TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech Research Repository

oo /00000
Article / Book Information
oo@a) OO0000000000D0O0DOO0DOO0DOO0ooOoooooooooon
OO0
Title(English) On the Exactly Solvable Conditions of Quadratically Constrained
Quadratic Program with Sparsity Structures
oo@a) OO0
Author(English) Godai Azuma
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OO000:00123270,
O0000:20230 30 260,
ooooo:0o0o0a,
ooo:0o0o,00o00,0000,000,0000,0000
Citation(English) Degree:Doctor (Science),
Conferring organization: Tokyo Institute of Technology,
Report number:J 0 1232701,
Conferred date:2023/3/26,
Degree Type:Course doctor,
Examiner:,,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

Doctoral Program

wm X EE

THESIS SUMMARY

Foea—R B - FHERT PR HREANL (RS - it ( me )
Department of, Graduate major in ;ﬁ(ﬁ . §+ %ﬁl‘? a— A Academic Degee Requested Doctor of

AR FHHE (E) -
FERA H R AR CR) < T R
Student” s Name Academic Supervisor(main)

fEEHA &) -

Academic Supervisor(sub)

Al i FPEnEER

E (F3C 2000 FFEE)
Thesis Summary (approx.2000 Japanese Characters )

ARESC TIIBRMEREE 2 FF DI RGO & k& Ei & (quadratically constrained quadratic programs: QCQP)IZ{EH U, 3 1E
TE{EEFE (semidefinite programming: SDP)#EFIIZL > T QcapP DEEIES FHETX57/2HIZ QCaP Wiz TREZMAEIIMMEND
BRI LR 24T,

QCaP X RAERHF CTREINSFHFEEE LT REROB/MEE RO DIEMOEERHEHETHY, o —Fv R T
— VN EFE B RA A MR DRI GABEEZ R, UL, TORMBIT—IZ NP BE#E22 5 2B T 5720, SDP &
Mz AVTSEARB TR L RODLW HEMBIAAVSNTWS, 52517 Qcap L2 0 SDP EFIDEEIEIZ—#RIC
IFELREM), B REET TIRENSDEIZ—T 5, ZDLX sOP BTN TH B LI, BAEENS Qeap DEEE%E T
T%%,SDP #BEFIDS rank-1 DRBREEFHFOZLLEZNIINTH DI ZLIFEMTH S, ZOFEITEINT, REDHAFKTIILTO
ZRBBDSE ATTHITREIEI NS Qeap O SDP FBRIAS/NE 74285 (B MES M) MREI N, EROBERERNRIEE RO
MEIMEFAND L TH/MEZRHIETEX DL DIT8o572, R TIE Qcap DERMEREEIZER U, B2 LERIEEEICS W THME
ZHEEHONT S,

ZESUIAT D 6 ENSRER I N, AR DBRIEE 3 ENSE 5 EIFMiRI N,

% 1 ETIE AME TR BEREHEL T DFEE R T, 2, BE T RITMEII OV TERBN T D,

%2 BT BB LD —RETHDHAFEETEEL T DY T V5 ATHS SDP DMEEIZDOWTHAL. sEFE G EREIC ST
SBROE DR ERDOWEE & L DD, TDE, AMEDNE THS Qcap L ZDREN—2>THD SDP FEFEAE/ L. SDP FEFIH
rank-1 DEGEFE RO L L SOP BHINPNTHEZENEMETH S L %RT, KIZ QCQP ¥ SDP DIELTERD/NA— I
TOHMEEE TR T D, COMMEE L IEALARUTRNS 7R TX 5, AEDORETIE, BIEHRICEIT 8 MESR
HrElds,

%3 ETIE BMEEENER Y7 7L708 857 acap ITERE YT, 2 DO NMERHEZIRET S, TDADIZ IFZUDHIZ nxn
WRRBATFNC BT SRR R T, D 1 D3, BUTFIMVS IR SEMEBIE 2 R OB a8, TOEITHIDT I hn — 1B EL725%
HTH D, BIPEDE LT, SDP FBHIDY rank-1 DEREFFOMNE I ML, TOICEREDREHRDT > I hn — 1A ETH D TH]
ETED, QCaP PEMEBIEE RO L XXV B SERS 7~ MELDBEMEBIEE R > T\ 4720, SDP BRIDIR/NMEE WS DIZFT
IROFREEFANVDZLIZE>THRE TR IENTE S, TOMRELU T, AE TR 2 2OM/MEREZE155, 1 D BITBIEREEN KT
HBFEIINTBRHETHY, 1 ADOREEMERFHK, mEDTEREHK, LU 1 HOERHH TEEINSEITARERDBDE
FEERANDBILIZEHT, acap DFMERHIETES, £ —HDORMIHMERBEN _H I 77 THEIBEDRUETHY, ZDEHE
DOFNEHIEIZE TSR 1 HOEEEEFHKIEm + EOTERFFRNL>THERINS,

% 4 BETIE FE 3 BECIHHUSER S 7 T CORNMEGRH 2 IBER TH LB EITHRT 5, ZOHERTIX, acap O H MRS
NEEEETIE EDEMe CREINSEBE L MA 7T« BEMT acapl DEE % VN5, BAEMIZIE, ERDAHB W Te-EET
Qcap A/ SDP FBFIR D SIE, T Qcap IZE /N SDP IBHINEET LWV HIMETH D, RE T, 5 3 EOMME
FHTIERMEBEDERBME I DA INRNEETE, - BEIN acap MWEITHINV sop BN &R > LK B EEITFINEET
B L BFERAL, SO NMESR GO EEEDREZ R ET S,

% 5 BTIX acap DY TIFATEB U, TNODI T RAIIBITBERIIOVTERZFED D, 9. 1 DOFERF DA% FIK
S UTHRD acap IZH LT, KVEBEBNMESR SR B 25, ZORMEIFN S ODDITHIDH EEE DA% FER T Z721TH
ETED, E/2, TP T 7 DBMREE S R7272\ Qcap OB/ NEZFANS -0, —% D acap 2 HIENE G L IEREED
QCap NEHIT S 2 DDFEERET D, 1 DHOFHIFFHUNEHEFAVT, acap 28T 22 TDT5 % 5277 7B D%
BEE R OTIICHRT D FETH D, IOEBFHRITLY | RO NMERENTFIBERDR S REITE S BREHFEOK
RENN—UTWBILIHT S, £~ HADEBRFEIARZENAICEISHETHY ., ZOHYLNITA—ABEERTT
LT, Qcap DY T 7T AD—D>TH 5 —MALEFEIBI 2 DS/ NMEIZ N T B HIFERR % 5 2.5,

% 6 ETIIRMXDOMEEMIEL, R DFEOL T D,

% FRSCERIZ, FAsL 2000 52 & BE3C 300 384 1 #3282 T 25, & L<IFDEL 800 754 1 Hifeii L T2 awy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
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Quadratically constrained quadratic program (QCQP) is a nonconvex optimization problem which minimizes
a quadratic function over quadratic inequality constraints. The QCQP has a wide range of applications such as
sensor network localization problems, and the max-cut problems. However, its solution is an NP-hard problem
in general. One of attractive method to approximately solve QCQPs is by semidefinite programming (SDP)
relaxation, whose optimal value gives a lower bound for the optimal value of the corresponding QCQP. The
SDP relaxation is called exact when its optimal value coincides with that of the QCQP. In this case, we can
recover the optimal solution of the QCQP from its SDP relaxation. Hence these conditions for QCQPs are
extensively studied, and a well-known result is that the SDP relaxation is exact if and only if it has a rank-1
solution. Recently, based on the rank of solutions, exactness conditions for QCQPs whose data matrices are all
diagonal were proposed.

This thesis studies exactness conditions from the aspect of sparsity structures of QCQPs. Contributions of
this thesis are roughly divided into three.

The first contribution is to provide two exactness conditions for QCQPs with two types of the aggregated
sparsity patterns: connected forest and connected bipartite. This result is obtained mainly from the rank
estimation in the dual problem of the SDP relaxation by using the rank-bound conditions for sparse matrices.
Second, the exactness conditions in the first contribution are generalized by employing a perturbation
technique to QCQPs. The connectivity condition of the aggregated sparsity pattern is removed. Hence, the
exactness conditions can be applied to QCQPs with disconnected forest or disconnected bipartite sparsity
patterns. Third, this thesis discusses special classes of QCQPs such as QCQPs with only one equality constraint,
QCQPs with all nonnegative off-diagonal elements, and the generalized trust-region subproblem. In particular,
alternative proofs for the exactness of the latter two classes are provided by developing two distinct conversion
methods for QCQPs.
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