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Abstract

Regression is a type of machine learning problem. Labeled samples are very important
for training regression models. However, in some practical applications, the original
samples are easy to obtain, but it is very difficult to label them with true labels. For example,
the labeling process usually takes a lot of manpower, material resources or time. For such
regression problems, applying active learning can effectively reduce the cost of labeling.
However, among the existing active learning researches, most of them only focus on
classification problems, and few on regression problems. This thesis focuses on the offline
pool-based active learning regression problem (ALR), that is, given a sample pool, how to
select a few valuable samples from it to label, so that the regression model trained from
them can achieve the best possible performance.

This thesis first compares the unsupervised ALR algorithms with the supervised ALR
algorithms, and points out some advantages of the unsupervised ALR. Secondly, this thesis
establishes a mathematical model for unsupervised ALR algorithms, and proposes a new
indicator that can predict the accuracy of the regression model without any true label
information. Thirdly, this thesis migrates the three essential criteria: "diversity",
"representativeness” and "informativeness" in the supervised ALR to the unsupervised ALR,
and theoretically explains them using the proposed mathematical model and the new
indicator. Next, this thesis proposes a framework for optimizing the set of candidate samples
in unsupervised ALR. The framework uses an alternating optimization approach to split the
multi-objective optimization problem into multiple single-objective optimization problem.
Based on this framework, two new unsupervised active learning regression algorithms,
iRDM and IRD, are proposed. The iRDM algorithm measures and integrates "diversity" and
"representativeness". The IRD algorithm not only considers "diversity" and
"representativeness", but also measures "informativeness" for the linear regression model,

and integrates it into the objective function. At the end of this thesis, a large number of
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experiments were performed on 12 public regression datasets. These datasets cover multiple
practical application areas. For each dataset, the proposed two unsupervised ALR
algorithms (iIRDM and IRD), and seven state-of-the-art ALR algorithms were implemented
by MATLAB2019 and were used in linear regression (Ridge) and kernel function regression
(RBF SVR). The results showed that the two new proposed unsupervised ALR algorithms
(IRDM and IRD) performed better and more stable than the existing unsupervised ALR
algorithms. Furthermore, they even performed better than supervised ALR algorithms when
the number of labeled samples is very small. It was also verified that using these two
algorithms to select a few samples to label at the beginning for a supervised ALR algorithm
can improve its performance.

The mathematical model and the evaluation indicator proposed in this thesis for
unsupervised ALR can provide theoretical support and new ideas for subsequent researches
on unsupervised ALR. The two unsupervised active learning regression algorithms
proposed in this thesis reasonably measure and integrate the three essential criteria:
"diversity", "representativeness", and "informativeness". Compared with the existing ALR
algorithms, they can reduce the labeling effort more effectively. They can also be used in
any supervised ALR to further improve their performance by generating a better initial

regression model.

Key words: Active learning, Unsupervised learning, Linear regression, Kernel function
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A A RAH 0] 7 ) FIIAE A 1T (R Yoy MU TIT DU S8 BE A 23 [ R TR i) — A d 4
0 1] U1 - T, R m] DA S U AT 22 ) R IR AT B A . AN AR R AL AL
K dmo1 BE, Xy NEFIALREAR .

1. RFEZS IRy 4R s 2

yll

X2

L= 8 R?

X1

[ 3-4 ZHFHEZEF, FRUHARHRRETER, HAE TN EY3FEA 50
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P 3-4 TR, MURAESS RN 4RI, BEARZSI A SAER?, T BRREA
fErh U SRR, X,, X3}, ANWTRR IR, 8, Rtk G0 FiiH Fon s it
R P R RE A b T R A I 45t P TT, P AR AR R D 35 €0 F i
AR AR HO T 55 P, 3% € P T A R AL 5 BT (e P 1 . iR, IR,
RIS — P4, AT T PR X KR, Xy FIR, RS AR [ V3 T ™
JR7 BT A TR REAS p51 i AT S A T T AGRAS— S B X X5 » R IR, 75 TN 1]
VR T TEA_F R SR TRRE A% AR R, FIR,, FERE A T TT DS — 4 BR Ry o (E45
EAEIR? o, 3R, 1 L B T LA K, T4, MRt ARG AR IR |
Ry SR AL I V1T TR % 57 1 5 D8 TR RE AS 1443 32 S GG, BE TR 254 31
ReRy 5RG, FHTRRREA (R, Xy, X R L TR R IR A . IRt — A e
FEIHUERH Z

EHL: (%6 = [R567], HELxx SHAR KB, WAl WIELRRSH
[0 TV 1 B 1 £k /N |07 ST B 1 TE 926 B 5 T TE VT B 1K/ 10 36 ok
EHI

TS “[RoG) = [R567|” T “xo Ty HOMRANE B0 . 5 242 iR
B, PRFEVERITE AR AR AR A R BB B, DRI T LS 4k, G AR
— 50, R BARERBUR . TR FEVER B R E TN A BT RT . 4x; Sx3 (0
REME—FL, TN 2.42 T LT LM B L33 ST R LM B ARRE, Bhi

B[R, G| 5[R567| KA.

TR A “ XX 5 AR R, B TR [ A ER, IR, DA IR F IR
7 o ZAG IR REAF FIMA TR REA B VEM AN RIS B, IR, FIR A2 B Y
AR, KRR R, X RS R (EM B RS, JIE e
B IR, DK B (R EHEn R, ZBE0 LUZIE AR o SRS R RS —
e, TEBIRIE AR % S T REAR A AL (EB A AR R IEAT . S IB WG L 1% 5%
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T, PRI AME B R AR o 5%, AR, DA AR AT, T B 28R R, AR 0T f5 0 ) 1 T
HH*, % CAMRACTRB L, WS LR, R, S 7E S AP H b, B E4XX;
SH&R, R, B

TREHEA 17— FRIE: H Mg iR —F, Hx Mix, et 2%
0, AEARGAERT TR R EARMIERE . 1208 B H T FE & IRD Bk i 40 5% A 2

=

Ho

DL 5 B 20 B4 s BRI A4 BT, B Rk T B, 75 EEAE ) 4
=5,

58— iR, SR HINE L T B T I AR A H T S FRIF, 542 B R F |

S

R F | KA
WEW: BAREL LR F AT T HLRLF, = AR,GF5ARLG F' A E A=A,
XA ARG |5

R[], B4R, G 5R567 107 FIARI) CPAT T A3y )

TR AR, GF 5ARLG'F 4%, BB |R,F| 545

RLF7| KA, I

512 i FANF 2 BIE R TR BT B4R, R, TDME, MALE|DF|IIK BN T
L B EF |

EW]: e =MEDCFM = MIRECF ¥ Ef =%, X ADF//EF, FrLk
LDFC = £EF'C, Fibh=fJEDCFIIMLT =MECF's LFN|GA| < [%54], FiLd
|CF| < |CF'|, BiLA|DF| < |EF7|, iEH.

B = AR P T T V=1 T 5 05 0 S T £ T3 16 B 9 £ K /086
ST ELR DR, M ELLEDF RO A K/ B s AR BTN ] U1 F T A 45 85 D 15 04 F i 1
RIIE S BRI A K/ 07 |55 T LR E R, A ELLREF IIJE A1 B
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“LIEIEU%! y‘jﬁéﬁéﬁ:g}?l H*7 Fﬁuﬁ3Fl ﬁlﬁzy 1%2122 J_D)/Z:;’ Fﬁuﬁlﬁz 1

DR F, FTLAR R, L DF; BRAEZRLF L HY, JTLARLF' L R, %5, X NR.R, L ERY,

FiR,%, L FIHEDRLF', FibiR.KX, L EF's [ANR,R, L DRs» %,%, L DF, FibL|O)&

T DR, HADF A Bl FINRR, L ERL, RoR, L EF> FiLL|0 [T HALER,
RIELLEF A8

3B A5 3 -, tanlp'| = [%5F| /[EF| < tanlg| = |%;F|/|DF|, &8I < |6,
N5 =, 10 <|0], EHIEE,

BT, R R A BIILT, |61 || IR, B

1
6] < —;
%34

2. RFALES IR e eI 1

BE R, ALIRHTd = M — VMER R Yo, BE, Hid + IR
(SRR

LI B AR LA R . AR AT £ 50000 1] U1~ T AR EASA F F T80 ] U3~ T 35
X O (R BEA 23 (A R AP ) d 4R T T . B4R X, BEAK ONBFE 25 AR f1d — 14 R0
LEMERIEF » AZ Y IESF T L d A TE LR A RAE (R Yoo ME— T (7 4
[ SRR . = AN SAEE — Sk —4E B b, MAESTH 3L FrA AR
FEF M — 14EBCERZEE e i e b o X BB B E UM — 1MRAIE ek 2
Ve, BRAEHEL IR, o B T A SR AR “ BRI, RIS A —
MEMERTEEITT, R PR o EER R, VAR R P d — 14
IR IGF, A2 IE LT LAl d AN ] 5E 0 TR AR 55 (R by PHE—HFE
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FERHEZ R, R ARAL IR RUX g EHEZREE BT d A E RHE AU} =1
ME—HE 1d — 1R ENERIEF T A, (ELBRAR g IIEK L B ARG, - X5
fIF 2% B) Ay G 248

PR YR RS, ZEIERE], X EAEER, RGBSRy
TR B ER g AERYEAAR RSO , AU AT B[R] V3 1H A S e D S T
H* 1A IE325 i) 8 16 5 A9 DR/ |0 DR T A S B9 S50 0] U5~ T A 3 S D0 1l U3 ~F 18T H ) I
IR A RN O |5 BIRG  FR TRy RIS BIER g, ORNE AR 1
DU 10| SRR IRAAEARR g4 o B d AN ] 52 HURFAE 5500 E HO TR F I B B dist (Rg4q, F) 2
TR K Z, Rl

1

9 -_—
R ey )

3.3.1.2 M <d+ 1K, IRDBZXBERMUHBIREL

EE U IR EHBIAT S o AUBCA AT TR AR (X e TEEIXHL
55 X TRHE AT IT IR R AR F S m AR, e B A AIREA T T R 2E 2
B CREDX TR EmAFEARX ) o« AR RERAFEA N, HPTTE
IREFER s Con PR AR RN, Cr FHIREAR J (X 30

FER IR, IRDM L% 2L H] H s o8 206 JEIHR Cy PR A REAT 1T 0
T SRR PEE T, B HSEORIFEAR, OV R TIFEARR,, . UL fE
A ARIR A

X =Xp = = arg max ]Q(xn)

BN A ARREQ(x,), e I nBESEEREERUACRIELR.
15 ‘

=S|
HAEN AT THE-EEEREGER, A 9dist Xy, F)Ex. WEEMM — 1M
ARIERFE SRR R E 1 d — 14ELRMERIE 2 F, RS 3.3.1 1, 48ENEREE
1% B dist (X, F) BN RFRALRFFT AR e AR, B R IR P F R EE .
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N T dist Ry F)s B 57 BH 2 LEAE 2 R P AL T F IR it T4%
7 VR0 4 FE 1 LA A S P 4 i — 2, DR P G F th B 2 TR e )
WP, LSRR, A REARRT) , B R Sw R e
Wb, s
x'w+b=0

EHIM — 1 A2 R S AR L PTG s I BT 2 0 AR AR 7 7

[ x" 1]

[ R -4

Xy_1' 1
Bl REAATM — 14, HTM = d +1, BTG, IR R, &
R HIM — VMR, B FEG-4) REFLE AR 2

] =#[E] e

ARG F T REN -

xXTW+b=0
Kt R C,, PR —NREARX,,, TR IEF .
_ T h
dist(x,, F) = %ﬁb =1,..,N, (3-5)

dist(x,, F)# K, AAESEUERE BB, x, MEEIERE.

2. REMEER

RGN ANRTHIER, A/FSRFR. XHE iRDM HikRFEEE R,
A RFRACKE AR, B R AHE C W A BT B PR B R B R ARSR LR, RN SRR
Con PR — AR, THHER(X,):

R(xn) = 1=

R(x,)/, RFARMEMA, x, BESEIERE. AR - E RS E R RN,
X BB RFRC, DI, R(x) B/, BEIARER R R o 1M X, 2T B8 B £
i, JCER B R IR ZREARERIZE, RIBER (x,) K, TRIMZ I AT DARR AR AL RE AR
PR BT BB A IREAR X, o

X S l%n = Xl (3-6)
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AR (A Y R B A5 DU AU PR A B B s, BRI N IR IS4 H b ki
HAIE], XA AR TN Ui Hbr s 8iE 1, BIXS 3R C,, T IR —
IEARX, THE H AR R EUEQ (x,,)

Q(x,,) = dist(x,, F) X —

R(xn)

(3-7)
3.3.1.3 M <d+ 18, IRD WERRIE

IRD 1% 5 iRDM FE(E AR R IR A AESL .

WRM <d+ 1, WEHFERD T IR R IE 25 [0 PR 4ERIM — 14, 285 $AT
JE TR AE

HYH RD BEGEFEVIR T WA R AR (R Yo B (E k-3 R FE
(k = M) SFEAMBITRS, BAMAFEC oy, A%, EEEEKFL
S URINE = N (SR REAR TV 2

R RIE AT R AR L P, s Rid . B—fiEREHT Mkl
TR, AR T IR AR R mey T — DR, R R A —FEA, HR
M — INEEARREE . BRI PR R TR RE AR, ERTEMIR NG, AR
M — 1FEARE 2, ARG 2 I (3-5)THHUIX M — TSR AR ] i 7 RRAE 2 18] H ffl o 1Y) 2%
YERIEF IR X Co IR — A REAX,, , RAEA (3-5) 1 Hix,, BIL R F i 2
dist(x,, F) (FEE-EERBEEERE) o HFREAXG-6)IHHEHARMLZERE,):
B Jr il A NG-7) A B AR R AUEQ (x,),  FFIEIFRRC 1 H A bR EE S5 K HIFE A
Xy BIEORIIAEARAE N RHATARFEAR , o

UAREAACTE UG, FIWT TR TARFE AR (R, Yoo 2 T CEARLE TR TR
REEREPH,  CAAFAENEH LT TARAEARLE, FIEE R, B AN A W2
15 BB RIEAREH, A RIS AT RA TR FEACER , SRR, 5 LK 4 1 1 15
TTARFEAR R o= (ER— DTS R IMASHAT bR FEAR S EP T, AT N — 501540

M < d + 15, IRD FyEmfE R 3-5 Fios:
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£ ob F K Ok 2 M £ % & #

BN EBNDFTRE AR
it (RAHEEEAd) | TR
HEM; mREREHCmax

—<M=d+1?

ERERDDNEER =

FHEZ BB EEIM — 14
|

A4

FAk-HERREL (k=M) BHEAHE

EAMANE{Cplmey, WE—HREEE

BEAPORIE A DS TIRFEAR,
TR TR AR (X 1 o

)
c=0,m=0;
BIEEHHEAREEP
> Bt

m=m+1,

Cn R E N MR
CSPETREA S (X J0T
¥
HEERAM - IMHESHED
SUREFHAETW+b=0

y
dist(x ﬁ)—m—+b n=1,..,N
S 1T

BARERAES
TR & (X =t
EA—THTE
TFARARREP

Y

1
RO = gmeg % D I =xilln =1 oy

X;€Crm
+

Q(xy,) = dist(x,, F) x

!

———n=1..N
R(xy) "

X, = X, =arg max X
m n g nE[l.Nm] Q( TL)

(Xm}i-a€ P?

A4

Wi REs
EER AR A= < o LA

HR

3-5 M < d + 18}, IRD EZXRIEE
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3.3.2 M >d+ 1REY1ER
3.3.2.1 M >d+ 18 IRD BRI OB RERR

RKAEL T, IRD e M = d + 1 MUEILERd + IMTI A, 285 il
o HAR TG W B R B2 ) FRIE R T IIM — d — TMEAR . IXFE NG BT, Al
HIM = d + 1 {580k d + INMRIT IR 2 B AT RIFIITERE, JRERMIREAR
XHERERIHE— AR Tt . AT iRDM J7iE (FE58 3.2 o 40) SRIEFER T~ HIM —
d — INMHTIRFEA, XA RERIN B0 BUE MR, A,

fEFHSS 3.1 e A B AR SR FER N UM — d — I ITARREAR . E 2
MR P R AR TARRE AR AT k- (k=M —d — 1) MM — d — 171K,
XA, BeFEEE B2 T ORI A A AR A T AR R R o Y2 AR
AL o AR, BM — INRFTARFEAR R E (DR IFNd + TREAAT
RS TIIM — d — 2DFEAD , T MFFTIFEAR,, UL, BETERE NG, -
A RG-DIHEAF AR BUEEED, 1A RG-2) T EA IR AR
PERERR, 2K G-3)MCp T FEA TR B AR AUE Q, FEHm KNI B X, N
BT ARFEA

3.3.2.2 M >d+ 18 IRD IEE TR

M > d + 18f, IRD HyEFEE i 3-6 Ais.
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By B OB X B OB O+ % B % X

g

WA EBNMHTRFANF A
it (AEHEAd) | TR

BEM, RAENRTE B Cmax 1
¥
BB IR + LAMEAR. Fk-EREEE FECBBL EFEFTHOM —d - 1R, Bk-HERXEE
(k=d+1) BREADRREEL + 1IDECITY, H] (k=M —d—1) FRERMPER L0 R ARESY
BN RIETRIP 2 D SO YR A TR T TR AR, M —d — IR (Condpigr2. ME—MERREREPORE
C AN T T A (R0l AR AT TEEAR, AT A R K hase-

c=0:m=0;
B TEHAREP
|

c=0m=d+2;
BIRTHNAREQ

LR

o e AL |

Ei m=m+1, E; : ; m=m+1, 13

il Cn TP &N AFE 3 i N, A '

i o A S x, 1, H ik Co P ETHER 10010 ¥

| I ¥ i i

! HEEERMHESBENEE ¥ D0e) = min [Py =%l 0= 1o N |1

i REFNAEXW+b=0 E ] izm i

wAniEn | | —— 1 wARiEn || 1 3
TR AR (K -1 3 | %ist(x == =1, Ny, | H | F*T*T#—#‘%[Xw} =z || RGn) = Z % =x¢]l,n=1,. ! i
teh—tmaE || "“’” ' fea—rmmE ] = ¥
FMEREEP | 1)) b #AHMEEEP o H
iR = 5 I =xill, = 1,. ' ; - H

it ZC Q0) = D) X et = LNy | E

00x,) = dist(x,, ) R(l“).

n=1,.., Ny

X =Xy =arg max Q(x,)
nell, Ny

Xy = X =arg max Q(x,)
ne[LNy]

B RILER
FThA AR,

]
EEAI + I TR AR R
FHAERE T 8M — d — I BT, s

3-6 M > d + 18}, IRD EERIEE

3.3.3 IRDM E(5 IRD BEERIHLER

iRDM FVEAT IRD SBEAE R 1A [F 23 B RAAESE , DX IAE T SR AR A I s
(%1 H A5 bR AN A

iRDM S35 0 H AR B8 $ b 40 BRRE (0 P DTS T GSx s sk, H
R T A HUE % OFERSs 1 IRD BEH I dist (X, F) TV A8 FH A2 A 30 2%
PRI PR S8, A 2 T 2R b AR (O B HE S, IR TR Al T 20 0% A =
A% O R o
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RN R RN

iRDM $LiE A IRD SVERIRIARF], ¥R AR IR bR L &

BT IR REAR BB M AV AESEE d i /2 M = d + 11, iRDM 7E —4E4RFE 25 (8] B A5
BAR MR, (R AERRIE 7 8] g 4E N {8 F 1R 2 i R SR . T IRD B AE —4ERFAE
ZS (A 5 iRDM BE—30, 75 4ERT R RFE 25 18] Fp AR SR 40 B AR

MR REAR BB MAVRHELE E i EM > d + 1B, iRDM H0h e kU,
IRD 5k 24T H iRDM FRGE R FHIM — d — IMFEAR.

iRDM HLEH1 IRD k2 6 B 130 S Rl A 5%, 34 0] LAIRI i F - etk [l
VSR TR RIAELR MR . IRD Bk #d + 1M TR REARR (L S B R R T
LRk IRAR, Hdist(xy,, F)WUS /B AR IEM R, FIHWATLUEH T8 T
ZHIAELEME RS, (HECRA—@ T iRDM (X — p 78 5 SCSER R IAED .

TERFIEZS A Z4Ent, & 3-7 FiE 3-8 /il WML R T iRDM S5 A IRD 5
P RIEAE R (B 3 MR D)

fE FARDEEANIA (L BlE X, %, B %, %, BIE %, fx,,
A AL R X, ML, e x, MIERE. R x5 MIEF.

3-7 FHEZ B4R = 2, FHTIEAREM = 3fY, iRDM BB MUIREREE

£ FRDE XA L BE x,Hx,, BIE X, #xs, BIE %, Fx,,
HTARHEARE ik X, K9 ik X, R9IEFE. AL X3 MIEE.

3-8 YHETEHHA = 2, FHTIMEREM = 38F, IRD EXRRMUEIEREE
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3.4 FENE

Pt — P B RAGHESS, F T 7ETC B 3 3 2 o A R AR A R A TR AR SR, AT B
¥ 2 HARAL R8T 20 T 5 B bR R e kA AT

B2 —Fh T A G B 32 3 2 ) A Bk SR AR i R Ak o B AR R
5% (Iterative Representativeness-Diversity Maximization, f&jF% iRDM) , %5344 ]
PR B RAAERE, BT 8% SRR, RS EmE 2 T R e
LANESEA G

B2 53— I G M 3 Bl 2 S IR VA SR [N 25 R A O | ARER MRS B R
#% (Diversity, Representativeness and Informativeness, f&#% IRD) , &5 iRDM &
PRI, INER G A TR 45 S =R AR -

LT iRDM Hi%H IRD 8k, H4H TIRAEREMREE.
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ARFEAN SISy ISP T 1.2 FHR AR\ A 32 3% X [EH
BE, HEE 3 B AR H AR RET I OG BB 30 % ST A B GRDM ATIRD) , 7E 12
AN 5 22> 52 B B FH AU A T DA B 46 b, 8 B G IRl I A5 B AN T A% 1 A 4%
VERNERE RS AT | 2 RS0, Bl | A SCER P AR SRR A R E R RS e 1, BA
IRD BELELNMEE A AEXT T IRDM BEMR R [FIRF30IE 76 W B 3230 % 2] [al
Er R . ARG BB REN.

AR SCHSESG 2 FE T MATLAB2019 #44-°F & Sk SEHL .

4.1 [EEAFEERE AR

4.1.1 [EEKIESE

ACVRIBAE FH 12 A L SEI [a] V= 3808 S ok kAT S5y , 3 e B4 4R 18 o 1R 22 1 FH 45
H, 9 MUESEKRE UCH HlLds5 ) #¥E % (UCI Machine Learning, [®3k:
http://archive.ics.uci.edu/ml/index.php) , 2 PMEFEHEK H CMU StatLib Datasets Archive

(M4ik: http://lib.stat.cmu.edu/datasets/) , X LEEPRLELE 2 7 (A 57 2OR2IB8I39 e

B FATEEH T — DA TSR 5 AR E AT RIS P /2 - The Vera
am Mittag (fiE, fAFK VAM. JiE/&: VeraatNoon) M, ZHIEE N AL N H
RIS NERBIANEST e 4155 947 ZLIEEJMEAR, KRBT 47 (ihg . FaREos
AT T 75 EE T HRHESE L, AFRSREL T 46 AN SRR I, Hid 9 ANMRFIER T
B, 5 NIRRT REEERT A, 6 MR &R TREER, &F 26 M2
M /R BIANTE 2 HURFIE (Mel-Frequency Cepstral Coefficients, fijF{: MFCC) . HAHEK
PRI N =AUESE . R, Ml REAIOCFS L, AR SR A P e B2 A AR as

KT EIRE R TEAE B IR 4-1,
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®4-1 ZIHER 12 MEVFAFIEENIFAES

" N v JRIE BUEZRAY JEHIEA MIARIDER FE4EE
BRI ORI R e pEa  MERC BN RN
Concrete-CS UCl 103 7 7 0 7 7
Yacht UCI 308 6 6 0 6 6
autoMPG ucCl 392 7 6 1 9 7
NO2 StatLib 500 7 7 0 7 7
Housing ucCl 506 13 13 0 13 13
CPS StatLib 534 10 7 3 19 10
EE-Cooling UCI 768 7 7 0 7 7
VAM-Arousal | ICME 947 46 46 0 46 10
Concrete UCI 1030 8 8 0 8 8
Airfoil UCI 1503 5 5 0 5 5
Wine-red UCI 1599 11 11 0 11 11
Wine-white UCI 4898 11 11 0 11 11

4.1.2 BUETALIE

BRI IIGRERMNASE . SRR, BN S0% IR AE IR
CREARI) K 541 S0%AIREA M AEMNASE . RSB ARI DI, H—RFE I
B RATAEFTARZEIFEA, PTG R 43 B E £ 5 2 IR A A SO S s o
ITBSHOANT, AN TEEIOUEEE . S5 Tcln I 5 B AT A A 3.«

1. RBIRHE AL N EUA R E .

SIS B 12 MEHRESF, autoMPG 1 CPS & KHIFFIE, ZARHIE T 54
RO 2 AT /NI (1 o 2R S0 A5 AR R R 28 SRR HE 5 A R BUE R AE, Al
Gt i A2 — A7 B EL S Y2 RRAE TUAG 3 7770 10 autoMPG B 4 & — A 201
REE “RIE” , A HUE . “EE” . “HA” M MEmE”, AT <R
ZmidN: [1,0,0], ¥ “HA” g l: [0,1,0], ¥ “MEE" &wiZH: [0,0,1], T2
(EASEFH T = AN EUERFIE R G AR — A FE I RFAE

2. FEfiEA—1k.

(7] — $ 5 AR AN TRV RRAE () R AN ), DRI i 2 57 T R R, (LB /N RO R A £
AR REXT 45 R AR R 2, R S22 A5 P ARFAIE U — A, 25 R & AR AIE PR e 0 25 SR

AR
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XHFNEHERIINZREE, FA TR S NFAEI 20 AT VA — N IME Y 0, ARiEZED 1
oA, B RE Y SREEE N RE A B e ain FARHEZE Oprain» P UIZREE T Y
TN FEAAEAZRALE L R BUE o ain V02 AL I P hrain FFER ABSHEZE O ain » 1521
R RE AU A X i A RS

o xtrai;t;:train
18 F (1) B8 20/ MATLAB2019 ) zscore BR%{ .
SRR EE A M, BT E S bR R R FRAFHEAS FiE A B 0 A, BRIEAS
RE 08 5 FH I 1 2 (B AR 1 22 SRR AR HEAT A — Ak, AR SO JRATTAS FH I R 86 1)
BHEAbRAEZAE RS B AR ZE B A T HE, BT — e ialde, BfkadE i
N P IAREE BB A FEARTEZAFAE b 0 U X oo 50 25 VIR B BISSME fherain 5 BAVI

R NAEE Oprain» AR BV —AG S R IE U B (s, FHARFETR A
Xl = Xtest — Htrain

Otrain

3. REFE4E.

o 4 FE R R AR 4, AR AR 7R B 2 I RREA A eI G i nT 2 R R, 4R
171 5 252 FH 38 3 302 >3 19 [0 V3 Te) A A DR AT b B2 KT A e A D BRI R A
e LU e e AR A, PRk S v ) S B3 20 B BRI e 4 B SR AT [ 4
HARBIHEAN T

1) % VAM-Arousal Z(H54E, A H 32 5o 70 Bl Ho 46 4ERFKE] 10 4.

2) X} CPS M autoMPG XA & KAFHER B S, T EAT R ID 2
Jo, FURFAEAEREAR T, FRATHUAE T 32 i g 20 bt JL B 4 21 FL IR A6 R RP AR 4 B2 8, 91 4n
CPS ¥ & B AR RHIE4E FE RO 10, HEAT AW IS 2 )5 IRFAE4EBE S 19, FRATMEH 3=
JRAr TR AN 19 ZE PR E] 10 4.

XF bR = A EE R B RS W] AR Ry o i SR R 4, (BT EAITR
M, BT HAARE, AR EEAH T e i 5k . ARSRIe A FH I ZRER 155
FHOE MRS HEAT B4, AT B DR U347 Hictts Tt s
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4.2 NTEERVE L

4.2.1 Hk: BEHRHE

B BB ATL MR A It ot £ 4 8 OB MR AR AT bR o ATAT £ 301 %7 20 el A B2 R 28UR
HOAROZAE T2, AR T SE 28 W SR 2 4R SR TE A0 (B 1E R SR R B UL T
F 2 S EEFE R RE T Re 2 25 T BENLRAE,  BRGHE 7 £ 30 % ST I — & AT BB AL
KA AN FRLGHEAT XL, RORZE T BENLRAE 10 30 2% ) [ S i v AR 44 2 63
i
422 BYEX#HFIEAEE:

BT RO A B F 3% 3] A EE (QBC) = BENLERFEEM 4 A
Ao (A SE FH T2k [ A R e =)

BT AR AR A I A B s AL R B 32 32 ST IR % (EMCMD = BE AL ER A
TR 4 HEIAR . SUER T &P,

BTN ESZ BT (RSAL) TS (GER T3 T %R 5Lk
M

¥ RD 51k 5 EMCM Bk456 1 E 85 2 mlH5E (RD-EMCMD = FEHLER
PR 4 HEIA . SUER T4k R .

CACHE PR T DA R A I B R 2 I (GS) - TS H. UEH T2tk
EER
423 TEBEHFIEEFE:

B T2 AR 78 S A S BRI R S B R /s TR JC B A 3 2 ) [RIA BE (P-
ALICE) : Z¥AKFMEREE: {0,.1,.2,.3,.4,.41,.42,...,.59,.6,.7,.8,.9,1}. UEH
TLRHEEH.

BT OO R C B R85 I A (GSx) = LS. RN I&E T2k
EYSRIE AR A ES R
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[l 25 FE G FT AR AR AS 1 70 B AR M E I B 322 S A5 (RD)
WS [ Ak B A AR L B
I IAAK B KA 3 BB AR R (M e B 23022 2T R 5% GRDMD = ek
ISR E Cpax = 50 RN IE A T EePERNEAAR L 3]
Rl 25 P& 7 R « ARRIVEANE B 2RI B 3022 2] AR (RD) = oKk
HE B Cmax = 50 [FINE T2k B AT EAE BT

4.3 {EHAYEFERE

¥ 322 2 [EVAFE T A E B B AR AR i, AR RE T RE AN, 4y 30 2
S EVAFEGE FFHA 2R AR (i P-ALICE 53k U@ H T4 [ 3
) o BRTKZEOA SR A B T R RNEREAY, AR SO e T 2e M R AR A,

W7 BT A% PR B AR 2 (el AR

S Hp il AR 2 1 [ ) 5 8 SR04 919 (Ridge Regression, fAFK Ridge) M5OI,
U4 BT U1 R 40 T2 IR 2R TR DR, e 7 e/ e (R VA ¥ 6tk Eom 1= L2 TE MK
TR /N AL 7 72, AR & A 302 2 R FR I ZRRE AR D (5 i o ARS8 i [a] )
FH=AAFEE L2 ENLREr =[0.01,0.1,1] . ACH Sz B B 4F A 1) 88 502
MATLAB2019 F/ZE &4 “ridge”

SR A48T R A e Atk 1B A AR AR S B T4 ) A% oR #1 (Radlial basis function, f&jFR:
RBF) 3z ErmEALA 9 (RBF Support Vector Machine, f&i#k: RBE SVR) 21, fiif
=MHEA R R % (Box constraint) € = [500,50,5] (i%ZRZ#Z5%T RBF SVR H{1E
AL R B EIE, OB LR IE N R AR [ RBF #2424 = 0.01

(RBF #428: ke(x;, %) = e~ xxill' ), Rgus i i 56 19— e = 0.1 X std (Virain)

Virain 26 A8 MR B SEARS A R T &, std (Vipain) A8 FobrtEZ o AR SZILE BT
FH I R B0 MATLAB2019 [ R # “ fitrsvm”
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4.4 FEhEF I EVIFEMEENITEN 7R ZENTEHR
441 N AN

VAN 3232 >0 [ SE I RE 0 FH 7 R Pl

S Fp: LB R ) 32 3 2 31 1B BE AL R AR AR R B R I A F AR AR AR IS CRAIZR
[l VAR R R B R IR RTINS ) 3745 S5 It B0 el AR RS PR B PO . IR
[l ARG R LT, WARERAE AT R AT AR RE AR B 56 A T, 123232 2] B S0 i T g
LT

55 e LERAE I ZR AR R RE B I AR RO I O T, AN TR 322 2T I3 5
PR R EFEAR R TR BRSO, WHZ 3% > B E FVE I R
e

ASCRHFE—MITE, BRI R RO AT AR FE A Sl R AR
Ao, M R M FERE R [ BR” d RABOY N HE, He— R bR
A R Bl VR B AT AR AR H S “MERE AR, AR AMESSI “ M ReARIE
F R RO R A R T Fi8 st 2 S i FL AR RE PR

=
&

4.4.2 FNIEHR

SIS 8 B TR AR R PPN HE AR 2 277 12 % (Root Mean Squared Error,  f&#K
RMSE) FI#5¢ &% (Correlation Coefficient, f&# CC) o ARZWHHKHE 100 YK E & 5K
B EE IR, I T R ZE AR OC R BT “IME” X & B2 S A SR P RE AT HE
J, G ¥ 75 R ZE AR O R A AR UEZE 7 X 8 B % o] [l S AR MR T HEE
AT G, 49 H S B BRI 4 k.

45 SLIGHER

ARG ST FCRAFE D7k o LR 32302 2 DR SN EEZEBEHLRAE (RS)),
WA T Ridge #9f: RS. QBC. EMCM. iGS. RD-EMCM. P-ALICE. GSx. RD.
iRDM A1 IRD JUfh &% i&F T RBF SVR )4 RS+ QBC. RSAL. GSx. RD. iRDM
HIRD -EFh B,
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451 FE|FIEVAFEEFERAFRHREMNIGHELR (REIM) FRIEEEITEL
FEIEE 12 MARE L, AR ENGER CREMD B, 1E 100 K
S5 R °F 15 RMSE AIPF3) CC anfd 4-1 (Ridge) A1 4-2 (RBF SVR) fliR:
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12 : b Y RS
£ P FH OH XK F M O+ F i & L
RS QBC - - - — EMCM RDEMCM iGS
P-ALICE GSx RD iRDM IRD
Concrete-CS, RMSE Concrete-CS, CC Yacht, RMSE Yacht, CC
* 40 -
0.8
30
0.6 i
0.4
4
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
autoMPG, RMSE autoMPG, CC NO2, RMSE NO2, CC
" ’— - 06
8 0.8 o
0.7 0.4
6
0.6
....... 0.2
4 ——mmod 05 :
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Housing, RMSE Housing, CC CPS, RMSE CPS, CC

10 20 30 40 50

EE-Cooling, RMSE

10 20 30 40 50

EE-Cooling, CC

10 20 30 40 50

Concrete, RMSE

0.9

0.8

0.7

10

VAM-Arousal, RMSE

20 30 40

50

10 20 30 40 50

VAM-Arousal, CC

10 20 30 40 50

Concrete, CC

10 20 30 40 50

Wine-red, RMSE

50

10 20 30 40 50

40 50

10 20 30

Wine-red, CC

10 20 30 40 50

10

20 30 40

Wine-white, RMSE

50

Airfoil, CC

B e = - =

10 20 30 40 50

Wine-white, CC

40 50

10 20 30

10

20 30 40

50

10 20 30 40 50

4-1 7E 12 MR E RV RMSE #1319 CC, Ridge (r = 0.1)
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X 3 b b = by >
£ P FH OH XK F M O+ F i & L
---------------- RS QBC RSAL GSx RD iRDM IRD
Concrete-CS, RMSE Concrete-CS, CC Yacht, RMSE Yacht, CC
7 08l £ 16
6 0.6 14
5 X
4 0.4 12
3 0.2 10

10 20 30 40 50

autoMPG, RMSE

10 20 30 40 50

autoMPG, CC

10 20 30 40 50

Housing, RMSE

10 20 30 40 50

NO2, RMSE

10 20 30 40 50

10 20 30 40 50

Housing, CC

10 20 30 40 50

EE-Cooling, RMSE

0.8

0.7

0.6

10 20 30 40 50

CPS, RMSE

NO2, CC

0.6

0.4

0.2

10 20 30 40 50

CPs, CC

5.6 04 -
5 40K e

5.2 0.3 ’

s o ’

48 &4 2t

10 20 30 40 50

EE-Cooling, CC

10 20 30 40 50

Concrete, RMSE

0.9

0.85}/

0.8

10 20 30 40 50

VAM-Arousal, RMSE

0.32)

0.3
0.28

0.26

10 20 30 40 50
VAM-Arousal, CC
0.7}

0.6

0.5 L4

10 20 30 40 50

Concrete, CC

18
16)*

14

12
10 20 30 40 50

10 20 30 40

Airfoil, RMSE

10 20 30 40 50

Airfoil, CC

10 20 30 40 50

10 20 30 40 50

10 20 30 40 50

ine-red, RMSE Wine-red, CC Wine-white, RMSE Wine-white, CC
0.95F. ",
e 0.4 0.4
0.9 ’ . : :
0.85 0.2 0.3
08 2 0 0.2 47
0.75

10 20 30 40 50

10 20 30 40 50

10 20 30 40 50

10 20 30 40 50

4-2 £ 12 MRS 9T RMSE F13£1 CC, RBF SVR (€ = 50)
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H &l 4-1 A& 4-2 1550

Tt %t F Ridge i /& RBF SVR, BEFEMIMEK, HEMERSH NS, X2EF A
BRI SBURZ A E . (A4 R ZHHIREE, BB M IR, & 50 R
P35 RMSE ERCNES, ¥ CC BRI ES . XFFGTUN, BOAMR & T IZ
FEARBESZ, SRR R e — M T T

SR Z B, WMAKZHM, Tit% & RMSE b &% cC, J\fl
FIF Ridge 1175 802 > [N SVE PR RE ISR T BEHLRAE, 7SF AT RBF SVR 1 E3)
% 2 RNE SR RS T BEN LR FE B AL RFE AR 24

TR 2 HEARE, WARZHM, ASCHR ) IRDM HH1 IRD HkME el
T RZHHAD 52 S A5 . %F Ridge, IRD BEMIVERENL T IRDM &%, %)
RBF SVR, W#HEREAM LT
452 EFEMFIEFEEEFAEBIBE LEEMHRERXTEE

B TTE A — & b, AR 332 2 B EE I ReHE P EA A M AL P REAN A,
N T F AR E B % 2T [ A BN — R R AR AR R, ARSI TR BE
1EM € [5,20]0F % B 2% R A (Aera Under the Curve, f&iFX AUC {H) , 1EANZ
LS ERVBARRIL . B M € [5,201 2 BN TR X IR FAAEIIGREA
5 /DB R T BEATLRAE M B ST, A B B AN 3= 302 o1 (R SR (A A

FE 12 MRS b, %3305 2] BEEE R4 RMSE F1°F34) CC 1) AUC B AH
X T AL B ML RAE R LA LI 4-3 (Ridge) F1IE] 4-4 (RBF Ridge) . M T AR E#EE
(R4 22 Bk, b A 4 SRR DABEAL R A IO 25 2R, DRI B TR A 1 45 SR e 2

“1”
o
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FEK 4-3 FIE] 4-4 v 12 DR R85 R FEAL b, THRS 805 2] E B

PEREART T BEHLRAL 3R TH B 40 e (CF3% RMSE 1) AUC {E AR T BEHLRAE K980/

73 LA 84 CC 1) AUC {EARXS T BENLREERIIE R 70 b)), W3R 4-2 Ak 4-3.
< 42 BFEZAMREENTHIRENRERAE S, 12 MEEEEETEY, Ridge (r =0.1)

QBC EMCM RD-EMCM iGS P-ALICE GSx RD iRDM IRD
RMSE 15.45 17.16 24.04 24.96 19.65 19.05 19.35 28.28 33.20
CcC 8.18 8.08 14.78 8.56 15.88 5.20 17.01 30.69 38.65

*®4-3 FERMREEX TR RFRRABSEL, 12 M EIEEEFI, RBFSVR (C =50)

QBC RSAL GSx RD iRDM IRD
RMSE 0.83 1.72 4.96 4.23 9.74 10.41
CcC -0.78 0.67 1.41 6.50 16.87 19.11

HE 4-3, B 4-4, £ 42 FF 43 BH, SdRZHEERE, DL 12 M EHRERT
BIgR, it &FE = RMSE ) AUC {Hid 2 F3) CC 1 AUC 18, *J Ridge, /\
T =72 2] FUAFE PR T BEHLRAE, AR SCHR 1) iIRDM 590 IRD Sk
Rt T HAB T 252 I BIASEE: IRD AN T iIRDM 5i%: X RBF SVR, M
B R 2] AR YRR S BEHLRFEAR 2, DUFR I & 332 3] B A Rk P e
BT BENIRAE: A SCHEH A iRDM BEF IRD SEME R T HoAh 3% > m A
¥%; IRD BEMITERE S iIRDM BLEA Y, UAIRT.

PRI B B ) A S R I JE R AT R R AR AL > (M e
[5,20D , DEEAFZEA AR R TR, KWAHESE T 58 2.1 FTh4 210t
B 3% BIEFERIR S FEUIGHEARR DR, RESEASZH CA D BN
WEMTH.

453 FEZEMEFREESHTLNEEME

— MR FE BN 3 R SR 7 0] RS (8 SR AT S, X Ridge, &
UGS L2 IENAL R 8r: X RBF SVR, ARSLIGHELMEL) R REC (CHATLLEEIE
WA R E, CHVNEY, SR IENRBOE D o BT IIZFEAS D>, RBF SVR
RBF % SHARZ I E —NEVMIBUE, SNESSNEG, B B EEREL =
0.0 11717 At I HoAth £

48



£ oF B K X F M X F 42 & X

%t Ridge, r=[0.01,0.1, 116, J\FhEZ)5 ] BIHEIELE 12 DMEHEE BRI
45 RMSE ) AUC 15 F1°F) CC 1 AUC 1B ARXS T BEHLREER HLAl 23 3 WL I 4-5,
Kl 4-3 FIFd 4-6; %F RBF SVR, C = [500,50,5]i, 7SFFah% ] BIHEEE 12 4
HARAE 6N 1735 RMSE ) AUC {EARISEY) CC 1 AUC {EAHXT T BENLR AL E A
Sl WK 4-7, B 4-4 F1E 4-8.

[EEERs  JoBC EElEMCM [ IRD-EMCM [ 1icS BN P-ALICE NN GSx [ /RD NN RDM [N IRD |

-
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g
o
2
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@
2 03
=
0.6
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F0.4n
o
0.2
s G 13 .
m\e"o « W ¥ \»\o\’g\‘\‘;9
)
o™
= 2
(5]
]
g
=
515
o
=
B
=
¥
Tos
s o o 2 . S ) N N .
oo o W Y\o\‘*‘@ B ,000\\0% T w\e“eé W
o s & g W

4-5 7£ 12 NMEUEE LRI —1LB9 ) RMSE F1E15 CC B9 AUC {8, Ridge (r = 0.01)
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4-8 7£ 12 MRS ERYA— B9 RMSE F1FE1 CC B9 AUC {8, RBFSVR (C =5)

HE 4-5. K 4-6. E 4-7 F1E 4-8 1350, JLib X Ridge FA A HIrik &% RBF SVR H
AFIMIC, TR ¥ RMSE ) AUC {HiE 27 CC I AUC 18, HikrEReHE
FEREAAAR, ASCHEHE iRDM 5040 IRD 55V REMCORL T HoAth 553 bANERE
BE A B EN RN R CHIgR/AN) 5 % £85I E
LR T BENLRAE B TR/, X FFE T, BRI IE Ak ZR B0 I (=] ) 458 A
TiZEDRN, R “BEHLRAE” TR STt
454 JBEEMNHARBOSHAMNEEE

T AESERR L o, FEAHB IR 0 A AN 2 — AR, BRI 1) 2 30 2 = [l 5005 7
T REAHL AT IR BN B — 5 (& . ARS8 100 RE R LR, SKEBEHL
MR E LR S0%IIFEA M VEREAR, DR A5 K S 3645 P PR At 1) 43 A S AR
Ao IS HEEE 100 KL S R rh BIE R AR 2,  EIAT PR SR TR ARt
SATIBNI SRR
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7w X

[N RS [ JoBC [ JRSAL [N GSx [ 1RD ROV NN IRD|
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H LI RMSE )b 22 I AUCH

0.5

o0
S s (c] PR-Y S Y 2\ ] N S 58
9\00 2% \o\“? §\0 0\35\“ G? oo\\ (005 N £ P“(‘D N © y B‘ag

O“d W ?’eﬁ ‘x\.P‘ LA \ﬂ'\“e

G N
o 2 | T
o
2
215 .
14
- .
=
L% ]
o
3 0.5
Ty

oo o °C o w9 GQ‘.: w2 &7 o® . (‘d\\ “66 e 20°
o« et T & o oo L L
9 N

4-10 £ 12 NEEE EHYY3—1KAY RMSE #1 CC BUFRAEZERY AUC {&, RBFSVR (C =50)

TEE 4-9 TN 4-10 1 12 DR B-F 3545 R B EA b, v & HEXT M) RMSE 1)
FRfEZEA CC MAREZERT AUC fEAEXS T-RENLRAFE RN E 40 B, ULER 4-4 (Ridge)

FZ 4-5 (RBF SVR)

* 4-4 pREEENTRENRERR/NE S, 12 MEERF, Ridge (r=0.1)

QBC EMCM RD-EMCM iGS P-ALICE GSx RD iRDM IRD
RMSE 36.42 40.89 60.03 64.86 33.48 49.24 50.57 62.36 76.64
CcC 12.53 15.37 31.02 27.13 24.55 26.23 36.59 42.49 53.60

® 4-5 FVEEHEXTRELREAR/ B I, 12 MEIEEEF, RBFSVR (€ =50)

QBC RSAL GSx RD iRDM IRD
RMSE -5.15 -0.05 15.63 34.16 38.92 37.89
CcC -15.64 -4.71 34.78 35.44 41.48 43.77

HE 4-9. FE 4-10. 3K 4-4 FIEK 4-5 5501, WA RZEEHRE, LKL 12 MEEREN T
BWEER, T E%E RMSE FItrfEZ R AUC {HiS2 CC MIksEZER AUC 18, Xt
Ridge, J\FhFE3% > BHE R e MR T BENLREE, ASCHE I iRDM SEA
IRD SEIIFRE IR T HoAh £ 2% ST A&, IRD HiErfa e tEiR T iRDM &
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7%: X%F RBF SVR, PIRA B = 5h 5 > RN R AR 2 VRS AR T BENLRFE, DU
W 323l ST A SE AR E A TRENLRAE, AR I iIRDM BLEAT IRD 50
[RAaE PRI T Foft =30 ) [l H 5%, IRD BykisEtE S iRDM kMY, 1
CC LmsAHT .
455 FEEMEEEFNEITIIN

NP A SCHR ) iRDM 340 IRD SLEARXS T H AN A Sk ae T2 5 A
A4t RENE, DU IRD HiEMNTT iRDM Bk TEREIRTHE B B A 4t B 51,
ARSI EHAT T et AR AR SZI8 8 IS v Dunn A3 38140), X5k dER &
B TX ZEFAEZ DR B2 R A R BT GO R, e AR 12 DM EdREE L
XT &L H) RMSE (1) AUC {1 CC 1) AUC TS EM 2 H LR SR, FHEH
iR KIMF (False Discovery Rate) M7 TpE I IE. %T Ridge 45 R,
# 4-6, XT RBF SVR &R IE 4-7, H B 0HEE M2 7045 R AR
o BRI IR B Hy /2 . RAT R I P IREIE SR 5 h I EE T REIA B35 %
Ft, BFBRWH, A RITRIITHEES IR T RGEEE R AR EEE .

F4-6 EBHZERLRpE (FEa =0.05, WRp < a/20FELEH,) , Ridge (r =0.1)

RS QBC EMCM Ell\q/ll:():-M iGS  P-ALICE  GSx RD iRDM
] RMSE .0000 .0000 .0000 .0885 .1067 .0004 .0034 .0051
ROM cC .0000 .0000 .0000 .0002 .0000 .0000 .0000 .0008
IRD RMSE .0000 .0000 .0000 .0001 .0002 .0000 .0000 .0000 .0118
CcC .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0152

#= 47 2R ZERERpE (FHEa =0.05, NRp < a/203ELEH,) , RBF SVR (C = 50)

RS QBC RSAL GSx RD iRDM
RMSE .0000 .0001 .0002 .0162 .0151
iRDM
CcC .0000 .0000 .0000 .0000 .0000
IRD RMSE .0000 .0000 .0001 .0076 .0072 .3867
CcC .0000 .0000 .0000 .0000 .0000 .2222

H#E 4-6 F1FE 4-7 1551 %F Ridge, F& T iRDM HE(E RMSE fabr b 5 FE B+
2% 2] a3 5% RD-EMCM MiGS 6 i 3 1 22 741, T it =% & RMSE ik j2 CC 1547,
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iRDM A1 IRD FIEARR BEHURAE AN Al )\ FPELA FE R R TH B B E Mk, T
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