts of polynomial are generally given to factorizers. Zimmermann s collec
tion has already proved useful in this respect, but is only a small database.

evertheless it is uite clear that these polynomials are very far removed
from “random polynomials” (which are generally irreducible).
e thank ean harles augere who helped moti
vate some of this work by asking us to factorize his huge polynomial
of degree 2. The e periments of  were possible thanks to the edicis
enter at cole olytechni ue ( alaiseau, rance).
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