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Fig. 1. LSTM neural network: (a) network structure of LSTM; (b) run logic inside the cell.
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Fig. 2. Chaotic time series: (a) Logistic system, u= 3.9;
(b) Henon system; (c) Rossler system.
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Table 1. Parameters and results of the models.

R A train test win Ly Ly, Dy D, WEHa%

(/Llofs?f.ig) 5000 15 22 16 4 4 1 8290%
(/Llofs?f.i;) 5000 15 22 16 4 4 1 70.70%
(Eoiis?f.ig) 500 15 2 20 4 4 1 68.60%
(Eoiis?f.i;) 500 15 2 16 4 2 1 60.00%
(;O:gi;g‘;) 5000 15 2 16 4 4 1 57.10%

Henon 5000 15 2 22 2 2 1 67.10%
Rossler 5000 15 2 16 4 4 1 77.10%
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Table 2.  Weight structure resolution.
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Fig. 3. Heat map of weight of input neuron to output neur-
on in hidden layer.
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Table 3. Heat diagram of output door’s weights.

wl w2 w3 w4 w5 woé w7

w9 wl0 wll wl2 wl3 wl4 wl5 wl6

x1 0.032129 0.144328 0.007293 0.003557 0.070465 0.011652 0.11142 0.048287 0.105727 0.039649 0.010162 0.119949 0.0771 0.126937 0.001947 0.089396

x2 0.070867 0.013232 0.054503 0.073496 0.005734 0.064071 0.145835 0.083217 0.025553 0.033065 0.113584 0.028327 0.054085 0.177761 0.010123 0.046546

x3 0.083647 0.046366 0.066226 0.044534 0.010054 0.077919 0.071001 0.018548 0.035294 0.071642 0.053888 0.028448 0.102273 0.096744 0.078535 0.114879

x4 0.039123 0.113002 0.161581 0.113866 0.070651 0.085571 0.01836 0.015408 0.032978 0.018375 0.068342 0.059137 0.00701 0.070451 0.032602 0.099853

x5 0.013762 0.055823 0.147481 0.055493 0.093444 0.027264 0.082384 0.058674 0.032903 0.033342 0.045937 0.035937 0.110378 0.004487 0.161653 0.041037

x6 0.038079 0.089649 0.013102 0.021696 0.042833 0.109787 0.001024 0.0673 0.036916 0.134038 0.066291 0.146953 0.009803 0.081372 0.098701 0.042456

x7 0.013865 0.001702 0.057869 0.072264 0.104456 0.029761 0.062669 0.07539 0.05715 0.102282 0.017876 0.012626 0.020022 0.100243 0.153076 0.11875

x8 0.002042 0.006925 0.060008 0.13031 0.136406 0.056203 0.061606 0.028064 0.006926 0.099129 0.055122 0.117276 0.06846 0.014505 0.078184 0.078834

x9 0.044205 0.171724 0.153162 0.13818 0.029189 0.025947 0.049391 0.012338 0.100584 0.028133 0.004946 0.017914 0.008463 0.014741 0.066944 0.134139

x10 0.094619 0.0563 0.040223 0.096283 0.10152 0.145036 0.051991 0.075623 0.075216 0.061209 0.057986 0.066076 0.004787 0.01945 0.042341 0.011339

x11 0.078909 0.005603 0.08149 0.125202 0.069081 0.10143 0.122451 0.027058 0.057647 0.016226 0.03275 0.050667 0.036795 0.11072 0.081767 0.002204

x12 0.046159 0.005688 0.006237 0.004618 0.014815 0.005272 0.04598 0.037005 0.190933 0.065535 0.005131 0.015155 0.065812 0.099804 0.172294 0.21956

x13 0.111226 0.027026 0.027497 0.074868 0.139154 0.084413 0.080342 0.038769 0.088824 0.047083 0.056548 0.002081 0.10549 0.049929 0.020529 0.04622

x14 0.092772 0.03999 0.055938 0.128114 0.036386 0.013061 0.083943 0.051033 0.106374 0.007257 0.063049 0.091929 0.084821 0.020458 0.089496 0.035379

x15 0.131586 0.038161 0.176303 0.041758 0.049173 0.096633 0.0033 0.045529 0.084262 0.050839 0.003322 0.063406 0.029601 0.045323 0.116047 0.024757

x16 0.070289 0.05378 0.092472 0.03372 0.052087 0.110236 0.055639 0.124221 0.029371 0.06142 0.04904 0.043376 0.012261 0.041226 0.109564 0.061299

¥
{t 0.060205 0.054331 0.075087 0.072372 0.064091 0.065266 0.065459 0.050404 0.066666 0.054326 0.043998 0.056204 0.049428 0.067134 0.082113 0.072915
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Fig. 4. Heat map of weights’ mean value of input neurons

to output neurons in hidden layer.
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Fb w0 4 45 SRR AR 0.7 AN E 4 A RCESE LT
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Table 4.
ers when u = 3.99.
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The prediction accuracy of different paramet-

fabr PR AL

T
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L, 16 15 12 10
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Table 5.  Table of neuron numbers and prediction accur-
acy.
Hm R R R IR Mot MERRAR
WL, JRL, WERR WERR BoR  fbkash
Logistic
16 15 82.90% 90.70% 1
(u=36) 7
Logistic
16 13 70.70% 71.40% -3
(n =37 7
Logistic o) 16 68.60% 68.60% 4 ———
(u=3.8)
Logistic 6 19 60.00% 60.00% 4 ———
(u=3.9)
Logistic
1 . -
g9 16 15 5T10% 59.30% -1 v
Henon 22 21 67.10% 7000% 1 "
Rossler 16 14 77.10% 83.60% 2 _—"

£ Logistic RGEHT, u= 3.6 45 R 6
), MRS RGN L TTHECN 16, BIRIFN 6 %
1 82.9%. MR L TCEU T IX ] (8, 16) Hr, 4351
DIACEEAR T 0.08, 0.09, 0.095 Ay 15 {8 I ysig b 25
TG I W SR A TR A% L ) B A 4 (E A T 0.08 1Y)
LA, SO RS R 90.7%, How) b Tt i 2%

AT 7.8%; MBRACE EALT 0.09 19 4 S pis
JG, TAERZN 87.9%, HHIIALE 42Tt 5%; M
BRACE YIEALT 0.095 (1) 6 NP TT, TR AERL %
S 78.6%, LW EE R 4.3%, FOR T 2. Pk
REaFERE , MR 1 ASAEYIELE 0.08 LW
BRI 28 IO f KR R T TN AR 5 it 2 s
32, 3847 AN RREE AR, T00I0 6t 20 2 Il %
E BB RS SRR T AR K

6 u= 3.6 WAFESEHTHIIERR
Table 6. The prediction accuracy of different paramet-

ers when u = 3.6.

VIS B IR 4% )5
0.08

Bhr JREHT A=k

.
A

0.09  0.095

L, 16 15 12 10

HERRTE 82.90% 90.70% 87.90% 78.60%

u= 3.7 IS RANGE 7 B 5, AR 2453
200N 16, BORTUMHER R R 70.7%. M bz
JCEETIXTE] (8, 16) Hr, A AESAELT 0.075,
0.09, 0.105 >y F{EMHIE #h 2870 AR B RCR. M
B A SR T 0.08 B 3 ANHZTE, T vz fff 26
h T1.4%, HAITLG B A R T 0.7%; I BRACER
HAKT 0.095 B 5 4Tt #EWE N 65%, )
U 45 B BEAR 5.7%; MW B AL EE ) {E AKX T 0.105 /Y
TAMZTT, WA 60.7%, LIRSS R
i 10%, SR E 2. MR REAERE, M 3 4
FCEHIEAE 0.075 AR S 3 b 26 o0 ] e KRR
PETF TN AR s Bifi 2 MR H 36 2 ) R L
SRR & AT LR

T p= 3.7 WRFESEA N R

Table 7. The prediction accuracy of different paramet-
ers when u = 3.7.
MR N
bR JERER AL s
0.075  0.09  0.105
L 16 13 11 9

HERRFR 70.70% 71.40% 65.00% 60.70%

\\
T

wu=38WIRLETANZE 8 FTF, W% A5 5
Z2IUHCN 20, BERITNAERG R A 68.6%. M flifhs:
JUELAL T IX ] (10, 20) Hr, 435 DIACE HEAL T
0.08, 0.09, 0.1 A [ {& M Jaii 28 70 I SR AT RIZOR..
HHBRACE AL T 0.08 A9 2 G T FIAE YI{E
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KT 0.095 19 5 ASHI 2T, TRINHER RN 68.6%,
B 5 WA AR, (AMBECRE L BT AR S
A A AR AT 0.105 IR 200 8 14,
T 5 b 28 TRk Ay 12, TRINHERR R Hy 65%, L)
TRESRIEAT 3.6%. MIRAREHERE, MR 4 L
FHIEAE 0.09 LR A9 37 3% b 28 50 ] 78 T A 1
ANEEARARTHE T 18 B2 iB 1 TAR; 4R M s i
2 FEERU AU S, AR TR AR K.

£ 8  u= 38 BIANFESEA TR F
Table 8. The prediction accuracy of different paramet-

ers when u = 3.8.

VAR B (R4 5
0.085 0.095 0.105

ErL T 3 Gl =k

T
N

Ly 20 18 16 12

HER% 68.60% 68.60% 68.60% 65.00%

u=39BFLEFANGE 9 FrF, RIS I8 2R A5 5]
22 UK 16, BRI MER 228 60%. M I ZE5T
BT X (8, 16) 1, 43l LA E PIEALTF 0.09,
0.095, 0.1 A [ {1 Jai et 28 0 I WL ABE U IR )
A AR T 0.09 11 2 /S0 2 e AL EE S (B
T 0.095 {1 4 2T, TN HERTR YR 60%,
SRS R, AL, 21T AR S
SR ; A AR T 0.105 UM ZITH 6 4, I
B JE 2o BN 10, TINHERGR R 55%, AR
EELRRAC 5%. MR R ERE , Bk 4 MAE
BIEAE 0.095 LT (357 3 A 26 70 0] 78 15000 o ff o
ANEEARARTHE T 18 B (ia 1 AR 42 M s &
S PEWER AU A, B TSR AR T AR K-

9 u =39 BARFSEIN TR
Table 9.  The prediction accuracy of different paramet-

ers when u = 3.9.

LA U IR (R 4 IS
0.09 0.095 0.1

EL T L3 A

T
N

L, 16 14 12 10

HERRIZ 60.00% 60.00% 60.00% 55.00%

Bl 6 %5 th S8 n o U 3.6, 3.7, 3.8, 3.9,
3.99 BRI A BI(E 128 Ak, o (BN Bl
FERLSS, pAEER IR PEFR B Bs , ml UL RE A TR DR
FER T, AR B AR E T RGH
RIE, TR 2T . B 7 A S5

w A EUE 3.6, 3.7, 3.8, 3.9, 3.99 WHLAL S EHT
Jei AR TR T R R AR AR TSR, BRI Y
TRIERRE BBy, 2 pdilr 4 B, o BUE G BT 7E
0—1 Z [A] Bl L3 Ai , 900 X0 3 o A PR o 1 ok
F, ToICHB S B FE R0 2 PR 5 1 To0m v A 5
SRR IR S ET IS i TR SR AR AL
WEEERT , SRR 2 ORI A F TR R
JER ARG (HER 22 BRI TR R S
JRSEHET, B T RARE R RREAC T, UiBZ ik
A VRS S o7 3] AR TR T 8 A BT A s SR 28 e
AT ZRCR IO T, SRR B R 2
o4 R THE MR RE, XAESHORZ | FERTER K
PRI I 2 2 BRI 2 Hp A o 7 S

1.000
0.095 |+
0.090 |+
0.085 |
0.080 |+
0.075 |
0.070 }

0.065 |
0.060

0.095  0.095
0.090

0.080

0.075

AR AR B

3.60 3.70 3.80 3.90 3.99
o B

SR N T R IR /NP A 2 7 3 & N [ et
Fig. 6. The change of optimal weight threshold correspond-
ing to different chaotic states.

100.00
95.00 1 90.70%
90.00
85.00 | 82.90%
80.00
75.00
70.00
65.00
60.00 -
55.00 -
50.00

— R HTER
— PR

68.60% 59.30%
60.00% 57-10%

TR/ %

3.6 3.7 3.8 3.9 3.99
Logistic RGN ZHL

&7 ASTRDYR bR A4S XoF oz ) o 0 o ey 2R A
Fig. 7. The change of prediction accuracy of different chaot-

ic states.

R T U IZ TR AT A T, ARSCH Hen-
on Z 4iFll Rossler 4t 1) — 4 i 57 A% £ 43 5l FRR
WATIIRITIE, G55 a3k 10 Mgk 11 gl

TE Henon 40— 4l S BP0 v | ) 4% 48
R B TOHCR 22, BRI HE R R 67.1%.
S fdiph 2 TR T XA (14, 22) 23 BILAA E 1Y
AT 0.1, 0.11, 0.12, 0.14 Ay 5/ 1 sk 44 28 5T 3
WEAE R, W 10 FF9, G A s (A T
0.1 i 1AM IT s, BN HER R R 70%, HLvlth
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ZRAETE 2.9%; MERACESAERT 0.11 1Y 3 4 ph
ZICJR, BN HER R R 66.4%, LA hh 25 S AR
0.7%; MIBRAEIIEART 0.12 9 6 MHZIT)A, W
DR R 65.7%, LERTER S5 RREAR 1.4%; BHBRAY
FEIEANT 0.14 19 8 M IT)E, T HER RN
65%, HLPIUGZE SRR 2.1%. MR E KR,
TR 1 ASACE S AE 0.1 LA (4 47 3% bl 28 70 7] f
TR BEHRTHIROINARCR s 8 22 04 ) s D) 5 SR 8 K 48
A, TSR ok ik 2z
210 Henon ZSLHUR [FIZH T i %

Table 10.

different parameters.
AR R E R )
0.1 0.11 0.12 0.14

Prediction accuracy of Henon system for

fRbR AT A

IRy
/\‘\~

Ly 22 21 19 16 14
WER#67.10% 70.00% 66.40 % 65.70 % 65.00%

# 11 Rossler RGHUR RIS N HERG R
Table 11.
for different parameters.

VLA IR{E R S
0.085 0.095 0.105 0.115

Prediction accuracy of Rossler system

FRbR AT A

T
-

Ly 16 14 12 11 8
WERR 77.10% 83.60% 81.40% 80.70% 71.40%

1F Rossler R 40— e e imi vp ) o 48
FEIFFI 20 HCH 16, BTN MER 2R 77.1%.
SAd R 2 TR T XA (8, 16) Y, 2B LIAL 4
% T 0.085, 0.095, 0.105, 0.115 7[5 {F I ek et 25
TR AL, W 11 Fr g, M R AR 4 (.
T 0.085 1 2 It )E, TERR A 83.6%,
o 16 25 S 42 T 6.5%; M BR AN E I (EAR T 0.095
() 4 MMETT)E, TR RN 81.4%, HWIIAZ,
RALTF 4.3%; MIBRACESAENLT 0.105 19 5 &
TCIG, TRNAER RN 80.7%, HHIIALS F42T) 3.6%;
B AL T AR T 0.115 f 8 A2 T, T v
TN 71.4%, WHIHREE RFEAR 5.7%. MERE S
EBEER, MER 1 MACEIELE 0.085 LU Ak i b
LI i DAIRTF 0.095 1 0.105 2 H{E
OV e 228 S A 1) 000 o iy S 4 TR X ok
FRAIE, (BTSSR B TR /K -, HLIE AT AR ok IR
ARSI 2 A 280t AR LA SO AR
MOk 2E ) KT HIAR KT

DAL BT A AR AR R Sl BORE AR 1) i,

17 10 WAL SNSRI X 2 AP i P2
{6, SACPREA GRS IFREAR IS, WX
L6 22 G A M DA (] BT B 28 0 I ) T 2%
RAA, KBURZAGBUT , (E AR R T e R
B {E AN 0.1, RV H 5 AU B (EAS B 0.1 (5
F ) AT N B 2T R AT
THEARIPERE. 1 2R S8, TR T3 7 ik Y
AT S AR

6 ZW5REE

FEXTEAT (B S EARAL T AR R A T
AR PR AR IR, A SCHR M Tl AT A B SO
PBETUARPRZETT, DA PR = b 15 P 2 454 | e
BT A | TN AR ) 7.

M TR RIS BORZ, 40 ) i 2
B FEIT IR EAE, 1B 17T A = 75 0 25 Bk
RS, ISR B E AN GRRCR, R I8 2 5
UF AN EAABCR, HnT e R S RV A5 R AN 4 157 11
H LA, TURM AT S R KEEITR0R. 3
it Logistic #% | Henon #%7Y | Rossler #1152 IE
SR, UEBA I R AT R KR R SR R S B K
B YRR TR B Rl 2T, DT e S LG
PRz AR T . TERSAY TN MERR 2 AN A2 5 ] (Y i 2
T, ARER R E ], ST aeR, SR AL
T D S UG HE R AR BT

IR R P9 A T A T R 5, L
A7 SRR SR AR A 5 AR B A k. (R 7R S PRk
PP AEAEAEAEVF 2 AW ) TR IL, el R R A 2%
I FH T SEBREAR R FRATT T — A ARSI 5 A )

S 30k
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Junk-neuron-deletion strategy for hyperparameter
optimization of neural networks”

Huang Ying  Gu Chang-Gui  Yang Hui-Jief
(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)
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Abstract

With the complexity of problems in reality increasing, the sizes of deep learning neural networks, including
the number of layers, neurons, and connections, are increasing in an explosive way. Optimizing hyperparameters
to improve the prediction performance of neural networks has become an important task. In literatures, the
methods of finding optimal parameters, such as sensitivity pruning and grid search, are complicated and cost a
large amount of computation time. In this paper, a hyperparameter optimization strategy called junk neuron
deletion is proposed. A neuron with small mean weight in the weight matrix can be ignored in the prediction,
and is defined subsequently as a junk neuron. This strategy is to obtain a simplified network structure by
deleting the junk neurons, to effectively shorten the computation time and improve the prediction accuracy and
model the generalization capability. The LSTM model is used to train the time series data generated by
Logistic, Henon and Rossler dynamical systems, and the relatively optimal parameter combination is obtained
by grid search with a certain step length. The partial weight matrix that can influence the model output is
extracted under this parameter combination, and the neurons with smaller mean weights are eliminated with
different thresholds. It is found that using the weighted mean value of 0.1 as the threshold, the identification
and deletion of junk neurons can significantly improve the prediction efficiency. Increasing the threshold
accuracy will gradually fall back to the initial level, but with the same prediction effect, more operating costs
will be saved. Further reduction will result in prediction ability lower than the initial level due to lack of fitting.
Using this strategy, the prediction performance of LSTM model for several typical chaotic dynamical systems is

improved significantly.

Keywords: LSTM, chaotic time series prediction, hyperparameter optimization, junk neuron deletion strategy
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