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Deep learning usually requires a huge amount of training data to compute a
precise model. Preparing training data is costly, and hence it is a drawback of the deep leaning.
This study aims at reducing the amount of training data while keeping the preciseness of the
computed model. To achieve this objective, this project proposes a new semi-supervised learning
method inspired by the studies in the field of swarm intelligence. The effectiveness of the proposed

method is evaluated for various tasks, and the training mechanisms behind the proposed method are

experimentally analysed.

On the one hand, the project concluded that the proposed model is competitive to other methods

proposed in related work in terms of preciseness, provided that it is effective for some specific

tasks and when the computation cost does not matter. On the other hand, the project also figured out
Eh$ adxangage of the proposed method; it can reduce the cost to design an optimal network structure
eforehand.
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1. HERABSIOER

STEHEOMRER LICH#VN, ZEBATHROEM (deep neural networks; DNNs) % 32515
BEREICE>THliET 2RBFE (deep learning; DL) OB, SEFIFRIXVICD
WTREINTWS, FICERZHZNRE UCEE, BENEGHEICKIT2RAIRREOMNEY XY
ICRIAEN2 4L, EHRICBITBISABLEN>TNS.

EEZEBICL > TBEDEVWETILEBLS LT 3158, —RICKEDIIET—5 2HEFET
DZRENH D, JET—5 EIEFBICHBAERADERADHTHD, FEEETIFEZ 5N
FEAIDSIIST ZHEANESNSZ DNN D/ISSX—FEEHET B2 & T, ABDDOBEEREIRR
MICKRIRIZETINZBET S, KADAAIKKHULTILEESLWHAZS5Z28RBERETIL
EEBRT 2O ICIZEZHRBABABERICOVWTIEEZITSHENH D, CnIEITHDERED
T —5 BT R EZRBKT 2. ZDEE, FHARMPEBERINOREBICEDANELTE
ZAoNB2T—9%ENETZ I LIIHBHNBE THDID, TnozilET—57 & UL TERT S
FeDITIEERIDAAICK LT "X LW, Z/ED 1 2EENREICKERD. ZDEEIFEX
BRilET—5 2BET 2 L THEEICHEBN - AWIXMDKEL, FEZEXEMENERT S
BROKESKREELL>TWD,

2. MEDEK

ARROANE, £DOBVIET— 5D SBEOBNETLERNT 2 FEORES LU
BAIEEIGA U2 BXA N = XAOBWMERAT 52 £ h 2. HET—5 DHIRIEREY
BERBICAEAT— 5 INES L CFMMEQ IR MNERICES L, RELEE & D FECA
RIS TR RMMBER D, R/ BAREIGA U LY BEX N =X ADREFRVIREE £
BobOTHD, BIES L CHEORREZFIAFMNNREEL260E L THETE S,

—AT, FBREBICHDZEHE IR N DEIRIEAARZDTR TIEARW, JIET— 5 BOHERIE
REZEEERTDREREE COBBNG D WIANIZA N ZERULESD, BEOEWET
IWZEBEIT ZZHOICIIKARE U TRKEDT —IDRETHZEBRICEDLD B, RARDLE
REUVLTEBICHODZETEIRNEBRZEIRT S &FEESHBW

3. MROAE
£ D DNN BEOHEEERZICA U fc¥#Amdp DFEE (semi-supervised learning) DA

HEEREL, TOEMEZRAT 5. e, FEBBRENMNI S LT, ®EDNN OHEE/EH
NEBICEZBHZEICDVWTHSHICT B,

EHEMHDFEBERF, ABADRT ELTOIRT—5 (U, SNILDOEHIET —F &)
ICINZ, MIET BHADNTREBANT—5 (UE SNLVRUIIRT—5 E3) Z2FBT %%
BHETHZ. HICASEE (self-training) EMFENZZEBFEIE TR, SNILDEIET —F
ICE > TEBETBOICETLEFAL, INLBLVIET —7ICWT2INIL (B 5T
HICHIGT B ) FRZTV, FRADELWMREDD & TINILBRLIET—5Z2IN)LDE
WET—INEERU e ETRBICFIATS. COEE, BESEBEOFWERE INILFRORBE
ICRELRET B, £ THAIBEME DR Z IS U o3 DNN OEEFRICE D < SANILAY
TEIRZEAL, BOBWINILDEIET —F (+ KEDINILBUIIET —F) MSRBED
BWETI 2B HHEAZBET 3.

BHD DNN ZHS5AEELT, AAETIE 1) BRNESERICEDCAE, 2) MUK
BEHO DNN ZE#IRSAE D2D2007 7O0—F2Ld. M7 7O—FOFMEUTICRY

F770—F 1) BERNECERICEICAE  BEDRBEZE LAKICHSNI UHEBEETE
=1 D2ODNNZFERL, KOy Z77 Kk (dropout) IC& > TERMNICERDEBEZFOE
BEHERT 2T, BUICESRO DNN ZEWSFBREZBRT 2. INILFRIFEX T
EREFSIEBDODNNICEL > TTOD, FliEd 24K D DNN (d1 D TH B, EFEEFIE
EEMZZZENEEFTES,

Fig. 1 ICEBANLGFIEZRY. FHRE L TAMDINILDEIET —% D LELFINILE
LileT—% DU B5ZX5N3 2 EZRETS. T INLDENET —F ZAVTHRD
DNN ICx UERIZE =Y. FRFEEICL > TRONLETLICHLNAY 77U hz@EAL
TEBODNNZERT S, cDEE, FOYTT7 UM IHERNIRETHBH, £HEND
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Fig. 1. Dropout-based DNN duplication to make a consensus on unlabeled data

@4 D DNN [ZENBHSEEZEH, AUAINEZISNIGETHEEBRZHNEFET ST
BEEN P B B EINI= DNNICLBHEAICDODWTEEE E B2 & TE4X D DNN DEADEL
EHELU, INILBLIET - ICRT2IRNILFHOERET S, CDEE, GEEB3HE
ELTW DD I =gy EZ SN, BYREEFEZERBENICHSHNICT S,

F7O0—F 2) MIZUERD DNN 2R S 5%E  EHOYENICHIZULIZDNN Z2H5H U
HABETZIETEHDNN Z VW2 EREAERT 5. E#H O DNN 15 HICEET D00
BENH D, 77O0—F 1 EHRUTEEHEENAEL LD EEZISNDH, EFHD DNN
NEWCERINEBREZE DI EAHFABTEDSH, HONUDBEYLASEEES5Z25
EDELUWY RVICDWT, KDFBRICHEAAETHS. L >T, FERHTZEEHDNN (CD
WT 2-a) IXRTCEI—DE&E%#ED DNN B, 2-b) HHEL B EEZHDDNNE, 02 /89—
EEFNETNRILY 5.

FEBRE Fig. 1 IERULFZ7O0—F 1 LIFIERAUTHZH, B—DDNN NS ROy 77
VMELo THERZTS TORANTEERS. — AT, FHNFBERLVACFED 7 1 —XI
THEHD DNN Z W5 HIR T 2 EH'H 2.

4. WIFEER

WS DODDRERMNBEZY AV ICDOVWTIH? 7O—FZRFLL, ZNZTNOEMES L VE
#¥ DNN EOHEERANZEICEZABHEIC DWW TIAMZETR > .

F7A—F 1 Ic2WTE, Z<OBAICEVWTEMAECZE LR L CEERLE RIAD
BWZ EDHIBALTZ. WK DO DY R Y TlE 1.0~-1 5B REEDOREER LEZRIERNE Shic
N, HEEOEKRICHL THEXRDEFIFHEVWEEDLIZ2EEBHRWEREZEB. Thbs, &
EDY AV CHEEDEAZHARTESREENLRRRICEWVNT, BEALEZRADDZFETH
B EZBASMCULTE,

COUBERENESNEERELT, 770—F 1 TREZLDIRAZICEWTROY 7D
M &> TEREINZESRD DNN OHEAICENE LD 5K, EE DNN EOHEEERIEE
ICHFSLI50, B 2WNTESTLKFESELHRWC EEZDFICE>THSMNC L, ROy T7
D NDHEREFAESTZZETDNN DHEAICEESEZIBEBRIELEED, INILFABED
EBTICLDIBEOETILOBEINBILT DEREL - 1L

F7A=F 2 oWTH7Z77O—F 1 EEARICHEEDY RV TtEEDEAZHBTESR
ERNRIRRICEVWTRER LEZERADZFETH >, 77A—F 1 EHRULTEDRIYF
4« TRBBR%B . 3hhbs, Z7O—F 1 &HERULT, BMUELIRDSNDEY XY TlEE
BRECEBICHUERGBERLNRS SN, —AT, BEEBILEWLWTINILFADEHE
ExEHL, EEECEDVWTINILIFZITS>T—YE&TE2FEEWMD ANIBE, B
ERLEDE&GEEA U, IhsDERIE, BEFEDOBERYIED SNILFAOBEICKE
LThD, 77O0—F 2 ICEDKEBEFEISNILFHOEEEENRERT DI EHRED
FEOBEZMA LI EZTBEENHZHDD, (IFICEE) FEEOERICEVWTHOFEICY
52EZRLTWS,. —AT, FIC2-b) HELGSHEEZH D DNNEZRAW=770—F 2
&, EBRIICROIERE DNN OBERENRC &d, BELREROESELIFEETE &
NHEETH Bz, HRIFRFDERATRBEZEERAD/\—RNILZTIF2HgEEZRL TV,
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