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1 R E R

1 MIRER

1.1 3248 B]Y )
2 8 48 ]
min ; ilog (1 + exp (—b,;a;frx)) + pllz 3,
i=1

HA (a5, 0,)1, NERBIREDEIEIESE, 1 = 1e — 2/m. KEZIALRE, ZILH]
SR INESEAGLy R IbE S Sl

1 & 1
= ) —bia] x) - (—bia;) + 2p,
V(z) mgl—i—exp(—bia;[x) exp( a; x) (=bia;) + 2ux
1™ exp (—bia x
H(x):EZ ( ) sa;a; +2ul.

i=1 (1 + exp (—bm?x))
BATA DAEHEMEES R LS RAERZNEARIK. SIAEE A =
[CL17 ag, -+ ,am]T € Rmxnj r&[% b = (bl, bg, e ,bm)T.

Shy b, SZEE YA MER] PR DL 2 v g e R AR AL
1.2 &Rt

1.2.1 st kln@

BB MNIETREECR, Z@sH. LUt R E B4 1% 2 SURE & IiB 2 r h)
i, BN, TR RS P M A IR IR AR Rt iR e, BRI B R %
SRR PIrRER A REDEE, SRS, RIULREEEE AN Tk
RBE, FNESTLEEFESRAD, P, MAORAes AT gery /D, 12
12T ST FIE B B LR — D EU2 2175 R R,

BRI AR RSB 75 538 5 2 BRE A — R AU B R Y ) o 2
# ERAMACRERE, TR CABREM B O AR IESEE B DR
TSR TSR (5]

MAEA R SE Rt o5 BT T 2SR IR MLm= AR T2y SRR AL A

1.2.1.1 JoZRAAt )

TEN A TS B E ) STRN L R SU A A FR 57, TEATSR AL AL R R A% L 7]
AUE T FOREREVEER TR, HN BER « HBETEEAIMELHR A, K
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HAHE T RHRFIREE (HR) RS

1-1 RiE2RIER — T

WIEREEIE « HURIATIE, HARZ LR R A AR AT DA A S AR
[ 2,
B R EAU TR R B, 2SR ER b B S %R, 7
FEARRNAL B MR R B P8BS T 34 HIRCR
eI HRAAL AN T EERF 5 :
min f(x),z € R" (1-1)

RIS, BRI EE &, H f R — R FROVEREE, » 2%
B, B o NWYRNERA, g = V), Gr = V2f(xr) FAFRREE f 1E xp RAEEIE
[E5 Hessian %E[%,

TLLIRAAL AR A 3 20F R B N R 2 mAR R, 2R/ INRL
—ERFERNAR, RZAR, — kU, K2R/ N s S R, R T & 4
KA SR B N A SERBR N 4 HR YRR SR

1.2.2 JTeA R bRl B A E

R, —MERBOE I SRIRTC L AR A AR N, YRR AR R
TR B — AN 2o, FRTRRE— AP A —ANE R {0y} 1555
BRI, MG Sk BN B0, % {2} 215 SN, CER
R A L3N R £ B ) L e/ s

TEL A AL LI 0 B 0 (L B B4 A K LA BRI A AL LR 67
SRR B, AT TSR X B f(2) FESRRRHEATIEL, (BT (oL S 77 %
ARl S92 EMRIR R T IR AR AT DASY AR K EITE, IR EL, ARl
W RS, —BWE TR, R BRI S F— MR
TSR EE B f(2) WA, SR — AN E X A A — s

2



1 R E R

AU (R, eI AT B R SR AR — B AR TR B LB AL (6]
FEARRIR A, AT F 2R DL R ERIRF IR RIL,

1.3 BREREIL
1.3.1 S92 E L
BATE TR OLBRRAT, HEERIE N SEYuimE A v, B
FERNEPOERAE dy, Z/EHEEE ap, W R—SREREFEE
Tet1 = Tk + Ozkdk (1—2)

BAIFR d), AR 2 EEIRERTTIA, oo MM, IXBER 4, B FETT
6], BV (di)"V f(xy) < 0 IXAN NREVEBIORIE 7B 7T IR EE f FESBE/DN, £
RRERER SRR — MR d € R PREENP K age

TE, Fell14h RIS A I | LA R Tk — IR R -

\ BERIRER 2o € RY, 2 k= 0
o WH g = Vi(ew), % ol < e, B8, MHBEOINS 27 ~ 24
5 RIB—ERN, o R d,.
4
5

 WERKIKRF oy, EHT RN SRER
: % wk-{—l = Tk —|— Oékdk, k? = ]f —f— 1, t—ﬁ%ﬁgg& 2

RBiL 11 (—HMRERIX)

1.3.2 BAERETL

FHEEZERIR (Gradient Method) PASABEE(EANIRR T, BOYITE T HESEAL
ERIRF R BRI TTE, R REARNER, SERBIERRNED, MTR
R NS [P - A TE

BEIEH D KAVENEREE, b E MR REMATEIR N (Steepest Descent
Method), JEH 1847 449 Canchy[f], YefRid R GE B BB RS KR T, [
RAESEPRFE o, IR R AOUZERIARRERIER, FHE “Rod R, T R
R RIE, BUELIRIER, 2 BARE BRI ELSE — MW KRB, &IE AT
JLD R, JERIHE AR, FE%E 8, 9.

—LEEHTIIRST (10, 11) MOUERE T H B 1 — S i,

Barzilai #1 Borwein[2] T 1988 4FEXf#f & IS B IATE YW 00 KRR B TR
(Barzilai-Borwein Gradient Method), KX T4 ER AR BRERIMKKE, H
JESIR TERXTREIRRINI G, N E#T T REICR RS0, X MEAR
AR R A R TERIAE
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#1-1 REMWEHEF

Interference DOA (deg) Bandwidth (MHz) INR (dB)

1 —-30 20 60
2 20 10 50
3 40 ) 40

1.3.3 & KRPUAMG T

BRRPBRAG TR — ST 7718, B HRR— MEARGERIAE SR 5 R 240
XD IERFRBRE IR ARG AR D PE-REETAE 1912 5 1922 FRIFFEMH
R, “BUR™ ZX likelihood H—RENMEIE S S SCHIBHIE, “PUR™ FHBAREH SR
BERD “PIREME”, W, B2 “EBORKRTREMEAS T MA@ 2 1,

B R SR LR st (8 R A A L H bR T HCRE RS DA R = AR L= a1
RAREM, BABARER —RELETRIUNAS L EWERFIENNRE, %A
AT N HEE T ML H RS IR, Flan, it IsR KL 2 Bk
=105, E—DN=KFHEER R, mREMERE—Fh— C, — T fl—" G,
BATEHEBEINA, CH T FRENFYZRNXRIBERTREERE, H T T
HEHESEFIRARFN, MR EREESR; XHTTREE — MR MR
A2 O, AR E A AE M BN, SERIFENE ZEH—S R, RE
ik, EERERRUARER I E MR IR, TR FRRTF YRR AT RE AR
IR, RIE, RAIEE X, MR SRR KRN A Rl fE 2 R B SK B R g R 4
it

Bl 1.1: BENIZR Z, = (X, Y0),i = 1,2,--- ,n BTHNRZMH. X,,Y; BMAA]
BEMBUE 0 & 1. P(X; =1) =, P(Y; = 1|1X;) = BX; (—h, X, 5 Y, KREHE
W) . n B—NEEE, 0<a<1,0<p<1 BRNSE, BEHE NHEK\Em:

(1) B P(X;,Y:) 1£ (z,y) BFTATRERMERI M, "TH o F1 8 /xR,

(2) Ziyi=1,2,--- ,n, MAFTE Z, 261t o M1 8 BRARMET 6, F1 5,

(3) RIZ a+ B =1, RIEZAREHNT, FH Z, HE o R ETFR a,;

(4) % 3) M, M n— oo, G, WHT—AME, RKiZE. ¢

i (1) Z = (X,,Y;) IR

(X3, Ys) | (0,0) | (0,1) | (1,0) | (1,1)
i 11—« 0 a(l=p0) | ap

(2) UL B RS B — N E

P{X;=2z}=a"(1—-a)'™", (1-3a)




1 R E R

P{Y; = y|X; = x} = (Bx)?(1 — fx)" Y, (1-3b)

P{X;=x.Y; =y} =a"(1— ) "(Bz)!(1 - Bx)' V. (1-3c)
AT (). (ad) 00 =X 1, A B (L) B A RS R B . (H
200 fESM FRISEE NN, AT 00

AR, AR, KRHE MR
AEHL, ARG, DR

M= 0.y = 0 B JREL B BTN 1 — o — g SRRSO 0, gt
4 00, TR, (sdmsEn

P{Yi=ylX; =z} =[(B -z +1—-y’(01 - pz)"7, (L-30")
P{X;=2Yi=y}=a"(1- ) "[(B— Dz +1—y]'(1 - Ba)"". (-3¢
bt @A (L] ot R R I R R S A A
T2, MARECH

= HP{Xi = 2;, Y; = yi}
i=1

= ﬁ a™(1—a) "B = Do+ 1 -y (1 — Bay)' ™"
i=1

= ai:1mi(1 — Oé) i=1 51:1 ' 1(1 _ /B)z 1 ' ' (1_5)
FEE A Z zy; T~ n DERBUER (1,1) BTN = zi(1 — ;) TR n DEARRL
fH9+ (1,0) E’J/\éﬁz
KT R Lo, B) BB, Sent(18) FIaEo 5L, 15
In L(« Zaz‘llna—l— n—Zml )In(1 — «) +szyzlnﬁ+2x — ;) In(1 — B).

=1

ARIGERARMER, BRI THE

n

1 2 TiYi
= - ina /Bn = _ib .
=1 > T
i=1

(3) % B=1—a B, BUREH L(a, §) TSN

In L(a, 1 — ) QZL Zmiyi)lnoz+(n—Zmi—i-inyi)ln(l—a).

i=1 =1 =1

HER, o BIBRARBUAMETHE
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A

oy =

221 — D xy
=1 =1

n
n+ > x;
i=1

(4) EEZEL % n— oo HTJ‘,;ixi—ﬂD{X:I}:a,iixiyi%P{le,Y:
=1 =1
1} =a(l—a) FRETHR) . Fit
200 — a1 — a)

lim &, = = q.
n—00 1 + «




2 MR

2 WK

2.1 &R

SHERIEE RIS RN ARAZIER, WRITRE o, #15
f(xk + Oékdk) = I;l;%l f(l‘k + Oédk> (2—1)
TP REZMF AL T TR ERE TSI REOR, (HRELFRIH R A, X T —4ER Y
RIFBONRNE, FrfiZfRE0I 2, fERIMER, AMEHMEGRRERENT 2, £
R RS, REREUE f(2) EHHNERA o + ad, B—7E NRERIAT,
B AR R REEIUA DU LA,

« Armijo &

flan + ondi) > f(2p) + powgy dy,

o Wolfe &4

flzg 4+ agdy) > f(zx) + U1Oég;fdk
g(zy, + Oékdk)Tdk < Uzngdk;

o 8 Wolfe 14

flre + agdy) > fag) + Uﬂg;?dk
92k + ardy) " di.| < 0ag] dy;

H pe(0,1),0<0, <0y <1
Rl @, A —fEERNEME, IR IFREREAR, JEmiERER R
ARERGIIEARGE T8 TREAIGEIRTG i SR E T, Chamberlain A [12] T
1982 fEE LR RIEER H T watchdog JIX—IEBAIHF R E 4, Grippo FA
[13] 7 1986 FH2t T — MM AER TR, Bit, JFREFEARITGE GELE,

2.2 Barzilai-Borwein Bf)JE kL

Barzilai-Borwein(BB) BEEE 2] RHMERERBIEGH L. BFESHTSK Bor-
wein 5 HE1EH Barzilai 78 1988 42 Y — M BUREE BT, Y IMRIERASK, #
JE NREERIIEE B S WRER RN, T BB /7 AR ERCR L iE N R R
%, WE RN A - AR R 5 5 1 B —FR 75

BB &K HATE KRG TC L R A LR R H e 77 kA A 2N, Bl E st
L. HEEERETL. BRE BFGS HIEMREAILIEREE L, Ak, Barzilai-Borwein
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JTEMH T R EHASE AR L R, LRI, 2 BhnmiXl, AEei s,
FELMETT R B R ff 5 5K B (E R

BB JIAPUEM HRNERRE E—PIERRRERRES K, AR 2, =
T, — gy BIE

Thi1 = T — Digr
H Dy, = ap . N TR D, EERIAMER, KGR
min [|sg1 = Dyyr1 ]2
B
min ID; sk — yi-all2

5 Rk W] R o A

N\T N\T
P = (ybl)TZﬁcl %naEB2i§Q#61)Téﬁjl, (2-2)
(yh—1)T b1 (sh—1)T yh—1
K AT PAS 2] BB 75 BRI ARIEARS =
T = x, — aPBIV f(xp)
Thy = x — aPB2V f ()

BAIMARR-B R B, TP BB 45 K — R 5 TR RO ST 4 O B 125
MERRER, AREEMEEREIRRANEREZRD K, AR MR, BB JTER
PSRRI 2, AT — AR, EI Rp-diH e K AT R k), i
PABETHRED KA TR N AR, BNER 0 < i, < g 17

m < o < Qg

EFERNIE, BB FIAAR BRI, ANANACE I AWl N A DAIRS
EFISBRARER, AR LU ER-1 7 R BB 774K T BRGS HEE SR,
EEAG HA RS ARRIFSAE R BB 7 IRRI DR

B% 2-1 (ARRIALIYERN BB 7i%)
(HH, maxocj<minean f (l‘k_j) R BIATE SR R K ME)

2.3 HIEM D KIIBEE FRTIA

BB JiTATERUE SR I RS 7R NI IR LA G 22 BRI, W A kA
/IMETALE

8
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R
\-_,-\_’/\_\
TN
N

. . \ . . "
0 50 100 150 200 250 300 350 400
AL

K 2-1 BB Jii£5 BFGS HEMHATEE

1
min —2’ Az — bz
r€ER

Hr A e R BXNFRIEERFE, b € R, Barzilai #1 Borwein[2] TERA T n = 2 IN 75 7E/)
R-BLZMERSE, NT n < 3 BIEE, Raydan[l4] 1521 7 2RUESIERIEER, Dai f
Liao[15] #H—UEBH T /72 R-ZMUEHT, Dai & ATE [16, 17] IWi2 T BB &UJ51EEH
MU, BB T IR IAZRIE R (1), Raydan[18] 2 BB AN AHE 7 RME—MBAE =X
BRERIR MBI, K2 SESR R LEINAY BB 775 DARD PRP+-(19] 77 A3,

EAEXERED, BMEXRETHIEN BB 7i% (Adaptive Barzilai-Bor-
wein,ABB)[3],

BB2

«
BB2 k
a if <T
ABB _ koo BBI
apot = a (2-3)
abBl otherwise

ABB A A — RS BUSEI SRS, MRS BB AR MR R ik
P, HHAEMARRERE, X —REBEFITITER, iR R RN A
DUrERERHE LR, EREGEFAFEOES, N T ER R ZRIN R, ABB
TR — MRAFHI R,

N T RIE2RISSE, BAEE N2 ABB /7155 Zhang Fl Hager $2HHH)
— AT AE AL R TR 4] S S

2.4 —MHiRHER ISR REIR

Zhang Ml Hager $2tH 7 — AR IS REOR [f], EIXTHORHZRESLN
BUERIFEIERUD, TAE Grippo FARILAE [13] HH ISR BT = HY bR B RAE D,
RITAEE SR
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flre + ardy) < Ogjgﬁl&ﬁw f(ar—j) + douV f(xy)dy

AR NEEK

f(xk + Oékdk) < Cy + 5aka(ask)dk
Heb Oy R —ERNEREM. XAEERIESEREAREE RN, SRR
Sk, DASZSRIMERERY R-ZelE st ML L-BFGS 7%, 1ERMEH /DR EUE
FIREEE A, R ERE B e,

T HEFRATE H X A A AR R L R FRK (Nonmonotone Line Search Algo-
rithm NLSA):
o YRt : EEHIIE R 20, FIZEL 0 < qppin < Omae < 1,0<d <0 <1< p, >0,
WIE Cy = f(20),Qo =1,k = 0.
o WSHEMNA: 45 |V f(xp)|] 72737, WHE IR
o THERRERIER: 2 zi1 = 2 + apdy, B o, THE Wolfe F51F

f(l’k + Oékdk) < Cy+ 5oszf(xk)dk,
Vf(xr + ardy)dy > oV f(zr)dy

B R Armijo 7 ap = app™, HHF a, > 0 2K, h, 2T flzr +
ardy) < Cp + 0,V f (xp)dp BIERKREEEL, HHH o <

Q1 = xQ, + 1, Cr1 = (axQrCr + f(Tr11))/Qr1, k=Fk+1
F B EFIR B TSI,
2.5 BB
Mg M ET RIS RN BB P KESGHI AR AT :
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Data: 1575 client
Result: HHEMH test.py
1 begin

2 | data = client.recv(1024)

3 | if data == b’exist’ then

4 if os.path.exists("test.py”) then

5 client.send(”Y".encode('utf-8’))

6 else

7 client.send(”N”.encode("utf-8"))

8 while True do

9 with open("test.py”, "ab”) as f
10 data = client.recv(1024)

11 if data == b’quit’ then

12 client.send("received”.encode(’utf-8))
13 break

14 else

15 end

16 f.write(data)

17 end

18 print(? TR%d: HEXAFTEREI! FHEDY test.py” % (cnt)) break
19 end
20 | else
21 end
22 end

% 2-2 FileSplitSend ()
FEAEMNAPREL Rosenbrock BREL f(x) = 100(xe — 22)% + (1 — x1)? _ERIE THUERK
R nEhb-de R,

11
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BB
=== === ABBplus

80

ek

REREERREY { || gnll} P51

& 2-2 H
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3 Blass

3 BUHSEER

AT, FATTIE IS EAE AR AR DA b LIRS 20 S [0 7 2 A BB SR, i
BHRESH MATLAB R2021 RS, T EA 2.50GHzCPU A #EES, 8.00G T, Windows
10 BERFN D NHBK LIB1T.

LI ERR

IV f(ze)l| <€

FRE BRI DL R =N EIESE ‘aatest’, ‘CINA.test’, ‘ijennl.test’ JHITEX
(G525, FEARIETE ISR b, F@IT BB T4 R, Hh IR a9a iR
VRS () T RR A,

EB-1/ER T H BB A% (1 = le — 2/m) FEAERIBREE R {|lgall} (B log,, A8
J5) BEE SRS, EMIR T BB By AR SR, e SR X E iR
TR RIS PSS R

TEFRATEE— 0 BB 77 T UNSGHE A TR e, FE@i B R T
4 TSR R T ORI SR A E

EREL (IR)  CPU BTN (s) B2 ||gxl)

BFGS 360 8.9688 9.8513e-05
BB 207 7.6094 9.8505e-05
BBplus 219 4.7656 9.7806e-05
ABB 340 9.8594 9.6564e-05
ABBplus 250 5.1094 9.8973e-05

< 3-1 EiExttt

o BTG T IEFIRE T SR A S 1] 550 LR, BT

. HXTF BB 7k, SO BITERSE LA, (HRATES Kk,
HEFFR, RS BH TRAIE, AHERR- Al 7 sl s
%O

o BHBESEIREE R BL, wEB-dR,

. FRATEA EIER K BB 775 (ABB) ARR-JHIISH 7 € (0,1) 24 T 3%

ada CINA ijennl

A 16281 x 122 3206x132 91701x22

b 16281 x1 32061 91701x1
% 3-2 HIRE4EE R

13



HAREF RO IRE () IR&

10°

250

200

150

100

50

& 3-1 BB J5i% (u = le — 2/m) FEAEMIESE RS {94}

—-—-BB

BBplus

250

e

b) BB 5 ABB

R

a) BB 5 BBplus

BRI

d) BB 5 ABBplus

&l 3-2 HBOHR) BB JITESIRTTIE {|gell} AU LR

LR

c) ABB 5 ABBplus

14
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3 BEsk

mt19937ar

mt19937ar

il
"
|I|II|I|I|I‘\\

eI

10°

400

400 450

350

B

ERP

a) BB

b) BBplus

1
H
J
J

10"

250 300 350 400

200

150
e
c) ABB

100

50

iE {[lgrll} 73U ERE

i

AN
WA

MRS

% 3-3
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BB
BBplus
06 ABB
ABBplus

{55 IR
o
(6,1

0 2 4 3 8 10
CPUIZ AT M 1]

3-4 BB FiENHSOERT CPU KEIEIX L

BB, O EIEAT TR, Eﬁié&"f%ﬂmﬁ@ﬁf’ﬁno WA, AN RS
5o ABB BEIEM 7 = 0.5

IEAUREL (IR)  CPU IBITITA (s)  RZ ||

0.1 328 14.0871 9.9887e-05
0.3 287 12.3906 9.9184e-05
0.5 340 9.8594 96564e-05
0.7 296 13.4844 9.7743e-05
0.9 224 9.2813 9.9791e-05

7% 3-3 ABB HZE  EEEUERX L

o RATMEB-IATH, BABOLE R E L ABBplus BRI T 78 R AR %
RGO NI T RBFEE, AR S 7B, HHEREHEY T
JF46 BB LTS/ T 48.9% , fHXT ABB J5iAM S E2D T 93.0%,

o MEBART LIS, STS5ERET S, 1€ CPU BT AENASE 5 IR, &
7% BBplus #1 ABBplus B4 IR T 1 HAESS 100% #1 97.9%, i BB 77
£ BFEGS FIENAGERL T BRI BAESSHY 65.7% F1 55.7%

o A TEBEME, AT ENCRE m #4577, WRRB-d RATAT
g2, BEE ENCREEIN, ERXECRIEE N, (B2 E M %,
IERURECT R B SR IR AT RS I T RO B e M e i, BLAR R RNE A 15
I=RVNGIEA
M EREARKSEKE, ENCRBAEPOEER 1/m HHER, ERREE D,
CPU BTN A, AR 4R T — MRUFIE R,



4 &S

4 /NG

AR FZW5E BB BIPK A HBGEE AAECRIER RN . B, AT
W7 ET Grippo FARHAAEHAIATIR [1] B9 BB P K 2] MIHEN P K BB /i
(ABB)[Blo HiR, AR Zhang F1 Hager $2 H A — R R AR B IHZAE RECR 1] 7351
R FHE] BB J5iEM ABB 757k L, FEMRCKIBZ> ABB FTIRIAUREHIFN, KT BB
JTER AR A M mhs S, 2 E S e EIUS T ILRRIRCR e, BATExR
7 AREEFIENE R BONS T2 4R R R BRI, e BUESS ROz B 7 R
XA R EL

17
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int main()

{

std :: string root_path = ”E:\\Code)\\heils mobileface\\heils_mobileface\ \heils mobileface \images
\\lack”;
std :: string suffix = ".jpg”;

std :: vector<std::string> fns;
glob(fns, root_ path, suffix);
//cout << pattern << endl;

std :: vector<cv::Mat> images;

size_t face_num = 0;

MtcnnDface facedetector = MtcnnDface();

facedetector.initModel();
for (int i =0;1i < fns.size(); i++) {
cv::Mat cv__mat = cv::iimread(fns[i]);
nenn::Mat nenn_mat = nenn::Mat::from_pixels(cv__mat.data, nenn:Mat::PIXEL_BGR2RGB,

cv__mat.cols, cv__mat.rows);

std :: vector<Bbox> finboxes;

ptimer pt;

//double start = static_cast<double>(cv::get TickCount());

facedetector.detect(ncnn__mat, finboxes);

//Sleep(1000);

double inference = cv::getTickCount();

std::cout << ”"boost timer: 7 << pt.elapsed() << "F)” << std::endl;

//std::cout << “opencv timer: ” << (inference — start) / cvi:getTickFrequency() << "Fb” <<
std::endl;

21




HAHE T RHRFIREE (HR) RS

30
31
32
33
34

35
36
37

38
39
40
41
42
43
44
45
46
47
48

22

}

if (finboxes. size () = 0)
face_num++;

for (auto &box : finboxes)

{
cv::rectangle(cv__mat, cv:i:Rect(box.x1, box.y1, box.x2 — box.x1 + 1, box.y2 — box.yl + 1),
cv:i:Scalar(0, 255, 255), 2);
for (int j = 0; j < 5; ++j)
{
cv:: circle (cv__mat, cvPoint(box.ppoint[j], box.ppoint[j + 5]), 2, CV_RGB(0, 255, 0),
CV_FILLED);
}
}

cv::imshow(”show”, cv__mat);

cv::waitKey(0);

std :: cout<<”image, count” << fns.size() <<”face num:’<< face_num << std::endl;

facedetector.releaseModel();

return 0;
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