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Abstract

Investigating the relationship between protein structure and function is one of the
most critical topics in modern bioinformatics, and is of great value for industrial and
agricultural production and biomedical development. Due to the emergence of the new
genomic period, the amount of information about proteins has increased rapidly, and
techniques such as Bayesian, K-nearest neighbor, and support vector machines (SVM)
are no longer so suitable, and neural network-based machine learning models have de-
veloped well in the new situation of big data analysis.

In this dissertation, we propose a Deep-BGRU model for protein class 8 secondary
structure prediction, which uses a multilayer bidirectional gated recurrent unit (BGRU)
system to obtain in-depth global information of amino acid sequences, and then uses a
Softmax classifier to achieve protein class 8 secondary structure prediction. Compared
with the long short-term memory (LSTM) model and LSTM-based fusion models, the
Deep-BGRU model not only improves the traditional recurrent neural network (RNN)
gradient disappearance problem but also improves the speed of protein secondary struc-
ture prediction. The Deep-BGRU model not only improves the problem that the con-
ventional recurrent neural network (RNN) gradient disappearance cannot handle very
long dependencies but also significantly improves the speed and accuracy of protein
secondary structure prediction. The experimental results show that the Deep-BGRU
model achieves a Q8 accuracy of 70.6% on the benchmark dataset CB513. Compared
with other modeling approaches, the model proposed in this dissertation can well im-
prove the prediction accuracy of protein class 8 secondary structure, with good scala-
bility and low training cost.

Since the amino acid sequence coding methods significantly impact the accuracy
of the constructed protein secondary structure prediction models, this dissertation de-
signed a relevant comparison experiment to investigate the impact of three amino acid
coding methods commonly used in this field on the accuracy of the prediction models.
The experimental results show that the accuracy of the model is better when a combi-
nation of amino acid sequences that have undergone unique thermal coding and Profile
profile coding are fed into the prediction model.

With the improvement of protein databases and the development of high-through-
put technologies, protein secondary structure prediction algorithms based on deep
learning have been widely studied, and many protein structure prediction platforms

have emerged. Most of the existing prediction platforms can only perform three types
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of secondary structure prediction and cannot perform the selection of prediction algo-
rithms. Based on this, this dissertation designs and implements PSP (Protein Structure
Prediction, PSP), a protein secondary structure prediction algorithm platform based on
Vue and SpringBoot. The PSP platform is built with several high-performance deep
learning-based 8 classes/3 classes of protein secondary structure prediction models for
users to choose from, including DeepACLSTM, DeepCNF, PSRSM, fused convolu-
tional neural network, and Bayesian optimization models, as well as the Deep-BGRU
prediction model proposed in this dissertation. The prediction results are displayed vis-
ually. Users can also build their prediction models by referring to the platform's built-
in models and public datasets. In addition, the variety of algorithms integrated into the

PSP platform can be updated and is highly scalable.

Key words: Protein secondary structure; QS8; deep learning; prediction platform; GRU
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RMSprop) YEYBEALEREE T FESERIAR AR, GlH 58K B MR EC S

TREE 5 2T H )2 Qe 22 WX 28 HEAT 2 A 2 21, 3 M X 4 ] DAARN 2R i —
FEAL PR XA S, Blan Mg A EASOARSE, [FIHRERE H N S8R i 7 Xk g
BEIX BB . A TR SNLER 22 S BIET &, IR I R AE T H g KL
AERE h B R AR G, IF HLHORS P o AL S AL 28 5 > T i

FEh, G MRS ) BRI T R R AR TR, TR B 2 55 B4
X R AR SR AT A ], 3 R URT DASEI R A I RE

RIS )ik BAT @RS, 5 TR, 1 H30R AT LR 25 5 s AN A
R AR S FH o G R BRI 8 2% 20 77 V2 RE 5 150 2 S0 U1 R (R0 U8 55 X 248 B8 7E & A %4
13 & IS TR R R R IIVE R, NI i RS R A HEm It . flan, DLE
TR ST RV 2 5 ) BRAR B A, 2 S AN IR BE AR 2 P 2% N T [ ARAE 5 AL B
PR B 2 A T IRAIG, DRI Dy g A Rk Py it e R S A AL


https://vibaike.com/102132/
https://vibaike.com/176101/
https://vibaike.com/37433/
https://vibaike.com/3897/
https://vibaike.com/3334/

TR b2 RS

2.2.1 HFRHEZMLE CNN

Al 60 AKX, Hubel A1 WieselPOh@it oA Mt B2 JZ A A o, 4 1
&2 BT (Receptive Field) XS, S8 02 BRIE W 25— 24 H I RHE B
MR SRR AR R BB B XN 2] 80 44K, Fukushima 78852
YRS B Al 2 B T AN RN RE DT, X ] DUE AR 2 2 AR A 2 I 2%

(Convolutional Neural Networks, CNN) 4R, RN FIALEE — N0 50 A8 40

A AT, IR AT E SR R B R IR K AT T 5, DAtk
RAETIALAL L 28, TXATAGA I AH B R0 58 1 ik, S RiEse iR Al h
i . 80 AR, LeCunP¥gh & e al R B SEUEIL =4 T H AN S MG
PRI ZRAETY LeNet-5, FFHCRE 75 7/ RN I IER S, sl H N 2126
] HB Jay ) - 5 A RF RO R G

CNN 22— PMHErrsha g, eHEREMLZHN, TUMNKERIA
ARG B A B E B, X5 E@EMe M5 RENAR . £35E
AWML, ZANMETTHE S T ERMN L uHER:, A CNN H1, %4
Pz R 5 HARZ I 7 & o AHIER:, Wl 2-2 BoR. IXAE AT DU R0 K
ZEINIEAREE, RN AT DL R B A HRFEE R, HA S B ARAG
TR, RER PRI AL 2R MY ZRiAS, X115 CNN RERE % BRAE EIR b 7
I o

(b) EHERZ
K 2-2 AEREENGRZE KA TR E

CNN GRMZM%&EE HmAZ . BRE. LR SEREMmLZ4H

10



LIRS ST AR 1 — R AS R TR Y 2 1 S F 7T

. fEERZET, WBEAE L MFERE (Feature Map) , % AMFE B 3 T4
TER R [F R B 2 e — ABUE, RSB . BPUZ LABEHL N EUE
B (T AT AR A, 72 X 28 BRI ZRI R b, g 27 3 B IE A A BUEL . 385 1 B A%
A ULA R W 25 25 2 2 RN R 2R, [N O OR B AIS T 300 &5 i T e o AR
BRI, Hj oo R Ee rEE AKX (D Rk, APV ARRE
SE B ANSFE B R G kAR T2 ST G RR, fRRBOE IR, a RN,
113 by T2 Al R B R (R 28 B 2-3 R T B AR I B TR R

aj = f(ZiEMj a; X kl] + b])/L\\ﬁ QP

I
0 16 21 28
1
9 10 13 14

2 * 2B 30 35 42

11 12 15 16
BRUS 3 * SRHUERFE

BRI * AREERD P

aj = eru(ai X kl] + b])
6=Rriu(1Xx1+2x1+3x1+4x0)
Kl 2-3 GHREGHEEREE

BIREZ G R E B2l b2 (FREE) , L EA 3E L (Mean
Pooling) i KAEMAL (Max Pooling) , PFHER AL )E W&l 2-4 Fiow.

1 2 .. MaX POOl _— .

2 * 24FAEFE PR

.... Mean POOllng 2 5 .

2 * QKRR PE

4+ ARFESEE
Kl 2-4  pisbitbde s 20t Sd R

I H RN R R 2 B 2515 B R IEE 2 AROK, i B R e
BT IME, AL ETT DL S N BORFAE R, 19 28T HRAE AR — e L
MITRBE 22 2138, e ] AN — MRS IR SR R . MG AR AR —FF, tifbiR

11



TR b2 RS

YERT DL D R ) S FE RN S B . Btk 2z 4b, A EIe A AL, #ln
AT PART RIS H G o DR B 32 BERHAIE | (A1 B2 P 45, DT o 246 O A 2R () 1k

B e a2 R AR B R RIS B S SRR S, 19358 B 1%y
TR, LGNSR 40 4. ONN B ZE 4540 5 2 2 I AL (Multilayer
Perceptron, MLP) AH{L, it CNN MUl A AWM 24 BP HiEPY, N1 iE—
AP CNN WIZS RS E M, A3 2 HW0 ok B08 3 (6 FH Relu i 4, DASRILEE
LV GUERNREISE NS

2.2.2 fAIRREZ 4G RNN

ML PRSI SRR R BIAR A, FE RN 2R
AN H R, FEM RS AN 2-5 P . i IR, Mg A n] DIAE S
SERINZI x Ja, W g TR R MR R yo R, 2R ] DgcR
fER—ABET, IR, SEHUR AR 2 B N 5C R

- - |

XA

ST OSSN

RN @ 25K

fffff E »
N\ @A\

Kl 2-5  fa] B e ) 2% S 1 14

RS 28 ) 288 R BE AL — NN, T HL AT S RN 2 A BRI R
Bk R B R IS AR T v VR 2 1) R i ) 4 SR MBS 4 A RN SE M T
J s SR AR RIAGTH 4 AR TH N A KR 1 HARES AT
SCARER AT RS T T AR AR A T S . T2 20 THAD 80 4F
R, TEMHAE ML (Recurrent Neural Network, RNN) ##2&H, FH7E 21 tH409E
T e ORI P 5 ST B — AN B B R N 28 458 . RNN & —Fh 28 T3 51 4 At
N TR 2%, BT 07 51 B i e F8 31X — L8 21 i 380l vh il s i AN B30 2
RERIT, e B AT 0B R i A AT B s e 21 7 21 J 1 i s . anse e i <R =
Rz, AE“TRE NI o T A AT REDN )2 44 m 5 ghinl, Xt Bl iy
GBI A0 e 2 B2 mafE . RNN [R5 2 675 T, EMREE M0
FHEIES:, XAEAGE ] DL S RAHOC B NE B, FEB RN A 4E B2 B PR B
T SR (R R T AR OGP E . RNN BRACER 7 H 5N, R BLAT 5 SN 51 o

12



B TR PL A SR 5 0SS A PRSI 1 - S i 5T

. XHELEMEME L CNN RS2 MM, X2H S CNN SR %
FIARBX ). RNN BARZRE, 11 CNN ARA, RNN X Rt 2 R4 5
0 2% S5 K RSB o

RNN M RE RN R Bz DU =, i 2-6 o

ot J=

IS

Nz

B 2-6 EIFMEZNLE RNN 451K

M 2-6 HATED RNN B 4549 516 Geph 22 28 557 RBUHLL,  {H72 RNN [
Bk 2 A LA — AN BUE W &, B ANERAMS RNN REE3RE L
TAEE, X2 RNN A I 2 R R A5 A

¥ RNN $25 A\IS[R AT R IT J5 43 21 RNN M2 (R IT 254, &l 2-7 s

i )=

B =

MNJZ

K 2-7 TEHRMZ M2 RNN &I 458 K

MR BT RNN RIT S5 KR, mT LA 2145 RNN e ZI 84t o 1 i 55
NAR (2) o HhSFoRti ZIHZ KA, WERIREZFEUE, UMV
FORKUE, X RN ZIRAAN, bNSE, LR AUESS T RNN it 2 DUk
= P 22 70 22 T) AR A N A SR R -

Or = g(V X S¢ + by ) A= (2)
HhS, = f(UX X, + W X S;_, + by)

13



TR b2 RS

7E RNN HIFEZ 2 0], 24 (Xe_q, X, Xepr) IV, SRR HIRT—
PR TUI A M AT E eI N, X — B E A& oA SFIX A
BN, XA SCHL RNN CAZR PR SR A LB . i, fER N — M) TR B IS L
(B, IXFRRESEE LT LUK “3” « “RIZ” . CSER” ZANEAZ A
KF, XWEAS RNN WZEIE T NLP 438 o) @ i 75 .

RNN 0] DASREU T 51 2 (B ARG, AT Sesl i Bidiz .. HaXTKF
FIAUL, RNN FJAF LR BEVH SR A0 FE BRI ) A, S i BTin e iy inl &, 7
20 tH4d 90 44X, Hochreiter Al Schmidhuber* & i T K FG #1242 4% (Long
Short Term Memory, LSTM) . LSTM & — | vz A8 FH B i ) 8 91 B0, e —
FRREBRE) RNN, BR5 SJ KIAHOBIC R . LSTM LT TH T K 7211 i
T2 HRoH P Y S R PR ), S — R R BLSE IR S O IR e W &%, JeFLAE Ak
PR KRR EE I . Bl 2-8 F1E 2-9 AR

iit 6( ﬁ

h
4
x

K 2-8 LSTM #1425

K 2-9 LSTM & o4k iy K&

LSTM 3% ABMd iz, idEREENEE . BEMYAEENEEL,
T SEBUXANDIRE, LSTM 7E RNN FIEEAl_E 3 1 40 ftRE (Cell State) F
“TT7 g, ENRERZ IR ST E RN L, RS Ed
BUSFHTICIZREBATE )S, RS T — N ARYE B 2-9 AT %0, A
WACAE I EIHALHE, U IRAShAE T HALRE, AT 4 0, e

14



B TR PL A 2R 5 R aS A TRINAE T 7 - 5 B 7T

JEIRE R ST A x ST AR S AT 12 M. 72 LSTM fiecdified, A=
AT BETTS BT, BN ERA K IKHES
(1) BT

ft = O'(Wf X [he—q, x¢] + bf)

BUR1H E— Z B BEER A hy A4 1T 40 N\ AT PR, A2 Asigmod ki3
H, BRSTRI0,1]H, BRI O WIS WA BRI 5 5, R 1 U R R N 1%
WlrE . 5 E—ZHAHMAREC_HHTE, 2T T Comy PG B HESRE, XA
HEFEMEE.
(2) fAl]
ir = o(W; X [he_1,x¢] + by)

Ce = tanh(W, X [he_1,X¢] + bc)

BN TUE TN Z A H N 15 B B4R TPk . v LLE BN T4 M,
G5y B ST TR0, KB R[0,1]12 8], 0 RARAEE, 1 F/RE
B JEERNtanhif . i 5EEAMAT, POE T tanhfi S RNRE S5 &5, F
NHTENG BIRE X TAIMORES R, KR 115 FERRE STkfE 15
FIEE R, SNSRI AR, e T BB E B B B S AN
NGB HEREORE, BVZS T 0 AR A H .

(3) H]

0 = a(W, X [he—1,%¢] + by)

ht = 0t + tanh(Ct)

B 11 A 2 e 20 B DR A 1 IR 3 4 i 8 i N R BCIR S T B Ry o B S
O H AR S L0t — S tanh BB, 5h,_ Mx,ZLsigmod BB G
RITTRRSR, e BROBUIRAS NS 15 S, 5 B 508 5 (I BROBUIR A5 hy FOZH IR S
CHIN T —HF %1

2.3 INGE

A FEA T AT IR AT Vs o 1 St AR AT B R R ThRE N
CERHEAT T, R TR A LGRS, RGN T A Y354,
MZ IR AR, NEARAEHTINSEAE 7 ER IR . 5 E SR 7 5286 pr
FH B ) — LB 25 R 25 FR FE AT, 40 RNNL. LSTM. CNN 4,
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TR b2 RS

3 BEBFIHmEXSLE LI

EAETR ) —REER R IER T H) 2 20 NFREREIRN, BEAR a5
e 7 RERORIN o DRl R E BT — A5 0 1) — R A5 R ST 55 mT LB R A 7 3
2|75 (Sequence to Sequence) L5, 741 gmhd 77 2O AL ) it 25 SR 2=
(PN AL

3.1 BIREE

ASCAE AT ELS2BRIE, {8 T CB6135 A CB513 MRS, Ml
T PISCES Cull PDB x5 %% (85 F i 45 i i 5 . CB6135 Hdlda — 3 6128
KEAN, ZHELGTMAE, REHRE 5926 ZAEZMEAT, EREM
CB6133 S i 5430 S5 NIIZREE, 255 S NMiEsE, 236 s Vil
CB513 &t —ILF 513 kA, HATE B IRIELE .

3.2 LT

3.2.1 |EBRREHEN

A ZE N ER 0T S A TN A B R LI = M R SRR dm D T AT 4,
FERATBIRY SIS B

HAR—REMWERRTIHARR. AR, 2R KEER. HE
B KNERR. RorEiR. AEAm. BER. FREAmR. STEm. KA. 8
G R, 4ER. AR, AR, R, SER AR ERRX 21 f
TR, FAR 8 K A B3, BN a-lBE. mBiE. B BT
B, AR B HAEFORA R,

2R R — PSSR R H TR P, % T — 2 485 W RE IR A 4 77 =X
5o AR LR R R, 4R B R profile B, — 245 H— M FE Ak AR 1 7
AT

MFAGRAY (One-Hot Zwhid) tHFRIERZ gmtDi4), &—FhH K S i A mRoR
g 1 R T 2 SR N AR ZF RSkt N AR A5 HE AT 4D,
FASRAH ST (B AE s Aok R, I BRI 2 R — B 2. fEHEAT A
IRy, 50 T R B A AR B BB S BB, AR BB R R
A=At A, B TREUE MRS E ERITERE A 1, HRIUERH N 0,
TXAE R AT UK 2 B AR R N — AN 0 F1 1 ALl — ki 1l &, [T ENL 8%



FETIRPE 2 2 B 1 5 R A TR e - S 0T 7L

AAFBAE

Xt 20 Frga B R A A g 65 U7 Sk AT G5, BIAI A 20 A7 — BERIAME— KoK
R MR .. DALY KD 20 1 —HEfl A&, Hd A%t
PAZEIERIALE N 1, RO BN 0. HAAL R UK 3-1 P,

% 3-1

AR R R I G A

IR

T A

IR

Mg

HAIR(A)

100000000000000000000

SREIR(L)

100000000000000000000

FEBR(C)

000000000000000000000

RABLHZ(N)

000000000000000000000

BAFR(E)

000000000000000000000

BRBEIE(Q)

000000000000000000000

RAEZIR(D)

000000000000000000000

2 R (P)

000000000000000000000

HAMR(G)

000000000000000000000

225 R(S)

000000000000000000000

KA ZEIR(F)

000000000000000000000

FAR(R)

000000000000000000000

S @RI

000000000000000000000

JHEIR(T)

000000000000000000000

HAMRH)

000000000000000000000

BEIR(W)

000000000000000000000

IR (K)

000000000000000000000

HEIR(V)

000000000000000000000

HRZ R (M)

000000000000000000000

PR (Y)

000000000000000000000

[ B >R F A g i 77 2000 8 REE A BT — R A BEAT it H 8 for — 1t
KM —RoR M A, RS A R TR 3-2 s

SLHGAY, & Zhang 55N\ 2017 S5 ) — R B iR g i )5 s, fE =
Feal, ARy 5ER T 206, BiE AR R T Z IR S5 AR E 1 RE T2

32 )\FhE AR R EE IR AL R

TR M A
310M80E (G) 10000000
a-18jE (H) 01000000
m-12fE (D 00100000

B-#r (B) 00010000
B-#h& (E) 00001000

M (T 00000100

Ll (S 00000010

R (D 00000001
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TR b2 RS

P ARAEIE B P P S A 155 Z A RS s ) 0 98, — 30y 42 b
JLA], T A e S BRI AN R R AT AR 2 15 A X e [ Sx Bk
ATomig . G577 AR F 2 42 AL b gwig, ok LA 1 8 0 IR E
R RGIA I PSR, & 3-3 ARYE 20 MR IR SLERIA LB g
B 5 B

£33 R R IR
AR 5 GG
WEE (A) 010101100000000000000000000000000000000000

FHER (O

010101000100000000000000000000000000000000

BHER (B)

010101010000000000001000001000000000000000

REER (D)

010101010000000001100000000000000000000000

HZAMR (G)

100101000000000000000000000000000000000000

ARNREE (F)

010101010000000000000000000000000000000100

FaEiR (D

010101000010101000000001000000000000000000

HAMR (H)

010101010000000000000000000000000000001000

WER (K

010101010000000000001000000000010100000000

HR IR (MD

010101010000000000000100100001000000000000

=EE (L)

010101010000000000010011000000000000000000

RAWENE (ND

010101010000000010100000000000000000000000

BRI (Q)

010101010000000000001000010000000000000000

R (P)

010101010000000000000000000000000000010000

25 R (S)

010101001000000000000000000000000000000000

WM (R)

010101010000000000001000000110101011000000

HER (T)

010101000001010100000000000000000000000000

BER (W)

010101010000000000000000000000000000000010

daEm (V)

010101010000000000000000000000000000100001

=R (Y)

010101000010110000000000000000000000000000

Profile Zmhd & KH PSSM HiFEiEAT gmbs 15 2 1 — AN Be e A I AR Mgk Ak A 26
5 R R RERT G B miL 7 2 BRI T I &AL 1 AN RS
B IR A MRS fdn, R IR TR “AAAACCCEDD” , HR4 &
2 A 1] Profile 4mh% 2 0.4, BONZEIXANFRAH A LAY JLA 2 4/10=0.4, AR
IR C. E A1 D 1) Profile Zwfi%2E 0.3, 0.1 £1 0.2, HABEK M MEAIER I G %
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Fe TR S I R A BN R P G BT A

WA 0. FHLINEIERRFHIM A “MMMMM” , Il M [¥] Profile g 1, BIA
“MMMMM” JF5d {5 M. BN Profile 4R AMUAVRE A F5E, i8REH
HAF A LG R, K A B G B . K 3-4 23— EER
FE B Profile 4wid ]+, o Seq & HArF4, AM FnHAhF 5.

% 3-4  Profile Zmh~ 3

Seq| Q S E P E D L L K
AM|QQQQQ|SSQAA |KKKKE|PPPPP CEIIEEI-E DEDDD|LLAAA|LLIVIIKKEKH
\ 0 0 0 0 0 0 0 0.2 0
L 0 0 0 0 0 0 0.4 0.4 0
I 0 0 0 0 0 0 0 0.4 0
M 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0
w 0 0 0 0 0 0 0 0 0
Y 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0
A 0 0.4 0 0 |02 0 0.6 0 0
P 0 0 0 1 0 0 0 0 0
S 0 0.4 0 0 0 0 0 0 0
T 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
H 0 0 0 0 0 0 0 0 0.2
R 0 0 0 0 0 0 0 0 0
K 0 0 0.8 0 0 0 0 0 0.6
Q 1 0.2 0 0 0 0 0 0 0
E 0 0 0.2 0 |08] 02 0 0 0.2
N 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0.8 0 0 0

3.2.2 BimhL 5\ LIy

B B R G 0 XN B 1 R ) TR S e A S B R, DL ER
RNN 4 SR P 25 A R AR Sy S0 i i) AR i, AR5 DL P R i w7 =X
X CB6135 I ZREEHEAT dmit T 45 204N [F) SRR 17 7S BIR IR, (LAl
RN, GRS B TMAE R . & 5% CB6135 MR EE, CBS513 BE4EM NI
1S EIBLAY Y Q8 HEMAZR, MM 3BT Hh = Fhgmd 7 sU BB & IR sg e, DL 2 S 0
BT 55 BIRIE R



TR b2 RS

FE S G i 7 S P A A AR, B — M ZE, —/NR RNN, —
NEERZ, Uk MR, BRI 3-1 Pos.

P—————

| |

@ ® 4]
| ' @]
@ ®
| @)
| ) . | |
@ @
i | ® L
| Encoding : | Protein
| method | | secondary |
| ) ‘ | structure |

. Full connection

Input layer SimpleRNN Output layer

layer

K 3-1 T RNN 540 A5 50— 2 45 AL TS 7Y

TEASRI N, T CB6135 Ml CBS13 HdlE R & R THIkk 7 ik
Fr 20 REIELER, EAFAERE SR T IR R T A SRR AR, BRI
R TR X WX R IR AT RN . IR SEhRacied, X AL M mig o>
b ERA A gL T K2 A, HTX X BRI AT RS [ T 5
56 A FH AR 700 A BLAZACEE DA N R 2B R A BRI B 5, DRLE A8 A2 700
KR, & /EATANMEE 700 K, ERARSISH R 728 0 BEHLEN
HAE IR o

3.2.3 W¥RIL 5 A SLIE

E X it it S50 v, K 25 b i 5% 75 30 1 () K R e 97 I I AL 5 N 2 J= RNN
TR IE S SRR, 45 BILE PR AN [R) i A5 3R 3 PR N A R B 4 (1 52T o £ S
Kb, (8BRS S A ) S ds i — 2, ME— AR AR AR R N 5 RS
T Mg 3 ARG BN o XU B B PR A [ g 5 2K
R 3 PR 2 N o A5 R E i 56 ) R T

FEX G 5 s i R I ROR R, i — Mz, — DR GESD R,
—/NHLUR RNN, AR, DM R, BRI ] 3-2
P, BREH 5 gntd Jy AASE A AR A — 2, RN RZ TR T A1
F RN TR RN, AR AT DRI 2 (1045 2.
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B TR PL A 2R 5 R aS A TRINAE T 7 - 5 B 7T

—_—— = — —

|
I
I
| @
I
@
I
| T IN ® ©®,
I
@ N\ |e@
;
| | ® o
| Encoding ‘ . I ‘
| method 1 } . . \ }
ol @
| @ ® @ |
I
;r @ o @)
I I
} . | . } Protzin |
| | secondary
} "I' | ‘I’ ‘l’ | structure
e A [ pup———
I
| Encoding }
| method 2 |
L
Input layer Concatenate layer SimpleRNN Full connection Output layer

layer

3-2 T RNN R0 G A 1 o7 — 2 2544 TN A A

TESERRSZIG R, R GRID A Profile RTD4l 4, M 4mbo A gmng
M4, FAmIGA Profile M4l &, =Fh2H &5 L AT R FEAT 2R, 1530
MR, 5 CB6135 RiF£EM CB513 HUE XA Q8 HEMiR HE4TL
i

3.3 SCIGZER

PRI T LI, RIS B AR AD . SE IS AT Profile gnAS AL . B
JE ¥4 CB6133 A4 45 F1 CBS513 i 42 1 S0 UE St N\ 21 =AMLY op 45 2140 ] 3-3 Fr
INGER . ARG . FEFRILA Profile HmA%iX =Frgmid 5 LA LR F 5
Zr AR AIYE CB6133 4R FIIHERZ 58 46.84%. 23.88%F1 59.11%,
CB513 HURAEUERT R TN 44.72%. 42.31% 55.39%. HATA, BAgmid 7
O AR AL YR A 22 (1 B2 T R HH /51 BIMIK 43 )2 Profile gt JFAGR A | J: 4 fid .
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PLEAB AR SRR TS, AW RSB —FEHNE.
B RRERAER4A, BiH: https://d. book118. com/45716013101

6006026
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