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Abstract:  Since 2006,  t he wor ld’s largest  int egral -equat ion problems in computat ional 

electromagnet ics have  been so lved at  Bilkent  Universit y Computat ional Elect romagnet ics  

Research Center (BiLCEM).   Most  recent ly,  breaking the lat est  wor ld record actually 

required the so lut ion o f 550,000,000x550,000,000 dense matr ix  equat ions!   This  

achieveme nt  is  an outcome o f a  mult id iscip linar y study invo lving phys ica l underst anding  

o f elect romagnet ics problems,  nove l paralle lizat ion st rategies (computer sc ience) ,  

const ruct ing paralle l c lust ers (computer  archit ecture),  advanced mathemat ica l methods for 

int egral equat ions,  fast  so lvers,  it erat ive methods, precondit ioners,  and linear  algebra.   

 In t his seminar ,  fo llowing a general int roduct ion to  our  work in computat iona l 

electromagnet ics,  I  will cont inue to  present  fast  and accurate so lut ions o f large -scale  

electromagnet ic modeling problems involving three -dimens iona l geometr ies with arbit rary 

shapes using the mult ileve l fast  mult ipo le algor ithm (MLFMA).  Accurate so lut ions o f real-

life  problems require discret izat ions with tens o r even hundreds o f mil lions o f unknowns.  

To  achieve the so lut ion o f such ext remely large problems,  maximiz ing the computat ional 

resources by paralle liz ing MLFMA on dist r ibuted memory archit ectures is  needed.  

However,  due to  it s  complicat ed st ructure,  paralle lizat ion o f MLFMA is no t  t r ivia l.  

Recent ly,  we proposed a hierarchica l pa ralle lizat ion st rategy to  increase the efficiency o f 

paralle lizat ion to  enable t he so lut ion o f e lect romagnet ics problems with overall s izes in  t he 

orders o f hundreds or  t housands o f wavelengths.   So lving the wor ld 's  largest  computat iona l 

electromagnet ics problems has important  implicat ions in  t erms o f obtaining the so lut ion o f 

previously int ractable phys ica l,  real - life ,  and scient ific  problems in var ious areas,  such as 

(subsurface)  scat ter ing,  opt ics,  bioelectro magnet ics,  metamater ia ls,  nanotechno logy,  

remote sensing,  et c.   For more info rmat ion,  please vis it  www.cem.bilkent .edu.t r . 
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Cen t er  (Bi LCEM) at  Bi lken t  Un i ver si t y,  Ankara ,  Turkey.   He r ecei ved  the  M. S.  and Ph .D.  degr ees  fr om  

th e Un i ver si t y of  I l l in oi s  a t  Ur bana -Champaign (UIUC) in  1988  and  1991,  r espect i vel y,  in  el ect r i cal  and  
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York,  in  1991.   S ince 1994,  he  has  been  a  fa cul t y m em ber  in  th e Depar tm en t  of  El ectr i cal  and El ectr on i cs  

Engin eer ing of  th e  Bi lken t  Un i ver si t y,  Ankara ,  wh er e  he  i s  cur ren t l y a  Pr ofessor ,  and  a  Vi si t i ng /Adjun ct  

Pr ofessor  a t  UIUC sin ce 2003.   Am on g  the  r ecogn i t i on s  of  Pr of.  Gür el ' s  a ccompli shm ents ,  th e  t wo 

pr est ig i ous  a wards  fr om  th e  T urki sh  Aca demy o f Sci en ces  (T UBA)  in  2002  and  th e  Sci en t i fi c  and 

T echnol og i cal  Research  Counci l  of  T urkey (TUBIT AK)  in  2 003 ar e the  m ost  nota bl e.   Pr of.  Gür el  i s  
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