Topéag TnAetiKoIVWVIWV
Avakoivwon yia AirAwpatiki Epyacia

“YAomroinon o mepiBaAAov C rou aAyopiBuou peyiororroinong TETpaywvikng
Hop@ns ue éva duadiko diavuoua”

To TPOBANUA TNG PEYIOTOTTOINONG MIAG TETPAYWVIKAG MOPPAG ME €va duadiko didvuoua
ouvavtatal TTOAU  ouxva OTa  OoUyXpova WnoeIoKA  TNAETTIKOIVWVIOKA  CUCTHUATA.
XopaKTNEIOTIKOTEPO TTapddelypa attoTeAel N BEATIOTN aouyxpovn avixveuon oUPBOAwY o€
OUCTAMATA TTOAGTTAWY KEPAIWV OTOV TTOPTTIO Kal OTo OEKTN (ouaTtriiuata MIMO). AAAa
TTapadeiyyarta ammoteAolv n oxediaon Kwdikwv yia ocuotiuata CDMA pe okKOTo TN
MEyIoTOTTOINON TOUu AOyoU OANATOG-TTPOG-B0pUR0 Kal N TTOAAATTAR avixveuon ocuupoAwy o€
ouoTtuata MIMO. ‘Evag yevikdg TPOTTOG QVTIHETWTTIONG TOU TTPORAAUATOS auTtou €ival n
ouyKpIon avaueoca o€ OAa Ta mmlava duadikad diavuouata Kal n €TmAoyr] Tou BEATIOTOU.
KaTl T€T010 OJWG atraiTei eKOETIKA TTOAUTTAOKOTNTA N OTToia KABIOTA TNV TTapATTavw AUon
WG AVEPIKTN O€ TTPAKTIKA TNAETTIKOIVWVIOKA cuoThuata. MAAIoTa, yéxpl Tpdo@aTa UTTHPXE
N uttoyia o711 To TTapaTTdvw TTPORANUA dev uTTopEi va Aubei o€ TTOAUWVUUIKO XPOVo.

Mpdogata, amd Tov Topéa TnAemmkoivwviwy Tou TuRpartog HMMY avatrtuxenke pia véa
MEBOBOG BeATIOTOTTOINONG YIa TO TTPORANUA PEYIOTOTTOINONG MIOG TETPAYWVIKAG MOPPNG HE
éva duadiko diavuopa. H véa pébBodog Alvel 10 TTPOBANUO 0 TTOAUWVUMIKO XPOVO, O€
avtifeon e AAAEC TTapeP@EpPEIC PEBODBOUGC TTOU TO AUVOUV Of €KBETIKO xpovo. Q¢
atmmoTéAeoua, hE TN XPHon TNG vEéag NEBODdOU, N BEATIOTN aoUyxXpOVn avixveuon CUPBOAwWV
o€ ouoTruara MIMO pTtropei va emmiTeuxBei aTnv TTPAEN o€ TTOAUWVUMIKO Xpovo. MEpav TnG
TTOAUWVUMIKAG  TTOAUTTAOKOTNTAG, N Vvéa HEBODOG €xel Kal KATola GAAO  onuavTika
XOPOKTNPIOTIKA OTTWG TO YEYOVOG OTI €ival TTARPWS TTapAaAANAOTTOINCIUN Kal OEV ATTAITEI

HeyaAo péyeBog pvApng.

H véa péBodog avamtuxdnke apxikd oe TrepIBdAAov MATLAB. Eivar yvwoto 6t 10
MATLAB, Aoyw TnG xprong evog interpreter, dev €ival atmmodoTikG atrd ammoywn xpoévou,
€I0IKA OTav TTEPIEXEl Bpoxoug (loops). H TTapouca dITTAwWUATIKY epyacia Ba e0TIACTEI OTNV
ulotroinon TG MEBGdou ot TepIBAAAov C kai Ba emkevipwOei otnv 600 10 duUVATO
MeyaAuTepn TTapaAAnAoTtroinor) Tng. Katdtmiv TG uAottoinong tng peBodou o€ C, Ba yivouv
OUYKPIOEIC JE AAAEC QVTAYWVIOTIKEG MEBODOUC TIOU €xouv TTPOTABEI yia avTioToIXa
TTPOBAANATA O€ TNAETTIKOIVWVIOKA CUCTAMOTA.
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“Implementation in C of the algorithm that maximizes a quadratic form with a binary
vector”

Optimization problems in digital communications systems often involve the maximization of
a positive (semi)definite quadratic form that consists of a matrix parameter and a finite-
alphabet vector argument. Prime examples include maximum-likelihood (ML) noncoherent
detection in single-input multiple-output (SIMO) systems, maximum signal-to-noise ratio
(SNR) spreading code design in code-division multiple-access (CDMA) systems, as well
as ML detection in multiple-input multiple-output (MIMO) systems. In general, quadratic
form maximization can be achieved through exhaustive search among all possible finite-
alphabet vectors, which makes it intractable for moderate to large values of the
optimization parameter size. Until recently, the above optimization problem was
considered not to be solvable in polynomial time.

Recently, within TUC-ECE Telecommunications Division a new method was developed for
the maximization of a quadratic form with a binary vector. The new method solves the
problem in polynomial time, in contrast to other competing approaches that solve it in
exponential time. As a result, using the new method, optimal noncoherent detection in
MIMO systems can be practically implemented in polynomial time. Besides its polynomial
complexity, the new method has additional important characteristics like the fact that it is
fully parallelizable and has minimal memory requirement.

The new method was developed in the MATLAB environment. Of course, due to the use of
an interpreter, MATLAB is not efficient in terms of time, especially when the algorithm
contains loops. This present diploma thesis will focus on the implementation of the method
in C with a special emphasis on its parallelization. Upon implementation in C, we will
present performance and complexity studies in comparison to other competing methods
that have been proposed for similar problems in telecommunications systems.

Interested students should contact the Supervisor at karystinos@telecom.tuc.gr .
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