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l．Tntroduction   

A do－loop enumeration type a】gorithmis  
proposed to design robust and reliable  

communication networks．Thenetwork design  

PrOblem to be handledis statedin Sec・2，its  

COmplexitywhensoIvingitthroughenumeration  

isanalyzedinSec．3，andanalgorithmtosoIve  

the problemis proposedin Sec・4・Future  
direction is suggested in Sec. 5. 

2．Pl・Oblemstatement  

Thenetworkdesignproblemconsideredinthis  

PaperistheM－besteconomicalnetworkdesign  
PtOblem（MENDP）as statedbelow：Given a  
node－tO－nOdetrafncmatrix，aGoSspecincation，  

COStdata，and a networktopology，enumerate  

the best M solutions（1ink size and node size  

VeCtOrS）thatminimizethetotalcost（nodecost＋  

1inkcosc）whilesatisfyingtheGoS constraints．  

TheaIgorithmtosoIvethis problemshouldbe  

robustand－versatileinthesensethatthebestM  

（eg．bestlO）mostecdnomicaldesigns needto  

beenumeratedandlink－andnode－COStfuncdons  
fbranarbitraryshapemustbeaccommodated．  

Moreover，rObustness（ie，SurVivability）is  

requil’edin designed networks．耶Iis can be  

achievedbyuslngdouble－homlngand／ortriple－  
homlngtOPOlogleS．  

3．AnalysISOfcomputationalcomplexlty   

Fromrehability spec漬cations suchas node一  

†0－nOde availability and robustness against  

tl・anSit－nOde（T－nOde）group breakdown，the  

networktopologyto－beusedisdetermined・  
Tn this paper， We fbcus on two－level  

netwol・ks，Wherenodes consistof「r－nOdes（Or  

level－2nodes）andlocalnodes（R．－nOdes or  

level－1nodes）．   

First，COnSider a simple exampEe．Let the  

numberofnodesin anetworkben．Then，in  

thecaseofatwo－1evelone－areadouble－homlng  
topology，the M best solutions should be  

SeteCted fromamong C（n，2）solutions，Where  

twoT－nOdes（OrOneT－nOdepair）areselected  
n・OmamOngthen nodes・When apalrOfT－  

nodes are selected，the o（her n－2 nodes all  

belong to this pair．Let Q（n，k，h）be the  

COnlPu【a【ionalamount requil’ed to calculare rhe  

COSt Of a two－1eveln－nOde k－area h－homng－  

multiplicitynetwork，Whenitstopology（T－nOde  

grouplocation and L－nOde homing pattern），  

node－tO－nOdetrafficmatrix，GoS・SPeCincation，  

and cost data are glVen． Then，the total  

COmputationalamountforthiscaseisdetermined  

byEq．（1）．  
乃（〝－1）  

P（乃，1，2）＝   ‾、■  
2  

（1）  

Here，P（n，k，h）is the totalcomputational  

amountrequiredtosoIveMENDP（n，k，h），the  

M－best economicalne【work design problem  
With two－leveI，n－nOde，k－area，h－homlng－  

multip］icity topology，throughan eXhaustive  

enumerat10n．   

Next，COnSider alesssimpletopologywith  

k＝2and h＝2．Tn this case，fbur T－nOdes are  

Selected h’Om amOng the n nodes，and three  

PatternSCanbeusedtomaketwoT－nOdepalrS  

OutOf thefburT－nOdes・Foreachpatternout  

ofthe3×C（n，4）pa”ems，eaChnode（including  
theT－nOde）needs todecidewhichpairitwi11  
belongto．Finally，thebestMsolutionscanbe  

selectedh・OmamOng 3×C（n・4）×2′一solutions，  
andP（n，2，2）isdeterminedbyEq．（2）．  

P（〃，2，2）＝3×C（〝，4）×2′∫×e（〃，2，2）（2）  

TheindexR（n．k，／l），definedbyEq．（3），Can  

beintroduced to measure抽e computational  
COmP］exi【y ofthe M－best economicalnetwork  

designproblemMENDP（n，k，h）whensoIving  

itthroughanexhaustiveenumeration．  

P（乃，友，力）  
尺（〝，た，／り   

e（乃，た，ん）  
（3）  

ThisindexR（′丁，k，／l）isgenerallyevaluatedby  

Eq．（4）．  
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nodes，butcan alsocopewithotherin【angible，  

inn・aCtable，Ol・dif員cult－tO－formulate conditions  

such as pl・efヒ1・enCeS Wi［h respec＝o T－nOde  

Se］ec（ion，pa11）y fixed T－nOdelocations，and  

uncertainty）nnOde－tO－nOdefrafncdernand．  

5．RemaI・ks  

ltisf奴汀edthatthecomputationaltimerequired  
to soIve the MENDP（n，k，h）wiu grow  

explosively with n，k and h．With current  

WOrkstations，100－best economical solutions  

cannot be obtained within an hour forr 

ParameterSn＞40andk＞4（h＝2）．Speedingup  

Ofthealgorithmby uslngPara11elcomputation，  

integratlng it with some meta－heuristic  

algorithms and／orby pre一員xing node subsets  

atしnodesa爪dT－nOdes，isatopicforfuture  

尺（′l，尤，／り＝∫（〃，k，ん）×r（た，力）×U（〃，た）  

〝／  た′’  

（〝一勅／た／仲／ノ上   

∫（〝，た，ん）＝C（乃，抽）  

（4）  

（5）  

（たん）！  

（鋸）〟た！  

r（た，ん）＝  

（6）   

U（〝，た）＝た”  
（7）  

Here，Sれk，li）is the numberof combirntions  

When takingkflnOdes（as T－nOdes）outof  
nodes，T（k，h）由the number ofT－nOde  

location patterns fbranxedsetofT－nOdes，  

andU（n，k）isthenumberofhomingpa仕emsfbr  

anxedT－nOdelocationpattem．  

Moregenera11y，Whenthehomlngmultiphcity  

Ofa陀aJisん′，∫（〃，た，力）卸d r（た，ゐ）訂e  

evaluatedasbelow（h＝（hi））・  

万  

勒た，ん）＝C（乃，∑互）  
J＝l  
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4．Algod山m  

We proposean enumerative－tyPe tWO－Stage  
algorithmforsoIving MENDP（n，k，h）・The  

outlineoftheM－bestenumeratibnalgorithmfbr  
h＝2is shownin Fig．l，Where a11the T－nOde  

locationpattemsareenumeratedattheouter］00p  
（STPLOC）andtheM－bestsolutionsareupdated  
attheinnerloop（SPHOME）byexaminingallor  
PartOfthehomlngPa托ernsfbraglVenT－nOde  
locqtionpattern・  

NotethatinsoIvingtheSPHOMEproblem（the  

innerloop）foragivenT－nOdelocation pattern，  

thehlOSteCOnOmicalsoludoncanbeobtainedby  
fb110Wlng aSimpleru1e：Home nodejto the  
area with theleast cost required to connect  

nodejandthearea．  

The pl・OpOSed M－best enumeration algorithm  

not o111y can handle various actualcost  

s（ructul・eS and accommodation conditions at  

Fig・10utline of the M－best enumeration  
algolithmForsoIvingMENDP（n，k、2）  
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