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AL, BEil=a—F LRy NT—I NRE AT ZFETETNDINEZDONEO/NRT 2A—2 N5 BT 57
O, Xy NT—IHEEOIT TR E WD Z oD FIEERELTZBDOTH Y, [Structure Analysis and Creation
of Hierarchical Neural Network in Multi-Task Learning Process (=/VF &% 27 % BREICB T AMERM =2
—TINFy NT— 7 OREERIT E ) | L L TR S ENLMD, FEOMEIILLTOEY TH 5.

Chapter 1 [TIntroduction] TiX, MERl=a—F L%y NT—7 ZHIEBEORV~< LT X A7 EEHIHND
x| BIEEELTWDIHEIED LIITFEETOWEEZZ ORI RT A —Z NIRRT IMNERH D Z L2k 5
LEBlT, FEOWKIZLE LT D,

Chapter 2 [Structure and Functions of Neural Network in a Task Learning| TiX. AL THW-PEER =
2—F )Ly U —7 & Stacked Denoising Autoencoder MENE & FEHEIZ DWW TR %, F7=. Deep Structure
ERHOANT=2—FVFxy NI —7 OFEEFRICE TS INETOMREL, ERO=a—F L3y hT—7I1LE
WCHIB L TV AR EAMEL L # RO LEDLEDH 2 LT, =a—F by hU— 7 BFROEE & 2 Offik & o
BHRIZOWT HET 5.

Chapter 3 [Neural Network Structure Analysis based on Hierarchical Force Directed Graph for Multi-Task
Learning] Tld, =a2—J /Xy bV —27 ONIDIERD S5 Z DG L T HHEREEZ T+ 52 L 2 AL
LT, BEENFETVICE - T=a—I 3y NU—7 OEE 7 T AX TIRRT 2 FIEEZIRET S, LT
ETEHEEO= 2 —r U EREGEACL ST 2 kot2—2 Yy FERICE ERET 52 LT, =a—F %> b
U= BB L TWOEREEZ =2 —nOEFY | T72bbL 7 T AZE LTRET S, WIST 7 —% & v FEE T
D=a—=F Ny NT—=7 ZHWEERTIE, —DOANEBRIIKGET 2 =2 —ar OEG L EZORBENH, =
2—F N Ry NU— I NEELIEREN 7 T AX L LTIR T, T 2HEBCIIRIET S 7 7 AXICLHE
WD LICE D ZOBBOFMELZ KRB TE WD LEMERT D, £, ZDIV FAZAD=2—r O
IR, 207 TRAZOFEEBESEZFETE 52 L biERT 5.

Chapter 4 [Neural Network Structure Creation based on Neuron/Connection Pruning with Reward] T, =
2—TFy hU— 7 DRI K E R/ NRO =2 —F Ry N — 7 EEA R T D2 L2 BME L, B
TRIZERR LTENZ R L7 0 I K > TG Z TR T 2 FIEZIRET 5, ETIETIH, AHIIZERE
bbma—nr b ZOBEICHME RS TS Z 210k BRERO X A7 ICBERO VW= 2 —a v & O
HBEHBRL, FRICED X ARG LT=a—F Ry NU—7 2T 5, UCL T—X VAR MU O Iris,
WDBC, glass 77— %t v &2 HWEERIZEL Y, FHII»rbY O nW=a—ar LESEZHIBRT D Z L THRED
IWHGRE 2RO 2R AR T D, Flo, v AVTF X R FEFICBWTL, ZOOMNR2F A7 E2FE Liz=a
—INFy N EREFRICIVBEERT 2L T, b Litma—m U 2S5 2207 7 AHXITS;
%, &b, =a—F 0%y hT—27 %MW 6 BrRy hOSTEEEIEERICEW TS, STEEICED
Hoa—nrEHIEDS E~OREIERDD,

Chapter 5 [Conclusions] Tl&. AR X THRE LIS OMNTFIE LB FIEOMEARIET S5 & & bic, BE
WZEVHEohlr=a—F 03y NI = DFERB =2 —F %y T —7 OREROMERERBIZED L S I2b 5
MORELZIRRB,
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In this paper, neural network structure analysis and creation methods are proposed for approaching to
clarify the learned/learning functions in the hierarchical neural network. These proposals prevent the
black box of the neural network.

The proposed structure analysis visualizes hierarchical neural using networks hierarchical force directed
graph, which expresses functions in the neural network as neuron clusters. In number image classification
experiments using MNIST (Mixed National Institute of Standards and Technology) database, the denoising
stacked autoencoder is given multitask that classifiers each image to ten category, zero to nine. Neuron
clusters are visualized in learning process by the proposal, and correspondence of neuron clusters to
specific tasks is confirmed. In addition, distribution of the neuron cluster corresponding to not learned
task is larger than distribution of neuron clusters corresponding to other learned task.

The proposed structure creation is realized by neuron/connection pruning with defined reward, which
creates the neural network to task-related structure by dividing neural network using reward back
propagation. In the classification experiments using UCI (University of California, Irvine) data
repository, hierarchical neural network is learned two parallel tasks at the same time. The proposal divides
one neural network to two neural network corresponding to each task, which is confirmed by neuron cluster
of pruned neurons in middle layer. Pruning accuracy is also confirmed by comparison with a related pruning
method. In addition, the six—legged robot are used for the experiment to verification of multitask in
the real world.

Two proposals are foundation to realize A. I. (Artificial Intelligence) using neural network. In the future
works, the proposals are aimed to be applied to robot A.I. and incremental neurons/layers.
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