
INHIBITORS OF HUMAN IMMUNODEFICIENCY VIRUS REPLICATION
RELATED APPLICATIONS This application claims benefit
of U.S. Serial No. 60/988686, filed November 16, 2007,
which is herein incorporated by reference. FIELD OF
THE INVENTION The present invention relates to
compounds, compositions and methods for the treatment
of human immunodeficiency virus (HIV) infection. In
particular, the present invention provides novel
inhibitors of HIV replication, pharmaceutical
compositions containing such compounds and methods for
using these compounds in the treatment of HIV
infection. More specifically, the present invention
provides novel inhibitors of the HIV integrase enzyme,
pharmaceutical compositions containing such compounds
and methods for using these compounds to reduce HIV
replication and in the treatment of HIV infection.
BACKGROUND OF THE INVENTION Acquired immune deficiency
syndrome (AIDS) is caused by the human
immunodeficiency virus (HIV), particularly the HIV-1
strain. Most currently approved therapies for HIV
infection target the viral reverse transcriptase and
protease enzymes. There is additionally one approved
drug targeting gp41 to inhibit viral entry and one
approved drug targeting the integrase enzyme. Within
the reverse transcriptase inhibitor and protease
inhibitor classes, resistance of HIV to existing drugs
is a problem. Therefore, it is important to discover
and develop new antiretroviral compounds. The inherent
genetic variation within HIV has led to the
identification of many HIV mutants, commonly referred
to as variants, which exhibit altered drug
susceptibility. On the integrase enzyme, residues 124
and 125 are recognized as highly variable across the
HIV-1 virus from infected patients found in major
market and developing countries. The approximate
prevalence of these integrase variants are
Thr124/Thr125 (44%), Ala124/Thr125 (17%),
Ala124/Ala125 (16%), Thr124/Ala125 (10%),
Asn124/Thr125 (6%), and Asn124/Ala125 (1%) for viruses
sequenced from major market countries reported in the
Los Alamos
database(http://www.hiv.lanl.gov/content/hiv-db).
These integrase variants may be generated using known
methods in the art and publicly available polypeptide
sequences for the integrase enzyme, for example from
the NL4.3 strain of HIV-1 integrase (SEQ ID NO: 1).
SUMMARY OF THE INVENTION The present invention
provides a novel series of compounds having inhibitory
activity against HIV replication. The compounds of the
present invention have an affinity for the HIV
integrase enzyme. Therefore, the compounds of the
invention may be used to inhibit the activity of HIV
integrase and may be used to reduce HIV replication.
The compounds of the invention exhibit at least one of
the following surprising advantages:  unexpectedly
good activity in a cell-based HIV-1 replication assay
in four of the major integrase variants at residues
124/125 (Thr124/Thr125, Ala124/Thr125, Ala124/Ala125
and Thr124/Ala125); and/or  unexpectedly good activity
in a cell-based HIV-1 replication assay in all six of
the major integrase variants at residues 124/125
(Thr124/Thr125, Ala124/Thr125, Ala124/Ala125,
Thr124/Ala125, Asn124/Thr125, and Asn124/Ala125);
and/or  unexpectedly good pharmacological properties.
The compounds of the invention exhibit unexpectedly
good potency against four of major integrase variants
at the 124/125 residues (~> 85% natural abundance)
and/or all six of the major integrase variants at the
124/125 residues. The implication of this unexpectedly
good potency observed across the aforementioned
124/125 variable residues is that some HIV infected
patients, who carry a virus with 124/125 variant
residues of integrase and who have a pre-existing
anti-viral resistance against drugs of this class, may
be expected to respond to the compounds of the
invention. 



Further objects of this invention arise for the one
skilled in the art from the following description and
the examples. One aspect of the invention provides an
isomer, racemate, enantiomer or diasteriomer of
compounds of formula (I):wherein R4 is aryl or Het,
wherein each of the aryl and Het is optionally
substituted with 1 to 3 substituents each
independently selected from halo, (C1-6)alkyl,
(C2-6)alkenyl, (Ci-b)haloalkyl, (C3-7)cycloalkyl, -OH,
-O(C1-6)alkyl, -SH, -S(C1-6)alkyl, -NH2, -NH(C
1-6)alkyl and -N((C 1.6)alkyl)2; wherein the
(C1-6)alkyl is optionally substituted with hydroxy,
cyano or oxo; R6 and R7 are each independently
selected from H, halo, (C1-6)alkyl and
(Ci.6)haloalkyl; wherein Het is a 4- to 7-membered
saturated, unsaturated or aromatic heterocycle having
1 to 4 heteroatoms each independently selected from O,
N and S, or a 7- to 14-membered saturated, unsaturated
or aromatic heteropolycycle having wherever possible 1
to 5 heteroatoms, each independently selected from O,
N and S; or a salt or an ester thereof. Another aspect
of the invention provides an isomer, racemate,
enantiomer or diasteriomer of compounds of formula
(I): wherein R4 is aryl or Het, wherein each of the
aryl and Het is optionally substituted with 1 to 3
substituents each independently selected from halo,
(Ci_6)alkyl, (C2-6)alkenyl, (Ci -6)haloalkyl,
(C3-7)cycloalkyl, -OH, -O(C1-6)alkyl, -SH,
-S(C1-6)alkyl, -NH2, -NH(C 1-6)alkyl and
-N((C1-6)aikyl)2; wherein the (d_ 6)alkyl is
optionally substituted with hydroxy, cyano or oxo; and
wherein the aryl is notmonosubstituted at the para
position; R6 and R7 are each independently selected
from H, halo, (C^alkyl and (C1-6)haloalkyl; wherein
Het is a 4- to 7-membered saturated, unsaturated or
aromatic heterocycle having 1 to 4 heteroatoms each
independently selected from O, N and S, or a 7- to
14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 5
heteroatoms, each independently selected from O, N and
S; or a salt or an ester thereof. Another aspect of
this invention provides a compound of formula (I), or
a pharmaceutically acceptable salt or ester thereof,
exhibiting at least one of the following surprising
advantages:  unexpectedly good activity in a
cell-based HIV-1 replication assay in four of the
major integrase variants at residues 124/125
(Thr124/Thr125, Ala124/Thr125, Ala124/Ala125 and
Thr124/Ala125); and/or  unexpectedly good activity in
a cell-based HIV-1 replication assay in all six of the
major integrase variants at residues 124/125
(Thr124/Thr125, Ala124/Thr125, Ala124/Ala125,
Thr124/Ala125, Asn124/Thr125, and Asn124/Ala125);
and/or  unexpectedly good pharmacological properties.
Another aspect of this invention provides a compound
of formula (I) or a pharmaceutically acceptable salt
or ester thereof, as a medicament. Still another
aspect of this invention provides a pharmaceutical
composition comprising a therapeutically effective
amount of a compound of formula (I) or a
pharmaceutically acceptable salt or ester thereof; and
one or more pharmaceutically acceptable carriers.
According to an embodiment of this aspect, the
pharmaceutical composition according to this invention
additionally comprises at least one other antiviral
agent. The invention also provides the use of a
pharmaceutical composition as described hereinabove
for the treatment of an HIV infection in a mammal
having or at risk ofhaving the infection. A further
aspect of the invention involves a method of treating
an HIV infection in a 



mammal having or at risk of having the infection, the
method comprising administering to the mammal a
therapeutically effective amount of a compound of
formula (I), a pharmaceutically acceptable salt or
ester thereof, or a composition thereof as described
hereinabove. Another aspect of the invention involves
a method of treating an HIV infection in a mammal
having or at risk of having the infection, the method
comprising administering to the mammal a
therapeutically effective amount of a combination of a
compound of formula (I) or a pharmaceutically
acceptable salt or ester thereof, and at least one
other antiviral agent; or a composition thereof. Also
within the scope of this invention is the use of a
compound of formula (I) as described herein, or a
pharmaceutically acceptable salt or ester thereof, for
the treatment of an HIV infection in a mammal having
or at risk of having the infection. Another aspect of
this invention provides the use of a compound of
formula (I) as described herein, or a pharmaceutically
acceptable salt or ester thereof, for the manufacture
of a medicament for the treatment of an HIV infection
in a mammal having or at risk of having the infection.
An additional aspect of this invention refers to an
article of manufacture comprising a composition
effective to treat an HIV infection; and packaging
material comprising a label which indicates that the
composition can be used to treat infection by HIV;
wherein the composition comprises a compound of
formula (I) according to this invention or a
pharmaceutically acceptable salt or ester thereof.
Still another aspect of this invention relates to a
method of inhibiting the replication of HIV comprising
exposing the virus to an effective amount of the
compound of formula (I), or a salt or ester thereof,
under conditions where replication of HIV is
inhibited. Further included in the scope of the
invention is the use of a compound of formula (I)to
inhibit the activity of the HIV integrase enzyme.
Further included in the scope of the invention is the
use of a compound of formula (I), or a salt or ester
thereof, to inhibit the replication of HIV. DETAILED
DESCRIPTION OF THE INVENTION Definitions As used
herein, the following definitions apply unless
otherwise noted: The term "substituent", as used
herein and unless specified otherwise, is intended to
mean an atom, radical or group which may be bonded to
a carbon atom, a heteroatom or any other atom which
may form part of a molecule or fragment thereof, which
would otherwise be bonded to at least one hydrogen
atom. Substituents contemplated in the context of a
specific molecule or fragment thereof are those which
give rise to chemically stable compounds, such as are
recognized by those skilled in the art. The term
"(Ci-n)alkyl" as used herein, wherein n is an integer,
either alone or in combination with another radical,
is intended to mean acyclic, straight or branched
chain alkyl radicals containing from 1 to n carbon
atoms. "(C1-6)alkyl" includes, but is not limited to,
methyl, ethyl, propyl (n-propyl), butyl (n-butyl),
1-methylethyl (/so-propyl), 1-methylpropyl
(sec-butyl), 2-methylpropyl (/so-butyl),
1,1-dimethylethyl (terf-butyl), pentyl and hexyl. The
abbreviation Me denotes a methyl group; Et denotes an
ethyl group, Pr denotes a propyl group, iPr denotes a
1-methylethyl group, Bu denotes a butyl group and tBu
denotes a 1,1-dimethylethyl group. The term
"(C2-n)alkenyl", as used herein, wherein n is an
integer, either alone or in combination with another
radical, is intended to mean an unsaturated, acyclic
straight or branched chain radical containing two to n
carbon atoms, at least two of which are bonded to each
other by a double bond. Examples of such radicals
include, but are not limited to, ethenyl (vinyl),
1-propenyl, 2-propenyl, and 1-butenyl. Unless
specified otherwise, the term "(C2-n)alkenyl" is
understood to encompass individual stereoisomers where
possible, including but not limited to (E) and (Z)
isomers, and mixtures thereof. When a (C2.n)alkenyl
group is substituted, it is understood to be
substituted on any carbon atom thereof which would
otherwisebear a hydrogen atom, unless specified
otherwise, such that the substitution would 



give rise to a chemically stable compound, such as are
recognized by those skilled in the art. The term
"(C3-m)cycloalkyl" as used herein, wherein m is an
integer, either alone or in combination with another
radical, is intended to mean a cycloalkyl substituent
containing from 3 to m carbon atoms and includes, but
is not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl. The term
"aryl" as used herein, either alone or in combination
with another radical, is intended to mean a
carbocyclic aromatic monocyclic group containing 6
carbon atoms which may be further fused to a second 5-
or 6-membered carbocyclic group which may be aromatic,
saturated or unsaturated. Aryl includes, but is not
limited to, phenyl, indanyl, indenyl, 1-naphthyl,
2-naphthyl, tetrahydronaphthyl and dihydronaphthyl.
The term "carbocycle" as used herein, either alone or
in combination with another radical, is intended to
mean a cyclic compound, either aromatic or
non-aromatic, saturated or unsaturated, in which all
of the ring members are carbon atoms. The carbocycle
group may be containing 5 or 6 carbon atom and may be
further fused to a second 5- or 6-membered carbocyclic
group which may be aromatic, saturated or unsaturated.
The carbocycle may be substituted. When the carbocycle
is substituted, it is understood that substituents may
be attached to any carbon atom which would otherwise
bear a hydrogen atom, unless specified otherwise, such
that the substitution would give rise to a chemically
stable compound, such as are recognized by those
skilled in the art. The term "Het" as used herein,
either alone or in combination with another radical,
is intended to mean a 4- to 7-membered saturated,
unsaturated or aromatic heterocycle having 1 to 4
heteroatoms each independently selected from O, N and
S, or a 7- to 14-membered saturated, unsaturated or
aromatic heteropolycycle having wherever possible 1 to
5 heteroatoms, each independently selected from O, N
and S, unless specified otherwise. When a Het group is
substituted, it is understood that substituents may be
attached to any carbon atom or heteroatom thereof
which would otherwise bear a hydrogen atom, unless
specified otherwise,such that the substitution would
give rise to a chemically stable compound, such as are
recognized by those skilled in the art. The term
"heteroatom" as used herein is intended to mean O, S
or N. The term "heterocycle" as used herein and unless
specified otherwise, either alone or in combination
with another radical, is intended to mean a 3- to
7-membered saturated, unsaturated or aromatic
heterocycle containing from 1 to 4 heteroatoms each
independently selected from O, N and S; or a
monovalent radical derived by removal of a hydrogen
atom therefrom. Examples of such heterocycles include,
but are not limited to, azetidine, pyrrolidine,
tetrahydrofuran, tetrahydrothiophene, thiazolidine,
oxazolidine, pyrrole, thiophene, furan, pyrazole,
imidazole, isoxazole, oxazole, isothiazole, thiazole,
triazole, tetrazole, piperidine, piperazine, azepine,
diazepine, pyran, 1,4-dioxane, 4-morpholine,
4-thiomorpholine, pyridine, pyridine-N-oxide,
pyridazine, pyrazine and pyrimidine, and saturated,
unsaturated and aromatic derivatives thereof. The term
"heteropolycycle" as used herein and unless specified
otherwise, either alone or in combination with another
radical, is intended to mean a heterocycle as defined
above fused to one or more other cycle, including a
carbocycle, a heterocycle or any other cycle; or a
monovalent radical derived by removal of a hydrogen
atom therefrom. Examples of such heteropolycycles
include, but are not limited to, indole, isoindole,
benzimidazole, benzothiophene, benzofuran, benzopyran,
benzodioxole, benzodioxane, benzothiazole, quinoline,
isoquinoline, and naphthyridine, and saturated,
unsaturated and aromatic derivatives thereof. The term
"halo" as used herein is intended to mean a halogen
substituent selected from fluoro, chloro, bromo or
iodo. The term "(C1-n)haloalkyl" as used herein,
wherein n is an integer, either alone or in
combination with another radical, is intended to mean
an alkyl radical having 1 to n 



carbon atoms as defined above wherein one or more
hydrogen atoms are each replaced by a halo
substituent. Examples of (d^haloalkyl include but are
not limited to chloromethyl, chloroethyl,
dichloroethyl, bromomethyl, bromoethyl, dibromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl,
fluoroethyl and difluoroethyl.The terms
"-O-(C1-n)alkyl" or "(C1-n)alkoxy" as used herein
interchangeably, wherein n is an integer, either alone
or in combination with another radical, is intended to
mean an oxygen atom further bonded to an alkyl radical
having 1 to n carbon atoms as defined above. Examples
of -O-(Ci- n)alkyl include but are not limited to
methoxy (CH3O-), ethoxy (CH3CH2O-), propoxy
(CH3CH2CH2O-), 1-methylethoxy (/so-propoxy;
(CHs)2CH-O-) and 1,1-dimethylethoxy (terf-butoxy; (CH3
3C-O-). When an -O-(Ci_n)alkyl radical is substituted,
it is understood to be substituted on the (C1-n)alkyl
portion thereof, such that the substitution would give
rise to a chemically stable compound, such as are
recognized by those skilled in the art. The terms
"-S-(C 1-n)alkyl" or "(C1-n)alkylthio" as used herein
interchangeably, wherein n is an integer, either alone
or in combination with another radical, is intended to
mean an sulfur atom further bonded to an alkyl radical
having 1 to n carbon atoms as defined above. Examples
of -S-(Ci -n)alkyl include but are not limited to
methylthio (CH3S-), ethylthio (CH3CH2S-), propylthio
(CH3CH2CH2S-), 1-methylethylthio (/sopropylthio;
(CH3)2CH-S-) and 1,1-dimethylethylthio
(tert-butylthio; (CH3)3C-S-). When -S-(C 1_n)alkyl
radical, or an oxidized derivative thereof, such as an
-SO-(C-i_n)alkyl radical or an -SO2-(C1-n)alkyl
radical, is substituted, each is understood to be
substituted on the (C1.n)alkyl portion thereof, such
that the substitution would give rise to a chemically
stable compound, such as are recognized by those
skilled in the art. The term "oxo" as used herein is
intended to mean an oxygen atom attached to a carbon
atom as a substituent by a double bond (=O). The term
"cyano" as used herein is intended to mean an carbon
atom attached to a nitrogen atom as a substituent by a
triple bond. The term "functional group equivalent" as
used herein is intended to mean an atom or group that
may replace another atom or group which has similar
electronic, hybridization or bonding properties. The
term "protecting group" as used herein is intended to
mean protecting groups that can be used during
synthetic transformation, including but not limited
toexamples which are listed in Greene, "Protective
Groups in Organic Chemistry", John Wiley & Sons, New
York (1981), and more recent editions thereof, herein
incorporated by reference. The following designation
is used in sub-formulas to indicate the bond which is
connected to the rest of the molecule as defined. The
term "salt thereof" as used herein is intended to mean
any acid and/or base addition salt of a compound
according to the invention, including but not limited
to a pharmaceutically acceptable salt thereof. The
term "pharmaceutically acceptable salt" as used herein
is intended to mean a salt of a compound according to
the invention which is, within the scope of sound
medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue
toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio,
generally water or oil-soluble or dispersible, and
effective for their intended use. The term includes
pharmaceuticallyacceptable acid addition salts and
pharmaceutically-acceptable base addition salts. Lists
of suitable salts are found in, for example, S.M.
Birge et al., J . Pharm. Sci., 1977, 66, pp. 1-19,
herein incorporated by reference. The term
"pharmaceutically-acceptable acid addition salt" as
used herein is intended to mean those salts which
retain the biological effectiveness and properties of
the free bases and which are not biologically or
otherwise undesirable, formed with inorganic acids
including but not limited to hydrochloric acid,
hydrobromic acid, sulfuric acid, sulfamic acid, nitric
acid, phosphoric acid and the like, and organic acids
including but not limited to acetic acid,
trifluoroacetic acid, adipic acid, ascorbic acid,
aspartic acid, benzenesulfonic acid, benzoic acid,
butyric acid, camphoric acid, 



camphorsulfonic acid, cinnamic acid, citric acid,
digluconic acid, ethanesulfonic acid, glutamic acid,
glycolic acid, glycerophosphoric acid, hemisulfic
acid, hexanoic acid, formic acid, fumaric acid,
2-hydroxyethanesulfonic acid (isethionic acid), lactic
acid, hydroxymaleic acid, malic acid, malonic acid,
mandelic acid, mesitylenesulfonic acid,
methanesulfonic acid, naphthalenesulfonic acid,
nicotinic acid, 2-naphthalenesulfonic acid, oxalic
acid, pamoic acid, pectinic acid, phenylaceticacid,
3-phenylpropionic acid, pivalic acid, propionic acid,
pyruvic acid, salicylic acid, stearic acid, succinic
acid, sulfanilic acid, tartaric acid,
p-toluenesulfonic acid, undecanoic acid and the like.
The term "pharmaceutically-acceptable base addition
salt" as used herein is intended to mean those salts
which retain the biological effectiveness and
properties of the free acids and which are not
biologically or otherwise undesirable, formed with
inorganic bases including but not limited to ammonia
or the hydroxide, carbonate, or bicarbonate of
ammonium or a metal cation such as sodium, potassium,
lithium, calcium, magnesium, iron, zinc, copper,
manganese, aluminum and the like. Particularly
preferred are the ammonium, potassium, sodium,
calcium, and magnesium salts. Salts derived from
pharmaceutically-acceptable organic nontoxic bases
include but are not limited to salts of primary,
secondary, and tertiary amines, quaternary amine
compounds, substituted amines including naturally
occurring substituted amines, cyclic amines and basic
ion-exchange resins, such as methylamine,
dimethylamine, trimethylamine, ethylamine,
diethylamine, triethylamine, isopropylamine,
tripropylamine, tributylamine, ethanolamine,
diethanolamine, 2-dimethylaminoethanol,
2-diethylaminoethanol, dicyclohexylamine, lysine,
arginine, histidine, caffeine, hydrabamine, choline,
betaine, ethylenediamine, glucosamine,
methylglucamine, theobromine, purines, piperazine,
piperidine, Nethylpiperidine, tetramethylammonium
compounds, tetraethylammonium compounds, pyridine,
N,N-dimethylaniline, N-methylpiperidine,
N-methylmorpholine, dicyclohexylamine, dibenzylamine,
N,N-dibenzylphenethylamine, 1-ephenamine,
N,N'-dibenzylethylenediamine, polyamine resins and the
like. Particularly preferred organic nontoxic bases
are isopropylamine, diethylamine, ethanolamine,
trimethylamine, dicyclohexylamine, choline, and
caffeine. The term "ester thereof" as used herein is
intended to mean any ester of a compound according to
the invention in which any of the -COOH substituents
of the molecule is replaced by a -COOR substituent, in
which the R moiety of the ester is any
carbon-containing group which forms a stable ester
moiety, including but not limited to alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocyclyl, heterocyclylalkyl, each of which being
optionally further substituted. The term "ester
thereof includes but is not limited to
pharmaceutically acceptable esters thereof.The term
"pharmaceutically acceptable ester" as used herein is
intended to mean esters of the compound according to
the invention in which any of the COOH substituents of
the molecule are replaced by a -COOR substituent, in
which the R moiety of the ester is selected from alkyl
(including, but not limited to, methyl, ethyl, propyl,
1-methylethyl, 1,1-dimethylethyl, butyl); alkoxyalkyl
(including, but not limited to methoxymethyl);
acyloxyalkyl (including, but not limited to
acetoxymethyl); arylalkyl (including, but not limited
to, benzyl); aryloxyalkyl (including, but not limited
to, phenoxymethyl); and aryl (including, but not
limited to phenyl) optionally substituted with
halogen, (C1-4)alkyl or (C1-4)alkoxy. Other suitable
esters can be found in Design of Prodrugs, Bundgaard,
H. Ed. Elsevier (1985), herein incorporated by
reference. Such pharmaceutically acceptable esters are
usually hydrolyzed in vivo when injected into a mammal
and transformed into the acid form of the compound
according to the invention. With regard to the esters
described above, unless otherwise specified, any alkyl
moiety present preferably contains 1 to 16 carbon
atoms, more preferably 1 to 6 carbon atoms. Any aryl
moiety present in such esters preferably comprises a
phenyl group. In particular the esters may be a
(C1-16)alkyl ester, an unsubstituted benzyl ester or a
benzyl ester substituted with at least one halogen,
(C1-6)alkyl, (d -6)alkoxy, nitro or trifluoromethyl.
The term "mammal" as used herein is intended to
encompass humans, as well as 



non-human mammals which are susceptible to infection
by HIV. Non-human mammals include but are not limited
to domestic animals, such as cows, pigs, horses, dogs,
cats, rabbits, rats and mice, and non-domestic
animals. The term "treatment" as used herein is
intended to mean the administration of a compound or
composition according to the present invention to
alleviate or eliminate symptoms of HIV infection
and/or to reduce viral load in a patient. The term
"treatment" also encompasses the administration of a
compound or composition according to the present
invention post-exposure of the individual to the virus
but before the appearance of symptoms of the disease,
and/or prior to the detection of the virus in the
blood, to prevent the appearance of symptoms of the
disease and/or to prevent the virus from reaching
detectible levels in the blood, and the administration
of a compound or composition according to the present
invention to prevent perinatal transmission of HIV
from mother to baby, by administration to the mother
before giving birth and to the child within the first
days of life.The term "antiviral agent" as used herein
is intended to mean an agent that is effective to
inhibit the formation and/or replication of a virus in
a mammal, including but not limited to agents that
interfere with either host or viral mechanisms
necessary for the formation and/or replication of a
virus in a mammal. The term "inhibitor of HIV
replication" as used herein is intended to mean an
agent capable of reducing or eliminating the ability
of HIV to replicate in a host cell, whether in vitro,
ex vivo or in vivo. The term "HIV integrase" or
"integrase", used herein interchangeably, means the
integrase enzyme encoded by the human immunodeficiency
virus type 1. The term "therapeutically effective
amount" means an amount of a compound according to the
invention, which when administered to a patient in
need thereof, is sufficient to effect treatment for
disease-states, conditions, or disorders for which the
compounds have utility. Such an amount would be
sufficient to elicit the biological or medical
response of a tissue system, or patient that is sought
by a researcher or clinician. The amount of a compound
according to the invention which constitutes a
therapeutically effective amount will vary depending
on such factors as the compound and its biological
activity, the composition used for administration, the
time of administration, the route of administration,
the rate of excretion of the compound, the duration of
the treatment, the type of disease-state or disorder
being treated and its severity, drugs used in
combination with or coincidentally with the compounds
of the invention, and the age, body weight, general
health, sex and diet of the patient. Such a
therapeutically effective amount can be determined
routinely by one of ordinary skill in the art having
regard to their own knowledge, the state of the art,
and this disclosure. Preferred embodiments In the
following preferred embodiments, groups and
substituents of the compounds of formula (I):according
to this invention are described in detail. R4I R4-A:
In one embodiment, R4 is aryl or Het optionally
substituted with 1 to 3 substituents each
independently selected from halo, (C-|.6)alkyl,
(C2-6)alkenyl, (C1-6)haloalkyl, (C3-7)cycloalkyl, -OH,
-O(d-e)alkyl, -SH, -S(C1-6)alkyl, -NH2, -NH(C
1-6)alkyl and -N((C 1.6)alkyl)2; wherein the (C^alkyl
is optionally substituted with hydroxy, cyano or oxo.
R4-B: In another embodiment, R4 is Het optionally
substituted with 1 to 3 substituents each
independently selected from halo, (d. 6)alkyl,
(C2-6)alkenyl, (d^haloalkyl, (C3-7)cycloalkyl, -OH,
-O(C1-6)alkyl, -SH, -S(d. 6)alkyl, -NH2, -NH(d-
6)alkyl and -N((C 1-6)alkyl)2. R4-C: In another
embodiment, R4 is naphthyl or phenyl, optionally
substituted with 1 to 3 substituents each
independently selected from halo, (C1-4)alkyl,
(C1-4)haloalkyl, -O(C1-4)alkyl, -NH2, -NH(C1-6)alkyl
and -N((C1-6)alkyl)2. R4-D: In another embodiment, R4
is phenyl optionally substituted with 1 to 3
substituents each independently selected from halo,
(Ci_4)alkyl, 



(d- 4)haloalkyl, -O(C1-4)alkyl, -NH2, -NH(C1-6)alkyl
and -N((d_ 6)alkyl)2. R4-E: In one embodiment, R4 is
Het optionally substituted with 1 to 2 substituents
each independently selected from halo, (C1-3)alkyl and
O-(C1-3)alkyl. R4-F: In one embodiment, R4 is Het
optionally substituted with 1 to 2 substituents each
independently selected from Cl, F, CH3 and CH2CH3
wherein said Het is defined as a 7- to 14-membered
saturated, unsaturated or aromatic heteropolycycle
having wherever possible 1 to 2 heteroatoms, each
independently selected from O, N and S. R4-G: In one
embodiment, R4 is Het optionally substituted with 1 to
2 substituents each independently selected from halo,
(C1-3)alkyl and O-(C1.3)alkyl, wherein said Het is
defined as a 9- or 10-membered saturated, unsaturated
or aromatic heteropolycycle having wherever possible 1
to 2 heteroatoms, eachindependently selected from O, N
and S. R4-H: In another embodiment, R4 is phenyl
optionally substituted with 1 to 3 substituents each
independently selected from halo, (C1-4)alkyl,
(C1-4)haloalkyl, -O(C1-4)alkyl, -NH2, -NH(C1-6)alkyl
and -N((C1-6)alkyl)2 or R4 is Het optionally
substituted with 1 to 3 substituents each
independently selected from halo, (C^alkyl and
O-(C1-4)alkyl, wherein said Het is defined as a 7- to
14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 2
heteroatoms, each independently selected from O, N and
S. R4-l: In another embodiment, R4 is phenyl
optionally substituted with 1 to 3 substituents each
independently selected from F, Cl, Br, -CH3,
-CH(CH3)2, CH2F, -CH2CH2F, -OCH3 and -NH 2 or R4 is
Het optionally substituted with 1 to 3 substituents
each independently selected from Cl, F, CH3, CH2CH3
and OCH3, wherein said Het is defined as a 7- or
14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 3
heteroatoms, each independently selected from O, N and
S. R4-J: In another embodiment, R4 is selected from:
being optionally substituted 1 to 3 times with halo,
(C1-3)alkyl and 0-(C 1 3)alkyl. R4-K: In another
embodiment, R4 is selected from: being optionally
substituted 1 to 2 times with halo, (C1-3)alkyl and
0-(C 1 3)alkyl. R4-L: In another embodiment, R4 is
selected from:being optionally substituted 1 to 2
times with halo, (C^alkyl and 0-(C 1. 3)alkyl. R4-M:
In another embodiment, R4 is selected from: being
optionally substituted 1 to 2 times with halo, (d
-3)alkyl and 0-(C 1 3)alkyl. R4-N: In another
embodiment, R4 is selected from:INDOLE COMPOUNDS AND
METHODS FOR TREATING VISCERAL PAIN CROSS-REFERENCE TO
RELATED APPLICATIONS This application claims benefit
to U.S. Provisional Application Nos. 60/988,757, filed
November 16, 2007, and 61/133,930, filed July 3, 2008,
each of which is hereby incorporated by reference.
FIELD OF THE INVENTION The invention relates to
compounds and methods for treating visceral pain.
BACKGROUND OF THE INVENTION Visceral pain is the most
common form of pain and is one of the most difficult
forms of pain to treat, often with with the use of
opioids. Visceral pain is distinct from somatic pain
and is generally described as pain that originates
from the body's internal cavities or organs and has
five important clinical and sensory characteristics:
(1) it is not evoked from all visceral organs (eg
liver, kidney, lung); (2) it is not always linked to
visceral injury (e.g., cutting an intestine does not
evoke pain); (3) it is diffuse; (4) it is referred to
other locations; and (5) it can be referred to other
autonomic and motor reflexes (e.g., nausea, lower-back
muscle tension from renal colic) {Lancet, 1999, 353,
2145-48). Several theories have been proposed for the
mechanisms of visceral pain. In the first theory, the
viscera are innervated by separate classes of 



neurons, one concerned with autonomic regulation and
the other with sensory phenomena such as pain. The
second theory suggests a single homogenous class of
sensory receptors that are active at low frequencies
(normal regulatory signals) or at high frequencies of
activation (induced by intense pain signals). However,
studies indicate that the viscera is innervated by two
classes of nociceptive sensory receptors: high
threshold (mostly mechanical receptors found in heart,
vein, lung, airways, oesophagus, bilary system, small
intestine, colon, ureter, airways, urinary bladder and
uterus; activated by noxious stimuli) and low
threshold intensity coding receptors that respond to
innocuous and nocuous stimuli (heart, oesophagus,
colon, urinary bladder and testes). Yet another theory
suggests a component of afferent fibres that are
normally unresponsive to stimuli (silent nociceptors)
that can become activated or sensitized during
inflamation (Trends Neurosci. 1992, 15, 374-78). Once
sensitized, these nociceptors now respond to innocuous
stimuli that normally occur in the internal organs
resulting in an enhanced barrage of convergent input
to the spinal cord and subsequently triggering central
mechanisms that amplify the effect of the peripheral
input. Compounds for the treatment of visceral pain
would therefore be highly desirable.SUMMARY OF THE
INVENTION The invention features methods of treating
visceral pain by administering to a patient in need
thereof a therapeutically effective amount of a
compound having the formula: or a pharmaceutically
acceptable salt or prodrug thereof, wherein, R1 is H,
optionally substituted C1-6 alkyl, optionally
substituted C1-4 alkaryl, optionally substituted C1-4
alkheterocyclyl, or optionally substituted C3-8
cycloalkyl; each of R2 and R3 is, independently, H,
Hal, optionally substituted C1-6 alkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, optionally substituted C2-9 bridged
heterocyclyl, optionally substituted C1-4 bridged
alkheterocyclyl, optionally substituted C2-9
heterocyclyl, or optionally substituted C1-4
alkheterocyclyl; each of R4 and R7 is, independently,
H, F, C1-6 alkyl, or C1-6 alkoxy; R5 is H,
R5AC(NH)NH(CH2)r5, or R5BNHC(S)NH(CH2)r5, wherein r5
is an integer from 0 to 2, R5A is optionally
substituted C1-6 alkyl, optionally substituted C6-10
aryl, optionally substituted C1-4 alkaryl, optionally
substituted C2-9 heterocyclyl, optionally substituted
C1-4 alkheterocyclyl, optionally substituted C1-6
thioalkoxy, optionally substituted C1-4 thioalkaryl,
optionally substituted aryloyl, or optionally
substituted C1-4 thioalkheterocyclyl; and R is
optionally substituted C1-6 alkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, optionally substituted C2-9 heterocyclyl,
optionally substituted C1-4 alkheterocyclyl,
optionally substituted C1-6 thioalkoxy, optionally
substituted C1-4 thioalkaryl, or optionally
substituted aryloyl; and R6 is H, F,
R6AC(NH)NH(CH2)r6, or R6BNHC(S)NH(CH2)r6, wherein r6
is an integer from 0 to 2, R6A is optionally
substituted C1-6 alkyl, optionally substituted C6-10
aryl, optionally substituted C1-4 alkaryl, optionally
substituted C2-9 heterocyclyl, optionally substituted
C1-4 alkheterocyclyl, optionally substituted C1-6
thioalkoxy, optionally substituted C1-4 thioalkaryl,
optionally substituted aryloyl, or optionally
substituted C1-4 thioalkheterocyclyl; and R6B is
optionally substituted C1-6 alkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, optionally substituted C2-9 heterocyclyl,
optionally substituted C1-4 alkheterocyclyl,
optionally substituted C1-6 thioalkoxy, optionally
substituted C1-4 thioalkaryl, or optionally
substituted aryloyl. In a preferred embodiment, R6 is
H.In certain embodiments, R1 is H, optionally
substituted C1-6 alkyl, optionally substituted C1-4
alkaryl, or optionally substituted C1-4
alkheterocyclyl. In preferred embodiments, R1 is H.
The methods of the invention may treat visceral pain
that is secondary to irritable bowel syndrome,
inflammatory bowel syndrome, pancreatitis,
diverticulitis, Crohn's disease, peritonitis,
pericarditis, hepatitis, appendicitis, colitis,
cholecystitis, gastroenteritis, endometriosis,
dysmenorrhea, interstitial cystitis, prostatitis,
pleuritis, upper gastrointestinal dyspepsia, renal
colic, or biliary colic; visceral pain that is
secondary to a disease of the liver, kidney, ovary,
uterus, bladder, bowel, stomach, esophagus, duodenum,
intestine, colon, spleen, pancreas, appendix, heart,
or peritoneum; or visceral pain that results from a
neoplasm or injury, or visceral pain that results from
infection. Visceral pain treated by the methods of the
invention may be inflammatory or non-inflammatory. In
certain embodiments, for the compounds employed R5A or
R6A is methyl, 



fluoromethyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, t-butyl, thiomethoxy, thioethoxy,
thio-npropyloxy, thio-i-propyloxy, thio-n-butyloxy,
thio-i-butyloxy, thio-t-butyloxy, phenyl, benzyl, 2-
thienyl, 3-thienyl, 2-furanyl, 3-furanyl, 2-oxazole,
4-oxazole, 5-oxazole, 2-thiazole, 4-thiazole, 5-
thiazole, 2-isoxazole, 3-isoxazole, 4-isoxazole,
2-isothiazole, 3-isothiazole, and 4-isothiazole. In
some embodiments, R1, R2, and R3 are each H. In other
embodiments, one or more of R , R , and R3 is not H.
For example, R1 may be (CH )In1X1, wherein X1 is
selected from the group consisting of: each of R1A and
RIB is, independently, H, optionally substituted C1-6
alkyl, optionally substituted C - cycloalkyl,
optionally substituted C6-10 aryl, optionally
substituted C1-4 alkaryl, C2-9 heterocyclyl, or
optionally substituted C1-4 alkheterocyclyl; each of
R1C and R1D is, independently, H, F, OH, CO2R1E, or
NR1FR1G, wherein each of R1E, R1F, and R1G is,
independently, H, optionally substituted C1-6 alkyl,
optionally substituted C3-8 cycloalkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, C2-9 heterocyclyl, or optionally substituted
C1-4 alkheterocyclyl, or R1C and R1D together with the
carbon they are bonded to are C=O; Z1 is NR1H,
NC(O)R1H, NC(O)OR1H, NC(0)NHR 1H, NC(S)R1H,
NC(S)NHR1H, NS(O)2R1H, O, S, S(O), or S(O)2, wherein
R1H is H, optionally substituted C1-6 alkyl,
optionallysubstituted C3-8 cycloalkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, C2-9 heterocyclyl, or optionally substituted
C1-4 alkheterocyclyl; ml is an integer of 0 to 6; n l
is an integer of 1 to 4; p i is an integer of 0 to 2;
and ql is an integer of 0 to 5. In some embodiments,
where X1 is , X1 has a structure selected from and ,
where Z1, ql, and p i are as defined herein. R may be
(CH2)mX , wherein X is selected from the group
consisting of: wherein each of R2A and R2B is,
independently, H, optionally substituted C1-6 alkyl,
optionally substituted C3-8 cycloalkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, C2-9 heterocyclyl, or optionally substituted
C1-4 alkheterocyclyl; each of R2C and R2D is,
independently, H, F, OH, CO2R2E, or NR2FR2G, wherein
each of R , R , and R is, independently, H, optionally
substituted C1-6 alkyl, optionally substituted C3-8
cycloalkyl, optionally substituted C6-10 aryl,
optionally substituted C1-4 alkaryl, C2-9
heterocyclyl, or optionally substituted C1-4
alkheterocyclyl, or R and R together with the carbon
they are bonded to are C=O; Z2 is NR2H, NC(0)R 2H,
NC(0)0R 2H, NC(O)NHR2 , NC(S)R2H, NC(S)NHR2H, NS(O)2R2
, O, S, S(O), or S(O)2, wherein R2" is H, optionally
substituted C1-6 alkyl, optionally substituted C3-8
cycloalkyl, optionally substituted C6-10 aryl,
optionally substituted C1-4 alkaryl, C2-9
heterocyclyl, or optionally substituted C1-4
alkheterocyclyl; m2 is an integer of Oto 6; n2 is an
integer of 1 to 4; p2 is an integer of Oto 2; and q2
is an integer of 0 to 5.In some embodiments where X is
X can have a structure selected from , , where Z2, p2,
and q2 are as defined herein. R may be (CH2)mX ,
wherein X is selected from the group consisting of:
each of R A and R is, independently, H, optionally
substituted C1-6 alkyl, optionally substituted C -
cycloalkyl, optionally substituted C6-10 aryl,
optionally substituted C1-4 alkaryl, C2-9
heterocyclyl, or optionally substituted C1-4
alkheterocyclyl; each of R3C and R3D is,
independently, H, F, OH, CO2R3E, or NR3FR3G, wherein
each of R , R , and R is, independently, H, optionally
substituted C1-6 alkyl, optionally substituted C3-8
cycloalkyl, optionally substituted C6-10 aryl,
optionally substituted C1-4 alkaryl, C2-9
heterocyclyl, or optionally substituted C1-4
alkheterocyclyl, or R3C and R3D together with the
carbon they are bonded to are C O; Z3 is NR3H,
NC(O)R3H, NC(0)0R 3H, NC(O)NHR3H, NC(S)R3H,
NC(S)NHR3H, NS(O)2R3H, O, S, S(O), or S(O)2, wherein
R3H is H, optionally substituted C1-6 alkyl,
optionally substituted C3-8 cycloalkyl, optionally
substituted C6-10 aryl, optionally substituted C1-4
alkaryl, 



C2-9 heterocyclyl, or optionally substituted C1-4
alkheterocyclyl; m3 is an integer of Oto 6; n3 is an
integer of 1 to 4; p3 is an integer of Oto 2; and q3
is an integer of 0 to 5. In some embodiments, where R
is , R>3 has a structure selected from , where Z3, p3,
and q3 are as defined herein.In another embodiment of
the invention, compounds of formula I wherein R5 is
R5AC(NH)NH(CH 2)r5 or R5BNHC(S)NH(CH 2)r5, R6, R2, and
R 1 are H, and R3 is (CH 2)m3X3 also bind to the
serotonin 5HT1D/1B receptors. Preferably the IC50 or
Kj value is between 10 and 0.001 micromolar. More
preferably, the IC5 or Kj is less than 1 micromolar.
Most preferably, the IC50 or K is less than 0.1. In
other embodiments, compounds are agonists of the 5HT
1BZiD receptors. In other embodiments, R2 is wherein
each of R2J2 , R2J3 , R2J4 , R2J5, and R2J6 is,
independently, H; C 1-6 alkyl; OH; C 1-6 alkoxy; SH; C
1-6 thioalkoxy; Halo; N O2; CN; CF3; OCF 3; NR2JaR2Jb,
where each of R2Ja and R2Jb is, independently, H or C
1-6 alkyl; C(O)R 2Jc , where R2Jc is H or C 1-6 alkyl;
CO2R2Jd, where R2Jd is H or C 1-6 alkyl; tetrazolyl;
C(O)NR 2JeR2Jf , where each of R2Je and R2Jf is,
independently, H or C 1-6 alkyl; OC(O)R 2Js , where
R2Jg is C 1-6 alkyl; NHC(O)R 2Jh, where R2Jh is H or
C1-6 alkyl; SO3H ; S(O) 2NR2JiR2Jj , where each of
R2Ji and R2Jj is, independently, H or C 1-6 alkyl;
S(O)R 2Jk , where R2Jk is C 1-6 alkyljand S(O) 2R2J1,
where R2J1 is C1-6 alkyl. Other compounds are those
where R 1 or R3 is wherein Z is N RX, o is an integer
from 0-3, p is an integer from 1 to 2 , q is an
integer from 0 to 2 , r is an integer from 0 to 1, s
is an integer from 1 to 3 , u is an integer from 0 to
1, and t is an integer from 3 to 7 (for example, from
5 to 7), wherein said R 1 or R3 substituent includes 0
to 6 carbon-carbon double bonds or 0 or 1
carbon-nitrogen double bonds, and wherein Rx is H,
optionally substituted C 1-6 alkyl, optionally
substituted C3-8 cycloalkyl, optionally substituted
C6- 10 aryl, optionally substituted C 1-4 alkaryl,
C2-9 heterocyclyl, or optionally substituted C 1-4
alkheterocyclyl. Still other compounds have the
formula: where X is O or S.Compounds useful in the
methods include 2-ethyl-l-(lH-indol-5-yl)-isothiourea;
N-(IHindol- 5-yl)-thiophene-2-carboxamidine;
N-[l-(2-dimethylamino-ethyl)-lH-indol-6-yl]-
thiophene-2-carboxamidine;
N-{1-[2-(1-methyl-pyrrolidin-2-yl)-ethyl]-1H-indol-6-y
l}- thiophene-2-carboxamidine;
l-[l-(2-dimethylamino-ethyl)-lH-indol-6-yl]-2-ethyl-is
othiourea;
N-[1-(2-pyrrolidin-1-yl-ethyl)-1H-indol-6-yl]-thiophen
e-2-carboxamidine; N-(1-phenethyl-1Hindol-
6-yl)-thiophene-2-carboxamidine;
N-[3-(2-dimethylamino-ethyl)-lH-indol-5-yl]-
thiophene-2-carboxamidine;
N-(l-{2-[2-(4-bromo-phenyl)-ethylamino]-ethyl}-lH-indo
l-6-yl)- thiophene-2-carboxamidine;
(+)-N-{l-[2-(l-methyl-pyrrolidin-2-yl)-ethyl]-lH-indol
-6-yl}- thiophene-2-carboxamidine; (-)-N- {1-[2-(I
-methyl-pyrrolidin-2-yl)-ethyl]-1H-indol-6-yl} -
thiophene-2-carboxamidine
;N-[1-(1-methyl-azepan-4-yl)-1H-indol-6-yl]-thiophene-
2- carboxamidine; and
N-[1-(2-piperidin-1-yl-ethyl)-1H-indol-6-yl]-thiophene
-2-carboxamidine. Other exemplary compounds
include:HEARING AID AND A METHOD OF MANAGING A LOGGING
DEVICE This application relates to hearing aids. More
specifically, it relates to digital hearing aids
comprising means for logging parameters relating to
the sound environment and the performance of the
hearing aid during use. Modern, digital hearing aids
comprise sophisticated and complex signal processing
units for processing and amplifying sound according to
a prescription aimed at alleviating a hearing loss for
a hearing impaired individual. In order to fine-tune
the prescription settings, it is beneficial to gather
statistical information about sound events from the
listening environments in which a particular hearing
aid is expected to function. This information may
preferably be stored in the hearing aid, and a logging
device including a non-volatile storage device is thus
included in the hearing aid. In the following, this is
denoted a hearing aid log. Parameter values are
sampled at log sample intervals, and slowly an image
of the daily use of the hearing aid, and the listening
environments the user encounters during its use, is
built up in the hearing aid log. 



In this application, the term "log sample", unless
otherwise noted, is referred to as the measuring and
registration of parameter values selected to be
recorded in the hearing aid log, over a length of time
sufficient to derive at least some form of
classification of the prevailing sound environment,
e.g. a time interval in the order of minutes. The log
sample period, also referred to as the a sound
environment sample, is substantially larger than the
input sample period, by which the analog voltage
representing the sound pressure level is determined in
the input AfD converter. State-of-the-art input A/D
converters used for sound operate at at rate of e.g.
16-96 kHz. The kind of hearing aids discussed in this
application are preferably digital hearing aids, where
a digital signal processor performs the conditioning
and amplification of sounds to the user. This kind of
hearing aids usually splits the signal up into a
plurality of separate frequency bands using a
corresponding plurality of band-pass filters. Each
frequency band may then be amplified independently,
and compression, noise reduction etc. may be performed
on each frequency band.A hearing aid logging device is
described in WO-A1-2007045276. This device essentially
logs two kinds of events, the time a user utilizes a
specific program in the hearing aid, called usage
logging, and a statistic logging of parameters
characterizing the sound environment, called histogram
logging. The histogram logging works by accruing
counts of events in respective histogram bins, and,
whenever a bin is full, increasing the logging
interval by a selected factor and reducing the counts
in all the histogram bins by the inverse factor, i.e.
effectively rebasing the counters and keeping track of
the rebasing. This way of logging sound events results
in a histogram representing an extended logging
period. Logging data may include, but is not limited
to, data characterizing the listening environment,
data regarding the user's operation of the hearing
aid, i.e. changes in volume settings, changes between
different programs in the hearing aid, and data
regarding the internal operation of the hearing aid.
The logging may also take combinations of different
event types, like, the user switching to a particular
program in a certain listening situation, into
account. The hearing aid logging device comprises a
histogram representing all the possible parameter
combinations of sound environments according to a
predetermined definition, each parameter combination
being represented by a specific bin in the histogram.
The sound environment is sampled at specific
intervals, and the closest corresponding bin is
incremented, recording an occurrence of that
particular sound environment in the hearing aid log.
The contents of the log are primarily used in fitting
situations, where the hearing aid fitter extracts the
data from a memory of the logging device of the
hearing aid and interviews the hearing aid user to
learn about the user's experience of using the hearing
aid with the current settings in particular listening
situations during the logging period. When comparing
the log data with listening situations recalled by the
user, the hearing aid user's memory may fail him or
her regarding particular listening situations of short
duration, e.g. listening events that may have been
logged several weeks ago, and thus long forgotten by
the user. This may generate some confusion for the
fitter, and may be leading to the fitter altering the
settings of the hearing aidunnecessarily. As a result,
the hearing aid might be poorly optimized, the
adjustments be a waste of time to the fitter, and thus
a cause of discomfort to the user. Instead of
recording the sound itself in the hearing aid, a feat
that would demand a nearly unlimited amount of memory
in the hearing aid in order to store the sound, only a
few properties of the sound is stored. Two main
criteria determine the properties to be stored, namely
measureability and the level of inherent information
relevant to settings in the hearing aid. Experience
has shown that a record comprising three parameters
strikes an adequate balance between memory economy and
level of detail, a first parameter representing the
noise level of the sound, a second parameter
representing the modulation level of the sound, and a
third parameter describing the slope of the noise
spectrum in the sound. The noise level is defined as
the background noise level and is measured by
averaging 



a 10 % percentile envelope over the sound event sample
period. The noise level gives valuable information to
the signal processor in the hearing aid regarding the
present average level of the noise in the signal, and
the noise level may also provide a fitter with
information regarding the noise level the user is
experiencing during use of the hearing aid. The
modulation level is defined as the amount the useful
signal is changing and is determined by measuring a 90
% percentile envelope level and subtracting the
measured 10 % percentile envelope level from the 90 %
percentile envelope level averaged over the sound
event sample period. The modulation level is mainly
used by the hearing aid signal processor to determine
the presence of speech in the signal, and it may also
provide useful information to the fitter regarding the
nature of the sound environments experienced by the
user of the hearing aid. The slope of the noise
spectrum may be calculated by averaging the 10 %
percentile envelope level from each frequency band of
the plurality of frequency bands and determining the
slope of the resulting linear average over the
frequency axis. This slope is computed once for each
input sample and the result averaged over the
soundevent sample period. The slope of the noise
spectrum allows the hearing aid signal processor to
classify the nature of the noise in order to optimize
the operation of noise reduction algorithms in the
hearing aid for performing maximum noise reduction
with minimum audible artefacts, and the fitter may
derive useful information from knowledge of this noise
spectrum slope in order to determine if certain types
of noise are present in the experienced sound
environments. During use, the three parameters are
continually measured, and the average levels of the
measurements are stored in a buffer. At the sound
event sample period the buffer contents are analyzed
to classify the sample into a plurality among possible
sound environments and a respective bin record in the
hearing aid log, incremented, and the buffer reset, in
this way, and, over time, a histogram representing the
frequencies of the different, possible sound
environments is built up in the hearing aid logging
device. The three parameters are collected in a vector
representing the averaged sound environment during a
predetermined period of time. The vector representing
the sound environment is stored as a record for the
purpose of subsequent analysis. The plurality of
possible sound environments detectable by the system
are prearranged as a number of initially empty bins in
allocated memory, the collection of bins forming a
histogram. The log may contain one occurrence of one
particular listening event, and fifteen occurrences of
another, more frequently occurring event. If the
hearing aid log, over the course of several weeks, has
logged forty-two occurrences of the latter event, but
only has allocated room for fifteen counts, the
counter in respect of the latter event would have
reached a limit and the balance between the different
events in the log might become upset, as too much
weight would be placed on the single event in relation
to the more frequently occurring event. In the
following, this is denoted the log overflow problem.
According to the prior art the log overflow problem is
solved by decimating the histogram whenever one bin in
the histogram reaches the maximum number of counts
possible, e.g. fifteen occurrences of a particular
sound event. This is done by dividingthe contents of
all the bins in the histogram by two and halving the
sampling rate in order for subsequent samples to
normalize the logging data. However, this way of
managing a hearing aid log has at least two undesired
implications. The first implication is that particular
sound environments logged many times during the
initial part of the logging period, and not at all
during later parts of the logging period, are kept in
the histogram placing substantial weight on those
sound environments that may really have lost interest.
The second implication is that a strict time limit is
imposed on the hearing aid log, either because the
lowest possible sample rate is reached after
successive decimations, or because the logged data
becomes increasingly inaccurate and unreliable due to
several occasions of biased logging as described in
conjunction with the first implication. 



A method of managing a hearing aid log in a way that
emphasizes new data in favor of historical data, and
permits the logging of sound environments during
indefinite periods of time, is thus desired. It is
thus a further object of the invention to devise a
hearing aid capable of logging data for an arbitrary
period of time and in a manner better correlated to
the hearing aid user's experience. Non-volatile memory
blocks are limited in terms of the number of write
operations permitted. It is a further object of the
invention to devise a hearing aid capable of handling
a detailed logging over an extended period of service
and of storing the data in a non-volatile memory. The
hearing aid according to the invention, in a first
aspect, comprises an input transducer for producing an
input signal, a hearing aid processor for processing
the input signal to produce an output signal, an
output transducer responsive to said output signal,
and a logging device having an analyzer, a timer, and
a memory, the memory having a set of histogram
counters in respect of a predefined set of sound
environments, wherein the analyzer processes the input
signal and classifies the sound event among the
predefined set of sound environments, wherein the
timer triggers the output of the classification of the
sound event, wherein the memory receives
theclassification and increments a counter in respect
of the sound environment, wherein the memory has an
overflow detector for monitoring the histogram
counters and for responding to the detection of an
overflow event by rebasing all counters through
dividing the contents by a predetermined factor, and
wherein the memory has a timer decision logic for
controlling the timer, which timer decision logic
responds to a rebasing event by deciding the timer
setting. By realizing that the actual number of events
present in the hearing aid log at any given time
represents no useful information, whereas the relative
magnitude between different logged events is much more
informative, a suitable way to implement this
knowledge is to apply the principle of exponential
data averaging in the management of the hearing aid
loggging device. The invention, in a second aspect,
provides a method according to claim 7. Further
features and advantages appear from the dependent
claims. The invention will now be described in further
detail with reference to the drawings, where fig. 1 is
a schematic of a hearing aid with a logging device
according to the invention, fig. 2 is an example of a
histogram with log data from the hearing aid shown in
fig. 1, fig. 3 is an example of the histogram with log
data in fig. 2 after a rebasing of the bin counts, and
fig. 4 is flowchart of an algorithm for performing the
method of the invention. Fig 1 shows a block schematic
of a hearing aid 1 with a logging device 4 according
to the invention. The hearing aid 1 comprises an input
microphone 2, a filter bank 3, a logging device 4, a
hearing aid processor 20, a sigma-delta modulator 21,
an output stage 22, and an acoustic output transducer
23. The logging device 4 comprises an input/output
interface block 5, a 10 % percentile block 6, a 90 %
percentile block 7, anoise spectrum slope indicator
block 8, an intermediate summation block 9, a log data
preparation block 10, a timer block 11, and a log
storage block 12. The log storage block 12 comprises a
volatile memory block 13, and a non-volatile memory
block 14. The non-volatile memory block 14 is capable
of storing at least one histogram 15. The non-volatile
memory block 14 has an output connected to the input
of an analyzer block 17. An output of the analyzer
block 17 is connected to the input of a sample rate
control block 16. The output of the sample rate
control block 16 is connected to a control input of
the timer block 11. During the fitting of the hearing
aid 1, the logging device 4 may be activated via the
input/output interface 5. Acoustic signals are picked
up by the hearing aid microphone 2 and converted into
electrical signals. The output signal from the
microphone 2 is split into two branches. One branch is
fed to the filter bank 3 for further processing, and
another branch is fed to the logging device 4. The
output signal from the filter bank 3 is fed to the
input of the hearing aid processor 20. The hearing aid
processor 



20 performs the sound processing according to a
prescription for alleviating a hearing deficiency, and
the output from the hearing aid processor 20 is fed
into the sigmadelta modulator 21 and the output stage
22 for driving the acoustic output transducer 23. In
the logging device 4, the input signal is split into
three branches for analysis. A first branch comprising
the 10 % percentile block 6 determines the overall
noise level of the incoming signal. A second branch
comprising the 90 % percentile block 7 is used in
conjunction with the intermediate summation point 9
and the 10 % percentile block 6 to determine the
modulation of the audio signal by taking the
difference between the 90 % percentile and the 10 %
percentile. A third branch comprising the noise
spectrum slope indicator block 8 is used to determine
the slope of the noise spectrum, i.e. whether the
noise is dominated by high or low frequencies. Taken
together, the parameter set comprising the noise level
parameter, the modulation level parameter, and the
noise spectrum slope parameter denoted a, is
considered to represent an adequate characterization
of the sound environment at a given instant without
actually storing the sound itself. After analysis, the
parameterset is presented to the log data preparation
block 10, which performs normalization, quantizing and
sorting of the three parameters in the set into one of
a plurality of possible sound environments,
represented by a multi-dimensional vector, ready for
storage in the histogram 15. The timer block 11 is
used to determine the log sampling period, i.e. how
frequently the data preparation block 10 outputs the
determined sound environment to the log storage block
12. The log data preparation block 10 presents the
determined sound environment to the volatile memory
block 13 of the log storage block 12. The volatile
memory block 13 stores the determined sound
environment to be logged temporarily, and is also
capable of storing the complete histogram 15 of all
the logged sound environments to make it available to
a readout through the input/output interface 5, in
order that the contents of the log can be retrieved
for examination. Whenever the volatile memory block 13
contains a predetermined number of logged sound
environment events, the volatile memory block writes
its contents in the histogram 15 to the non-volatile
memory block 14. As the service life of the
non-volatile memory block 14 is limited in terms of
the number of write operations possible, this approach
is preferred in order to prolong the useful service
life of the components of the hearing aid logging
device 4. The analyzer 17 performs an analysis of the
contents of the histogram 15 every time a bin in the
histogram overflows and uses the derived information
to control the sample rate control block 16. Depending
on the contents of the histogram 15, the analyzer 17
provides the sample rate control block 16 with
information regarding the optimum sample rate for
logging the sound environment data. When a logging is
first initiated via the input/output interface 5, the
rate of the impulses used to trigger the log data
preparation block 10 by the timer block 11, i.e. the
sample rate, is set to the highest rate. The analyzer
17 may later decide to reduce the sample rate, for
instance initiated by a bin overflow event of the
histogram 15. Considering a case where the histogram
15 may register up to sixteen occurrences of a
particular sound environment, the logging may run at a
sample rate of e.g. 1/1 6th Hz, or, in other words,
recording parameters of the sound environment in the
log once every sixteen seconds. If the same
environment is logged every sixteen seconds, the
corresponding bin will be filled up after just sixteen
log events, and the histogram willthus generate an
overflow event after 256 seconds, equal to four
minutes and sixteen seconds. After issuing the
overflow event, the histogram will be rebased and the
sample rate will be reduced, preferably to half the
initial sample rate, and logging will thus proceed at
a rate of l/32 th Hz, or once every thirty-two
seconds, logging new instances of sound environment
events in the rebased histogram. The input/output
block 5 is used to initiate or stop the logging
procedure, and is also used for readout of the stored
data from the histogram 15 of the hearing aid logging
device 4. During normal use, after initializing the
hearing aid logging device 4, the input/output block 5
is inactive, the hearing aid logging device 4 carrying
on logging sound environment events at regular
intervals whenever the hearing aid 1 is turned on 



and in use. Fig 2 is a graphic visualization of a
hearing aid log histogram according to the example
discussed previously. The log comprises three
parameters of varying resolution as shown in the small
table of fig. 2. The parameters represent the three
different data types that may be derived from the
input signal of the hearing aid, two different values
of the noise slope a, three different values of the
noise level, and three different values of modulation.
As each combination of parameter values is unique, the
log has to account for 2*3*3 = 18 different parameter
combinations, the occurrence of which may be logged in
a histogram as shown in fig. 2. Here the bins on the
abscissa have been labeled in the format x,y,z, where
x signifies noise slope, y signifies noise level, and
z signifies modulation. The histogram reflects how
often the different possible combinations of
parameters have occurred within a given time frame. In
this example, the resolutions of the three parameters
have been greatly decreased in order to simplify
visualization. Actual recorded parameters may have a
much higher resolution, e.g. 256 different values per
parameter. As may be learned from fig. 2, the
occurrences of the sound environment instances may
vary greatly from one parameter combination to
another. The combination 1,2,3 and 1,3,2, for
instance, have no occurrences in the histogram, and
the combination1,2,1 has ten occurrences logged within
the given time frame. The histogram thus records the
occurrences of each of the possible parameter
combinations, and logs the results accordingly. The
storage space allocated for the hearing aid log in
this example is capable of storing up to sixteen
occurrences of each possible parameter combination. In
an actual histogram, the number of occurrences for
each possible parameter combination may be increased
arbitrarily. When a log overflow event occurs, i.e.
one histogram bin is overflowing, the whole histogram
is rebased by dividing the number of records stored in
each of the bins by a common factor, e.g. two or four,
and the new number of records in each of the bins in
the histogram are stored in the histogram. Numbers not
divisible by the common factor are rounded down, thus
the rebasing will map the single count in the bin
1,1,3 into a number of zero in the corresponding bin
in the rebased histogram. In this example, the
combination 2,1,3 may be the most likely to cause the
next log overflow, as this is the most frequently
recorded combination in the histogram. If just two
more occurrences of that particular parameter
combination are recorded, the counter will overflow,
and rebasing and subsequent sample rate reduction will
take place. One concern about this way of logging
sound environments is that if the sample rate is
repeatedly reduced to below a certain point, the
recorded sound environments may be logged with so long
intervals between them that they may appear
arbitrarily in the resulting log histogram due to the
fact that the character of the sound environment
changes faster than the log is capable of recording
it. Sound environments having a duration shorter than
the logging period may thus slip past detection and
subsequent logging even though they have some
importance to the user of the hearing aid. Another
concern is that older data in the histogram keep
having the same weight although they may have been
recorded several weeks ago. If a log is in poor
correlation with the user's memory - which has a
natural tendency to fade with time - it may be
difficult to interpret the data from the histogram in
a meaningful way when the log is extracted from the
hearing aid memory by the fitter.When sufficient data
are recorded in the hearing aid log - typically after
a couple of hours - a second mode of logging is
initiated. A log overflow in this second logging mode
still initiates a rebasing of the hearing aid log, but
the sample rate is kept at a fixed value. This has the
effect that the importance of older data is reduced
every time the log overflows, thus making new data
recorded in the hearing aid log comparatively more
prevalent. A visualization of the solution to the log
overflow problem according to the invention is shown
in fig. 3, where a histogram similar to the histogram
in fig. 2 have had all the initial values of each bin
(shown in dotted lines) replaced by rebased values
(shown in 



solid lines) following a bin overflow. The histogram
rebasing comprises halving all the bin values,
although other rebasing schemes, such as dividing of
the bin values by a factor three or four, may also be
used. All even bin values are halved directly, and all
uneven bin values are rounded down to the nearest even
value, and then halved. The proportions of the bins
relative to each other are thus maintained after a
histogram rebasing. If the histogram rebasing is
followed by a halving of the sample rate, this step of
the method is in concordance with a step in the method
of the prior art. If, however, the sample rate is
maintained at its former value after the histogram has
been rebased, the proportions of the bins relative to
each other are still maintained, but the relative
weight of data collected before rebasing will be
reduced, as compared to data collected after rebasing.
After successive rebasing operations, the proportions
of the bins relative to each other reflect the recent
history in a more progressive manner dependent on the
parameter combinations detected by the system.
Successive rebasing events will further reduce the
weight of the oldest data, in order that their weight
will decay with time. The information to be gathered
from the rebased histogram is, at first, identical to
the information available before the rebasing, if
round-off errors introduced by the rebasing are
disregarded. The relative magnitude of the records in
each bin in the histogram is essentially the same, the
parameter combination 2,1,3 still has the most common
occurrence, and the number of occurrences of the other
parametercombinations have the same relationship to
the parameter combination 2,1,3 as before the
rebasing. In certain cases, a large variation in the
recorded sound environments may lead to inaccuracies
in the log data. For instance, if the user experiences
many different sound environments during a logging
period, many of the bins in the log may be filled at
almost the same rate. However, if the user only
experiences a few different sound environments during
the same logging period, only one or two bins may be
filled, and the other bins be left empty. In the first
case, a lot of samples of different sound environments
will have occurred - and thus a longer logging period
will have elapsed - before one of the bins will
overflow. In the second case, a bin will overflow much
sooner than in the first case assuming the sampling
rate being the same in both cases. In order to get a
picture of the variation in the sound environments
experienced by the user during the logging period, the
approach according to the invention is to place more
importance towards more recent events recorded in the
log. This weighing of recorded events may be carried
out by altering the histogram management in a way that
is explained in more detail in the following. Whenever
a parameter combination bin in the histogram is full,
and the histogram thus is pending a rebasing as
described earlier, two additional operations are
performed. The first operation is to scan the
histogram for bins that are more than three-quarters
full. In a digital system, this may be done very
easily by testing the most significant bit and
subsequently the next-most significant bit of the bin
count of each bin. If both bits are set, that
particular bin is more than three-quarters full, and
the identity of the bin is indicated. The second
operation is to store this information separately from
the histogram itself, thus requiring allocating
storage room for the identities of the bins that are
more than three-quarters full. When information about
which bins are more than three-quarters full,
hereinafter denoted the background information, is
stored, a statistical profile analysis of the
histogram may be carried out based on that
information. This analysis yields information about
how fast the sound environment changes, and is used
for determining the sample rate for collecting sound
environment data.A narrow profile means that one or a
few sound environment types are predominant in the
histogram, and the sound environment is relatively
homogenous over time. Memory write events may then be
saved by decreasing the sample rate. A wide profile
means that the sound environment is relatively
heterogenous over time. A more precise impression of
the sound environments experienced may thus be
obtained by increasing the sample rate. After
adjusting the sample rate based on this analysis, the 



histogram may be decimated as described earlier. A
hearing aid fitter may gather useful information from
the histogram and the stored background information
when analyzing a readout from the hearing aid log. The
histogram may provide information about the sound
environment, such as the level and character of the
background noise level and the presence of speech
signals as a percentage of the overall signal. The
stored background information may provide information
about the variance of the different sound environments
experienced by the user during the entire logging
period. The sound environments experienced by the
hearing aid user are usually logged during a period
spanning from a few weeks to several months depending
on an initial expectation from the fitter regarding
the sound environments. As logging only takes place
while the hearing aid is turned on, the operational
time information is recorded by an on-time counter
present in the hearing aid. This on-time counter is
used in conjunction with the logging data in order to
establish a picture of the sound environments
experienced by the hearing aid user during the logging
period. The logging procedure in the hearing aid runs
concurrently with the actual audio processing
performed by the hearing aid. In the preferred
embodiment, the hearing aid log records the noise
level, the modulation level, and the slope of the
noise spectrum together with information about how the
hearing aid is operated, e.g. what programs are
preferred, what level the volume control is set to
etc., but other parameters may be recorded as well.
Examples are: the occurrence of a sound exceeding an
upper comfort level for more than two seconds,
activity and performance of a feedback cancellation
system, a telecoil, or a direct audio input, and so
on. Due to the limitedstorage space available in the
memory present in the hearing aid, some form of data
reduction may be performed prior to storing data in
the hearing aid log. The sample rate at which the
hearing aid log performs the logging is preferably
adjustable. Experience has shown a sample rate of
between one and fifteen minutes to be satisfactory
when balancing the desired level of detail of the
logged data against considerations regarding memory
economy. The sample rate may be set initially by the
hearing aid fitter initiating a logging, but may also
be adjusted automatically by the hearing aid
processor, through performing a simple analysis of the
data of the histogram and the background information.
If a rebasing operation is pending in the histogram
and the background information indicates a large
spread in the histogram data, many different sound
environments are encountered. The sample rate may then
beneficially be increased to ensure that a particular
sound environment is logged before it changes
character because the sound environment is likely to
change within a sampling period. If, on the other
hand, a rebasing operation is pending in the histogram
and the background information indicates a small
spread in the histogram data, only a few different
sound environments are encountered. The sample rate
may then beneficially be decreased in order to
conserve memory because the sound environment is
unlikely to change within a sampling period. The
hearing aid log thus provides the hearing aid fitter
with quantitative information regarding the
qualitative working conditions of the hearing aid as
recorded during a specific period. This information
may be used together with an interview with the
hearing aid user in order to clarify possible problems
regarding adjustments of the hearing aid prescription.
By knowing the predominant sound environments a
hearing aid user has experienced during a period of
wearing and using the hearing aid, the hearing aid
fitter may devise a better fitting of the hearing aid.
If, for instance, a hearing aid user complains about
difficulties understanding speech under certain
listening conditions, but has difficulties describing
the particular situations when and where the
difficulties occur, the hearing aid fitter may
thenextract and analyze the hearing aid log in order
to determine the sound environments the user has
experienced while wearing and using the hearing aid,
and may take action to adjust the hearing aid fitting
accordingly based on the information derived from the
hearing aid log and the hearing aid fitter's own
experience. In a general example, a hearing aid user
may complain about having difficulties 



understanding speech in certain types of noise, but he
or she cannot describe the character of the noise, nor
remember the exact situations in which the
difficulties are experienced, perhaps due to a lack of
a suitable audiological vocabulary or a failing
memory. The hearing aid fitter then initiates a
logging of the sound environments by activating the
hearing aid log using a dedicated command in the
hearing aid fitting software, and the hearing aid user
will revert to his normal everyday activities. When
the hearing aid user returns after a couple of weeks
the hearing aid log might e.g. reveal that situations
with a fair amount of high-frequency noise or hiss are
predominant. The fitter would then take advantage of
the knowledge about the exact nature of the
experienced sound environments stored in the log, and
might e.g. adjust the hearing aid fitting in order to
make speech dominate over the higher frequencies by
adjusting the frequency response, the compressor
settings, and other adjustable parameters in the
hearing aid, in order to alleviate the hearing aid
user's difficulty understanding speech in the
particular sound environments that particular hearing
aid user is experiencing. The appearance of a
particular histogram readout at an arbitrary time is
dependent on the sample rate. Other means for
controlling the sample rate may involve a more
elaborate, statistical analysis of the contents of the
histogram than just counting the contents of the
individual bins. The reason that controlling the
sample rate is important is explained in more detail
in the following. If a hearing aid user experiences a
lot of different sound environments during a logging
period, the resulting histogram has a rather wide
statistical profile, as many of the bins appear to be
equally filled. Such a case may be identified by
applying appropriate statistical analysis to the
histogram. In this case, it is beneficial to
increasethe sample rate to gain more samples of the
sound environment during a similar logging period. In
this way, a more detailed picture of the types of
sound environments the user actually experiences will
emerge from the resulting histogram. If, however, a
hearing aid user only experiences a few different
sound environments during a logging period, the
resulting histogram has a rather narrow statistical
profile, as only a few bins are full whenever a
histogram rebasing occurs. Such a case may also be
identified by applying appropriate statistical
analysis to the histogram. In this case, it is
beneficial to decrease the sample rate to gain fewer
samples of the sound environment during a similar
logging period. In this way, a less detailed picture
of the types of sound environments the user actually
experiences will emerge from the resulting histogram.
A flowchart of an algorithm describing the method of
managing data acquisition and storage according to the
invention is shown in fig. 4. The purpose of the
algorithm is to account for the instances when a
histogram bin is full, rebase the histogram and adjust
the data acquisition rate, here denoted the sample
rate, accordingly. The algorithm may be seen as
divided into two parts. The first part, incorporating
the steps 101, 102, 103, 104, and 105, takes care of
the data acquisition of sound environment events, and
the second part, incorporating the steps 106, 107,
108, 109, 110, 111, 112, and 113, handles the
histogram analysis, sample rate adjustment and
histogram bin rebasing. These tasks will be explained
in more detail in the following. The algorithm starts
in step 101, where variables are set and storage is
allocated for the histogram. The input is checked for
a new sound environment sample in step 102. If no new
sample is present, a wait loop is entered by branching
off into step 103. Whenever a new sound environment
sample is ready, the sample is recorded in the
histogram by branching off into step 104. After
recording the sample in step 104, a test is performed
in step 105 in order to determine if the histogram bin
where the sample was stored in step 104 is full. If
that is not the case, the logging continues, and the
algorithm loops back to step 102 in order to wait for
the next sample.If, however, the histogram bin where
the sample was stored in step 104 was full, the
algorithm branches out into the second part of the
algorithm via step 106, where a statistical analysis
of the histogram is carried out. Among the results of
the analysis are a histogram profile analysis, i.e. an
examination of the histogram in order to 



determine if one of three conditions are present. The
first condition checked is the so-called
"narrow-profile" case, checked in step 107. A narrow
profile in a histogram indicates that only a few bins
have reached their largest value when a bin in the
histogram is full. This indicates that only a few
sound environments prevail in the log. In other words,
the sound environments experienced are relatively
constant over time. In this case, the sample rate may
advantageously be decreased, since many of the sound
environment events recorded in the histogram will be
essentially the same. If a narrow profile is absent,
the algorithm jumps readily into step 110. If a narrow
profile is present, the algorithm branches out into
step 108 in order to check whether the current sample
rate is the lowest possible sample rate. If this is
not the case, the algorithm branches out into step
109, where the sample rate is decreased, and the
algorithm loops back through step 113, where all bins
are rebased as described previously, and into step 102
in order to wait for the next sample. If, however, the
sample rate is the lowest possible sample rate, the
algorithm loops back through step 113, where all bins
are rebased as described previously, and into step 102
in order to wait for the next sample. The second
condition checked is the so-called "wide-profile"
case, checked in step 110. A wide profile in a
histogram indicates that many bins have reached close
to their largest value when a bin in the histogram is
full. This indicates that a lot of different sound
environments have been registered in the log, in other
words, the sounds experienced have changed a lot over
time. In this case, the sample rate may advantageously
be increased, since many different sound environment
events are recorded in the histogram.If a wide profile
is absent from the analyzed histogram, the algorithm
branches out from step 110 and loops back through step
113, where all bins are rebased as described earlier,
and into step 102 in order to wait for the next
sample. If a wide profile is present, the algorithm
branches out to step 111 in order to check whether the
current sample rate is the highest possible sample
rate. If this is not the case, the algorithm branches
out to step 112, where the sample rate is increased,
and the algorithm loops back through step 113 and into
step 102 in order to wait for the next sample. If,
however, the sample rate already is at its minimum
value, the algorithm loops back through step 113 and
into step 102 in order to wait for the next sample.
This is, in fact, the third condition, i.e. the
histogram profile is undetermined, and the sample rate
is thus left unchanged. Whenever a readout from the
hearing aid log is performed by the hearing aid
fitter, the relative occurrences of the possible
parameter combinations in the hearing aid log remain
true to the sound environments actually experienced by
the hearing aid user during the logging period, even
though one or more of the parameter combinations have
occurred more times than the log can actually contain.
The hearing aid log thus provides the hearing aid
fitter with a powerful tool for fine-tuning the
listening programs available to the hearing aid
user.CLAIMS 1. A hearing aid comprising an input
transducer for producing an input signal, a hearing
aid processor for processing the input signal to
produce an output signal, an output transducer
responsive to said output signal, and a logging device
having an analyzer, a timer, and a memory, the memory
having a set of histogram counters in respect of a
predefined set of sound environments, wherein the
analyzer processes the input signal and classifies the
sound event among the predefined set of sound
environments, wherein the timer triggers the output of
the classification of the sound event, wherein the
memory receives the classification and increments a
counter in respect of the sound environment, wherein
the memory has an overflow detector for monitoring the
histogram counters and for responding to the detection
of an overflow event by rebasing all counters through
dividing the contents by a predetermined factor, and 



wherein the memory has a timer decision logic for
controlling the timer, which timer decision logic
responds to a rebasing event by deciding the timer
setting. 2. Hearing aid according to claim 1,
characterized in that the overflow detector has means
for analyzing the histogram and for setting, in the
event of a narrow histogram profile, a decreased
sample rate. 3. Hearing aid according to claim 1,
characterized in that the overflow detector has means
for analyzing the histogram and for setting, in the
event of a wide histogram profile, an increased sample
rate. 4. Hearing aid according to claim 1,
characterized in that the memory comprises a volatile
memory block and a non-volatile memory block, the
memory being adapted to store data in the volatile
memory block, and to record intermittently the data
from the volatile memory block in the non volatile
memory block.5. The hearing aid according to one of
the preceding claims, characterized in that the data
samples recorded in the log represent characteristic
parameters of the sound environment. 6. The hearing
aid according to one of the preceding claims,
characterized in that the means for analyzing the data
recorded in the log comprises means for determining
one among a plurality of possible logging profiles and
means for producing a plurality of possible control
signals based on the determined logging profile. 7. A
method for managing data logging in a hearing aid, the
method incorporating the steps of acquiring parameter
data at a selected rate, arranging and storing the
acquired data in a histogram in allocated memory in
the hearing aid, testing if any occurrence of the
stored data exceeds a predetermined maximum number
limit, and, in that case, reducing the number of all
the data occurrences proportionally by a predetermined
factor, analyzing the histogram data, determining a
new data acquisition sample rate based on the analysis
and altering the selected sampling rate accordingly.
8. The method according to claim 7, characterized in
that at least some of the acquired parameter data
represent sound environments. 9. The method according
to claim 7, characterized in that the predetermined
factor is recorded in the logging device. 10. The
method according to claim 7, characterized in that the
timer setting is selected from a list of predetermined
sample intervals. 11. The method according to claim 7,
characterized in that the step of analyzing the
histogram data incorporates the step of determining
the width of a histogram profile.12. The method
according to claim 7, characterized in that the step
of analyzing the histogram data incorporates the step
of decreasing the data acquisition sample rate if the
profile is recognized as a narrow profile. 13. The
method according to claim 7, characterized in that the
step of analyzing the histogram data incorporates the
step of increasing the data acquisition sample rate if
the profile is recognized as a wide profile. 14. The
method according to claim 7, characterized in that the
step of determining the width of a histogram profile
incorporates the step of calculating a set of
statistical parameters. 15. The method according to
claim 7, characterized in that the parameters of the
sound environment comprise at least one slope of the
sound spectrum of said input signal data; a modulation
of said input signal data; and a sound pressure level
of the noise of said input signal data. 


