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Programming  

RikaIto＊KenjiSuyama＊RyuichiHirabayashi＊  

sense can be written as  

叫卜叫）ト  （4）  

n＝［0，坤】∪レβ，叶  

Ifweintroduceanewvariable6′thatcorresponds  
to the L∞－apprOXimationerror，and assumethat  

coe侃cientsan（i＝0…N）arelimitedtodiscrete  
coe侃cientsofpbit，itiseasytoconverttheabove  
min－maXprOblemintotheMISILPasbllows・  

1Introduction   

Thepurposeofthepaperistoproposeanewde－  

signmethodofFIRfi1terswithdiscretecoe侃cients  
consideringoptimality・ThedesignmethodsofFIR  

filters with discrete coefficients have been widely 
researched［1］～［4］・However，theoptimalityofthe  

solution has not be assured because of the finite 
constraints．In our proposed method，the design  
problem ofFIRfiltersisformulated as a Mixed  
IntegerSemi－InfiniteLinearProgrammingproblem  

（MISILP），WhichcanbesoIved byabranch and  

boundtechnique．Oneachnodeofthebranching  

tree，itis necessary to soIve Semi－Infinite Linear  

Programmingproblem（SILP）［5］・Thenitispossi－  

bletoobtaintheoptimaldiscretecoefhcients，and  

theoptimalityoftheobtainedsolutioncanbeguar－  

anteed．ItwasconfirmedthatoptimalcoefRcients  
oflinearphaseFIRfilterwithdiscretecoefncients  

couldbedesignedinreasonablecomputationaltime  

withsufhcientprecisionbasedontheresultsofcom－  

putationalexperiments・  

2 Problem Fbrmulation  

ThetransferfunctionofanFIRfilterwithlength  

111ill ∂  

sub・tO   卑（LJ）＋6 ≧2PD（LJ），LJ∈0，  

－〃（山）＋∂ ≧－2pβ（山），山∈n  

ご0，…，諾〃 ≧－2p，  

－エ0，，．．，－ご〃  ≧－（2p－1），  

ごi∈Z，豆＝0，‥．，Ⅳ，  

（5）  

Where，  
〃（山）＝ 2p〃（山）  

ノV   ＝ ∑2pαれCOSγM  

れ＝0   

〃   ＝ ∑ごれCOS叫  

m＝0   

（8）  

ごi＝ 2pαi，豆＝0，…，〃，   （9）  

∂ ＝ 2p∂′．  
（10）  N＋1isdenoted as  

ノV  

叫z）＝∑んたZ‾た・   （1）  

た＝0  

3 A New Design Method using Semi－   

InfiniteLinearProgramming  

OuraimistosoIveMISILP（5），butitisimpossible  

tosoIveitdirectly．Hence，WeSOIveSILPignoring  

theintegerconstraints・However，SinceSILPisa  

continuousoptimizationproblem，anOptimalsolu－  

tionobtainedisnotalwaysanintegersolution．A  

standardtechniqueforsoIvingthisdifBcultyisto  

exploittheB＆Btechnique．  

Iftherearesome豆i’sthatarenotintegers，then  

Selectonenon－integervariable二rjandgeneratetwo  

subproblems，Which one has an additionalcon－  

Straint－Xj≧－L豆jJandtheotherhasanaddi－  
tionalconstraintsxj≧向1・Noticehere，thatthe  

twogeneratedsubproblemsarealsoSILPandcan  

besoIvedbyThreePhasemethod・Wecancontinue  
this procedure and call this process as branching 
prOCeSS・  

When hk，k＝0，1，．‥，Nis the even symmet－  
ricimpulse response and，Nis an even number，  

thelinear phasecharacteristic with N／2delayis  
achieved．Then，themagnituderesponseH（LL，）can  
beexpressedas  

JV  

叫）＝∑αれCOS軋ノ・   （2）  

れ＝0  

Suppose，adesiredresponseD（LJ）isgivenasfol－  
lows  

坤）＝ 
〈 

， 

（3）  

WhereKisascalingfactor，LJpisthepassband  
cutofffrequency，andLJsisthestopbandcutofffre－  

quency，reSpeCtively・Then，theoptimizationprob－  

1emtoapproximateH（LJ）toD（LJ）inamin－maX   
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Ifwecontinuethebranchingprocess，thenafter  
finiteiterations，WeCanObtainanintegersolution．  

Theobtainedintegersolutionisanoptimalsolution  

forthesubproblemanda鈷asiblesolutionforMIS－  
ILP（5），butmightnotbeoptimalbrMISILP（5）・  

However，WeCan uSe theobjectivefunction value  
thatcorrespondstotheintegersolutionasanupper  
boundforMISILP（incumbentvalue）sincewecan  
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Figurel：Experimentalresultforp＝3．．．10，N＝  

fathomsubproblemsthathavetheoptimalvalue12，K＝1  
greater than or equalto the upper bound．This  

is true，because，ifwe add some additionalcon－  

Straints，the optimalvalueofthesubproblembe－  

COmeSalwaysbigger．Theprocessthatwefathom  
allsubproblemswhich havegreateroptimalvalue  
than theincumbent valueis called the bounding  
prOCeSS・  

4 Computational Experiments 
Ⅵ屯executed some computationalexperiments to  
Certifytheperformanceoftheproposedfilterdesign  
method．WesetLJp＝2／57T，LJs＝4／77T．Twokinds  

Ofcomputationalexperimentswereperformed．  
（a）ThescalingfactorisfiⅩedtoK＝1・Thebit  

lengthpwassetfrom3tolOwithpitchl，andthe  
filterorderwasfiⅩed to N＝3，4，．．．，20foreach  

Valueofp．  
（b）Ⅵ屯fiⅩedp＝6，7，8and N＝9，10，11，12・  

Then，thescaling factor Kwas changedfromO．5  

to2．OwithpitchO．1．   

Theresult ofexperiment（a）forN＝12，P＝  

3，…，10isshowninfigurel．Itwasshownthatthe  

Optimalvaluedecreased slowiyforpover7bit，On  
theotherhand，thecomputationaltimeincreased  
rapidly．Therebre，We Can attain fastwith the  

enoughapproximationwithonly6bitword－1ength．   

Figure2showstheresultofexperiment（b）fbr  
P＝4，N＝12，K＝0．5．．．2．0．Fromthisresults  

itwasindicatedthattheappropriatevalueofKis  
丘oml．O tol．5．   

Figure3shows the（A）magnitude responsefor  
P＝4，N＝12，K＝1and the（B）magnitude  

response using the coefficients which are simply 

rounded to4bit．  

5 Conclusion  

In this paper，We prOpOSed a new design method  

br FIR51ters with discrete coefBcients using B  

＆B technique・In this method，byformulating  

the FIRfilter design problem to MISILP，WeCan  
guaranteetheoptimalityoftheobtainedfi1terco－  

efhcients．Thecomputationalexperimentsshowed  
that the proposed method performed the enough  
approximationevenforonly6bitword－1engthwith  
thereasonablecomputationaltime．  
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