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Investigation of integer—based phase information extraction for

automatic speaker verification

NAKANO SHIORI:'®  SHIOTA SATAKA! Krva HiTosHr!

Abstract: Almost all automatic speaker verification (ASV) systems are based on statistical approaches (e.g.,
GMM, SVM, i-vector). These systems are traditionally assumed that input feature vectors are calculated
from mel-frequency cepstral coefficients (MFCCs), which are extracted from a short-time magnitude spec-
trum. Recently, it has been reported that phase related features perform well in various research topics.
However, the phase information changes considerably according to the frame position in an input speech.
In addintion, the phase jump is sometimes occurred depended on some calculation methods. It is necessary
to normalize the phase response with respect to the frame position. Therefore, this paper investigates the
effectiveness of an integer phase extraction and a phase simplification method. The experimental results
show that the system combinations of the magnitude spectrum and the phase spectrum are improved the
performance than the conventional methods.
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10 U DOMERFHAETEL ZMHEROEHBFHEELTLES
ZENHISNTED, MHARY MV EEREGHT 228
FEEL . 22T, MM EEHAT 2 T [3] PROEILE %
PAIERHR & UTHWSFIL [4], 5] REDBREINTWVS.
AR TIE SR [3] OALAHIE D fl IR IZ B U T 722 2 Way
ZAiTo 7tz SCHR [3] DFIETHIM U 2RI A R 7 M OVIZEE
HOWHEEL L ARFIIRDRART VRGP FEEL T
B, £7z, MHEERIIEIAE» S LML W & A
Dirotz. ZDOARTIEEELE AW TRY LAHE
BRET 22 e fliEbETS 2 & THMBHROZE 22
5L REL, MEREFERICE > THRE LTEOA
Mz HmET 5.

2. FEEREVAT A

MHERAE Y AT LEBAN SN EREPERI N GEE
ANDERPBRIPZHHNTE2VAT LD THS. Ak
TRIEIET IV EAWEZFERAEY AT LE UTASHWS
% UBM-GMM (Universal background model-GMM)|6]
B & Wivector[7] IZEED K FEEREIZOWTHENT 5.

2.1 UBM-GMM

GMM % M {E D HleE:H 7 253456 p(X) LIEBGEA w;
NI EbE P EREDbETREIINS. 22T, ¥
Fhatit s #&RT GMM IZRX (1) DL S ITED .

M
PXIA) =Y wipi(X). (1)
=1

ZZT, X = {x1,X0, ...,xp} FRHE~RZ MLEXRT. ¥
72, M w, =1 TH3. UBM GMM 25 < #E#
BIZHVWBHEFZEETIVOEEIITET, BREE s D
T— R SRR 2 U B SR E s O GMM), %289
5. W, FREREE DR ET IV THS UBM 2 H
B2 E U TH EHRiER R KM (Maximum a posteriori
probability; MAP) &Ik [8] & F\W TR EGEH s DI
HIS S5, BB, EM 7)V3) XA 2 HWTERELZ
TWEBERGES s DETIVEMEKRT 5. WERHZIXEERGEE
ETFNMNICHTDEANT—X X DT L — L YR B &
R (2 Dk IHEET 5.

T
1
log p(X|\s) = = > log p(xi|As). (2)
=1

UBM GMM TIREA&Z T 7 & L THRELEZHW5Rb
DIz, FEREEET IV N\s EAREEGEE T T IV Aupm DREL
RELLE AV, FORE L ZBME X 0 K E T NLEGEH
DEFETHD LHET 5.

2.2 i—vector

i-vector IZH D FH AN T & HVEZET LT
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TUO—FD1DO2TH5. WFOMTHET —XEifikL
F ¥ 2IVHRAFE D 22 H) (total variavility; TV) 2212 G4
TE5770—FTH5 (9. ifi& s D GMMA, D71
A U7z GMM A —8—~ 27 bL mg FRFDHFIZ &L -
TUTFDOEIITEHRINS.

mS:m+T'ws- (3)

ZZT, m i UBM » 56/ 5 0554 LTF v 2 IVIEHKLE
D GMM A—=N=R7 ML THD. TIHET V7 DI
751C, TV EEz2ME2 KR MO SR I NS, w,
MEZ 5 NFERTNT B i-vector THD. BEKFIZAT
T =R U THH U7z i-vector(Wiest) &, i ET IV E
U TEEKL 7= i-vector(wing) D I H A VEBEDR AW
YA

Wirg - W
score(Wirg, Weest) = ﬁ. (4)
rg es

ZOWAERATT score(Wirg, wrest) DT HFE L 7z BIH &
DRETNIZEHRFTEDSHTHLLHET 5.

3. fIfAMHFE

PEHRDOFTERAETIXFHERME L LT MFCC 212 f#
HAINTHEY, GHIZEENTVAMEERIIEZEEINT
WRh o Tz, EAEDHIYEIZ X D M ARY MLbEREES
BRI IZOICBHERTRIZERZTH D, bRXRIRFEFED
PEREE IR EZRio TWA Z e hbh o T/,
UL, MFHART PLVERBEE LTHWSSE, 7
V—LUOHLDWEERZITTLES 22 REPHONT
B, DL\, FDORBELE AR L& A
e UTHWS T [10], [11] A % ERILT 2 Tk [3]
DIREINTWD. ARETIECH [3] 25 & IChiffhiE T+
HBWIZBALU THERME 2B o7z,

3.1 Relative phase information|[3]

BRES OB Y — ) TEMIILTORTEREI NS,

VX2(w+ 1) + V2w + t)xelf@Ht), (5)

ZIT, w, tITEEBERRE, X, VIIERLEBEE
T V/X2(w+t) + YV2(w+t) BIRIEARZ MV, O(w+1)
PR ARZ SV TH S, MHHARY MV, [\ U EBEEK
WTHI7 V=LY HUDMBEIZE > THEPKRELSED S
TLES. 22T, A (6) DL TdhBIAEL T 2 P
wy DAL Z —REIZ U THBOD JEEEZ 35 15 & AiAH 2 AR Iz
kdBZ L TEREETS.

mw+w:mw+n+5gA_@%+oy (6)

ZIZT, ARBEERBEE ) ITRELUMHEDETH L. A
Tl A=02,75.
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Fig. 1 Speech waveform and phase spectrogram
(b)Relative phase spectrogram, (c)Round relative phase

spectrogram

3.2 EHIL

HRESD7 =) TAMIIEMEI R 2 W5 Z & TFE
BCIRFE U WEREBUC © 5 E ORI & & TR
WERF->TUES Z 2B 5. MNHDMHEIX —7 ~ 7 ORI
570, METHOLNSMEENME LTIEKREREL
BREZENDD. ZOREENA L IOITNHEROFHE
2T HBUMEE RS B Z e 2MET L7z, K 1(b) 12 3.1
HiCHIH U2 A R 2 MLV, X 1(c) (i 2 88U L
T2 ENAHAART MIVERT. &Y, (b) TE/ 1 X
DZERERBEOEADNENTE Y, (c) TR LEHD
OEMHEATEY, SHEESOREE X VHMECERL T
L2 eNbnb.

3.3 MIEBEHROBRIL

RAE BRI IBEER BT TR T Z LN TE L. 2O, (i
W0 13X 2 ITRT &SI, —r<f< T, ~T<H<0,
0<0<3, 3<O<TDVTIPDMEBIZTITEZ LN
f%é.mﬁlﬁ®m17v LI H U7 DI &
LEMMBREN. T T, 3.2 I TBHEAL MR E
T 5T 4 DDEBITDI, EBOBIEZ HRRRIITL X
5 Z L TRHBERO KR ERELH TR BB ENLRLH D
AIZEHE U R 217 - 7=,
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Fig. 2 Simplification of phase information

4. (IMEBHROETIIES LUV AT LS

4.1 (IHEBHROETIVE
3 TR A HTEZ W THiH & - A AR R IZ GMM
W&o TETFTIMLETS . MR A% HWTREE R
AEBET-o722 25, AMHIZHEED < GMM OERE
Lphase DY, FEICKERIToDENALNE. 22
T, UFOXRTAIATOERLEGFS.
I _ Lyphase —m %

phase oV
ZZT, m VIEENEN Lypese DY, HRERT. £
7z, a FEBLBRO DB EMESTHNNTA—KTH 5.

4.2 2T DA

ARiTlE, MFCC % A\ UBM-GMM Z 7z 1% i—vector
LR E W GMM, 2 2DV AT LA%FELTHWS.
FEBAE T OBUZIE, UBM-GMM % 7214 i-—vector 2 5
BonREA AT EAHZ AW GMM 2 5155 vz k)

BREEUTORD &5 MG L, MEATT LI,
5.
Liomb - (1 - B)L?WFCC + BL;)hase' (8)

ZIT, Lyroc & Lipase BENENGEE s OGEATT
ERNBRETHY, BIFEMRTHD.

5. RERFM

Kt U 7= AR el R O A 12 B 1 2 a3
BLTEETS72HIZ, UBM-GMM B XU i vector 12 &
LB REEREIT o772, EREROLRIZIZEH I N
BEAITRORAESRREMAZIFANKEZFHEL, &
A ILEORMMEE B LU TR -FE i T —% (EER) %
AWz, SEHEBAEBRTIE VLD 77— X R—=Z [12] DY
Kty b~a4 7 TSI NAZERTT— X2 HVWTHERZ
fio7z. 1R HOEA S 2 [0 H O SR E TOHIRIEH 3
B> TWa. 1 EHONERT — X 28 A, 2 [H
DUFT — 2 2B £ 4 5.
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£ 1 UBM-GMM B XU i-vector (23D < 5 & O FKEREAM:
Table 1 Experimental conditions for UBM—GMM and i—vector

based speaker verification systems

HPrahE T — XN — A

VLD F—= X R=Z (VD M)

FEF—-R 70 XE x 1T %
(REFHETI) (FF 1190 >3)
FANTF—& 30 XF x 17T %
(FF 510 &)
UBM T — X RX— 2 INAS(ZMEDA)
UBM #3857 — 4 23657 X
GMM EAEE 1024
i—vector DIRILEL 400
BT v TEEE 16 kHz

TV—LE/7L—LY 7 b

25 msec / 10 msec

Kl MFCC 19 X+ A + AA

® 2 AAHREEIE B X0 GMM E T O EG M
Table 2 Experimental conditions for phase feature extraction
and GMM modeling

BikiiE T — X RX—=A | VLD T —4R—2
FHET—X 70 XFE x 17T %
(FrEssHETIV) (§F 1190 3¢3)
TARNT—X 30 X&E x 17 £
(§F 510 3¢#)
CMM R&% 1
P T v T EBE 16 kHz
55 R OB A0 3 60-700Hz

£ 3 AMREdRH I LZ 7 V- EE 7L =LY T b (msec)
Table 3 Frame length and frame shift used for phase feature

extraction(msec)
TJV—LE | V=LY T
frameleg0 12.5 5
framelegl 50 25
frameleg2 75 37.5
frameleg3 100 50
frameleg4 500 100

UBM-GMM & & O i-vector (25D < GEH A D FERS
PraeR 1, MRS X GMM € 7 U b O EEREM:
ZR2IZENTHRT. MHREEIL 3 HTHRLUZ Relative
phase information(enph), #%{t % i\ 7z Relative phase
information((R)enph), ##t i L Ok & FH\ 72 Rel-
ative phase information((R)sepd—enph) @ 3 FE¥H CHlit %
Tol. &/, TNZTNOREHIHEICN LT 5 BEHD
T L — LARETHREE 217572, T D0, MHREILE
15 THD. MHEREMEIZHEALZ7 L —LEE2R
3IWRT. TAMTF—RICE 2 B OREREAMHHL 7.
T—AR=ADH L H L DOHFER (14 F) % original &
LT, aXEoRErs Lz 1ensddichy bL
7z short ZEEK L7z, MFCC B & Ol Z 2 DR E
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+enph = (Rlenph s+ (R)sepd-enph
0.7
0.6
205
z
5 04 '
T
= ]
3 03 L] & L] L & = -
o2 * 5 + + .
0.1
o
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7
‘Weighting coefficienta
(a) F&3HE original
+enph = (Rjenph s (R)sepd-enph
0.7
0.6 w w w ™ o m w »
£05
=z [ ]
Q 0.4
=03
g02
0.1
4]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Weighting coefficient a

(b) F&GEE short
3 AV AT LD EER(UBM-GMM & i)
Fig. 3 EERs of integrated systems (UBM-GMM and phase)

EHWTRESFEETVEFEEL, TAMT—RIZ3EH
T— X LFE URHA & 22 2 RN L 7= 7 — R &2 W -,
42 fiTmR U2 5IET MFCC %2 HI\W/z UBM-GMM & 7z
I& i-vector 226G S NIEE X 37 & AN AR B FIE
IZHEO L GMM 256G o/ EEDO A3 TRE %247
W XERAOD EER & E 1T 572, A3 7 A OHTALEE
& U CTHIMHRE (R)enph & O (R)sepd—enph (1% 4.1 i T
MULHETAI T OERLETT > 72, ESYLIZH WA
TA—R alFENEN0.25, 0.1 TH5.

6. EERFER

6.1 (IEREEHKER

BFEERIIK LT MFCC Z W72 UBM-GMM % 1 f&
¥, MFCC % H\N7z i—vector % 1 Fi¥d, fAEGEHHE T
EIZHD L GMM % 3FEEZEEL, SETIVIZT AL
F—=REANUCTREAITZE N L., FETF—X, T
AT —=RITHIZR A 2L TWS. MFCC 2 HW
72 UBM-GMM Z 7zl i-vector o &E s n/-BEATT &
BAFHREE TR D < GMM 22 548 5 172 B0k &
MOMEATT 2HE LUz, X312 UBM-GMM 225155
N7-WEZ 3T L A TFEICE D < GMM 2261455
NI EEOREA I T 2 WD EER 22559 . A
ATETHHTENNTA =K 1201 ~09 £TO0.1Z
ATELE =, Fz, 4 1Z i-vector PS5BS NT-RE
237 L AR TREICE S GMM 2 5455 N7z 15k
REOHEGAIT 2 HAVZEED EER 2773, A3 THE
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+«enph = (Rlenph s (R)sepd-enph

098 » n L] . +* . -
0.97 = =

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007
‘Weighting coefficienta

(a) F&3HE original

+enph = (Rlenph (R)sepd-enph

127 [

i} 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007
Weighting coefficienta

(b) F&i&EE short

M4 HAYAT LD EER(i-vector &)
Fig. 4 EERs of integrated systems (i—vector and phase)

x4 BNMREEEFIEICB Y 25/N0 EER(%)

Table 4 Minimum EER for each phase feature extraction

method (%)
(a) UBM-GMM & fiAHD#E AR H
FANTF—=& (K A)
original short
Ea MFCC 0.26 0.59
F—% MFCC+enph 0.18 0.59
(K1 A) MFCC+(R)enph 0.25 0.45
MFCC+(R)sep4—enph 0.26 0.56
(b) i-vector & NikHD A H
FANT—=& (I A)
original short
Ea MFCC 0.98 1.30
F—2Z MFCCH-enph 0.98 1.30
(1 A) MFCC+(R)enph 0.86 1.27
MFCC+(R)sep4—enph 0.91 1.30

WS 585 X =& 31X 0.0001 ~ 0.001 T 0.0001 %
ATEE . 72, £41Z3, 4 DFERT, MFCC
DHERANZEED EER & MFCC & #54 U 7=z & AR
B FETHRS KW EER 2/R7.

9, MFCC OAZFHHEL L THWEAE L, MFCC
CAAEDM ST E WG EDEWNERKT 5. F4 (a),
(b) &b, UBM GMM, i vector & %12 MFCC ¥k & b
EMAHR AT 5 Z E TEER DRELTWAS Z 2 h
SAAHIEHROA A S MR TE 3.

RIZ, TANT—XOHKFHEEICEU TS 5. KiiR
original D&, #F4 (a) Y UBM-GMM & D& Tl
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K5 K7LV —LRIZBWTHR/ND EER(%)

Table 5 Minimum EER for each frame length(%)
(a) YT —RET AT —ZNHE UK (R A-A)

FTART =& (Il A)

fifflitFik | EER

Ea MFCC - 0.26
F—2R frameleg0 enph 0.18
(R A) frameleg1 enph 0.18
frameleg2 enph 0.21

frameleg3 enph 0.23

(R)enph 0.23

frameleg4 enph 0.23
(R)sep4—enph | 0.23

(R)sep4—enph | 0.23

(b) BT —RET AT —XMRLZH (R A-B)
TAMT =% (K# B)

frfffEFIE | EER

FH MFCC - 1.37
T—X frameleg0 enph 1.27
(IR A) framelegl (R)enph 1.31
frameleg2 (R)enph 1.31

frameleg3 (R)enph 1.24

frameleg4 (R)enph 1.31

enph &5/ND EER & 7> T\W5. — /AT, £4 (b) 256
i-vector & DG Tl (R)enph B E/hD EER 72> TH
D, enph IZBEN R SN o7z, FEHE short DA,
# 4 (a), (b) £H1Z (R)enph /N EER £ 72> T\
5. ZDZ e, FHIFRVEWEAMEDES DS E
LTLESZehER6ND. £72, MHOBEEILZITD
ZETRDBERDEZRETEIENTE, DPEDFT—XT
LRELZET VLD AREL 72 5 72 2 & T EER A% L
EEZONSD.

6.2 PNHEHPSLIUIL—LER

KD 7 U — LARIZHT 2508 2 & 572012 UBM-
GMM 12 X 2 EEE RO HEBRE 1T o 7. 15 Ml (3 FiEix
frameleg0~4) OALFHFHEHIHFIEIZHE S < GMM %% H
U, EETFTIVIZT AT =22 AN L THRHECLEZREH L
7z. UBM-GMM 25135 N7 BE A 37 & KA AR
HFEIZHED < GMM 675 N B RE» AR T
TEHEEL, £7V—LETREHEV EER 2£ 5 12R7.
AATREIHEHT AT A =X 31501 ~09 £TO.1
FNAHATEZEZ. £5 (a) XFET—XTHRHA, 7
ANTF=RIZEHA %2, £5 (b) F¥E T — XK A,
FANTF—=ZIZH B 22 EER 2R LTW5. £
® MFCC D171Z13 UBM-GMM DA T EER %77 L T
WA, P TR I3 A A 3 TEMRIC K 5 T MFCC
EIRE UM TR0 S bbb EOE» - 2 Tik%
ARLTWVWD.

9, MFCC DAZFHHEE L THWEEEY, MFCC
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DM A REE L U THWZSADOE VRIS 5.
%5 (a), (b) 2B, TRTOTL—LETMFCC DA
L0 AR E G U725 E DD EER 2MEL 785 T
W3, ZHUFHTGR DFEER L FRROMEITH O, MAIEHRA
i LCEHTH L Z LD ERTE S,

Wiz, 7V —LAEOBBEICEL KT S, fifHiET
V=IO LIk o TREZZIT L2720, 7V—LK
MEWEEZOMELZBTESEFEZoNE. L,
#5 (a), (b) 25, 7V—LEDEIM EER O8FE L I
LTV &Dbhb, —HT, 7V—LEOEZ L
ZDE EHND EER % & o A Tk 0BG E &
&, FRZ7 V—LENEWEEG (framelegd) 12, #Eb
4 fEAL L B DA Z W2 B DAY EER 28— &K < 42
SHEMIICH D, ZDZens, AHHMEFERIC L - CEY)
RIV—LENRRDLZENEZ LN,

Wiz, MRS EORFICE L TR L TWL . %5 (a)
T, enph BETOZRMAEOHFT—FMLN EER 78> TW
5. UL, framelegd $ & U framelegd TldMat U 72 AAf
F#8 ((R)enph & (R)sepd—enph) H FIFEE D EER & 725
TWw5. 2% 9, (R)enph & (R)sepd—enph & enph & D
HREUR DD IRV, FRRICAMH ORI E ZETWB & F
Abib.

BfglZ, 7V—LRETANT—XORHHDENZEL
T 5. £5 (a) &b, FET—XLTAMT—X
DOFRFHADF U A 121 frameleg0 3 & U framelegl H3E/)N
D EER & 757203, &5 (b) &b, FET—RELTAD
T — R ORGP R A 555121 frameleg3 235/ND EER
o7, THIERAURTFENRETH > THIERHIZ XL 5
EHENRKEL, 7V—LER2EL & o AWLE L -0
HHBAREIC R 572072 EFEZ6NE. £7 L —-LRETH
/IND EER & 72 o 7256 O FIEICE L TR g 2
&, %5 (a) &0, FHF—R LT ANT—ROHHAMHE
UGS ERFIETH S enph D2 T L — L EDO T TH
/IND EER &720, 7L —LENEVWEEDA (R)enph £
721% (R)sep4-enph /N D EER & 7257z, — /T, &
5 (M) &0, FHTF—R T AT —ROKHNEL S
A2 frameleg) 2R < 2TD 7 L — ALK T (R)enph »°
—FMWEER &0z, ZDIZ s, REFETHS
(R)enph (ZAIMHREOHEEZ W XS Z BN TETY
LeFEZHND.

7. BHYIC

AT E L UGEFER T 2 AAAHEHR DM
HED & 0 EY) 2 R E I O W T 21T o 7. AL
AR & o THEAMHERICE D CREENEX T
HD0EFAET 572012 UBM-GMM & L & i-vector %
W R EREERE T oz, ERERTIRPE T X2 T
2 b F—=ZDEEH O E D TH T MFCC D H % {HiH L
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Ead b, MFCC Lfitie abE THHLEED
HDRRWEERMF O Nz, SHOME L LTI, KiEEL
FEFHREH DN DN T DIRGH AL D E T IVILFIED
2, MO AHHHFEOMSH R EnHIToNnS.

HEE AREFZED —HIIR AR SR E L (B)26280066 3 &
ORI E T (B)93008552 12 & 5.

S 3

[1]  Zhu, D. and Paliwal, K. K.: Product of power spec-
trum and group delay function for speech recognition,
Acoustics, Speech, and Signal Processing, 2004. Pro-
ceedings.(ICASSP’04). IEEE International Conference
on, Vol. 1, IEEE, pp. I-125 (2004).

[2] Paliwal, K. K. and Alsteris, L. D.: Usefulness of phase
spectrum in human speech perception., INTERSPEECH
(2003).

[3] Wang, L., Yoshida, Y., Kawakami, Y. and Nakagawa, S.:
Relative phase information for detecting human speech
and spoofed speech, Proc. Interspeech, pp. 2092-2096
(2015).

[4]  Hegde, R. M., Murthy, H. A. and Gadde, V. R. R.: Sig-
nificance of the modified group delay feature in speech
recognition, IFEE Transactions on audio, speech, and
language processing, Vol. 15, No. 1, pp. 190-202 (2007).

B A —a, K&, I BRSNS < A
PR R 2 O 72 2 PR RGO IR (RO, B, 0has, —i%),
T WOEAE 2 ARG, SP, &/, Vol 110,
No. 143, pp. 31-36 (2010).

[6] Reymnolds, D. A., Quatieri, T. F. and Dunn, R. B.:
Speaker verification using adapted Gaussian mixture
models, Digital signal processing, Vol. 10, No. 1, pp.
19-41 (2000).

[7]  Dehak, N., Kenny, P. J., Dehak, R., Dumouchel, P. and
Ouellet, P.: Front-end factor analysis for speaker verifi-
cation, IEEFE Transactions on Audio, Speech, and Lan-
guage Processing, Vol. 19, No. 4, pp. 788-798 (2011).

[8]  Povey, D., Chu, S. M. and Varadarajan, B.: Universal
background model based speech recognition, 2008 IEEE
International Conference on Acoustics, Speech and Sig-
nal Processing, IEEE, pp. 4561-4564 (2008).

9]  /NIEHE, SEHZ XD @ ivector & AW ZEEH R, HA
T Vol. 70, No. 6, pp. 332-339 (2014).

[10] Yegnanarayana, B. and Murthy, H. A.: Significance of
group delay functions in spectrum estimation, IEEE
Transactions on signal processing, Vol. 40, No. 9, pp.
2281-2289 (1992).

[11] Correia, M. J., Abad, A. and Trancoso, 1.: Preventing
converted speech spoofing attacks in speaker verification,
Information and Communication Technology, Electron-
ics and Microelectronics (MIPRO), 2014 37th Interna-
tional Convention on, IEEE, pp. 1320-1325 (2014).

[12] Shiota, S., Fernando, V., Yamagishi, J., Ono, N.,
Echizen, I. and Matsui, T.: Voice liveness detection al-
gorithms based on pop noise caused by human breath
for automatic speaker verification, in Proc. Interspeech
2015 ((accepted), 2015).



