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1 ������©©©���������{{{555KKK

Kaldi nnet3 /�
O��ä£Computational Network¤�g�§=ò�äw

¤´dõ�ØÓO�ü�½Ú½UA½^Së�å5�ã§¿éTO�ã?1?È

Ú�1"Kaldi nnet3 ���©�K´éã��E?1�[�£ã§^u�ä�Ð

©z§'X¹k��Û¹�£-¹¼ê� Rectifier¤�c� ²�ä�±£ã�µ

# First the components

component name=affine1 type=AffineComponent input-dim=30 output-

dim=1000

component name=relu1 type=RectifiedLinearComponent dim=1000

component name=affine2 type=AffineComponent input-dim=1000 output-

dim=800

component name=logsoftmax type=LogSoftmaxComponent dim=800

# Next the nodes

input-node name=input dim=10

component-node name=affine1 node component=affine1 input=Append(

Offset(input, -2), Offset(input, 0), Offset(input, 1))

component-node name=nonlin1 component=relu1 input=affine1 node

component-node name=affine2 component=affine2 input=nonlin1
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component-node name=output nonlin component=logsoftmax input=affine2

output-node name=output input=output nonlin objective=quadratic

1.1 component Ú component-node

þ~¥�±wÑ§��©�©�ü�Ü©µcomponent Ú component-node§

§��m�'X�±a'u/a�¢~z0"component �±w�´a§§½Â


�ä¥¤k�/�|�§z�a£component¤ÑkÕ�Ã��¶¡§á5���

�pØÉZ6§á5�)a.£'X�ë�§ØÓ�-¹¼ê§softmax�¤§Ñ\

ÑÑ��Ý§±9Ta�A5"component-node K´é component �¢~z§3

é§?1½Â�§§¤á�ad�¡� component À��Ñ§¿�I�²(§�

Ñ\£,�� component-node¤"'Xþ~¥§component-node affine2 ¢~z


component affine2§¿��½
§�Ñ\� component-node nonlin1§ nonli1 ��

Ý� affine2 ¤�¦�Ñ\�Ý´�Ó�"

input-nodeÚ output-node´AÏ�I£Î§ØI��½a£component¤§§

�©O�L ²�ä�Ñ\ÚÑÑ!:"output-node ¥�±ÏL objective À�

�½ØÓ���¼ê§X linear£���§Ø�½ objective À���%@��¤!

quadratic £þ�Ø�¤"�k��ØI�a�AÏI£Î dim-range-node§§^u

����|��Ü©Ñ\§'X·��±ÏL±e�é�� node1 D\�£%@�

�þ¤�c100�§¿D�� node2µ

dim-range-node name=node2 input-node=node1 dim-offset=0 dim=100

�� component �±éAõ� component-node§d�§ù
 component-node

�ò���Ó�ëê"component �±Ø�¢~z§component-node 7L�k½

Â
� component"

1.2 á5� Descriptor

éu component ¥�á5§�±ë�©� nnet3/nnet-simple-component.h

Ú nnet3/nnet-general-component.h§Ù¥��{ InitFromConfig L«
�ä3Ð

©zL§¥I�l��©�¥Ö��&E§~��á5k type£��¦^a¶§

X-¹¼ê SigmoidComponent!TanhComponent!RectifiedLinearComponent§

�ë� AffineComponent!NaturalGradientAffineComponent �¤§ input-dim Ú

output-dim£éuÑ\ÑÑ�Ý�Ó�|�5`§��^ dimL«�ö¤§�k�


|�kgCA½�á5§'XòÈ� ConvolutionComponentI��½Èº��

�!Ú�Ú�ê"
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þ~¥Ñy�Ù¦'�i£Append!Offset¤´ nnet3 � Descriptor§Ñyu

component-node�(²¥§d©� nnet3/nnet-descriptor.h½Â"��|��

pÊÜ�§Descriptor~~^u input À��þz`²§'Xþ~¥ affine1 node

�Ñ\´d3�ØÓ�Ú£time-step¤��©Ñ\£input-node¤©�£Append¤

¤�§ OffsetKL«
,��Ú�Ñ\��c�Ú��é�m £"éu�Ñ

£O?Ö5`§affine1 node �Ñ\´d�cv�þþv!�cv±9�cv�e

�v©�¤§�k 10 ∗ 3 = 30 �"

Descriptor �¦^�{�µ input=[Descriptor], yò nnet3 ¥Jø� De-

scriptor o(Xe§Descriptor ´�±i@¦^�§'X node1 ��±´,��

Descriptorµ

Descriptor õõõUUU

node1 �Ä�/ª§vk?»�§node1 ����D\"

Append(node1,node2) ò node1!node2D\��©�å5§(J��Ý´�ö�Ý�Ú"

Offset(node1§value) node1DL5��´�éu�c�I l value£���K¤�Ú��

(J"

Sum(node1,node2) ò node1!node2D\��\å5§node1!node2±9�ª(Jùn

ö��Ý�Ó"

Failover(node1,node2) XJ node1´Ø�O��§K¦^ node2"

IfDefined(node1) XJ node18c�vkO�Ñ5§k±/00��O"

Switch(node1,node2,...) U^S§z��Ú¦^Ù¥�� node§T node�SÒ´�c�Úé

nodeoê���(J"

Round(node1,modulus) z��Ú§ò node1 ��I£time-index¤����u�c�Ú�q´

modulus����ê"

ReplaceIndex(node1,value) z��Ú§node1 ��I£time-index¤�±ØC§�� value"

��§nnet3 ÏL±þ�{5KòØÓ�|�|�å5¿Ð©z§3�O�ä

(��§�±ÏL nnet3-init ·-����©�UÄÐ©z¤õ"

2 ØØØÓÓÓ|||������¦¦¦^̂̂���{{{

Kaldi nnet3 ¢y
ü�a|�µ{ü|�ÚÏ^|�§©OéA©�

nnet3/nnet-simple-component.h Ú nnet3/nnet-general-component.h"�e5òÅ

�Ð«ù
|��¦^�{§ù´éþ�Ù��©�¥ component �a.Úá5

�ÿÐ§�Ù�«~�ò± component �½Â�Ì§component-node �¢~zØ

3Kã"

ØÓ|��á5�kØÓ§�½Â component �Ñ7L�½Ñ\ÑÑ��Ý"

�Ý�D��±ÏL±eü«�ªµ(1) wªD�"ù´�õê|�¦^��ª"

XJ|��Ñ\ÑÑ�ÝØ�½�Ó§KT|�¦^ input-dimÚ ouput-dim?1

D�¶XJ�ö�Ý7L�±��§KT|�¦^ dim?1Ú�D�" (2) Ûª

D�"Ü©|��á5�±1\ýk½ÂÐ�Ý
½�þ§ÏLTÝ
½�þ�

±/ê0ÑÑ\ÑÑ��Ý§ù�KØI�wª/�²Ñ\ÑÑ�Ý"e©ò��
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input-dim!output-dim Ú dim ù3�á5��'¦^`²§�é��|��Ak

á5?1£ã"

�©ò Kaldi 8c¢y�|�©�±eAa§¿©O?1ù)µ

(1) ~5$�|�"ùa|�Ø
 input-dim!output-dim ½ dim§vkÙ¦Ak

á5§�{�ª����§vkëêI��#"~^�-¹¼êáuda"

(2) ë��|�"ùa|�éA�ä¥��Ü©§ëêI��#"da|��m

��O3uØÓ�ë��ª½�#�ª"

(3) �é�$�|�"ùa|�éÑ\��þ?1�é��¦½\$�§ëêI�

�#"

(4) �½ëê|�"ùa|��Ü©½�Üëê´�½�§�½Ü©Ø��#"

(5) Or|�"ùa|���3´�
Or�ä�°�5ÚÔö�½5!Âñ

5"

(6) òÈ|�"�OòÈ ²�ä¤I|�"

(7)  �$�|�"ùa|�3?1O��§�Ä
Ñ\£�þ¤¥���� 

�"

(8) �Ü|�"ùa|��±�Üõ�Ù¦|�½òE,õU�Ü���A½�|

�"

(9) Ï^|�"kOuþ¡¤k�|�§ùa|��O�´Äu Kaldi½Â�n�

| Index(index,time,extra index) �§¦^���E,"

e©�)`¥§x L«Ñ\�þ X �ü���§y L«ÑÑ�þ Y �ü��

�"

2.1 ~5$�|�

��~5$�|��õU£ãµ

Component õõõUUU

PnormComponent p-norm -¹¼ê§Ñ\�Ý´ÑÑ�Ý��ê�§Kaldi 8c¦^

2-norm§= yj =
√∑n

i=1 x
2
ij , n = input-dim/output-dim (X ©

� output-dim|§z| n ���§xij L«1 j |�1 i��

�)"

SigmoidComponent sigmoid -¹¼ê"

TanhComponent tanh -¹¼ê"

RectifiedLinearComponent rectifier -¹¼ê"

SoftmaxComponent softmax $�"

LogSoftmaxComponent softmax $���2?1log $�"

SumReduceComponent Ñ\©¬�¦Ú§=kò X ©� n = input-dim/output-dim¬§

z¬�Ó �����\�¤ÑÑ�����§L«�

yj = xj + xl+j + x2l+j + ...§lL«¬��Ý§�u

output-dim"

ElementwiseProductComponent éò�¦§=ò X ��ü�§üÜ©�Ó �����é��¦§

Ñ\�Ý´ÑÑ�Ý�2�"

NoOpComponent Ø�äN$�§�´{ü�D�§Ñ\�ÑÑ��"
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2.2 ë��|�

��ë��|��õU£ãµ

Component õõõUUU

AffineComponent ~5��ë�§±eA«Ñ´d§û)5"

NaturalGradientAffine-

Component

� AffineComponent ���«O3u§^ Natural Gradient

Descent (NGD) [1] ��{�#��"

RepeatedAffineComponent X þ©� n �¬ X1!X2 ...§Y �þ©��Óê8�¬ Y1!Y2

...§��éAå5¿�ë�§=X1 � Y1 �ë�§X2 � Y2 �ë

�...§ù
�ë�������Ý
"

NaturalGradient-

RepeatedAffineComponent

�RepeatedAffineComponent�«O3u§^ NGD��{�#�

�"

BlockAffineComponent ��Ý
é��dê��Ý���Ý
¬é��g�ë¿Á÷§¤

±Ý
¬ê8�±�ØÑ\ÑÑ�Ý"ù
Ý
¬�����#§

Ù¦/������0 �Ø�#"

éuë��!�é�$��ëê��#|�§ÆSÇÑ�±ÏL±eá5?1

��µ

ëëëêêê���###¤¤¤IIIááá555 õõõUUU

learning-rate ÆSÇ"

learning-rate-factor ÆSÇ��	Xê"

max-change éëê�Cz?1��§aq L2-norm§���ê�k�"

ë��|�Ñ�9���Ð©z§§�´kúká5�µ

ëëë������|||���úúúkkkááá555 õõõUUU

matrix 	ÜD\Ý
é�ë�ëêÝ
?1Ð©z§Ü©|��¢y"

param-stddev �ÅÐ©z�ë�ëê��ëê£IO�¤"

bias-stddev �ÅÐ©z �£bias¤ëê��ëê£IO�¤"

bias-mean �ÅÐ©z �£bias¤ëê��ëê£þ�¤§Ü©|��V\"

��ë��|�Ak�á5©O�ÞXeµ

NaturalGradientAffine-

Component AAAkkkááá

555

õõõUUU

num-samples-history NGD �'��ëê"

alpha �±ë�©�

rank-in, rank-out nnet-precondition-online.h§

update-period ¦^%@�=�"

max-change-per-sample é�� minibatch e¤këê�Cz�Ú?1��§aq

L2-norm§���ê�k�"®¢ï"¦^ max-change O�"

(NaturalGradient)Repeated-

AffineComponent AAAkkkááá

555

õõõUUU

num-repeats ÛÜ�ë���ê§�±�ØÑ\ÑÑ�Ý"
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BlockAffineComponent AAAkkk

ááá555

õõõUUU

num-blocks é��þfÝ
¬��ê§�±�ØÑ\ÑÑ�Ý"

2.3 �é�$�|�

ùa|��ëê´���Ñ\Ó�Ý��þ§¿�Ñ\3��?Oþ?1�é

��¦½\$�µ

Component õõõUUU

PerElementScaleComponent Ñ\�z���Ñk��ëê§¿���¦"

NaturalGradientPerElement-

ScaleComponent

$�Ó PerElementScaleComponent§¦^ NGD�#ëê"

PerElementOffsetComponent Ñ\�z���Ñk��ëê§¿���\"

NaturalGradientPerElementScaleComponent �á5¥k�Ü©´ NGD��

�§ë� NaturalGradientAffineComponent§3�|��Ù¦á5þ´'uëê�

Ð©zµ

���ééé���$$$���úúúkkkááá555 õõõUUU

vector/scales 	ÜD\��þÐ©zëê"

param-mean �ÅÐ©zëê���£þ�¤"

param-stddev �ÅÐ©zëê���£IO�¤"

2.4 �½ëê|�

���½ëê|��õU£ãµ

Component õõõUUU

FixedAffineComponent ÏL matrixD\���½��ë�Ý
"

FixedScaleComponent ÏL scalesD\���½��þ�Ñ\��þ�é��¦"

FixedBiasComponent ÏL biasD\���½��þ�Ñ\��þ�é��\"

ConstantFunctionComponent ÑÑ�Ñ\Ã'§�du AffineComponent��ë�ëê�½�0§

��� �£bias¤"

ConstantFunctionComponent �ëê�ÏL±eá5?�Ú��µ

ConstantFunctionComponent

AAAkkkëëëêêê

õõõUUU

is-updatable ´Ä��#"

use-natural-gradient ´Ä¦^ NGD�{�#"

output-mean �ÅÐ©zëê���£þ�¤"

output-stddev �ÅÐ©zëê���£IO�¤"

2.5 Or|�

��Or|��õU£ãµ
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Component õõõUUU

DropoutComponent òÑ\���±�½VÇ£ dropout-proportioná5Jø¤��

�0"

NormalizeComponent òÑ\IOz�þ��� target-rms£%@�1.0¤§add-log-stddev

(%@false) L«´ÄÑÑ log O���IO����	�ÑÑ"

ClipGradientComponent ����DÂ�FÝ�¿§éL��FÝ�?1}�"

ClipGradientComponent ��'ëêµ

ClipGradientComponent AAAkkk

ááá555

õõõUUU

clipping-threshold éFÝ?1}��K�§?n�FÝ�ýé�ÑØ�LTK�"

norm-based-clipping ´Ä±IOz��ªé��Ñ\?1�Ó'~� �"

self-repair-clipped-proportion-

threshold

XJ}��ê8�L�½z©'§K?1g·?E"

self-repair-target ?E��ýÏ�"

self-repair-scale ?E�?1 �"

2.6 òÈ|�

òÈ|��kü�µ

Component õõõUUU

ConvolutionComponent ?1òÈö�§Kaldi¥�¢y
2�òÈ"

MaxpoolingComponent eæ�ö�"

ConvolutionComponent ááá555 õõõUUU

input-x-dim Ñ\��Ý§'X x�L��§

input-y-dim y�Lª�§

input-z-dim z�L&�"

input-vectorization-order Ñ\�©�^S§zyx½ö yzx"

num-filters 2� filter ��ê"

filt-x-dim, filt-y-dim 2� filter ���"

filt-x-step, filt-y-step 2� filter �Ú�"

matrix 	ÜD\Ý
é��?1Ð©z"

param-stddev, bias-stddev �ÅÐ©z��Ú �¤I���£IO�¤"

MaxpoolingComponent ááá555 õõõUUU

input-x-dim Ñ\��Ý§'X x�L��§

input-y-dim y�Lª�§

input-z-dim z�L filter��ê§Ñ\©��ª� zyx"

pool-x-dim, pool-y-dim,

pool-z-dim

3�eæ����"

pool-x-step, pool-y-step,

pool-z-step

3�eæ��Ú�"

2.7  �$�|�

 �$�|��õU£ãµ
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Component õõõUUU

SumGroupComponent òÑ\©|�\§ÏL sizesá5���\���§X

sizes = [3, 2], input-dim = 3 + 2, output-dim = 2, y1 =

x1 + x2 + x3, y2 = x4 + x5 "

PermuteComponent òÑ\¥���U column-mapá5�½�# �#ü���Ñ

Ñ"

2.8 �Ü|�

�Ü|��õU£ãµ

Component õõõUUU

LstmNonlinearityComponent Ø© [2] ¥� LSTM ����|�§ÏL cell-dim��[�ê§�

kg·?Eá5§^{ë�ClipGradientComponent"

CompositeComponent �Üõ�|����|�"òõ�|��½Â�3�å����ë

ê"

CompositeComponent ááá555 õõõUUU

num-components ò��Ü�|�oê"

max-rows-process UÓ�?n���Ñ\�ê"ÏT|���
�§�d�����

�ÑL�S�"

2.9 Ï^|�

Ï^|��õU£ãµ

Component õõõUUU

DistributeComponent òÑ\þ©�AÜ©§éAõ�ÑÑ"

StatisticsExtractionComponent Â8Ñ\�ÚO&E"

StatisticsPoolingComponent � StatisticsExtractionComponentÜ^§3�Sþ\ÈÚO&E"

BackpropTruncationComponent éFÝ?1��§��FÝ�¿§ka

qClipGradientComponent�õU§~^uRNN"

Ï^|���õ[!ò3¢^L§¥?�Ú`²"

3 AAA«««���äää������������{{{

�Ù�éØÓ� ²�´(�§k`²
Ù��©���:"

CNN ���I�¦^òÈ|�£ConvolutionComponent!Maxpooling-

Component¤"

Residual Network I��	Ú\�� node^uí�\{$�"

Siamese Network �±¦^ (NaturalGradient)RepeatedAffineComponent§½

ö^Ó�� component¢~zü� component-node"

Multi-task I���ü�output-node"

RNN!LSTM!GRU���I�^� Offsetù� Descriptor§^u�)ò�"

äN���¢~�YòV\"
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