Reduced-complexity Vector Indexing and De-indexing D OF THE INVENTION This invention relates to
vector indexing and de-indexing. BACKGROUND OF THE INVENTION Low complexity algorithms for
speech and audio coding are a very relevant asset for mobile terminal based communications. Due to
low storage AW @8Hiblexity, while preserving coding efficiency, struciréFEHIEHBHORS are
preferred, e.g. for quantization, in several state of the art speech and audio codecs like Adaptive Multi
Rate - WideBand (AMP-WE) or G.EV-VER, which is currently under standardization in BIU-T sci6/49.
The codebooks used within the quantization methods of the speech and audio codecs may for
instance be based on lattice structures, as described in reference "Low-complexity multi-rate lattice
vector quantization with application to wideband TON speech coding at 32 kbit/s" by S. Ragot, B.
Bessette and R. Lefebvre, Proceedings of the IEEE International Conference on Acoustics, Speech,
and Signal Pro%ggiséin 2004 (&CASSP '04%; Montreﬁl, Canada, May 17-21, 2004, vol. 1, page 501-504,
which is incorp SRR ity By TR rdraREE - R Ris e iARcE ™SS HRYcribes the quantization
process in more detail. 2 It is possible to define a lattice codebook as a union of leader classes, each
of which is charaéterized byHa |ead&rvVector. A leader vector is an n-dimensional vector, whose
components arg-ordered {6.g; decteasinaly)--The leader class cqresponding 19 e leqder vector then
consists of the leader vector and all vectors obtained through all thé signed permutations of the leader
vector (with some possible restrictions). An algorithm for indexing points of a lattice that is defined as a
union of leaderglagsesmmay for instance-hesefthe type indexing on leaders. In this context, inter alia
lexicographical and binoryial algorithms can be applied, as described in reference "Robust indexing of

lattices and perRtitaisHk 3

Gdas Sver Bittary Emmetric BigheR™ By A Wisitachednd i5Tabus, In
Signal Processing wole83yaa.t 72 ppe 1467:1486] 20Q3;which islineerparated hereinin:its .entirety by
reference. Binomial alaqriihis, are generally Jess:gamplex hegayse ey consides sgyeral vector
components at a time. SUMMAR
efficiency, structured codebooks are preferred, e.g. for
guantization, in several state of the art speech and aud:io
codecs like Adaptive Multi Rate - WideBand (AMR-WE) or
G.EV-VBR, which is currently under standardization in ITU-T

SG16/Q9.

The codebooks used within the guantization methods of the
gpeach and audio codecs may for instance be based on lattice
structures, as described in reference "Low-complexity
malti-rate lattice veclLor guantization with applicatlion to
wideband TCX speech coding at 32 kbit/s" by S. Ragot, B,
Regsette and R, Lefebvre, Proceedings of the IEEE
International Conference on Acoustics, Speech, and Signal
Processing, 2004 (ICASSP '04), Montreal, Canada, May 17-21,
2004, vol. 1, page 501-504, which i1s incorporated herein in
its entirety by reference. This reference also describes the

guantization process in more detail.

When lattice structures are used as codebooks, algorithms for

indexing the lattice points are reguired.



There exists potential to further reduce the complexity of indexing and/or de-indexing. According to a
first aspect, a method is disclosed, comprising indexing an input vector contained in a set of vectors of
a plurality of sets of vectors. The indexing compriseg performing, in case that the input vector is
contained in a set of vectors of a pre-defined group of one or more sets of vectors of the plurality of
sets of 3 vecqrs, 3 spegili pracassing s adanied {03 charalgisticl the sgis.of vaetors In the
pre-defined group of Sets of vectors and is only applicable in case of input vectors contained in sets of
vectors with theafaractédstiee Thedaddxing firtheritohsprisesqreformiig dh Basé tHaaleé hput vector
is not containgd in a,setof yegtars.of theye-defined groun pt setspf veciars.a gengial processing.

According to the first aspect, further a computer program is disclosed. The computer program

comprises instRitionsoperable ererised processtr ¥ aiteksh but Teetdrasirairedf | set of
vectors of a plyality.of sets pEvesters. The.igdexing-copnrises perfrming, drcage that fs-input

vector is contained ina set of vectors of a pre-defined group of one or more sets of vectors of the
plurality of se¥e6fRsctaisd ashecifit Pro&EssiRy thdt ffladasied 98 atcharsderisticdrfe sets of
vectors in thequresAgfinedgreup of sgks afaeelars-aieds only,apmlicabigdn cass Qi irput vectors
contained in Sets of vectors with the characteristic. The indexing further comprises performing, in case
that the input¥@etdri§ hdPEStained in a set of vectors of the pre-defined group of sets of vectors, a
general processing. According to the first aspect, further a computer-readable medium having such a
computer program stored thereon is disclosed. The computer-readaple medium may be any medium
that is capabl‘grbfaﬁgf?ﬁ&‘ﬂmﬁaﬁ‘Pjﬁt&W@W,%é&ﬁ&i&%l@cﬁ%éﬁﬁeﬁ@% &p?ié%#ﬁl??%e medium
may be fixedly instaligd dm acteviee ae ay1 be ademevabie mediamard-Acperdifig teéhe figst aspect,
further an apparatus.is disclosed, comprising a processing companent configured to index an input
vector containdtffra 88t SFvetaeor A plafhlity'ofs&8% $§&Or§%%rpr%%g§sing component is
further configueaetoqaarégyat, da zase:thab theinipul vetips td baridexed iBeoatainead &, asst of
vectors of a pre-defined group of one or more sets oftve,cttgs of the glj;__.lr Iit)é 01‘ sets of vgctors, a
specific procesSythAETs adapt&d 0 & Eharadtsistic of te Satd'8F victora i thé pré-d&fined group of
sets of vectorsatithis only-applicable ineaserafrinput eetors contained itredts of wectors with the
characteristichhe ro%essin%c]c_)mprprgzné IS g_Lul{t rcor [ Jr_%d gos elrlflorrprbiﬁ case thl%the] input vector
to be indexed'i& Fiot ToNtAIRGA in & Set of Veciors of the pre-deﬁne gr&up of sets df vectors, a general
processing. Ascordiag to- an £xenilary emibadiimens;, furthenrgoappardtiseisadisclosed, womprising
means for inde&ngraer%in%t vector :gopltéaléned in a set of vectors of a plurality of sets of vectors. The
means for ind%xmg cor%pnge means for performing, in case that the input vector is contained in a set
of vectors of a pre-defined group of one or more sets of vectors of the plurality of sets of vectors, a
specific proceﬁ%%‘@&?é&'saﬁ%%%‘ﬁ%+%8 %Qaéag Istic, pi the, sefs OJa’riES s 1, (e, gesdefined group of
sets of vectors and Is only applicable in case of iInput vectors contained in sets of vectors with the
characteristiccThe hfeanssfov #dekineftrber comprse msaristfor peifdAming, incase that the input
vector is not contained in a set of vectors of the pre-defined group of sets of vectors, a general

processing. 5
SUMMARY

There exists potential to further reduce the complexity of

indexing and/or de-indexing.

According to a first aspect, a method is disclosed, comprising
indexing an input vector contained in a set of vectors of a
plurality of sets of vectors. The indexing comprises

performing, in case that the input vector is contained in a
set of vectors of a pre-defined group of one or more sets of

vectors of the plurality of sets of



According to an exemplary embodiment, the input vector is a vector that is to be indexed. The input
vector is comprised in a set of vectors, which in turn is comprised in a plurality of sets of vectors. The
plurality of sets of vectors may for instance serve as3a codebook, for instance for a quantization
process. In such a quantization process, the input vector may for instance be identified as a closest
match of all vectors in the_plurality. f,scet f vectors with respect tq g vector that is to be quantized.
The indexing %%t Eeoflgf)ﬂt \icl:égs %;%léns %ﬁ?ﬁ?&xgtzgnlﬁetglﬁ%jﬁf vle%:tgar.g?ﬁét‘E %rﬁ{detg(%m%y for instance
constitute a sitjmak alfteesigaalimaytbelexcheng e betwb o sworehlitep o8 i derftificadgrrofithe input
vector. Via the, | the input vector, tigast partially Re jdendified | set of vectars it is
contained in. T edslen%ex may for instanr:;ae%l/ng%t%fy t#eﬁ;np ectore}\?v}it in #:e p ﬁrali?y o?sé% of vectors,
or only withintise setef gettors tirdinbuts/ictoris vembiied L Furthemberanimdes Mgy be
representative nf the, §igns of the comppnents ofthe nput vectar.arnot; the indexing of the input
vector may for instance at least yield a position index representative of the positions of values in the
input vector. TR HdexfoLeRy bl ditiohaftp Hietd Aty hdex2Bat is Fepiestatative bf Bhsign of the
components ofithe daputvester, Ihg indexing may futharmate vielda,final index.that sombines the
position index and the sign index and that may additionally be representative of the leader class the
input vector is contained in. Depending on the set of vectors the inpu_t vector is contained in, a
different procgssing i perfernedelfthe inpulvectar iscoptaineddn asaghof vectars dhakbelgngs to the
pre-defined group of sets of vectors, a specific processing is applied. Otherwise, a general processing

is applied. BothRin4S T ProcerRirfPrormt 8t IcBEPI PaR STARE THdeskingtartheuRbuiettor. For

instance, the specifie, peocessingand thegenesalqyocessing may wiatedpthe eatireprocess of
indexing, or may relate to only parts of the process of indexing. The specific processing is adapted to a

characteristic SPHE $BE5F VetiGrsIRE ifut VREIT TS cOltamderil  #id S¥eOific BFécesSing is tailored to

the set of vectass the-mputivecierdis:containeaiir TBissallews ta-impreyeprogassingrand theeduce the
overall complexity of the indexjng of the input vector. For instance, the structure of the specific

processing mafBR sl &S O R TERE Goff&ral ProteSSiRg SiéindiRS& 85 hertrming
several actiong-iegne lbemEguahowellsiatrodbiction af dhe; specifieeproressing tyay allowcto reduce
the complexity of the general processing, for instance by excluding,the ocess'ngcof input vectors of
particular set gf Veec?g%rf?cjm eTeTAl 6Ee§sﬂ?§ ?fr?dlﬁ%lu%%ﬁgtth]e?n %[89%3 épeccffi@processing) SO

that general pracessing:edr besioplified Both: néasutesonesulhin hed poed- dedrall eargplexity of the
indexing of thg %'nput vect%r. 7 The tailorin(t%may resltrict e%%rgigggig% of the sfgecifig foro%esséng to input
IStic, 1.

vectors contaified in the R6ts’ 61 VELtors With the CREFACH fe spedific processing may for

instance not be=applicabtemcasess] Nputveetars certamed nisgtstiieettanssthakarestotdn the

pre-defined grup of sets of vectors., The general processing may not be restricted to application in
case of input %égt)o%sn %{E)er}ftfaill1n%dE ilrlmréscel%éa of \g/gc :Fslg & p%?tjfc%?grmgr%%b of'setSof v%&%?s ghl?/. For
instance, the geperal progessingsmay beapplisabledndaseofdaputiecrerstcontainéd imany set of

vectors of theFQ,l‘ér?H%’f‘lfn%e&S%XS [0f% U dpsase QIAQE%EVSQ,Ct%rS%%Q{Q@QEd .30y set gk vectors of

the plurality of sets of vectors except the sets of vectors of the pre-defined group of sets ot vectors.
The latter alternative may allow for optimization of the general processing with respect to input vectors

contained in sets.gf uestgrs.that age patinthg pre-defined oroun of sels 0l VeCtoIS e aqan1 e

medium having such a computer program stored thereon is

disclosed. The computer-readable medium may be any medium
that is capable of storing digital data in electric, magnetic,
electro-magnetic or optic form. The medium may be fixedly

installed in a device or may be a removable medium.



According to an exemplary embodiment of the first aspect, the general processing, if applied to input
vectors contained in the sets of vectors with the characteristic, would be more complex than the
specific processing applied to the same input vectorg, Therein, complexity may for instance relate to
computational complexity and/or storage requirements. According to an exemplary embodiment of the
first aspect, input \éer%%s c%rga@gg [ }grsq:t of vectogs i%the re-defined gggrou of sets of vectors have
a larger probabiiity of béing indexed than inpat vectors 8 tbhtanedth 888G torsThat is not in the
pre-defined grdupafcsetsiof ventprsi Withy respecbtoeaveratl complexitynit may-theghesgarticularly
useful that the, specific processing.is less complex than.the general progessing (when applied to input
vectors contai}%%%lﬁtﬁgl sétrépéjftv%% (Sjr%c\)/\]/:lthcfﬁlégc%%?aec eﬁgticé)l. ‘?ﬁet pcr)o%a‘ﬁeﬁl# mrasy gegpe%d on the
application the indexing-is petforaistl in£The prahabilitfineaypior irstaricesbe detesmensd af-line.
According to I % ?m f the first aspect, the sets of vectors aredLeader classes, and
each leader c%%%ﬁégnpp?s%%g %e%gn?fgﬁj%%ggsg{gf ajh% Sgﬁrﬁu?%%%%sgo%?hé TEAL ervvee%¥€r3fThe union
of these leaddrclagsendherthay dafinesd fattité hwhisk ay beased asod stirgotaretedadesibok for

quanization [y Jnsiageedn & speralh2ulip orydoa cpdeg 0PiEHe {1 datg compyession or
in any other field where quantization is applied. The leader classes mgiby e S|gne3f and the indexing
may at least yrdld &es6SE6EN intleXrepidsentae st H5d positibas of valads it inputvector and a

sign index repigsentative-otthgsigns ptthe campogents of the npuit vectors Then, g the specific

processing, the position index and the sign index may be jointly determined in one loop. This loop may

for instance c§dle IfotighleatPCisitisoet of thembut ¥BEOL Ak bAtraBt, #Rie génarabpiocessing,
the position indexiand-the-siga.index may bedstermined oaly,opg afipr heather Jhedpdexing may

also yield a final index that combines the position index and the sign index and that may additionally
be representativé GPHINS RERERSIEIMRE NS vEEtoF Y& ESREIfeiRi ot to perform,

2009/100768R& TdEE2008451904 Aligrhatively: Bie leadek clagsesdnay berisigned.alibg ipdexing

then may only yield a position index representative of the positions of values in the input vector. As the
case may be, tHe inding@maedseyieIPa ihBFintEs TRatHdmto g ¥ répfe §6it8tHIRE of the leader

class the inpuf-¥eeter is, centaineshin1 The eharasteristic to which the specific processing is adapted
may be that the pre-defined group of leader classes only contains leader classes with leader vectors
the components of which take only a pre-defined number of different values. This pre-defined number

may for instangeche twe.cAdapting tespeTifiepresessingimthjs eharasteristie ngpbe particularly
useful in the cont toleg)inomiaI indexing, since, inter alia, it allows determining the position index and
the sign index'JBirftS R AT Bop TRERAY B L& tEIFARR g tRE M GRS SHBP AT otHeP Ui R&EH STe,
adapting the specificiprogessing te his shatasteristic rody hepsetd i the eantext-ef kigromial
indexing, sincgéir%%r alia, the indexin %rocedurg then onéy has to handle the position of one value
(first one) Without al\fnsng to make Tur ercp’?eﬁgra(ﬁ}éﬁ??or c?{%%ﬁﬂﬁeth@%%}gﬁio 8'of the seCond value
(its position (es/ére-fdiediby tne daatorr bathecpesitian(s) of thetkirst valuepntained in a

set of vectors of a pre-defined group of one or more sets of
vectors of the plurality of sets of vectors, a specific

processing that is adapted to a characteristic of the sets
of vectors in the pre-defined group of sets of vectors and
is only applicable in case of input vectors contained in sets
of vectors with the characteristic. The means for indexing
further comprise means for performing, in case that the input
vector is not contained in a set of vectors of the pre-defined

group of sets of vectors, a general processing.



The pre-defined group of leader classes may contain a first sub-group of leader classes with leader
vectors the components of which take only even values, and a second sub-group of leader classes
with leader vectors the components of which take ordy odd values. The specific processing then may
prescribe different actions in case that 10 the input vector is contained in a leader class of the first
sub-group of lasses thanina ¢ hat the.input vector i ntained in a leader class of the
second sub-g‘llr%%gp? gﬁl@iﬁe?él%%e%%ﬁ@r%%ﬁ elga/,(!%%%%%éhzﬁgéériét]?cg tch %%ﬁ t%%cgcp)%rcifljésp%cessing is
adapted may Wechatthehpre-defined groupdideader Blasseswonly contding |eatleratassksadith leader
vectors the capponenis of waich {ake 8 maimym pumber ol digrent valuss. Faninsiange, the leader
classes in the pre-defined group of leader classes may have four-valued leader vectors. Handling such
leader classe®n #isd spedificgrocassing heaypalionw ic reduek grtcomplaxity ubtie gerefalr
processing, sifge,tbg genaralurqcessing gayihen oy qopewith leadsr glasses witleadar vectors
with three or less different values. This contributes to reducing the overall complexity of indexing of
input vectors PIRE§Eferal prodessin vy bezaipliea iR presse. of i utveetorsaortainedin any set
of vectors of the,plyralits at-setsof vectars excapk the, setspfvectarsQiihg predefined.grpup of sets
of vectors to allow an optimization of the general processing. The indexing of the input vector may be
performed in aRyUdiZation praces<that i-Fasdd BRH Rk 'dsdeBESESTIndPhF tHE féeder classes.
According to apgxemplary esabodiment gkthe first aspect, the indexing is a binomial indexing. In such
a binomial indexing, indexing is based on the number 11 of possibilities of distributing values on
positions in a vector of a certain dimension. According to a second aspect, a method is disclosed,
comprising detgeminingitacgelrvesior containeddt axsalef Mactors-of adplurality of sets,gfivectors
based on an index associated with the target vector. The determining comprises performing, in case
that the target §6&BFis CottaiedsH 468t ofVectdrs ARGsFetitmet gtbbipdf oHeérimord Sets of
vectors of theglytadity of mets of yectorsxaspecitici progessirgthat is\aslapted tq acharactgsistic of the
sets of vectors |n the pre-defined group of sets of vectors and is only applicable in case of target
vectors contai"rée?ﬁﬁJs%@8F\%é7&ogsfmﬁgﬁethjeri§?1%?a¥t%?i§f?€ THe BeiinifeRirthel e oliitides
performing, inreasesthaithie tatgetagetor ismpaticonigined inidset ofveciors:of the pre-defyred group of
sets of vectors, a general. p:roc;essin . Accordci{19 to the second grspect, further a computer program is
disclosed, co%%{ﬁs%ﬁsmsjtruct%o%s% BrhiE 5 catie a@?&e%g 6 dBBmin®%a ARt VRGfor
contained in d detufivectaraof arpluralitysafisets efivaciors tlased Dinxarl intleX agseciatedatith the
target vector._\;l'hcet%%tgrmin%n ¢ mp“rlils 8 Pgr@ﬁrginsgé én gase éh%t C}Qe t%%ggt vectog is contained in a
set of vectors Of & pre-def?ne grc}ﬁp of OHE ‘of MOré Sets of VECTors of the p|&t’%ﬁ%§/ oﬁ?e%%?vectors, a
specific processingtiia is:adapted Fuaddharacierstic béthedets nbyebtorsdp thees prezdefived group of
sets of vectors ﬁ:lg%s only agplicgb]ﬁeﬂig case of target VS%tOE%%orltained in se%s of vectars with the

AR & TS YgIL COMPOTe hd T.
characteristic. eternﬁnlng?‘urther comprises per?ormlng, In ca%gl'%hatvtﬁce: grlée?]\:/egt%r is not
contained

The indexing of the input vector may for instance at least
vield a position index representative of the positions of
values in the input vector. The indexing may additionally
yield a sign index that is representative of a gign of the
components of the input vector. The indexing may furthermore
yvield a final index that combines the position index and the
sign index and that may additionally be representative of the

leader clags the input vector is contained in.



12 in a set of vectors of the pre-defined group of sets of vectors, a general processing. According to
the second aspect, further a computer-readable medium having such a computer program stored
the_reon is d_%oz%gg.l 659& com.puter-readable mgdium may be any mediu%tgﬂiﬁﬁ%%gwlle of_storing
digital data in €lectric, magnetic, electro-magnetic or optic form. The medium may ixedly installed
in a device or may be a removable medium. According to the second aspect, further an apparatus is
disclosed, comprising a processing component configured to determine a target vector contained in a
set of vectors of a plurality of sets of vectors based on an index associated with the target vector. The
processing compBREALRFRtherCorfigurdd Y6 DErfofn- it cadethal $rE targét CEQR 196 determined
is contained ina.setofiveetors ot a-pre-defined greup<af onererimare sets dfrvactors:ef-the plurality of
sets of vectors, a sﬂpecgicﬁproges%ing tQa‘; iso%d%patgd Otgca g%%rgc}%igstirg st t@g Sertfé of vectors in the
pre-defined grolusp of Sefs"df Vectors and is only dp"prlicaﬁle“ln case dfota?get vec%ors contained in sets of
vectors with the chatadteristic SElveprodessing compenéntzis fuethepeohfigared toperford, in case that
the target vectqr.tq be detarminad.is,not.contained in.a setafyectors ofthe pre-dafingd group of sets

of vectors, a general processing. According to the second aspect, further an apparatus is disclosed,

“comprising mekn846r déteraininga tergEt vBcior cotitainedl M Sefof VeEtote BF A plardlity of sets of
vectors based gn.an iplex associatedrd3 with4he dargetvectyr. dheimeansder deteymining comprise
means for performing, in case that the target vector i coafltqineg,irﬁl a set,ojﬁvectors q:f a Q%e-defined-
group of one of org dts %? VECLors of th pﬂjarglitf/eoiaste‘ts b?vécrft“org,néC %b‘écf%%%?%“é&smg that is
adapted to a charseternstic af:thesetsof veetors inthepreedéefined grop of setssaf vettors and is only
applicable in ca %QL Ea}{%gt vectors contained in sets of vectors with the characteristic. The means for
determining further comprise means for performing, in case that the target vector is not contained in a
set of vectors of the pre-defined group of sets of vectors, a general processing. According to an

exemplary emboediment, the: target vectoris a vegtordhatis to be determined based,enanindex

associated with the target vector. The target vector is comprised in a set of vectors, which in turn is
comprised in a$5ibrafiity 8ESERT0T VERTorsI ik PiGFRTY of SefSBF VeSS may for instance serve as a
codebook, for instance for a quantization process. In such a quantization process, the target vector

may for instanc&have been.identified as a closegt n?tch f all \L%ctors in the Iuraligé of sets of vectors
. Lne S'tOef”.La_LC I%IBDCESSZLQg LS TaL.lor Lo Lthe Set. O &%Cto- He
with respect to ‘a vector that'is € quantized, ahd may have béen assigned an index (i.€. may have

been indexed),fopirtstarce as disclosed above with réference/tbcthe first agpect'of the present
invention. This index may, for instance at least pagtially,identify thetarget.wectorwithin a set of vectors.

Additionally, this index may for instance identify the set of vectors the target vector is contained in, and
may furthermore'B& fridi€ative 6Fthe'SigHs oftRé tbmponents of the target vector. Based on this index,
according to the second aspect of the present invention, the

For instance, the structure of the spscific processing may
be simplified as compared to the general processing, for

instance by parforming several actions in one loop.

Equally well, introduction of the specific processing may
allow to reduce the complexity of the general processing, for
instance by excluding the processing of input vectors of
particular sets of vectors from general processing (and
including them intec the specific processing) so that general
procegsing can be simplified.Both measures result in reduced

overall complexity of the indexing of the input vectorx.



14 target vector is then recovered. This may require transmission of the index from an entity that
performs the indexing of the target vector to an entity that performs the determining of the target vector
based on the index. To this end, the index may be c@nsidered as a signal that is transmitted between
the entities. The indexing may for instance take place during a quantization, and the determining of the
target vector ed on the index, which may be, considered as a."de-indexing", then take place
during a de-q%g%ticz#:agtfé%? %crzqgrd?had/ toan g%ér%%la%?%drli %alrﬁeflrllf e%gnghjr%\% o ﬁ%gs}g%/%f vectors the
target vector isworeainendn ta diffgrent protessingrisiperfonmédi if thedtasgdtaverforsctomntained in a
set of vectors, fhghnelnas (o he uedalined group gtselslaeetars, aapeclicpiqcessing s applied.
Otherwise, a general processing Is applied. The specific processing is adapted to a characteristic of
the set of veciors the carge® vaetopisrontainde innThespariid prove sshat sttailored: withedset of
vectors the tajgetactor is contained in yodet explpitatiqnof the charagledstic. This aligws fo improve
processing and to reduce the overall complexity of the determining of the target véctor."For instance,
the structure 6kth@ splecirProEEssing may be simplified as compared to the general processing. This
measure results in reduced overall complexity. However, the tailoring may restrict applicability of the
specific processing to cases where target vectors are contained in sets of vectors with the
characteristic €. Belsperificioeessingmapiorifstahter €5 hbiBE P phicablelA £836s Where target
vectors are quiawgéné@t%&a\(&ct%ctbe&%rec{&qmai%er%:ﬂe%fz%g@yp\&fé@é%gf VaCtgrs. The _
general processing may not be restricted to application in cases where target vectors are contained in

a particular gRRptdf 5f FEABRs BlyS EBE IRtan&s iR §efBral préSessing ki A5e appficable in

case of targetvertorsiconiaineddn anyset obvaeiors ebibelurality 0f sots ofyectarsc epipcase of
target vectors contained in any set of vectors of the plurality of sets of vectors except the sets of

vectors of theFadefied groupsf sBEEoPYedBrETHR BiteF BfeMRtVE HidyY affow T6rt4t 1BSst some

optimization afdhe geperalproeessing. AeCording te-an exemplaryembedimentefithesecond aspect,
the general processing, if applied in case of target vectors contained in the sets of vectors with the

characteristicY ®obfti e fore Kok e the SpE&HE price g AfhIREARRask T tRE S8me target

vectors. Therein, cemplaxitydpay fier instangeelade tocompuiaionat sosplexty-adéor stesage

requirements, According to an exem Iar% egﬁ%ﬁn%nt of the second aspect tar%et vectors_contained
0

in a set of vectBrs ifi the pré defihed griap VEctdrs Havé ATarjerprobabifty 3F bahg
determined thandiaegei Megtors chnteirgek inta set atyactoredbatis ot sntheipresdefineskgroup of sets
of vectors. Witt} r%sépetcé to ov%rall complexity, it may then be ticulgrléusefult t the specific

processing isTass céjmpFe?( thaf thé ﬁ%nlé%ﬁ plr%cé:ssefné> )(Fve\}/ﬁer? aﬁ%ﬁed i6ade 6 tasrgeé:tsve% ors

contained in thesets-ef. 16

According to an exemplary embodiment of the first aspect, the
general processing, if appiied to input vectors contained in
the gets of wvectors with the characteristic, would be more
complex than the specific processing applied to the same input
vectors. Therein, complexity may for instance relate to

computational complexity and/or storage requirements.

According to an exemplary embodiment of the first aspect,
input vectors contained in a set of vectors in the pre-defined
group of sets of vectors have a larger probability of being

indexed than input vectors



vectors with the characteristic). The probability may depend on the application the determining of the
target vector is performed in (e.g. a de-quantization process). The probability may for instance be
determined.off-line. According to an exemplary emb@diment of the second aspect, the sets of vectors
are leader classes, and each leader class comprises a different leader vector and permutations of the
leader vector. The charagcteristic to which the specific processing is adapted may for instance be that
the pre-define%pég%%;l)no%%eégera c[sa%Eeg gan 8so%glsnst%%5e?’gla%%§s Wt%fé%c?er%écc{%%% ?ﬁae%
components gfswiphdakecdrdy afpreedefired ridmiierefgifererntvalres.allle prexdeéindd pumber may
for instance bféwrﬁ)aTh%%egr]f Qne otathg fwo ql_:ilfﬁren& \S/a|£IS_SL rr%e%}/a@r irlllstanceeg@:L Zero. The determining
of the target vector r?{ay e pert%rr?lejé N a e-qugntlza?ion process t%a?issgjased on a lattice codebook
defined by theoleacles slasges sThesharavtelistic thwhichthespecifid processiwg iscadapted may
qually wel bednatiog pie-delinedaiounof ieaderciasses gl consJeader classep il eader
vectors the components of which take a maximum number of different values. For instance, the leader
classes in thetjire-ddfirreaiafroup of lenider Ehassps plraehavie-founagludeidendeovedtds. Handling such
ieader classes i he-snaclie prreassing: may allogcloaaghies (he comalgitel g genetal

processing, sirice the general processing may then only cope with leader classes withlea &r vectors
with three or 168% INgiffansst Vafuete ThignéaAbgtes t1é ¥&ducing the overall complexity of
de-indexing of input vectors. The general processing may be applicable in case of target vectors
contained in any set of vectors of the plurality of sets of vectors except the sets of vectors of the
pre-defined gRstRPETSENY G 9 etio BSRIHIIbW EncotPRiafeH op hé e ek aisdrarersing  Adeording to an
exemplary empadimgat gtthesecopd aspestidhe indexds assopiatedwith thesfarget veglar via a
binomial indexing. In such a binomial indexing, indexing is based on the number of possibilities of

distributing vafG8PER PBSitdr ik BersHsr dracerairrdifiehsioif RTORHEE td anhirdaspert, a

system is disclasefh T he-sustem compriges-shfiitst processingLonponent sonfigyneditodndex an input
vector contained in a set of vectors of a plurality of sets of vectors, the first processin comgonent

further being E&HfigFed thiferiorfn; i RASE RS NPEEe@Sr fo PeHHIEXEERR] CattaRRE N a set of

vectors of a pre-gdefinac gieirobane ppmareseisetvaeiors ebihediyrality,af setsofvwegters, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of

sets of vector§ 3ha9s orlyRpphEasIeIATHRE of ifptRvacforR RS REREFIreEtd BIYREGHSRFh the
characteristicfard ghevhist pragessing-compeneit fugtharikaeing configured to perform, in case that the
input vector to be indexed is not contained in a set of vectors of the pre-defined group of sets of
vectors, a general processing. The system further comprises a second processing

The leader classes may be signed, and the indexing may at least

vield a posgition index representative of the positions'of
values in the inpﬁt vector and a sign index representative
of the signs of the components of the input vector. Then, in
the specific processing, the position index and the sign index
may be jointly determined in one loop. This locop may for
instance cycle through each'component of the input wvector.
In contrast, in the general processing, the position index
and the sign index may be determined only one after the other.
The indexing may alsc yield a final index that combines the
position index and the sign index and that may additionally
be repregentative of the leader class the input vector is

contained in.



18 component configured to determine a target vector contained in a set of vectors of the plurality of
sets of vectors based on an index associated with the target vector, the second processing component

further beinwf%i}g%gﬂ;go perform, in case that thedarget vector to be d@ﬁg@ﬁg&}&ﬁﬁ@mined ina

set of vectors of a pre-defined group of one or more sets of vectors of the ity of sets of vectors, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of
sets of vectors and is only applicable incase of target vectors contained in sets of vectors with the
characteristic, and the second processing component further being configured to perform, in case that
the target vector to be determined is not contained in a set of vectors of the pre-defined group of sets
of vectors, a geneeat pracessing. Fonthe system accerding to:the third aspediytheiabakesdescription of
the features and gdvaniaqes of fie fist And second aspadts of the present pyeation applies
accordingly. The Second processw?é com\f)c}ﬁent may for instancé etermine a target vector that is
associated with artindexcthat has beeh assigred 1o amnplryestorTiEg-indexintg of #feinput vector

by the first pr%ﬁ%si%s?omﬂgnemd%%h@} the, inpyt vector;and;the target vectgrate equal. The index

may for instance be transferred between the first and second processing components. The first and
second procesafi EoRipbhelits af foiRstarte e compriSed i 176 différehtddviceE “Wherein in the
device that comprises the first:precessing ¢omponent, an input 19 vector is indexed, and wherein in
the device that comprises the second processing component, a target vector that is associated with
the index determined by the first processing component is determined. Equally well, the first and
second processing compemerits eay. be comprisedtin the saspe deyice, and massfordnstance be used

for quantizatio, ud. de-quaptization . (espectively. Jhese.and aiat aspects ghine disclosure wil be

apparent from and elucidated with reference to the detailed description presented hereinafter. The
features of the Présentdisefosiufe arfeloTts ekempi&@y erfibbiimeR&Ias présétitedabdveare

understood to bgdisclased alse inall:passible.combinations with each other. BRIEEDESCRIPTION
OF THE FIGU@ES’ In the figures show: A schematic block diagram of the G.EV-VBR encoder;

ifferent values. This pre-defined nuﬁber may for instance
be two. Adapting the specific processing to this
characteristic mayv be particularly useful in the context of
binomial indexing, since, inter alia, it allows determining
the position index and the sign index Jjointly in one loop
instead of determining them one aft€r the other. Furthermore,
adapting the specific processing to this characteristic may
he useful in the context of binomial indexing, since, inter
alia, the indexing procedure then only has to handle the
positicn of one wvalue (first one) without having to make
further preparations for checking the positions ¢f the second
value (its position{s) is/are fixed by the fixation of ths

position(s) of the first value).

The pre-defined group of leader classes may contain a first
sub-group of leader classes with leader vectcrs the
components of which take only even values, and & second
sub~group of leader classes with leader vectors the
compenents of which take only odd values. The specific

processing then mayv prescribe different actions in case that



a flowchart of a method for indexing an input vector according to an exemplary embodiment of the first
aspect of the present invention; a flowchart of a method for detetmining a target vector based on an
index associated with the target vector according toi@n exemplary embodiment of the second aspect of
the present invention; and Fig. 4:a schematic block diagram of a device capable of
implementingthemethods according.to tgerﬁitr:st tanéidsczeLcond ?%g cezatrofctl}rgl res iﬂ\éelg_tjj_ons.tDETAlLED
DESCRIPTIO 6#?%I|Qf\7ﬁﬁ%0f\lg I the %ﬁ%wmg Aetaile escription of the presentrinvention,
exemplary enshdglimrentgoofdthe beestnt inventior wiltherdescribediadke cbatextbkindexmny and
de-indexing o\ff Iatl;iccé)erpi)isntscgrrll *}.%% rCl%'?lIexﬁ oaf tllwgall%tgce &uaantizejg_ ptr%%o%%d éor éhs?u%'-EV'c\)/BR codec or
its derivatives. The presen(f Invention 1s hlowever not limited to this codec, o this parti&ﬁaﬁ%ttice
guantizer, or tofindlexidgidecsib@lexiag of lattice structures; it may equally well be applied in all other
scenarios where-indexing and de-indexing of vectors is required. The G.EV-VBR codec is under
standardization process in ITU-T 5016/Q9. It is a speech and audio embedded scalable coded for
wideband sigAaissavirglosding hitrhtes oh8 a2 tg; 1 and 82 kbilsisIFigthds #selsdrhatic block

diagram of the G EV:VBR encodex 1, Tha first wgJayersareshased ondCade Excited Linegr Prediction

(CELP) and denoted as "core codec™ (see coré codec unit 101). The remaining layers are obtained
through the eh€sdiag ofthesMedificnDiscrernCasite Trassisim. VDT B coeffiielenks@E@emMDCT unit

104) of the differepge signal 103, hetwesh the Original signal:1Q0 andythe care codegsynthgsized
signal, wherein the difference signal is obtained from adder 102. The quantization of the MDCT

coefficients (fEi-theaagBitcorfeSHRNING® tREBRARE 24 Kbitss) ILasifg athrmtiesr 105 b&Sed on

leader classeg, pbiaiaed from I@@@gﬁl@ew&g@ﬂh@@@%ﬁ% hichJs a fetated yergien of the
lattice E8 scaled with the factor 2. The first two layers are then combined with the remaining layers in

bitstream gentPRRFLUNR 1B Pheflaiticed neraly dseFRrqGanttenicatbe repredehtsd as
unions of leaderSlassesni si GORIAENGCE iaMtiZation stueires based on: lalticrs)ean be
described as unions of leader classes. ,
processing, since the general processing may then only cope
with leader classes with leader vectors with three or less
different values. This contributes to reducing the overall

complexity of indexing of input wvectors.

The general processing may be applicable in case of. input
vectors contained in any set of vectors of the plurality of
sets of vectors except the sets of vectors of the pre-defined
group of sets of vectors to allow an optimization of the

general processing.

The indexing of the input vector may be performed in a
quantization process that is based on a lattice codebook

defined by the leader classes.

According to an exemplary embodiment of the first aspect, the
indexing is a binomial indexing. In such a binomial indexing,

indexing is based on the number



A leader vector is an n-d .ensional integer vector, Whose components are ordered (e.g. decreasingly):
where v1> v,e N. There are 777 values v1. The leader class corresponding to the leader vector
consists of the vectors obtained through all the signétl permutations of the leader class with some
possible restrictions. The restrictions, when they apply, are related to the number of negative vector

components whichcoulihs 9dd of exn.JThg nymbet afvestarsd the, eader dlass o =2 mPL
171 nitn,!...n,n!I" (1) where p is the parity which can be 0 {no sign constrai ts?, +f?even number of
negative compendias), of -2 (odd naiTbed uigpgative components). To exemplify the binomial
indexing, consider the 4-dimensional leader vector (2,1,1,0), We consider here the permutations
without taking into account the sign. The vectors that belong to the leader class of (2,1,1,0) are given

in Table 1 belb@s wiisia tho differeprintiexiitpddriars artprdehtedd hstshveeidnt |

comprising determining a target vector contained in a set of
vectors of a plurality of sets of vectors based on an index
associated with the target vector. The determining comprises
performing, in case that the target vector is contained in
a set of vectors of a pre-defined group of one or more sets
of vectors of the plurality of sets of vectors, a specific
processing that is adapted to a characteristic of the sets
of vectors in the pre-~defined group of sets of vectors and
is only’applicable'in.case of target vectors contained in sets
of vectors with the characteristic. The determining further
comprises performing, in case that the target vector is not
contained in a set of vectors of the pre~defined group of sets

of vectors, a general processing.

According to the second aspect, further a computer program
is disclosed, comprising instructions operable to cause a
processor to determine a target vector contained in a set of
vectors of a plurality of sets of vectors based on an index
associated with the target vector. The determining comprises
performing, in cage that the target vector ig contained in
a set of vectors of a pre-defined group of one or more sets
of vectors of the plurality of sets of vectors, a specific
processing that is adapted toc a characteristic of the sets
of vectors in the pre-defined group of sets o0of vectors and
is only applicable in case of target vectors contained in sets
of vectors with the characteristic. The determining further
comprises performing, in casge that the target vector is not

contained



Variant 2.02,1,1,02,1,1,01,2,1,0 2,1,0,1 21,1,2,0 2,0,1,1 31,1,0,2 1,2,1,0 2,1,0,1 1,2,0,1 51,2,0,1
0,211
12

in a set of vectors of the pre-defined group of sets of

vectors, a general processing.

According to the second aspect, further a computer-readable
medium having such a computer program stored therecn is

disclosed. The computer-readable medium may be any medium
that is capable of storing digital data in electric, magnetic,
electro-magnetic or optic form. The medium may be fixedly

installed in a device or may be a removable medium.

According to the second aspect, further an apparatus is

disclosed, comprising a processing component configured to
determine a target vector contained in a set of vectors of
a plurality of sets of vectors based on an index associated
with the target vector. The processing component is further
configured to perform, in case that the target vector to be
determined is contained in a set of vectors of a pre—defined
group of one or more sets of vectors of the pilurality of sets
of vectors, a specific processing that is adapted to a

characterisgtic of the sets of vectors in the pre-defined group
of sets of vectors and ig only applicable in case of target
vectors contained in sets of vectors with the characteristic.
The processing component is further configured to perform,
in case that the target vector to be determined is not

contained in a set of vectors of the pre-defined group of sets

of vectorg, a general processing.

According to the second aspect, further an apparatus is
disclosed, comprising means for determining a target vector
contained in a set of vectors of . a plurality of sets of vectors

based on an index associated



61,0,211,1,2,07101,21,0,2,182,0,1,10,1,2,1 90,2,1,1 1,1,0,2 100,1,2,1 1,0,1,2 110,1,2,20,1,1,2
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with the target vector. The means for determining comprise
means for performing, in case that the target vector ig

contained in a set of vecteors of a pre-defined group of one
or more sets of vectors of the plurality of sets of vectors,
a specific processing that is adapted to a characteristic of
the gsets of vectors in the pre-defined group of sets of vectors
and is only applicable in case of target vectors contained
in gets of vectorg with the characteristic. The means for
determining further comprise means for performing, in case
that the target vector is not contained in a set of vectors
of the pre-defined group of sets of vectors, a general

processing.

According to an exemplary embodiment, the target vector is
a vector that is to be determined based on an index associated
with the target vector. The target vector is comprised in a
set of vectors, which in turn is comprised in a plurality of
sets of vectors. The plurality of sets of vectors may for
instance serve as a codebook, for instance for a quantization
process. In such a quantization process, the target vector
may for instance have been identified as a clogest match of
all vectors in the plurality of sets of vectors with respect
to a vector that is to be gquantized, and may have been assigned
an index (i.e. may have been indexed), for instance as
disclosed above with reference to the first aspect of the
present invention. This index may for instance at least
partially identify the target vector within a set of vectors.
Additionally, this index may for instance identify the set
of vectors the target vector is contained in, and may
furthermore be indicative of the signs of the components of
the target vector. Based on this index, according to the

second aspect of the present invention, the



Table 1: Leader Class for Leader Vector (2,1,1,0) With respect to the first variant of Table 1, it can be
seen that in the first group (with indices 0-3, i.e. the first four vectors, indicated by the horizontal line)

the relative position of the values 1 and 0 is the samie} but the position of the value 2 is changing from
one vector to another. The same happens in the second group (with indices 4-7) and so on. The

difference between the first.and sec roup resides on haw the compaonents having value 1 are
situated on thtteatﬁgeeep p\ég%gaérjlétd tﬁast gcrrlgeag%/aﬁaglggﬁtre?(géci mb%h%%’os%?o%%%ﬁhe component having
the value 2. Theansnbersofpossiblé herangémenfsrofithese emt Valnesherto plerefqositiodssis given by

the binomial g¢oefficient\2 =3, The ups.i first variant, wherein in.each group,
only the "'n pogilgioén o%q #ue% vaIEeQZ Eggé%n%&%%%% %1e%§e1 }}g\::ei H\;%ct}[{o%ré%lnpe%ljé %ﬂﬁe% ree groups.
It can thus bedsorelmisdithat ofietbgy teeaameratethe vecterd inm ldaeleinfiess isTo domsider the

different values, ip the,yectar sane ﬁé@ tE‘ée@d}‘ijs“iQ?é:%etHeié gogsigke %S:Eti%htl.:c’{ ghe considered

example (variant 1), the possible positions of the value 2 are considéred first, then out of the remaining
3 positions, tHerPBSHaRS BEtHestoIREENdHS halingthe val ek ate1densideradaThépositions of the

component having yalue Q ig.dependent gp.the positign af the first o valyes(hecause is the last

value), so it does not need to be considered separately. Variant 2 in Table 1 follows a similar

approach. HoWRYREMRE bRSItiBhA JFie Vakeer isitstcpangas Sdthnatgisup sirzacragsigidups.

Accordingly, thete are B fQulroypa éwith ingdices G 3:R,6-8 @nd:D-h 4. respretivelw). in each of
these groups, the three vectors differ in the arrangement of the value I, which is present two times,

onto the thre R iRvhiRbIEHCRIAEHS. 77351983,

According to an exemplary embodiment, depending on the set
of wectorsg the target vector is contained in, a different
processing is performed. If the target vector is contained
in a set of vectors that belongs to the pre-defined group of
sets of vectors, a specific processing is applied. Otherwise,

a general processing is applied.

The specific processing is adapted to a characteristic of the

set of vectors the target vector is contained in.

The specific processing is tailored to the set of vectors the
target vector is contained in under exploitétion of the
characteristic. This allows to improve processing and to
reduce the overall complexity of the determining of the target
vector. For instance, the structure of the specific
processing may be simplified as compared fo the general
processing. This measure results in reduced overall
complexity. However, the tailoring may restrict
applicability of the specific processing to cases where
target vectors are contained in sets of vectors with the

characteristic, i.e. the specific processing may for instance



leader vectors defined therein are reproduced in Table 2 below (these leader vectors may differ from
the standardized leader vectors by a scaling factor). The dimension of the leader vectors (and thus the
lattice) is eight, and there are a total of 36 leader vetfors. Therein, the leader vectors with odd-valued
components have sign constraints. In particular, if the sum of the absolute values of all eight
components is ultiple of four, the number of negative components should be evep, otherwise, it
chou1d be oUd EoPnor e (L i GaRs P hder B ACE T L L 1A fras SOl & JHReh is o
multiple of fourm:therefore therecshomid bezan even namben of B s thededctorsifrgmathe ledder class
correspondin%tq:g. Tr%e Ieaéieévgctor with index 3 (3,1,1,1,1,1,1,1) has sum 10, which is not a multiple
of 4, therefore the nl?mbgfaottné:ga‘[ive components should be odd. Idx. Leader Vector | Idx. ILeader
Vector0{1,1,1,1,1,1,1,1} 18 If4,4,4,0,0,0,0,01 (2,2,0,0,0,0,0,01

The general procesging may not be restricted to application
in cases where target vectors are contained in a particular
group of sets of vectors only. For instance, the general
processing may be applicable in case of target vectors
contained in any set of vectoxs of the plurality of sets of
vectors, or in case of target vectors contained in any set
of vectors of the plurality of sets of vectors except the sets
of vectors of the pre-defined group of sets of vectors. The
latter alternative may allow for at least some optimization

of the general processing.

According to an exemplary embodiment of the second agpect,
the general processing, if applied in case of target vectors
contained in the sets of vectors with the characteristic,

would be more complex than the specific processing applied
in case of the same target vectors. Therein, complexity may
for instance relate to computational complexity and/or

storage requirements.

According to an exemplary embodiment of the second aspect,
target vectors contained in a set of vectors in the
pre-defined group of sets of vectors have a larger probability
of being determined than target vectors contained in a set
of vectors that is not in the pre-defined group of sets of
vectors. With respect to overall complexity, it may then be
particularly useful that the specific processing is less
complex than the general processing {When applied in case of

target vectors contained in the sets of



19 2,2,2,0,0,0,01 2 -22,0,0,0,01 20 {6,4,2,0,0"0,01 (3,1,1,1,1,1,12147,1,1,1,1,1,11 (4,0,0,0,0,0,0,0)
22
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vectors with the characteristic}. The probability may depend
on the application the determining of the target vector is
performed in (e.g. a de-guantization procesg). The

probability may for instance be determined off-line.

According to an exemplary embodiment of the second aspect,
the gets of vectors are leader classes, and each leader clasg
comprises a different leader vector and permutations of the

leader vector.

The characteristic to which the specific processing is
adapted may for instance be that the pre-defined group of
1ea&er élasses only contains leader classeg with leader
vectors the components of which take only a pre-defined number
of different values. The pre-defined number may for instance
be two. Therein, one of the two different valuegs may for

instance be zero.

The determining of the target wvector may be performed in a
de-guantization process that is based on a lattice codebook

defined by the leader classes.

The characteristic to which the specific processing is
adapted may equally well be that the pre-defined group of
leader classes only contains leader classes with leader
vectors the components of which take a maximum number of
different values. For instance, the leader classes in the
pre-defined group of leader classes may have four-valued
leader vectors. Handling such leader clasgges in the specific
processing may allow to reduce the complexity of the general
processing, since the general processing may then only cope

with leader classes with leader vectors with three or lesgs



8,0,0,0,0,0,0,01 (2,2,2,2,2,2,0,0) 23 6,6,0,0,0,0,0,01 6 {3,3,1,1,1,1,1,1} 24 5,0,0,0,0,01
{4,2,2,0,0,0,0,0} 25 H8,4,0,0,0,0,0,01
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different values. This contributes to reducing the overall

complexity of de-indexing of input wvectors.

The general processing may be applicable in case of target
vectors contained in any set of vectors of the plurality of
sets of vectors except the sets of vectors of the pre-defined
group of sets of vectors to allow an optimization of the

general processing.

According to an exemplary embodiment of the second aspect,
the index is associated with the target vector via a binomial
indexing. In such a binomial indexing, indexing is based on
the number of possibilities of distributing wvalues on

pogitiong in a vector of a certain dimension.

According to a third aspect, a system is disclosed. The system
comprises a first processing component configured to index
an input vector contained in a set of vectors of a plurality
of sets of vectors, the first processing component further
being configured to perform, in case that the input vector
to be indexed is contained in a set of vectors of a pre-defined
group of one or more sets of vectors of the plurality of sets
of vectors, a specific processing that is adapted to a

characteristic of the sets of vectors in the pre-defined group
of sets of vectors and is only applicable in case of input
vectors contained in sets of vectors with the characteristic,
and the first processing component further being configured
to perform, in case that the input vector to be indexed is
not contained in a set of vectors of the pre-defined group
of sets of vectors, a general processing. The system further

comprises a gecond processing



8{2,2,22,222,2)261,1,1,1,1,1,11 9 (3,3,3,1" 27 /(10,2,0,0,0,0,0,01 10 (4,2,2,2,2,0,0,0)128
If8,8,0,0,0,0,0,01i 11
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component configured to determine a target vector contained
in a set of vectors of the plurality of sets of vectors based
on an index associated with the target wvector, the second
processing component further being configured to perform, in
case that the target vector to be determined is contained in
a set of vectors of a pre-defined group of one or more sets
of vectors of the plurality of sets of vectors, a specific
processing that i1g adapted to a characteristic of the sets
of vectors in the pre-defined group of sets of vectors and
is only applicable in case of target vectors contained in sets
of vectors with the characteristic, and the second processing
component further being configured to perfoxm, in case that
the target vector to be determined.is not contained in a set
of vectors of the pre-defined group of sets of vectors, a

general processing.

For the system according to the third aspect, the above
description of the features and advantages of the first and

second aspects of the present invention applies accordingly.

The second processing compeonent wmay for instance determine
a target vector that is associated with an index that has been
assigned to an input vector during indexing of the input
vector by the first processing component, go that the input
vector and the target vector are equal. The index may for
instance be transferred between the first and second

processing componentsg.

The first and second processing components may for instance
be comprised in two different devices, wherein in the device

that comprises the first processing component, an input



(4,4,0,0,0,0,0,0)29 ' (10,6,0,0,0,0,0,01 12 (5,1,1,1,1"p)130 H12,0,0,0,0,0,0,01 T3,3,3,3,1,1,1,1}31
{12,4,0,0,0,0,0,01 14 (4,2,2,2,2,2,2,0)
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vector ig indexed, and wherein in the device that comprises
the second processing component, a target vector that is
agsociated with the index determined by the first processing

component is determined.

Equally well, the first and second processing components may
be comprised in the same device, and may for instance be used

for guantization and de-guantization, respectively.

These and other aspects of the discleosure will be apparent
from and elucidated with reference to the detailed
degcription presented hereinafter. The featureg of the
presént disclosure and of its exémplafy embodiments as
pregented above are understood to be disclosed zlso in all

possible combinations with each other.

BRIEF DESCRIPTION OF THE PFIGURES

In the figures show:
Fig. 1: A schematic block diagram of the G.EV-VBR encoder;

Fig. 2: a flowchart of a method for indexing an input vector
according to an exemplary embodiment of the first

aspect of the presgent invention;

Fig. 3: a flowchart of a methoed for determining a target
vector based on an index asscciated with the target
vector according to an exemplary embodiment of the

second aspect of the present invention; and
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Fig. 4: a schematic bklock diagram of a device capable of
impiementing the methods according to the first and

second agpect of the present invention.

DETATIED DESCRIPTION OF THE TINVENTION

In the following detailed descripticn of the present
inventicn, exemplary embodiments of the present invention
will be described in the context of indexing and de-indexing
of lattice points in the context of the lattice gquantizer
propesed for the G.EV-VBR codec or itsg derivatlives. The
present invention is however not Limited o this codec, Lo
this particular lattice guantizer, or to
indexing/de-indexing of lattice structures; it may egually
well be applied in all cther scenarios where indexing and

de-indexing of wvectors is required,

The G.EV~VBR codec 1s under standardization process in ITU-T
SG16/0%. 1t is a speech and audio embedded scalable codec for
wideband signals having coding bitrates of 8, 12, 16, 24, and

32 kbits/s.

Fig. 1 is a schematic block diagram of the G.EV-VBR encoder

The first two lavers are based on Code Excited Linear

[

Prediction {(CELP) and dencted as "core codec" {(see ccre codec
unit 101). The remaining layers are obtained through the

encoding of the Modified Discrete Cesine Transform (MDCT)

coefficients (gee MDCT unit 104} of the difference sicgnal 103
between the original signal 100 and the core codec synthesized
signal, wherein the difference signal is obtained from adder
102. The quantization of the MDCT coefficients (foxr the laver
corresponding te the bhitrate 24 kbit/s) is using a guantizer

105 based on leader classes obtained from leader classes from



Table 2: Leader Vectors in the G EV-WM Codec The binomial indexing procedure for a vector
belonging to a leader class can be described by the following exemplary general indexing code, written
in ANSI-C using (for the simulation of a generic Digital Signal Processor (DSP), e.g. functions sub(),
add(), L_muR#)2%96\9876%)) the fixed point library provided by the ITU G.1R4TFErH48H#Rkare Tool
Library 2005 User's Manual. Therein, comments to the code are provided behind a double forward
slash "/[" or between the "/*" and "/" signs. This indexing code is general, i.e. it is applicable to input
vectors contained in any leader class of Table 2. pi = DIM;movel6(); index - 0;movel6(); i = 0; movel6();
trap = sub(no_vhasiidx tleadd, DRFtrap= nb_vaisfidxcleatdd; WHELE(MMpS0) trap =sub@mp,1); // tmp

";_IF (tmp_> ﬁ@l%—%%%-_leéi(ﬁn-wff@psc—k?é/'Q%'y@ls"gz(—@@ﬁg][ﬂi@é.__ X%o layers are then
c2idx_fx(pi,p,no_vals_indiidx_lead][1]); pi - sub(pi,no_vals_indiidx_lead][i]);

combined with the remaining layvers in bitstream generation

unit 10¢.

The lattices generally used in gquantization can bhe
represented as unicons of leader classes. As a consegquence,
guantization structures based on lattlces can be described

as unions of leader classes.

& leader vector 1s an n-dimensicnal integer vector, whose

components are ordered (e.g. decreasingly):

(V““.QHJ@,“waVmp“ﬂ%J, where v, >v, >..»Vv,, Vv,eN.

L i

There are n, values v,. The leader class corresponding to the
leader vector consists of the vectors cbtained through all
the zigned permutations of the leader class with some possible
restrictions. The restrictions, when they apply, are related
to the number of negative vector components which could be

odd or even. The number of vectors in the leader class 1s

Clp)=2md 1 (1)

ntn,t o ont

where p 1s the parity wnich can be 0 (nc sign constraints),
+1 {(even number of negative components;, or ~1 (odd number

of negative components).



Il pi = pi-no vals ind [idx lead][i]; _ g = number fx(sub(no vals [idx lead], add(1,i)),&no vals ind [idx
lead][111],pi); _ _ index = add(index, extract_1(L_multO(idx, q))); // index - index + idx*q; i= add(i,1);// i
++ 1 ELSE{ find pos_fx(abs cv,DIM,valsiidx_lead][i]g,g); idx = c2idx_fx(pi,p,no_vals _ind_didx_lead][1]);
index = addMHI1#798 index = index + idx; In this indexing code, the VEriHblIe& 51§10t
functions/procedures have the following meaning:

Te exemplifyv the binomial indexing, consider the
f~dimensional leader vector (2,1,1,0). We consider here the

permutations without taking intoe account the sign.

The vectors that beleong to the leader class of {2,1,1,0}) are
given in Table 1 below, wherein two different indexing

variants are presented:

Index Variant 1 Variant 2
0 2,1,1,0 2,1,%4,0
1 1,2,1,0 2,1,0,1
Z 1,20 2,0,1,1
3 i,1,0,2 1,2,1,¢C
4 2,%,0,1 1,2,0,1%
5 1,2,0,1 0,2,1,1
3 1,0,2,1 1,1,2,¢C
7 1,6,1,2 i,0,2,1%
| 8 2,0,1,1 , 0,1,2,1
9 0,2,1,1 1,1,0,2
i0 0,1,2,3 1,6,1,2
11 0,1,1,2 6,1,1,2

Table 1: Leader Class for Leader Vectoer (2,1,1.0)

With respect to the first variant of Table 1, it can be seen
that in the first group (with indices 0-32, i.e. the first four
vectors, indicated by the horizontal lins} the relative

position of the values 1 and 0 is the same, but the position
of the value 2 1s changing from one vector to ancther. The
same happens in Lhe second group {with indices 4-7) and so
on. The difference between the first and second group resides

on how the components having value 1 are situated on the three



DIM is the lattice dimension, i.e. 8. The variable int no vals [361 stores the number of different values
for each leader vector. The variable int no_vals_ind [36] [4] stores the number of each individual value
in each leader vector. The variable int vals_[36][4] stores the values that belong to each leader vector.
The variableYR R4 F Fepresents the index of the feader class the inpuf V&&EBIHE HE Ihdexed
belongs to. The variable int abs_cv[8] keeps the absolute values of the input vector to be indexed. The
function find_hos_elim_fx (int * abs_cv, int dim, int val, int * p) finds the positions of the components
having the value val within the dim-dimensional vector of absolute values abs_cv, puts them in the
array p, and eliminaltés tiferfeéitife vE6tor abse oVl teprepsaredt for thessearchtafthelnext value. The

fU_”C_tiO”_ find_pgs. fx Qﬂb’éﬁ@ﬁ:‘%é%ﬁ@ﬂﬂ@%‘a int& p) is the same.es fiB@__BQ%g%M’gfx without
eliminating the components. This function is called for the next to last value in the leader vector

because thereds Fir fiFiRer seatentfor thetsst Ve tHrEfore thefehis Hotnésd thelimiitate the

component having the next to last. value. The functﬁ'rg int c2idx_fx(int dim, intint no_vals) assigns an

index componéitstihto Féﬁﬁi@i@ricé?%iﬁé%b%ﬁf@n\ ofno Naig & totat of ih passisle components.

groups in the first variant, wherein in each group, only the
. ‘ : . (4
position of the value Z i1s changed, s¢ that there are L =4

1)

vectors in each of the three groups.

It can thus be concluded that one way to enumerate the vectors
in a leader class is to consider the different valuss in the
vector, one at a time, and check their possibkble positions.
¥or the considered example (variant 1), the possible
rositions of the value 2 are considered first, then out of
the remaining 3 positions, the positions of the components
having the wvalue 1 are congidered. The positions of the
component having value 0 is dependent on the posgition of the
first two values {(because ig the last value), so 1t does not

nead to be considered separately.

Variant 2 in Table 1 follows & similar approach. However, the
pogition of the value 7 is not changed within a group, but
across groups. Accordingly, there are now four groups (with
indices 0-2, 3-5, 6-8 and 9-11, respectively). In sach of
these groups, the three vectors differ in the arrangement of

the value 1, which ils present twe times, onto the three

avallable positions, i.=2.

s {D
By e
-
i
2

Returning to the example lattice guantizer proposed for the

G.EV~VBR codec under standardization in ITU-T 5G16/0%, the



(xx 0 0) index 0 (x0 x 0) index 1 (x0 0 x)
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leader vectors defined therein are reproduced in Tablie 2 below
{these leader vectors may differ from the standardized leader
vectors by a scaling facteor). The dimension of the leader
vectors (and thus the lattice) 1s eight, and there are a total
of 36 leader wvectors. Therein, the leader vectors with

odd-valued components have sign constraints. In particular,
if the sum of the absolute values of all eight components is
a multiple of four, the number of negative compoenents should
be even, otherwisz, it should be odd. For instance, the leader
vector with index 0 ¢1,1,1,31,1,1,1,1) has sum &, which is a
multiple of four, therefore there should be an aven number
of -1's in the vectors from the leader class corresponding
to 1T. The leader vecteor with index 3 (3,1,1,1,1,1,1,1) has
sum 10, which 1g¢ neot a multiple of 4, therefore the number

of negative components should be odd.

Idx. | Leader Vector Idx. | ILeader Vector

0 {1,1,31,1,1,1,1,1} i8 4, 4,4,0,0,0,0,0}
1 {2,2,0,0,C,0,0,0% 19 {6, 2,2,2,0,0,0,0}
2 (2,2,2,2,0,0,0,0} 20 { &, 4,2,0,0,0,0,0}
3 {3,1,1,1,1,%,1,1} 21 07, L,1,1,1,1,1, 1)
4 {4,0,0,0,C,0,0,0} 22 { &, 0,0,0,C,0,0,0}
5 [2,2,2,2,2,2,0,0} 23 {6, 6,0,0,0,0,G,01
G {3,3,1,1,1,1,1,1¢ 24 [ &8, 2,2,0,0,0,0,0%
7 {4,2,2,0,0,0,0,0¢ 25 {8, 4,0,06,0,0,0,0%
8 {(2,2,2,2,2,2,2,2} 26 {9, 1,1,3,1,1,1,13
9 {3,3,3,1L,1,1,1,1} 27 {10, 2,0,0,0,0,0,0!
10 {4,2,2,2,2,0,0,0} 28 {8, 8,06,0,0,0,0,0¢
11 {4,4,0,0,0,0,0,C} 29 {30, 6,0,0,0,0,0,01}
12 (5,1,1,1,1,1,1,11 30 {12, 0,0,0,0,0,0,0;%
13 {3,3,3,3,1,1,4,17 31 {12, 4,0,0,0,0,0,0}




index 2 (Ox x 0) index 3 (0x 0 x) index 4 (00 x x)

WO 2009/100768 = PCT/EP2008/051901
14 (4.2.2.2,2.2.2,01 32 (10,10,0,0,0,0,0,07
15 [4,4,2,2,0,0,0.0} 33 {14, 2,0,0,0,0,0,0!
16 5.3,1,1,1,1,1,1) 32 128 5.0 0.0.0.0;
17 16,2,0,0,0,0,0,0} 35 (16, 0,0,0,0,0.0.C}

Table 2: Leader Vectors in the G.EV~VBR Codec

The binomial indexing procedure for a vector belonglng to a
leader class can ke described by the follcowing exemplary
general indexing code, written in ANSI-C using (for the
simulation of a generic Digital Signal Processcr (D3P), e.g.
functions sub{}, add(), L multC{}, movel6{)) the fixed point
librarv provided by the ITU G.191 ITU-T Software Teool Library
2005 User’ s Manual. Therein, comments £o the code are provided
behind a double forward slash “//” or between the "/*" and

TR/ signs.

This indexing code is general, 1i.e. it is gpplicable tco input

vectors contained in any leader class of Table 2.

pi = DIM; movel6 () ;

index = 0; movelis ()

1= 0; moveld{);

tme = sub{no vals [idx lead],1);
//tmp = no vals [idx leadj-1;

WHILE (tmp>0)
{
tmp = sub (tmp, 1) // tmp --;
IF { tmp > 0){
find pos elim fx(abs cv,DIM,vals [idx lead][i],p);

idx = cZidx fx{pi,p,no_vals ind [idx leadii{il]};



index 5, where no_vals - 2, DIM =4 and the position of two "Xx"-es on four possible positions are
indexed. The function int number_fx(int no_vals, mt no_vals_ind_, int dim) counts the number of
vectors obtained through the non-signed permutations of a dim-dimensional vector having no_vals
number of véﬁ’@e@"‘é{é‘(‘fﬁﬁaving the number of occurrences in the array nd VAIERHEE 48 ¥8fresponds to
the formula. from Eq. (1) _ _ without the factor 2' 1P1. again the exemplary leader class of variant 2 of
Table 1. The leader vector in this example is (2,1,1,0), and it is assumed that the leader class is
associated with idx_lead=5, although it is not of importance for the example. Furthermore, assume that
the input vector to be ikdexed ¥ (1,0,2:2), Vel the diméasivnlstade exahiple is smaller than in the
exemplary lattice quantizey, in Taple 2. which, uses 8:dimensigral vectors. Due to the generality of the
above indexing code, this does however not matter. The variables in the indexing code above are then
initialized to the followfhg ValiBSdbs &S50 291)Anput Vector 6 Be‘indexed // in leader class 5

add(l,1)),&no_vals ind [idx lead][i+l],pi);
index = add(index, extract 1{L multl(idxz, g))):;
[/ dindex = index + idx*qg;

i oadd(i, 1) S/l 4+

find pos fx{abs cv,DIM,vals [didx lead] [i],p);
ldx = cZ2idx_fx(pi,p,no_vals ind [idx lead]{il):

index = add{index, idx): // index = index + idx:

In this indexing code, the variables and functions/procedures

have the following meaning:

= DIM is the lattice dimension, l.e. g,

& The variable int no _vals [36] stores the number of
different values for each leader vector.

= The variable int no vals ind [36][4] stores the number
of each individual value in each leader vector.

" The variable int vals [36][4] stores the values that
beleng to esach leacer vector.

= The variable int idx lead represents the index of the
leader class the input vector to be indexed belongs to.

e The variable int abs_cv[¥] keeps the absclute values of
the input vector to be indexed,.

s The function find pos_elim fx (int * abs cv, int dim,
int val, int * p) finds the positions cf the components

having the value val within the dim-dimensional vector



DIM=4// no vals[5]=3// Four-dimensional vectors three different values in target // vector, i e. a
three-valued target // vector novalsind[5]=(1,2,1) _ //

WG 2009/100768 27 PCT/EP2008/051901

of absolute values abs cv, puts them in the array p, and
eliminates them from the vector abs cv, to prepare 1t
for the search of the next value,

= The function find pes fx({int * abs cv, int dim, int val,
int * p) is the same as find pos _elim fx without
eliminating the components. This function is called for
the next to last value in the leader vector because thare
is no further search for the last value, therefore there
iz no need to eliminate the component having the nezxt
to last value.

® The function int c2idx fx{int dim, int *p, int no_vals)
assigns an index to the positioning of no vals
components intc a total of dim possible components.
¥or instance:
(x = 0 0) index 0

(2 0 0) index 1

B

%
(x 0 0 x; index
(0 x x 0} index 3
(0 x 0 %) index 4
{0 0 % %) index 3,
where no vals = 2, DIM =4 and the position of two “x"-es
on four possible positions are indexed.
= " The function int number fx(int no vals, int *
no vals ind , int dim) counts the number of vectors
obtained through the non-signed permutatlons of a
dim-dimensional vector having no_vals number of values,
each having the number of occurrences in the array

ne vals ind . It corresponds to the formula from BEg. (1)

, —inl
without the factor 2"17 .

The functicning of the above-presented general indexing code

can be understoed from the following example. Consider once



the three different values // occur one time, two times, and // one time in the input vector, //

28

WG 2000/100768 PCT/EP2008/05190]

again the exemplary leader class of variant 2 of Table 1. The
leader vector in this example is {(2,1,3:,0), and it is assumed
that the leader class is associated with idx lead=3, although
it is not of importance for the example. Furthermore, assume
that the input vector to be indexed is (1,0,2,1), i.e. the
dimension of the example is smaller than in the exemplary
lattice quantizer in Table 2, which uses 8-dimensional

vectors. Due te the generality of the above indexing code,

this does however not matter.

The variables in the indexing code above are then initialized

to the following values:

abs cv=(1,0,2,1) /7 Input vector to be indexsd

// in leader class b

DIM=4 // Four-dimensiocnal vectors

no vals[5]=3 // three different values in target
// vector, i.e. a three-valuesd target
// vector

no vals ind [5]=(1,2,1) // the three different values

// occur one time, twce times, and
// one time 1in the input vector,
// respectively

vals [5]1=(2,1,0) // the three different values in
// the inpuf vector are 2, 1 and

// 0, respectively

The indexing code above then produces the following results

{at the end of each while-iteration):



respectively vals[51=(2,1,0) // the three different values in //// the O,

WO 2009/100768 29 PCT/EP2008/051901
i lp abs cv |idx|pil g |index
O (2} (1,0,1)y:2 3 3 &
1 {0,211 (0 1 1 1 7

As a final result of the indexing of input vector (i,0,2,1)
that is contained in leader class idx lead=5 shown as variant
2 in Taple 1 above, the {(position) index 7 is thus obtained,
which in fact corresponds to vector (1,0,2,1) in leader class

5

Returning to the general indexing code presented above,
addition to the position index that 1s representative of the
positions of values in the input vector, the information

related to the sign of the non-zero values in the input vector

should be enceded. The index for the sign is calculated as:

By
idx _sign=>"b2",

i=!

where 5 is the number of non-zerc components in the vector
tc be indexed, b 1s 0 1f the i-th non-zero component is
pesitive and 1 otherwise. The value of S is the same for all

the vectors in a leader class.

The final index I (comprising both position and sign index
information as well as information representative of the
leader class the input vector is contained in) 1s then

calculated as:

=
I

shl (index, 1dx sign max bit[idx lead]):

// T = index<<idx sign max bit[idx leadl;

i

-

L add(I, L deposit l({idx sign)):



input vector respectively are2,1 and The indexing code above then produces the following results (at
the end of each while-iteration):  abs cvlidx i pig

WO 2009/1606768 30 PCT/EPZ008/651904

// T = I+idx_sign;
I = extract 1(L add({l, offset lead [idx lead]));

/T =1 4+ offset_lead[idx lead];

Therein, the variables used have the following meaning:

& int 1dx sign max bit[36] 1s a variabie storing the
number of bits on which the sign index is represented.
It actually corresponds to the number of non-zerc values
in the wector if the parity i1s zerc, or to the number

of

non-zers vaiues-1 if the parity is +/-1.

e uint cffset lead[36+1] represents the leader offset for
each leader class. It actually means that if there are
n; vectors in the first leader class, n; in the second
and so on, the offset lead will be: 0, n;, nitng, ... In
this way, information representative of the leader class

the 1lnput vector is contained in can be included into

the final index I.

.8 The

th

inal index I is obtained by actually puttling the
idx sign on the last 1dx sign max bits[] bits of the
shifted index {i.e concatenating the position index bits
and idx sign bits, while knowing that 1dx_sign can use
idx sign max bits at most, and adding the offset for the
leader class to which the current vector to be indexed

pelongs.

The first aspect of the present invention propeses to reduce
the complexity of the above-described general indexing by
applying specific processing 1f an input vector to be indexed
is contained in a leader class that beleongs to a pre-defined
group of leader classes, and bv applying general processing

otherwise.
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Fig., 2 is a flowchart 2 illustrating a method for indexing
an input vector according to an exemplary embodiment of

hil
the first aspect of the presaent invention,.

In a first step 200, an input vector is received. The input
vector may for instance be determined during a guantization
process, for instance as closest match to all vectors in a
lattice that 15 a union of leader classes. An identification

<=

0f the leader class in which the input vector is contained
is alse received in step 200, This may for instance be an Index
for the leader class, or the leader vector of the leader classg

the input vector 1s contained in, tTo name but a few examples.

In a step 201, it is then determined 1if the leader clasgs 1s
containaed in a pre-defined group of one or more lLeader

classes. If this is the case, a speclific processing is applied
in step 202. Otherwise, a general processing 1s applisd in

a step 203,

Examples for the pre-defined group of leader classes and for
the speclific processing applied when indexing input wvectors
that are contained in leader classes of such & pre-defined

group of leader classes will now be discussed in more detail.

According to a first exemplary embodiment of the first aspect
of the present invention, only the leader c¢lass that is
assoclated with the leader vector with index 20 (see Table
2y, i.e. 16,4,2,0,0,0,0,0}, is subjected tc a gpecific
processing. Thus the pre~defined group of leader classes only

contains one leader class, identified by ingdex 20.



7 As a final result of the indexing of input vector (1,0,2,1) that is contained in leader class idx lead=5
shown as variant 2 in Table 1 above, the (position) index 7 is thus obtained, which in fact corresponds
to vector (1,0,2,1) in leader class 5. Returning to the-general indexing code presented above, in
addition to tNESEEHWRfdex that is representative of the positions of vallfgégiﬁpﬁ?gsfﬂﬁﬂ?\/ector, the
information related to the sign of the non-zero values in the input vector should be encoded. The index
for the sign is calculated as: idx _sign21 , where S is the number of non-zero components in the vector
to be indexed, k is 0 if the i-th non-zero component is positive and 1 otherwise. The value of S is the
same for all theé veietorsiinaleadertkassz Thedinal ivdenEomprisingiboth poditionrarid:sign index
information as yell.ag jnformation representative ofdhedeader glass the input vegterisgontained in) is
then calculated as: | = sal(index, idx_smax bit[idx lead]); // | = index<<idx_sign_max_bit[idx_lead]; - L
add(i, 1, deposit ik $igh)F 497 | = 1+idx_sign;

IF (sub{idx lead,20)==0} /7 if {idx_lead == 20)
{

g = 42; movel6 ()}
if (sub(tmp,l) ==0 ){ // if (tmp == 1)
g = 6; moveles ()
}
'
ELSE {
g = Clsub(pi, )] [(no_vals ind [idx lead][add(i,1)1)1;
movels () ;
// g = Clpi-1][no vals_ind [idx lead] [1+1]];
}
Therein, the variable C[DIM+1]{DIM+L] stores the binomial

coefficients up to dimension 8.

In this embodiment, the specific processing is represented
by the code that is executed in case that i1dx lead eguals 20,

and the general processing 1s represented by the code that

[N

5 executed if idx lead does not egqual 20.

In the context of this embodiment, the inventors have chserved
that the leader class with index 20 is the singie leader having
4 different values. The leader vector with indsx 20, being
the only one with four different values, fcorces the table
no _vals_ind to be of dimension 36 x 4 (36 leader classes and
a maximum number of four different values per leader classy),

i.e. no vals ind [idx lead][i] 1s only different from zero



| = extract_1(L_add(l, offset_leadjidx_lead])); // | = | + offset_lead[idx_lead]; Therein, the variables
used have the following meaning: int idx sign max bit[36] is a variable storing the _ _ number of bits
on which the sign index is represented. It actually cofresponds to the number of non-zero values'in the

vector if the‘ﬁgrﬁ@f’?él%tﬁ& or to the number of non-zero values-1 if the pa?Wii'gPi‘)gfosﬁw

offset_lead[36+1] represents the leader offset for each leader class. It actually means that if there are
ni vectors in the first leader class, n2 in the second and so on, the offset lead will be: 0, ni, ni+n2, ... In
this way, information representative of the leader class the input vector is contained in can be included
into the final indeX I- “Fhe finarineleXids bbiained B aetially putting the idx_&igisvRthelBst
idx_sig,n_max: Dits-{1 bits of the-shifted index (hecancatenating thepasitian indexbits-and idx_sign
bits, while knowing that idx_sign can use idx_sign_max_bits at most, and adding the offset for the
leader class towhich the BTt Vectorfo Be hdexed>belhgs TFHE firdt AspEct-ofthe resent
invention propasesttonretuce thereemplexity oftheiabovedescribed-general indeXihg byapplying
specific processing, f’Ff an input.vector fo >be,: indexed is contained in a leader cl%% that belongs to a
pre-defined group 0 feader é?%’s’"es, and by appﬁl/ing general processing otherwise. "Fig. 2 is a
flowchart 2 illustrating acmetifod foriindexifg of eeribput Yactor aceording t6 afcexerfplary embodiment

of the first aspgct.ofshe;present invention,.ln: a first step;200, an input vector is.received,The input
vector may for instance be determined during a gquantization process, for instance as closest match to
all. vectors in &S thatis Zdion bf 18Rder dla¥ses It fd¥rification bftHé leader class in which the

input vector is gentained is,alsoecgived.in step 200; his may-forinstanece bemanindex for the leader
class, or the leader vector of the leader class the input vector is contained in, to name but a few
examples. In aStepPHE tiRthen detérmiingd’if te REUEF ERiseds tonthifiéd Y a pre-defined group of
one or more leaget glassesnf this:is the casera speeaiic processing is applied in step 202. Otherwise,
a general processing is applied in a step 203. Examples for the pre-defined group of leader classes
and for the specific processing applied when indexing input vectors that are contained in leader
classes of suchma presdefined:group ef leaden ¢lassaswilmow e discassed intmere detdil. According

to a first exema'%sé embadiment,of the first,aspect of the presentinvention..only theJeader class that is
e

associated with leader vector with index 20 (see Table 2), i.e. (6,4,2,0,0,0,0,0), is subjected to a
specific procesdiig. TRUSIRB prerdéfined greGp GF f6ader Thisse BRI Cortains enedigddér class,

identified by indeX28:z zre occurring more freguently than the other ones.
For example for the data that 1s guantized with the lattice
quantizer within the G.EV-VBR codec with the lattice
structure that is built on the leader vectors of Table Z, the
leader vector with index 1, i.e. (2,2,0,0,C,0,0,0), is most
likely to be used and, generally, the vectors for which the
leader vector has two different wvaluss (e.g. the leader
vectors with indices 1, 2, 3, 4, 5, 6, 9, etc.) aremore 1ikely
to be used than the other vectors. They conciuded that it would
e reasonable to think of a method of indexing for which the

complexity ls smaller particularly for these vectors.

For the calculation of the index for the sign, there is need
for a loop to check the sign of each vector component. It is
less complex to consider separately/specifically the leaderxr
vectors having only two different values, because the

indexin rocedure handlies the position of only one value
g p ¥ :



In particular, the call of the function number_fx() in the general indexing code described above may be
replaced by the following code: IF (sub(idx_lead,20)==0)// if (idx lead == 20) = 42;movel6();
(sub(tmp,1) ==0 ){// if (tmp == 1) g = 6;movel6(); SE,{ q = C[sub(pi,1)][(no vals ind [idx lead][add(i,1)])];
movel6(); // §2 EYPYHPTAD vals_ind_[idx_lead] [i ]]; Therein, the variable EFHRRIPPAIIRFLH] stores the
binomial coefficients up to dimension 8. In this embodiment, the specific processing is represented by
the code that is executed in case that idx lead equals 20, and the general processing is represented by
the code that is executed if idx_lead does not equal 20. In the context of this embodiment, the
inventors have Gbserveditkat thetleader srassrwith index205s thé singledeader:-having4 different

values. The leadervector with index-20,being the oply; rewith, four different values, forces the table
no vals ind to be of dimension 36 x 4 (36 leader classes and _
of the leader vectors with two values only, have one zerc value

{see for instance the leader vectors with index 1, 2, 4 etc.
in Table 2Z), so the creation of the positicon index can be
efficiently coupled with the creation of the sign index in

the same loop.

There are two types of leaders with two values, one type having
even values only (see for instance the leader vectors with
indices 1, 2, 4, 5 etc. in Table 2) and the other having odd
values only (see indices 3, &, 9 etc.). For the first type,
most of the components have the value 0, while for the second
type, most of the components have the value 1.

For example, the following specific procedure can be used to
repiace the entire general indexing code described above to

process the two-valued vectors with even components.

idx sign = 0; movel6 () ;

index = 0; /* used as cnt */ mavel6 ()

FOR (i=0; 1<DIM;i++)

g = cvli]; movels () ; Llogiclé();
if {q)
{
plindex] = 1i; movelds(); // for position index
|
1f (g<0)

{

tmp = shl {1, index); // for sign index



a maximum number of four different values per leader class), i.e. no vals ind [idx lead] [i] is only
different from zero _ _ 33 WO 2009/100768PCT/EP2008/051901 for idx lead=20 and i=3 (i ranges
from O to 3). However, in the general indexing code;presented above, the only reference to this
non-zero valY® MR ind occurs for idx lead=20 _ _ in function numbgFB(v(’:)‘.’zl‘f{’i’g%%linstructive to
split the function number_fx() into a specific processing (for the leader class with leader vector index
20) and a general processing (for the remaining leader classes), wherein in the general processing,
now only reference to a table no vals ind with dimensions 36 x 3 is required. The _ _ introduction of the
specific processing thus allows to optimize the general processing. In the context of a second
exemplary embodiment of the first aspect of the present invention, the inventors have observed that in
some practical use cases a small subset of the leader classes are occurring more frequently than the

other ones. For example fortfé-datdthat i€'glantzed @ith thEBitice’ qudntzeérWithi " G.EV-VER

codec with the lattice
1f (g

index = add({index,l):

}

index = c2idx fx (DIM,p,index); // pesition index

Inasimilar manner, the second type (two-valued vectors with
odd values) can be treated separately using for example the

following procedure:

idx _sign = 0; movels () ;
index = (; movel6(};
FOR(i=0;i<DIM; i++)

{

g = cv([i]; movels (};
1f {g <0}
{
tmp = shl{1,1i);
}
it (g<0)

idx sign = add(idx sign,tmp);

if (g<0) i



structure that is built on the leader vectors of Table 2, the leader vector with index |, i.e.
(2,2,0,0,0,0,0,0), is most likely to be used and, generally, the vectors for which the leader vector has
two different values 5/%.‘ . the leader vectors with indj¢ces 1, 2, 3, 4, 5, 6, 9, etc.) are more likely to be
used than th® QB rs. Theyconcludedthat it would be reasonable td itk B HeMod of
indexing for which the complexity is smaller particularly- for these vectors. For the calculation of the
index for the sign, there is need for a loop to check the sign of each vector component. It is less
complex to consider separately/specifically the leader vectors having only two different values,
because the indexing procedure handles the position of only one value (first one) without having to
make further preparations forighecking the positions of following values. In addition, most of the leader
vectors with two values only, have one zero value (see for instance the leader vectors with index 1, 2,
4 etc. in Table 2), so the creation of the position index can be efficiently coupled with the creation of
the sign index in theisaraedoop. There are two types of leaders with two values, one type having even
values only (see for instanc%Qe}l{eaﬁdgr v thl[is Witlf )in_dices 1, 2, 4, 5 etc. in Table 2) and the other
having odd values only (see indices 3, 6, “’e’"tc.?.xl'—‘or the first type, most of the components have the
value 0, while for the second type, most of the components have the value 1. For example, the
following specific procedure can be used to replace the entire general indexing code described above
to process the two-valued vectors with even components. idx sign = 0;movel6(); index = 0;/* used as
cnt */ movel6():FOR i20; 2D G=tufmevelb(): IogicTers; ifg) non-zero parity

index = c2idx fx(DIM,p, index);

in this second exemplary embodiment of the first aspect of
the present invention, the pre-defined group of leader
classes thus comprises all leader classes with only
two-valued leader vectors {i.e. leader classes with leader
vector indices 1, 2, 3, 4, 5, 6, &, etc.). The specific
processing 1s represented by the two code segments specifyving
the processing for the two-valued leader vectors with even
and odd components, respectively, and the general processing
is represented by the general indexing code that 1s applied
for all other leader classes (e.qg. leader classes with leader

vector indices 0, 7, &, 10, etc. in Table 2). Therein, it 1

0

o be noted that the pre-defined group is split intoe two

sub-groups here, a first sub-group with two-valued leader
vectors with even components, and a second sub-group with
two-valued leader vegctors with odd components, and that for
cach of these sub-groups, different actions are performed in

the specific processing.

As a first modification of the second exemplary embodiment
of the first aspect of the present invention, it would also
be possible to dispensze with the specific processing for the

two-valued leader vectors with odd components (e.¢. indices



p[index] =movel6(); // for position index if(q<0) tmo = sh1(1,index);// for sign index 25 WO
2009/100768PCT/EP2008/051901 (g<0){ idx sign = add('dx_ssgn, tmp); // for sign index (g){ index =

ad.d(index,1); indqx - c2idx fx(DIM,p,index); // positien index In a similar manner, the_spcond type
(two-valued B Wit dd values) can be treated separately- using forygmﬁ?gsfﬁ%l‘f%]llowing
procedure:

3, &, 9 etc.}), and to perform the general indexing code
instead. The pre-defined group of leader classes then would
only contaln the leader classes with two-valued leader
vectors with even components. Alternatively, the sgpecific
procezsing for the two-valued leader vectors with even

components could be dispensed with.

As & second modificetion of the second exemplary embodiment
of the first aspect of the present inventicn, it would alsc
be possible to restrict the specific processing to the
determining of the pogition index ("index"™) conly, or to the
determining of the gign index ("idx sign") only. This
modification could of course also be applied to the first
modification of the second exemplary embodiment of the first
aspect of the present inventiocn.

The first aspect of the present invention i1s directed to
indexing of an input vector, which is for instance required
during quantization. The second aspect of the present
invention, which will be described in the following, 1s
directed te de-indexing, 1.e. to determining (or recovering)
a target vector based on an index associated with the target

vector.

A binomial de-indexing procedure for a target vector
belonging to & leader class as defined by Table Z can be
described by the following exemplary general de-indexing
code. This de-indexing code 1s general, 1.e. it is applicable
to target vectors contained in any leader class of Table Z.
The variables and functions used in this de-indexing code
correspond to the ones used in the general indexing code

presented in the context of the first aspect of the present



idx_sign = 0;movel6(); index - 0; movel6(); FOR(i=0;i<DIM;i++) { cv[i];movel6(); if (g <0) tmp = sh1(1,i);
if (g<0) idx sign = add(idx_s gn,tmp); if (g<0)( = sub(0,g); tmp = sub(g,1); if (tmP)

WO 2009/100768 38 PCT/EP2008/051901

invention above., The de-indexing procedure receives the
variable 1dx lead, which ldentifies the leader class, and the
variable index loc, which identifilies the position index
{which is representative of the positions of values in the
targer vector), as an inpuit, and determines the target vector
cv oas an output. Therein, the sign of the target vector is

not considered, it may be recovered in a separate procedure,

FOR (J=0;3<DIM; j++) {
cv[il = vals [idx lead] [subinc vals [idx lead],1)];
movel6 () ; /* put by default the last value */

ccc_pos[i] = O movel6 ()

no places olid = DIM; movel6 {};

FOR (i=0;i<sub{no wvals {idx lead],l);i++)
no vals crt = no vals [idx lead];
no_places=sub(no _places_cld,no vals ind {idx iead][i]
Y
tmp = sub(no_vals [idx lead], add(2,i));

TF {(tmp>0){

gquotient = number fx(sub{no vals crt, add(i,i}),
&no_vals_1ind [idx lead] [i], no_places);

idx = div_int({index loc , gquotient, &index loc);
/* integer division: index loc/quotient = idx,
reminder index loc */

/*pigatable with the positions of the value valsli]

out of no places available positions */



p[index] = 1; movel6(); if(tmp){ index = add(index,1); 1 idx_sign = shl(idx_sign,1); // due to non-zero
parity index = c2idx fx(DIM,p,index); In this second exemplary embodiment of the first aspect of the
present invention, the pre-defined group of leader classes thus comprises all leader classes with only
two-valued [FSHENYEUE (i.e. leader classes with leader vector indices T, 2 BPRIEIRY etc.). The
specific processing is represented by the two code segments specifying the processing for the
two-valued leader vectors with even and odd components, respectively-, and the general processing is
represented by the general indexing code that is applied for all other leader classes (e.g. leader
classes with leader vectordrdiees:0{ 7o 8> 185 etc. 4n FTabte 2). Therein, it is to be noted that the
pre-defined group is splitjptq, e sub:greups here.a first sulpzgroup with two-valued leader vectors
with even components, and™a second sub-group with two-valued leader vectors with odd components,
and that for each of thes8 $ublgrotips  differerit adticiisare performéd fit the' specific processing. As a
first modification of the sgeond: exemplary:embeadimentofithe firsicaspect of the' present invention, it
would also be possible t% ispggg )With the specific processing for the two-valued leader vectors with
odd components (e.g. indices 37 WO 2009/100768PCT/EP2008/051901 3, 6, 9 etc.), and to perform
the general indexing code instead. The pre-defined group of leader classes then would only contain
the leader classes with two-vzaétgze@ leader yectors with, gven components.-Aliernatively, the specific
processing for the two-valued leader vectors with even compofients could be dispensed with. As a
second modification of the sécond exemplary embodiment of the first aspect of the present invention, it
would also be possible to restrict thesspeaific processing to the detesnining of the position index
("index") only, or to the determining af the sign index ("idx_sign") only. This modification could of
course also be applied to the first Crglvcc)fé)lﬁg’ tiogn of fhseéétgox_ %)%e&rﬁgfdry emb(5“51\r]n”’((aifmgtt @f the first aspect
of the present invention. The first aspectwf the present:inventiomis/ditected to indexing of an input
vector, which is for instance required during quantization. The second aspect of the present invention,
which will be described in the following, is directed to de-indexing, i.e. to determining (or recovering) a
target vector based on an fddeklassociated with the target vector.

FOR(j=0;3<no vals ind [idx lead] [i];j++)

pos = offset[pliil; movelé (); movelé () ;
cvipes] = vals [idx lead][i]: movels () ;
occ posipos] = 1) movelb ()

i
/* update offset */
1=0; movel6 () ;

FOR{ 3=0; 3<DIM; “++

offser[1l]=7; moveld () ;

ELSE]



A binomial de-indexing procedure for a target vector belonging to a leader class as defined by Table 2
can he described by the following exemplary general de-indexing code. This de-indexing code is
general, i.e. it is applicable to target vectors contair&d in any leader class of Table 2. The variables
and function® U8 HHiE de-indexing code correspond to the ones usedti A& Y&HE I hdexing code
presented in the context of the first aspect of the present 38 WO 2009/100768PCT/EP2008/051901
invention above. The de-indexing procedure receives the variable idx_lead, which identifies the leader
class, and the variable index _loo, which identifies the position index (which is representative of the
positions of values in the targetvector),(as anlinpat_andddetermines the target vector ov as an output.
Therein, the sign of the target vector is not copsidered, it may be recoyered;n a separate procedure.
FOR(j=0;j<DIM;j++)1 cv[j] = vals_[idx lead][sub(no_vals [idx lead], 1)]; movel6(); /* put by default the
last value */ occ_pos[j] = 0;movels; b Phates BId 2SDIVME ¥ iovel6); FROR&EE vectox
i<sub(no_valsjidx_lead],1);i++) no vals crt - no vals [idx lead];

no_places=sub(no_places_old00. vals NI teadlll: i, 1oaay 1475944y

pos = offset(plill; movel6 () ; movelé():

cvipos] = vals [idx lead][i]: movel6 () ;

[

Therein, the function idxZc_fx(int dim, int* p, int no vals,
int index loc) 1s complementary to function cZidx fx
discussed above and returns the positioning p of no vals
components in & dim-dimensional vector as prescribed by

index loc.

Farthermore, variable int occ posi8] keeps track of the
positions on which the components of the already decoded
values have been put. The wvariable int offset (8] is used to
find out the real position of the wvalues, because 1f, for
instance one valuse has been already placed on a §-dimensional
vector, the position index for the following value is relative
te seven positions only. E.g. for 4-dimensional leader {2 1
1 0y, if when decoding the position cf the value Z gives (x
2 x x} and the position index for the valus 1 is 0, this
corresponds to positions (0,1) for the two values one, but
the ones will be actually put on the positions (0,2) because

the first value, 2, is already on position 1.



tmp =add(2,1)); IF (tmp>0)f quotient = number fx(sub(no_vals_crt, add(1,1)), &no_vals_ind[idx_lead]]i],
no_places); idx = div int(index, quotient, &index loc); /* integer division: index_loc/guotient = idx,
reminder index 100 */ /*p isa table with the positions,gf the value vals ] out of no places available
positions */ BEAESAG87100768PCT/EP2008/051901 idx2c_fx(no_place s GBS R WIS ind [idx
lead][1],idx); _ _ no_places_old = no places;movel6();

Fig. 3 is a flowchart 3 iilustrating a methoed for determining
a target vector based on an index asscciated with the target
vector according to an exemplary embodiment of the second
aspect of the present invention. This method mayv for instance

be performed during a de-quantization process.

In a first step 300, an index agssoclated with a target vector
that is to be determined is raceived. The index may for
ingtance be an index that selects a vector from the vectors
of a leader class, whereln the vectors in the leader class
may for instance be binomially indexed. In addition to the
index, an identification of the leader class in which the
target vectoer 1s contalned is received. This is however
optional, since the identification of the leader class in
which the target vector 1s contained may egually well be
contained in the index associated with the target vector. The
index and the identification of the leader class received in
step 300 may for instance be obtained from an index that
containg all of the following information: an identificaticon
of the leader class, information on which vector in the leader
clags shall be determined as target vector, and sign

Ny

information for the target vector.

The target vector that is to be determined in the flowchart
3 of Pig. 3 may for instance have been selected as a closest
match to all vectors in a lattice during a guantization

process.

In a step 301, it 18 then determined if the leader class is
contained in a pre-defined groupr of one or more leader

£
i

clagses. If this i3 the case, a specific processing is applied



[* put the i-th value in the codevectof */ IF (i==0) FOR( =0;j<no_vals ind[idx_1ead][1];j++) pos =
pmovel6(); cv[pos] = vais [idx lead][1];movel6(); occ_posiposi = 1;movel6(); }ELSE{ FOR(=0;
1<no_vals_ind[ x lead][1];Y") pos = offset[p[j]];movel6(); movel6(); cv[pos] = valsiidx lead][1];movel6();
occ_pos[post O FHIGRIEY); /* update offset */ 1=0; FOR( j=0; j<DIM:; j++ )IEYEEHFHSHIEL0) {

in step 302. Otherwise, a general processing is applied in

a step 303.

Examples for the pre-defined group of leader classes and for
the specific processing applied when de-indexing target
vectors that are contained in leader classes of such a
pre-defined group of leader classes will now be discussed in

more detail.

Loceording to a first exemplary embodiment of the second aspect
of the present invention, only the lesader class that is
assoclated with the leader vector with index 20 (see Table
2y, 1.e. {6,4,2,0,0,0,C,0}, 1s subjected to a specific
processing. Thus the pre~defined group cf leader classes only

containg one leader clags, identified by index 20,

In particular, the first FOR-loop (above the horizontal
dashed line) of the above-presented general de-~indexing code

then mav be replaced by the following code:

FOR (=0; §<DIM;§++) {
1f (sub{idx lead,ZQ)==0){
cv (3] = 0; movel6 ()
}
if (sub{idx lead,20))

cv (3] = vals [didx lead] [sub(no_vals [idx lead],l}];

=

movels (),

occ_pesl]]l = 0; movelo ()



offset [1]=}; 1 = add(1,1); movel6(); movel6(); ELSE{ idx2c fx(no places old,  novals ind [idx lead]

[i],index loc); [* put the next to last-th value in the codevector * FOR ( =0; i<no_vals_ind
[idx_lead] [i] ; j++) pos = offset[p[j]];movel6(); movel6();
WO 2009/100768 PCT/EP2608/651901

Furthermore, the call of the function number fx(} in the
general de-indexing code may Lhen be replaced by the following

code:

TF {sub{idx_lead, 20)==0)

{
guotient = 42; movel6 ()
if {(sub({tmp,l} == )

quotient = 6 movelo {};

}
mL3E{
quotient =
Clsub(no places,l)][{nc_vals_ind [ildx_ lead] {add

(1,1)y1y1: movel6 () ;

Therein, as already explained above, the variable
C{DIM+1] [DIM+1] stores the binomial coefficients up to

dimension 8.

In this embodiment, the specific processing is represented
by the code that is executed irn case that 1dx lead eqguals 20,
and the general processing 1s represented by the code that

15 executed 1f 1dx lead does not egual 20.

In the context of this embodiment, the inventors have observed
that the leader class with index 20 is the single leader having
4 different valuss. The leader vector with index 20, being
the only one with four different values, forces both the table
no vals _ind and the table vals  to be of dimension 36 x 4

{36 leader classes and a maxlmum number of four different



cv[pd=vals [idx_lead][1];movel6(); Therein, the function idx2c_fx(int dim,int no_vals, int index_loc) is
complementary to function c2idx fx discussed above and returns the positioning p of no_vals
components in a dim-dimensional vector as prescripged by index_loc. Furthermore, variable int
occ_pos|[8] REBRAMHAMKBY the positions on which the components of the AifdARZHEBHEE values have
been put. The variable int offset[8] is used to find out the real position of the values, because if, for
instance one value has been already placed on a 8-dimensional vector, the position index for the
following value is relative to seven positions only. E.g. for 4-dimensional leader (2 1 1 0), if when
decoding the positicrsafehe vade 2 givess(x. 2ix- X)- and thespesitiod indek forehe valuezhis 0, this

corresponds to,Rositions £0,1) for the; two, values,one, put theyones will be aetually puton the positions
(0,2) because the first value, 2, is already on position. 1. Fig. 37is a flowchart 3 illustrating a method

for determining atdfgetivétor based ort-af Tidex asBociHtedSHiET the target VREtdractstding to an
exemplary embediment<af the-secondhaspectof te:peeseatinventon e Fhisanethod mayfor instance

be performed %grin% avdazggarj]tié%tionagaoc$s§aIn a first step 300, an index associated with a. target
vector that is t6 be detérmined s recéived. The-index may for instaneé be an indéex that selects a

v_ector_from_ the vettors of _a_ﬂead@r gla_ssxwheréin ingaeétMs irothe Ie:mer‘@d%a% mayrfor instance be
binomially indexed, In addition fo. the index, an.identifieation of the,leader, classn which, the target

vector is containéd is received. This'is however optional, since the identification of the leader class in
which the targ@EVEctar isCEontame may iy Wwell B8 Eontaingd i fife itlexcadsotiated with the

target vector. The index and;the, identifieation, of the;lgader class received in.step 300, may for instance
he obtained from™an indéx that contains all of the following information: an identification of the leader

class, informatidioh WHieR Wettsiiin the teaderads sRalPbe Hetérmimetas targéPiécte?, and sign
information forghe targeat vegtorgdhetanget veeterthatis to be determined in the flowchart 3 of Fig. 3
may for instance have been selected as a closest match to all vectors in a lattice during a quantization
process. In a step 301, it is then determined if the leader class is contained in a pre-defined group of
one or more leader classes:if thisds the casesarspecificgprocessing is applied insstep302. Otherwise,
agenenﬂ;nocggg@ggs@¥i!he present invention, the pre-defined group of
leader classes only contains the leader class with the leader
class vector with index 1 (see Table 2), 1l.e.
{(2,2,0,0,0,4,0,0). Instead of always perferming a general
de-indexing, i.e. & de-indexing that is applicabis in case
of target vectors contained in any leader class {and that has
been presented with reference to the general de-indexing code
above), for example the following gpecific processing may be
verformed in case cf a target vecter that is contained in the
leader class with the leader class vector with index 1, and
the general processing is only performed otherwise. Note
that, as in the general de-indexing code presented above, the
following specific processing only vields the unsigned target

vector Ccv.

FOR (1=0;1<DIM; 1++)

——

cvl[i] = 0; moveld ()



a step 303. Examples for the pre-defined group of leader classes and for the specific processing
applied when de-indexing target vectors that are contained in leader classes of such a pre-defined
group of leader classes will now be discussed in mgre detail. According to a first exemplary
embodiment* TR aspect of the present invention, only the lead&f-drE8& A4S Ussociated with
the leader vector with index 20 (see Table 2), i.e. 16,4,2,0,0,0,0,0), is subjected to a specific
processing. Thus the pre-defined group of leader classes only contains one leader class, identified by
index 20. In particular, the first FOR-loop (above the horizontal dashed line) of the above-presented
general de-indegirgrcode theéh ntay e replaged Byithe following code: FOR(j=0;j<DIM;j++)( if (sub(idx
lead,20)==0){ ew{j] -;Q:movel6();.(sub(idx lead, 20)) cv[j] = vals_ idx lead][sub(no vals [idx lead], 1)
movel6(); 1 OC({:_pOS[j] = 0;movel6(); 43

cvipl{ill=2; movelb (); movelt () ;

Iin the G.EV.VBR codec (i.2. for the codebook based on the
leader vectors defined in Table Z) and speech and music data
at bitrates of 16, 24 and 32kbits/s) the leader vector
(2,2,0,0,0,0,0,0) is by far the most preobable, so that
applyving a specific processing to its leader class reduces

the overall complexity of the de-indexing procedure,

Fig. 4 is a schematic block diagram of a device 4 that is

irst

4

-y

capable of implementing the methods according to the
and second aspect of the present invention. This device may
for lnstance be a mobile phone, a computer, or any other
electronic device. The device comprises a Central Processing
Unit {(CPU)} 400, which has access tc a program memory 401 and
a memory 402, The CPU 400 may for instance execute a computer
program that is stored in programmemory 401. Therein, program
memory 401 may be fixedly installed in device 4, or bhe
removable. For instance, the program memory 401 may be
embodied as & computer-readable medium that has the computer
rogram stored thereon. Memory 402 may for instance pe
embodied as Random Access Memory (RAM) . Program memory 401
and memoryv 402 may egually well be embodied as & single

component.

CPU 400 further controls a microphons driver, which in turn
controls & microphone, a speaker driver 403, which in turn

controls a speaker, and an interface 405, via which data can



WO 2009/100768PCT/EP2008/051901 Furthermore, the call of the function number_fx() in the general
de-indexing code may then be replaced by the following code: IF (sub(idx_lead, 20)==0) { quotient =
42; movel6() if (sub(tm ==0){ quotient - 6;movel6(); 1 ELSE{ quotient -- C[sulf(no_places,1)][
(no_vals_nd™fitsd ([ﬁdd movel6(); Therein, as already explained abdVe A iabid
C[DIM+1][DIM+1] stores the binomial coefficients up to dimension 8. In this embodiment, the specific
processing is represented by the code that is executed in case that idx_lead equals 20, and the

general processing is represented by the code that is executed if idx lead does not equal 20.
e exchanged with other dsvices. The interface 405 may for

instance be embodied as a radic interface.

Device 4 thus comprises all components reguired to establish
a audic-based communication with another entity. Audio
signals received via microphone driver 404 can be encoded by
the CPU 400 and sent via interface 405 to another device.
Bqually well, audic data from other devices can be received
via interface 405, decoded by CPU 400, and rendered via

speaker driver 403.

Therein, to perform encoeding and decoding, CPU 400 of device
4 rung a codec, for instance the G.EV-VBR codec. Thig codec
may for instance be embodied as computer program that is

gtored in program memory 401. In this way, device 4 may for
instance implement the structural blocks 101, 104, 105 and

106 of Fig. 1.

CPU 400 may be understood as a processing compcenent that
pverforms indexing of input veciors {according to the
flowchart of Fig. 2) and/or determining of & target vector
based on an index associated with the target vector (according
to the flowchart of Fig. 3} and, to this end, performs specific
and general processing according to the first and second
aspect of the present invention., Egqually well, the codec, or
varts thereof, may be implemented in dedicated hardware 406
(e.g. a Digital Signal Processor (DSP), a Field Programmable
Gate Array (FPGR), an Applilication Specific Integrated Circuit
{ASTCY, or any other dedicated hardware), and then the
dedicated hardware 4906 may be understood as a processing
component that performs indexing of input vectors and/oz

determining of & target vector based on an index asscciated



In the context of this embodiment, the inventors have observed that the leader class with index 20 is
the single leader having 4 different values. The leader vector with index 20, being the only one with
four different values, forces both the table no vals ind and the table vals to be of dimension 36 x 4 _ _
(36 leader cAEHE A8 maximum number of four different 44 WO 2009/¢667841BE¢%AP2008/051901
valuesperleaderclass), i.e. no_vals_indjidx_lead,j[i] and vals[idx_lead][i] exist only for idx_lead=20 and
i=3 (i ranges fromO to 3). However, in the general de-indexing code presented above, the only
reference to the respective values of no vals indx and vals occurs for idx lead=20 in the portions of the
general de-indexing code tatdraveseerfeplaced by the speeifie, code: THERE if 89S témainder of the
general de-indgxing.code, now, only.reference todahlesnae valsiind @nduvals with.dimensions 36 x 3 is
required. _ _ The introduction of the specific processing thus allows to optimize the general
processing. ACEOrGing t6%a S6€oktr 8XEmMplary émbddiment of the second aspect of the present
invention, the pre-defined group of leader classes only contains the leader class with the leader class
vector with indgx | (see Jable 2).J.£. £22.0,0:0,0,0,0)Jnstaad afalways petforming a,ogneral
de-indexing, i.e. a d%-ln%exmg that is applicable it case of target vectors contained in any leader class
(and that has besrrpresented with referepee tothe general de-indexing cédeabove), for example the
following specific progcessing,mayle. performed in case of a target vector that is contained in the leader
class with the leader class vector with index 1, and the general processing is only performed
otherwise. Note that, as in the general de-indexing code presented above, the following specific

processing onlyndeldsitherunsigned taeget ecior €v-ROR(I=A i€ Md+h)cvl] =@movels();
embodiments. It should be noted that there are alternative
ways and variations which are obvious to a skilled perscn in
the art and can be implemented without deviating from the

scope and spirit of the appended claims.



45 WO 2009/100768PCT/EP2008/051901 idx2c_fx(DIM, p, 2,index_loc); FOR(i=0;i<2;i+e) { cv[pll=2;
movel6();movel6(); In the G.EV.VBR codec (i.e. for the codebook based on the leader vectors defined

in Table 2) qé}% §®gﬁg§y&nd music data at bitrates of 16, 24 and 32kbits/s) the-leagiaiyastor
(2,2,0,0,0,0,0,0) is by tar the most probable, so that applying a specific processing to its leader class

reduces the overall complexity of the de-indexing procedure. Fig. 4 is a schematic block diagram of a
device 4 that is capable of implementing the methods according to the first and second aspect of the
present invention. This device may for instance be a mobile phone, a computer, or any other electronic
device. The device comprises a Central Processing Unit (CPU) 400, which has access to a program
memory 401 and a memory 402. The CPU 400 may for instance execute a computer program that is
stored in program memory 401. Therein, program memory 401 may he fixedly installed in device 4, or
be removable. koripstance, the program memory 401 may he embodied as a computer-readable
medium that hasthe tomputer program stored thereon. Memory 402 may for instance be embodied as
Random Access Memory (RAM). Program memory 401 and memory 402 may equally well be
embodied as alsinglecéhponent. TPBXG0-ftffther controls a microphone driver, which in turn controls
a microphone, a speakeidrivey 403, which irdurnoconirels a speaker, angean irterfacet05, via which

data can of a plurality of sets of vectors, wherein said indexing
comprises:

- performing, in case that said input vector is contalned
in a set of vectors of a pre-defined group of one ox
more sets of vectors of said plurality of sets of
vectors, a specific processing that is adapted to a
characteristic of szid sets of vectors in said
pre-~defined group of sets of vectors and is only
applicable in case of input vectors contained in sets
of vectors with said characteristic, and

- performing, in case that said input vector is not
containedixaaset,ofvectors<Ifsamipre—definedgroup
of sets of vectors, a general processing.

Z. The method according to claim 1, wherein said sets of
vectors are leader classss, and wherein each leacer
class comprises a different leader vecter and

permutations of said leadsr vector.

The method according to c¢laim 2, wherein said leader

L

classes are signed, and wherein said indexing yields a
position index representative of the positions of values
in said input vector and a sign index representative of

the signs of the components of said input vector.



be exchanged with other devices. The interface 405 may for instance be embodied as a radio
interface. Device 4 thus comprises all components required to establish a audio-based communication

with a”Otherv%g%a @%g signals received via microphone driver 404 Car}?@‘?/%ézﬁ%gﬁ’gsw the CPU 400

and sent via. inte 5 to another device. Equally well, audio data from ot evices can be
received via interface 405, decoded by CPU 400, and rendered via speaker driver 403. Therein, to
perform encoding and decoding, CPU 400 of device 4 runs a codec, for instance the G.EV-VER
codec. This codec may for instance be embodied as computer program that |s_stored, ippﬁrogram
memory 401. Ifi this Wa§, SV 23510t st ée inPlemefit tHE STrudtufabIoeke“toT, 104, 105 and
106 of Fig. 1. CPU 400 may. berunderstabebas i pracessing: compenrant thatperfarms indexing of input

vectors (according to.the flqwckgiarlt: QL gggjezg and/ar %etfrmining of a target vector based on an index

associated with the téPg%?%é%tore(accor ing to the flowchart of Fig. 3) and, to this end, performs
specific and general processing according to the first and second aspect of the present invention.

Equally well, the codeg..or Pafts thereof, may be implemented,in dedicated: bardwate 406 (e.9. a
Digital Signal Processor (DSP), a Field Programmable Gate Array (FPGA), an Application Specific

Integrated Circuit (ASIE)YoF BAY difiérdédicatet hateivare 2t fRePCthe ' Fedicatet iarivare 406
may be understood assa praGessingicompenent that pertormsindexing of input vectorsiand/or
determining of a target vector based on an i,ndengs ogjafggd A7 WO th leader vector
2009/100768PCT/EW@@@@&%&HTE%thl'sget“ vectorand: 16 thisend, %%ﬁ%rms ‘s“b‘euﬁc and
general processing acterdingotke firstcehdrseécond @ispect: df the prasent inventionmithe program
code executed by CPU 400.can.alsp he viewed as comprising such processing components in the
form of functional modules. The invention has been described above by means of exemplary
embodiments. It should be noted that there are alternative ways and variations which are obvious to a

skilled person in the ait and,cambe implementedgvithout deviating from the seepe ang:spirit of the

appended claims. WO 2009/100768PCT/EP2008/051901 48 , ,
pre~defined group of leader classes contains a first

sub-group of leader classes with leader vectors the
components of which take only even values, and a second
sub-group of leader classss with leader vectors the
components of which take only odd values, and where said
specific processing pregcribes different actions in
case that saild input vector is contained in a leader
class of said first sub-group ¢f leader classes than in
a case that gaid input vector is contained in a leader

class of said second sub-group of leader classes.

7. The method according to any of the claims 1-6, wherein
input vectors contained in a set of vectors in said
pre-defined group of sets of vectors have a larger
vrebability of being indexed than input vectors
contained in a set of vectors that is net in saild

pre-defined group of setes of vectors.

8. The method according to any of the clilaims 1-7, wherein

sald general processing, 1f applied tc input vectors



CLAIMS 1.A method, coMprising: indexing an input vector contained in a set of vectors of a plurality
of sets of vectors, wherein said indexing comprises: performing, in case that said input vector is

contained i%s&to%ﬁl(%ggors of a pre-defingd group of one or more .se.ts C}I(}lﬁﬁ{%%g?‘fﬁ%q plurglity qf
sets of veetors, a specific processing that is adagted to a characteristic of said sets of vectors in said

pre-defined group of sets of vectors and is only applicable in case of input vectors contained in sets of
vectors with said characteristic, and performing, in case that said input vector is not contained in a set
of vectors of said pre-defined group of sets of vectors, a general processing. 2.The method according
to claim 1, wherein s&fdF<éts 5t Vettorsare 18546r Sasdes WP whbFéinich leader class comprises a
different leader vectorrepnd:persitations et-said leadervectonglke: method accordimgitdictaim 2,

wherein said leader CI%%seéssaSrle signeg,iggg v%%er%nes%igﬁilreldelxiggtyi%Iggkaoggsition index
representative of the%osﬁlons orvalties in said input vector and'a sign index representative of the

signs of the components of said input vector.

2. The method according to anv of the claims 2-3, wherein
said characteristic to which said specific processing
is adapted is that sald pre-defined group of leader
classes only containg leader classes with leader vectors
the compenents of which take a maximum number of

different values.

10. The method according to any of the claims 1-3 and 9,
wherein said general processing is applicable in case
of input vectors contained in any set of vectors of said
plurality of sets of vectors except said sets of vectors
of said pre-defined group of sets of vectors te allow

an optimization of said general processing.

11. The method according to any of the claims 1-10, wherein

said indexing 1s a binomial indexing.

12. The method according to any of the claims 2-11, wherein
said indexing of said input vector is performed in a
quantization process that is based on a lattice codebook

defined by said leader classes.

13. A computer-readable medium having a computer program
stored thereon, the computer program comprising:
- instructions operable tc causse a processor to index an

input vector contained in a set of vectors of a plurality

O

f sets of vectors, wherein szid indexing comprises

r

I

orming, in case that saild input vector is contained

ks
@



WO 2009100768PCT/EP2008/051901 49 The method according to claim 3, wherein in said specific
processing, said position index and said sign index are jointly determined in one loop. 5. The method
according tqany, of {he claims 2-4, wherein said characteristic to which spiegegéfieaumeessing is
adapted is that said pre-defined group of leader glasses only contains leader classes with leader
vectors the components of which take only a pre-defined number of different values. 6. The method
according to claim 5, wherein said pre-defined group of leader classes contains a first sub-group of
leader classes with leader vectors the QgLnSporlents of Wgécp.takg orllél even value? ang 1gaésecond

sub-group of leader cids8e& With-leader vectors the components 6f which take on y’roﬂd”values, and

where said specific precessirig prescritesdifferént actions in tasethaesaidifpieyedspis contained in
a leader class of said first subzgroup. of leader classes than ina case that said input vector is

contained in a leader class of said second sub-group of leader classes. The method according to any
of the claims 1-6, wheFsin IGFEVERORs Entaficll Mt 8efdf VEART M said FFeefined group of sets

of vectors have a largerprabability: of being indexed tham inpuiwvectorsreoniainediin a set of vectors
that is not in said pre-defined group of sets of vectors. WO 2(_)0%/10076485__(3;;! Pﬁ200§é0_531901 50
contained in said set& P VeCeors With' said characterilic, woildBé nisre complex than said spedi
processing applied ta:thersame-inptitrectots] @Tkemethod accordimgtamy of the¢laims 2-3,
wherein said characten%téc ta%\év |csh §%|d4 > g%g{fl%er?gg sing is adapied is that said presdefined group

Ca Iy .
of leader classes only contains leader classes with leader vectors the components of which take a
maximum number of dffferaritvatues, said pre-defined group of sets of vectors,

a general processing.

14. A computer program, Comprising:

- instructions operable to cause a processor to index an
input vector contained in a set of vectors of a plurality
of sets of vectcrs, wherein said indexing comprises
performing, in case that said input vector is contalned
in a set of vectors of a pre-defined group of one or more
sets of vectors of said plurality of sets of vectors,
a specific processing that is adapted td a
chazracteristic of said sets of vectors in said
pre-defined group of sets of vectors and is only
applicable in case of input vectors contained in sets
of vectors with said characteristic, and performing, in
case that said input vector 1s not contained in a set
of vectors of said pre-defined group of sets of vectors,

a general proecessing.

15. An apparatus, comprising:

- a processing component configured to index an input
vector contained in a set of vectors of a plurality of
sets of vectors, said processing component further being

configured to perform, in case that said ilnput vector



10. The method according to any of the claims 1-3 and 9, wherein said general processing is
applicable in case of input vectors contained in any set of vectors of said plurality of sets of vectors
except said getsof yaeiars of said pre-defined group of sets of vectors toalowyapsariipization of said
general processing. 11. The method according tg:any of the claims 1-10, wherein said indexing is a
binomial indexing. 12. The method according to any of the claims 2-11, wherein said indexing of said
input vector is performed in a quantization process that is based on a lattice codebook defined by said
leader classes. 13. A co ész)u:[er&readable medium.having a computer program stored thereon, the
computer program cb%p?;l ing: w?éi%ﬁlctﬁ)sns”operabfé fo Cause a processor to index an Input vector
contained in a set ofwveetarsofaepluralityrobdetsief vectorsswitereirr Saitkindexing tompfises
performing, in case that.saidiogut yedtor s coptained WO 200801007 ARCTUERRQ08/0R1901 51 in a
set of vectors of a pre-defined group of one or more sets of vectors of said plurality of sets of vectors,
a specific processing-thatis BEapted 16 altiiacietistic of Saif séfs'6f V&&orS in Eafipresdefined
group of sets of vectors andds.only applicablejncase of inpld vectors contained inssetsiaf vectors with
said characteristic, and performing, in case that said input vector Ls not containéed. in a set of vectors of
said pre-defined groGFot SERFOF vettoré 55 gBhefal Processing A computar program, comprising:
instructions operable:td cause agprdcessarito irtdexaart fput vectorcontanedrincasetofgectors of
aplurality of sets of velors. wheralp seid ndexing compvises.Rerfouniag, 1, gase [hat sad input vector
is contained in a set 6f VBGtors of a pre-defined group of one or more sets of vectors of said plurality of
sets of vectors, a spedific procebsinpthat vs G8apteeitoca chafeetisticcof'§did &ets dF VBEtors in said
pre-defined group of sgts of,uectgrs aad is, enly.applicable in.case-ohinput vectors coatained in sets of
vectors with said characteristic, and performing, in case that said input vector is not contained in a set
of vectors of said predefiiféd-gicup 6f %gedf%c?d:rg:cﬁ“ﬁ%ﬂé?al processing. 15. An apparatus,
comprising:

16. The apparatus according to claim 15, wherein sald sets
of vectors are leader classes, and wherein each leader
class comprises a different leader vector and

permutations of salid leader vector.

ford
-2

The apparatus according to claim 16, wherein said leader
classes are signed, and wherein said indexing vields a

position index representative of the positions of values

=
]

said input vector and & sign index representative of

the signs of the components of said input vector.

18. The apparatug according te claim 17, wherein in sald
specific processing, said position index and said sign

index are Jjointly determined in one loop.

P
fLes

The apparatus according to any of the claims 16-18,
wherein said characteristic to which said specific
processing is adapted is that said pre-defined group of

leader classes only contains leader classes with leader



a processing component configured to index an input vector contained in a set of vectors of a plurality
of sets of vectors, said processing component further being configured to perform, in case that said
input vector W 0%91(394}%)0768PCT/EP2008/051901 52 to be indexed is ¢entained i aset of vectors
of a pre-defined group of one or more sets of veggors of said plurality of sets of vectors, a specific
processing that is adapted to a characteristic of said sets of vectors in said pre-defined group of sets of
vectors and is only applicable in case of input vectors contained in sets of vectors with said
characteristic, and said processing component further being configured to perform, in case that said
input vector to be ind&xXed s ot tontaled i a Set of Veck stﬁ]%%iaﬁpﬁ’g-aeﬁﬁgd"%?égﬁ‘%fsets of
vectors, a general processing 16 JLHe apparatusiaceording to claim 15, wherein said sets of vectors
are leader classes, and wherein each leader class comprises a different leader vector and
permutations of said leader vector. 17. The apparatuS according to claim 16, wherein said leader
classes are sigited, dicewiiereit saidsndesiig fidlds apositronifidexYrepresefitdtive ®filfe positions of
values in said input vectord asign;index representative-af:thesigns, gt the.compenents of said input
vector. 18. The apparatus according to claim 17, wherein in said specific processing, said position
index and said sign iAdEX &€ {BintR/ det&hfied ih Bhe oy 1} Tﬁ%aéﬁd:aré@%“éjd%%r&'ﬁ@ to any of the
claims 16-18, whereipsaid characterstia o whichsaid specifieprecessing is.adapied ismthat said
pre-defined group of leader clqssegpnkyec%reltrainé I&egggrscl%gg_%s "Xit%c'ﬁeavde&m\é\’%rs £h
2009/100768PCT/EP20081051501°53 véctors the components of Whic fake“bnrly a pré’-dsefined

number of different valuesenents of which take only odd values, and where said

specific processing prescribes different acticons in
case that sald input vector is contained in a leader
class of said first sub-group of leader classes than in
a case that saild input vector 1s contained in a leader

class of said second sub-group of leadsr classes.

21. The apparatus according to any of the claims 15-20,
wherein input vectors contained in a set of vectors in

said pre-defined group of sets of vectors have a larger

Fhy

probability of bheing indexed than input vectors
contained in a set of vectors that is not in said

pre-~cdefined group of sets 0of vectors.

22, The apparatus accoerding to any ¢f the claims 15-Z1,
wherein said general processing, if applied To input
vectors contained in said sets of vectors with said
characteristic, weuldixenmre.complex than said specific

processing applied to the same input vectors.

23. The apparatus according to anv of the claims 16-17,
wherein sald characteristic to. which said specific
processing is adapted is that saild pre-defined group of

leader classes only containg ieader classes with leader



20The apparatus according to claim 19, wherein said pre-defined group of leader classes contains a
first sub-group of leader classes with leader vectors the components of which take only even values,

and a secoqgﬁg&;g{&ggsof leader classes with leader vectors the compopepts,9f uhighytake only odd
values, and where said specific processing preseggibes different actions in case that said input vector is

contained in a leader class of said first sub-group of leader classes than in a case that said input
vector is contained in a leader class of said second sub-group of leader classes. 21. The apparatus
according to any of the claims 15-20, wherein input vectors gogtgf'{ned in_a set of veqtr%r}s in said
pre-defined group of S8ts of Vedtors RAVE A fatger probabiity of Bémg indexad than mMput vectors
contained in a set of ¥&ctors fhatismotdn said pre-defined group of sets of vectors. 22. The apparatus
according to any of the claims 15-21, wherein said general processing, if applied to input vectors
contained in said sets of vectors with said characteristic, would be more complex than said specific
processing apglied t& fife SRR NPEE VRERTEC239TRE apparatustacestéing o any of tiéélaims 16-17,
wherein said charactgristic,t.which sajd specific.processing issadapted is that:said pee-defined group
of leader classes only contains leader classes with leader WO 2009/100768PCT/EP2008/051901 54
vectors the componerits Bf whicH Rike & Hafunt AUnTberst differaht vaftles® 24" Hhe Hpbaratus
according to any of the claims 15-1¥and23-wheeein sail generat precessing isapplcatde in case of
input vectors containeg iQaaC”é’ %et of vectors of sg(i]d Qlurality of Sels of vectors %x%?%ttsoaiig sets of

. @) ors L al iy et Ined’ group .0l se
vectors of said pre-déefinéd group of sets of vectors 1o allow an optimization of said general

processing. 25. to allow an optimization of said general processing.

25, The apparatus according to any of the claims 15-24,

wherein said indexing is & binomial indexing.

26. The apparatus according to any of the claims 16-25,
wherein said indexing ¢f said input vecter is perfecrmed
in & guantization process that is bassd on a lattice

codebook defined by said leadsr classes.

27. A method, comprising:

- determining a target vector contained in a set o vectors
of a plurality of sets of vectors based on an index
associated with sald target vector, wherein said
determining comprises:

- performing, in case that sald target vector is
contained in a set of vectors of a pre-defined group
of one or more sets of vectors of said plurality of
sete of vectors, a specific processing that is adapted
to a chaﬁacteristic of said sets of vectors 1n said
pre-defined group of sets of wvectors and is only
applicable in case of target vectors contained in sets

of vectors with sald characteristic, and



The apparatus according to any of wherein said indexing is a binomial the claims indexing. 15-24, 26.
The apparatus according toany of the claims 16-25, wherein said indexing of said input vector is

performed i ina,9 %%gon process that is based on a lattice codebook qﬁf‘ﬁﬁpzpéﬁ 2ighleader
classes. 27. Ame comprising: determining &targetvectorccntained ina set of vectors of a plurality
of sets of vectors based on an index associated with said target vector, wherein saiddetermining
comprises: performing, in case that said target vector is contained in a set of vectors of a pre-defined
group of one or more sets of vectors of said plurality of sets ((j)f vectors, a specmc rocessmg that is

adapted to a characteri§fic oF §5id Sets of veetTs ' Eaidprecdefiiet 6rc§{fp o6 dets of\ttors and is.
only applicable in case ot target.weciors containeddt setssob Yeciars with-said charagteristic, and

of sets of vectors, a general processing.

28. The method according to c¢laim 27, whereln sald sets of
vectors are leader classes, and wherein each leader
class comprises a different leader vector and

permitations cof said leader vectoer.

29. The method according to claim 28, wherein said
characteristic to which sgaid specific processing is
adapted is that sald pre-defined group of leader classes
only contains leader classes with leader vectors the
components of which take only a pre-defined number of

ifferent values.

30. The method according to any of the claims 27-29, wherein
target vectors contained in a set of vectors in said
pre-dsfined group of sets of vectors have a larger
probabllity of being determinsd than target vectors
contained in & set of vectors that 1s not in said

pre-defined group of sets of vectors.

31. The method according to any ¢f the claims 27-30, wherein
sald general processing, i1f applied in case of target

. vectors contained in said sets of vectors with said
characteristic, would be more complex than said specific

processing applied in case of the same target vectecrs.

32. The methoed according to clalm 28, wherein said
characteristic to which said specific processing is

adapted is that said pre~defined group of leadsr classes



WO 2009/100768PCT/EP2008/051901 55 - performing, in case that said target vector is not contained
in a set of vectors of said pre-defined group of sets of vectors, a general processing. 28. The method

according tQG '%‘317 %Qerein said sets of vectors are leader classes, angwhesginRas leader class
comprises a di ere‘ntOPeader vector and permutatigns of said leader vector. 29. The method according
to claim 28, wherein said characteristic to which said specific processing is adapted is that said
pre-defined group of leader classes only contains leader classes with leader vectors the components
of which take only a pre-defined number of different values. 30. The mégthod acc,ordingtg)many of the

|

claims 27-29, whereiftarget Vetfors tontdined i asat of védtors ingaid

drpréf%ce?i%}é% group of sets of
vectors have a largerprababiity of being determihedahanstarget vectorsrcaoritained fraset of vectors
that is not in said pre{%qf{lneed group of sets of vectors. 31. The method according to any of the claims
27-30, wherein said geﬁerafprocessing, if applied in case of target vectors contained in said sets of

vectors with said characteristic, would be more complex than said specific processing applied in case

of the same target vegters, 32. Jhe.method according toglaim28, wherein said characteristic to which
said specific processing is adapted is that said pre-defined group of leader classes WO

2009/100768PCT/EPZIDEI051 §61 86611 EBntdinS Reitfer Hadse SWiih readervectorSthie
components of which:take: aqaaxirsgaorumberof diferent vales:t of vectors ¢f said

plurality of sets of vectors except said sets of vectors
of said pre-defined group of sets of vectors to allow

an optimization of saild general processing.

34. The method according to any of the claims 27-33, wherein
said index i1s associated with sald target vector via a

binomial indexing.

35. The method according to any of the claims 28-34, wherein
said determining of said target vector is performed in
a de-guantization process that is based on a lattice

codebock defined by said ieader classes.

36. A computer-readable medium having a computer program
gstored thereon, the computer program comprising:

- instructions operable To cause a processor Lo determine
a target vector contained in a set of vectors of a
plurality of gsets of vectors based on an index associated
with saild targst vector, wherein said determining
comprises performing, in case that said target vector
is contained in a set of vectors of a pre-~deifined gﬁoup
of one or more sets of vectors of said plurality of sets
of vectors, a specific proceseing that i1s adapted to z
characteristic of said sets of vectors in said

pre-defined group of sets of vectors and is only



33. The method according to any of the claims 27-28 and 32, wherein said general processing is
applicable in case of target vectors contained in any set of vectors of said plurality of sets of vectors
except said gefs of /\fg&t&rs of said pre-defined group of sets of vectors topaHoypanaRtispization of said
general processing. 34. The method according tgrany of the claims 27-33, wherein said index is
associated with said target vector via a binomial indexing. 35. The method according to any of the
claims 28-34, wherein said determining of said target vector is performed in a de-quantization process
that is based on a Iattice_cogebook_define%b%fsagd leader cla%s%ss. 3&&&9@@ tgrﬁr%%(%%ble medium,
having a computer pFé’d’réﬁr%lrdetﬁeFﬁni the coarﬁﬁﬁt“er"be?ggpam comprising: instructions operable to
cause a processor toodeteratine @ target vectoccentainetinst set of vuectors lof anphutalityrof sets of
vectors based on an index agsociated,with. said target vectar, wherein said determining comprises
performing, in case that said target vector is"contained in a set of vectors of a pre-deflned group of one
or more sets of vector$ ofsszia plurdity of a8 Df VeSS Ca8pesifie protessing Nfatis Gelapted to a
characteristie of said.sets of veetars in.said pee-defined group of sets of vectors and is only WO
2009/100768PCT/EP2008/051901 57 applicable in case of target vectors contained in sets of vectors
with said characteristic, and performing, in case that said target vector is not contained in a set of
vectors of saidzpre-definechgtaigr of-sets:efvectatsy, aigeneral processing. 37. A computer program,
comprising: insiruction aperaple {0, cause 2 progessel. o defenmine s aroet veelor spnjained in a set
of vectors of a pluralitlyn(S)F Sets ofVectors based on an index associated with sai target vector,em n
said determining comprisesgperformtingrincease st Said targeeie@tér iE6oritametinfa set of vectors
of a pre-defined group:of.one; of, more sets of vectors.of saidkplurality, of-sels efectors; aspecific
processing that is adapted to a characteristic of said sets of vectors in said pre-defined group of sets of
vectors and is only apiglicablé ificase ot targatvectord R6rtaited i Se LT VEtOE Hith said
characteristic, and pesfasping<in gaserthat said targetvecior issnotcontainedda @ setafoectors of said
pre-defined group of sets of vectors, a general pracessing; 38 A 2Rparalis: COMPISing;

one or more sets of vectors of said plurality of sets

th

o
of vectors, a specific processing that 1s adapted to a
characteristic of said sets of vectors in said
pre-defined group of sets of vectors and is only
applicable in case of target vectors contained in sets
of vectors with said characteristic, and performing, in
case that salid target vector is not contained in a set
of vectors of sald pre-defined group of sets cf vectors,

a general processing.

38. An apparatus, comprising:

- 8 Processing component configured to determine a target
vector contained in a set of vectors of a plurality of
sets of vectors based on an index assoclated with said
target vector, said processing component further being
configured to perform, in case that sald target vector
+o be determined is contained in a set of vectors of a
pre~defined group of one or more sets of vectors of said

plurality of sets of vectors, a specific processing that



a processing component configured to determine a target vector contained in a set of vectors of a
plurality of sets of vectors based on an index associated with said target vector, said processing

component wg%‘gﬁ%mgsconﬁgured to perform, in case that said target Vggt%{,%@g, ﬁ%g mined is
contained in'a’set of vectors of a pre-defined grogp of one or more sets of vectors of said plurality of

sets of vectors, a specific processing that WO 2009/100768PCT/EP2008/051901 58 is adapted to a
characteristic of said sets of vectors in said pre-defined group of sets of vectors and is only applicable
in case of target vectors cantained in sets of vectors with said characteristic, and said processing
component further béifgToHgtred fo perforhs i BasE thit SHidardetVectoP to B& Hetérmined is not
contained in a set of vectorsof-said preidefined graup dfssets of veectars; asgeneralpracesgsing. 39.
The apparatus according,to claign 38 whereirg3 §a{da§etg+of vectors areolggder cIO?ssesg ggg wherein

iff Vetto ‘

licap 1T se L VeCLors. C I I
each leader class corprises & different [eader vector and permufatlons of Said leader vector. 40. The

apparatus according ¥6 ctaint 395 whéreinasaldoeliaracteristic 1o whichsakiispecificgrecessing is
adapted is that said presgefined group of leader classes-only containsjeader classgs with leader

vectors the components of which take only a pre-defined number of different values. 41. The
apparatus according t6 ahy&f-the @rffs 38540 Whierefh 1argetetfors Contdinedrihda 88Cof vectors in
said pre-defined groumotseiswofyectershave atarger grehability ofheing determinedhan target

vectors contained in a ;e"g ﬁg(f: yectsors rghateis notin s%iéj hperseéqa%fined group of sets of vectors. 42. The
apparatus according % any of thé cldims 38-47; wherein sald%éneral processing, if applied in case of

target vectors contained in said sets of vectors with said characteristic, would be more complex than

said WO 2009(4007682CT/ER20080 04 59, specifc.piocessing anpliad in gase of e same target
. cf vectors are leader classes, and wherein each leader

class comprises a different leader vector and

permutations of said leader vector,

40. The apparatus according to claim 39, wherein said
characteristic te which said specific processing is
cadapted is that said pre~defined group of leader classes
only containg leader classes with leader vectors the
components of which take only a pre-defined number of

different values.

41, The apparatus according to any of the claims 38-40,
wherein target veciors contained 1n a sei of vectors in
said pre-defined group of sets of vectors have a larger
probability of being determined than target vectors
contalned in & set of vectors that i1s not in said

pre—-defined group of sets of vectors.

42. The apparatus according to any of the claims 3&-41,
wherein said general processing, if applied in case of

target vectors contained in said ssts of vectors with

saxrd characteristic, would be more complex than said



43. The apparatus according to claim 38, wherein said characteristic to which said specific processing
is adapted is that said pre-defined group of leader classes only contains leader classes with leader
vectors the gampanents.of which take a maximum number of different vapeqse¢tdesiigoppparatus
according to any of the claims 38-39 and 43, whesein said general processing is applicable in case of
target vectors contained in any set of vectors of said plurality of sets of vectors except said sets of
vectors of said pre7defined group of sets of vectors to allow an optimization of said general
processing. L;The apparatus according to. any of the claims 38-44, wherein said index is, associated
with said target vectGi \ﬁgza%ﬁ]c}anzl:i%ﬂar?s exirg. 46, eegaﬁgafaatﬁg a%\%o%ﬁ%gst%maenf 8#%1%tclaims 38-45,
wherein said determining:of:said target vector is performed in a de-quantization process that is based
on a lattice codebook defined by said leader classes. 47. A system, comprising: a first processing
component configured to index an input vector contained in a set of vectors of a plurality of sets of
vectors, said fifst-proBessirngpeambonentfafrher bBig EBnfighfdd toPerformehitedse tHatsaid input

vector to be indexed jg,gontained iasetof WO 20094.00768RET/EP2008/66390%160 Mectors of a
pre-defined group of one or more sets of vectors of §aip, glurality of sets ff \é%%tgrs a specific

processing that is adapfdd-ffacharitterigtc ot'said sats §

SVECRE iR Sdid pre-defirisd group of sets of
vectors and is only applicable it case of wyist vectoss sentaingthinisetsof veetors withigeid

charateristic, and said first processing component further, heing Gnfigured to perform. jn case that

said input vector to bé indexed is not contained in a set of vectors of said pre-defined group of sets of
vectors, a general proeessing, and a second processing component configured to determine a. target
vector contained in a set of vectors of said plurality of sets of vectors based on an index associated

44 . The apparatus according to any of the claims 38-3% and
43, wherein said general processing is applicable in
case of target vectors contained in any set of vectors
of said plurality of sets of vectors except sald sets
of vectors of said pre-defined group of sets of vectors

to allow an optimization of said general processing.

45, The apparatus according te any of the claims 38-44,
wherein said index is assoclated with saild target vector

via a binomial indexing.

46. The apparatus according to any of the claims 38-45,
wherein said determining of sald target vector 1s
performed in a de-quantization process that is based on

a lattice codebook defined by said leader classes.

47. A system, Ccomprising:
- a first processing component configured to index an
input vector contained in a set of vectors of a plurality

f sets of vectors, said first processing component

o]

Fh

urther being configured to perform, in.case that said

input vector to be indexed is contained in & set of



with said target vector, said second processing component further being configured to perform, in case
that said target vector to be determined is contained in a set of vectors of a. pre-defined group of one
or more sets of vectors of said plurality of sets of vectors, a specific processing that is adapted to a
characterist? 82£&&A%G&E of vectors in said pre-defined group of sets of VEct8rS24§d14°8hly applicable
in case of target vectors contained in sets of vectOrs with said characteristic, and said second
processing component further being configured to perform, in case that said target vector to be

determined is not contained in a set of vectors of said pre-defined group of sets of vectors, a general
processing. vectors of a pre-defined group of one or more sets of

vectors of said plurality of sets of vectors, a gspecific
processing that 1s adapted To & characteristic of said
sets of vectcrs in said pre-defined group of sets of
vectors and is only applicable in case of input vectors
contained in sets of vectors with said characteristic,
and said first processing component further being
configured to perfcorm, in case that gaid input vector
to be indexed is not contained in a set ¢of vectors of
said pre-defined group of sets of vectors, a general
processing, and

- a second processing component conficured to determine
& target vector contained in a set of vectors of said
piluralitv of sets of vectors based on an index associated
with said target vector, sald second processing
component further being configured to perform, in case
that said targst vector to be determined is contained
in s set of vectors of a pre-defined group of one or more
sets 0f vectors of said plurality of sets of vectors,
a gspecific processing that is adapted to a
characteristic of said sets of wvectors in said
pre-defined group of sets of wvecteors and is only
applicaple in case of target vectors contalined in sets
of vectors with said characteristic, and saild second
processing component further being configured to
verform, in case that said target vector to be determined
ig not contained in a set of vectors of said pre~defined

group of sets of wvectors, z general processing.



