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�Ü©0�^u�g¢��êâ£8¤§¿?17��`²"

1. óä�£Kaldi¤0�

Kaldi£�Ñ£Oóä�¤(�µhttp://www.kaldi-asr.org/"

Kaldi�èe1/�µhttps://github.com/kaldi-asr/kaldi"

2. êâ80�

�¢�æ^ Kaldi¥� wsjêâ8"

,	§�
�B¢�§ò dev93Ú eval92ü�êâ8U dev933c§ eval923��

^S?1Ü¿§�¶� dev93 eval92êâ8"Ïd§3/kaldi/egs/wsj/s5/data0

©�Ye§)¤ FbankA��§Uìêâ�ªO�ÐÔöêâ8 train si284 hires

ÚÿÁêâ8 test dev93 eval92 hires§ü�©��8¹�µ

/work7/wangyanqing/kaldi/egs/wsj/s5/data/train si284 hires

/work7/wangyanqing/kaldi/egs/wsj/s5/data/test dev93 eval92 hires

4 ¢¢¢������YYY

1. æ^onorm?1node-pruning

Ï onorm�@�´?1 node-pruning��Z�I[3]§�@¢�þæ^ onorm�

Y"

2. æ^Pct-Prune�Y

Pct�L Percentage£z©'¤"¿g´§)ö�¢�¥§3����z©'£Xµ

60%¤��§éz��Ñ¬à~KT�60%� ²�"ù��±�y ²�ä��

N(��±ØC§Ø¬Ñy,��à}Lõ
Ù¦�à}é���¹"

5 ¢¢¢���666§§§

�Ü©�[0�¢��Ä�6§",	§Uì�Ü©�Ú½§Öö�±|^¤��

�è©�Ey�|¢�"¤¦^��������ÚõUòue�Ü©0�§3�
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LLL 1 run tdnn.sh¥¥¥III������������ëëëêêê

ëëëêêê ¹¹¹ÂÂÂ

stage e���8§K��¢yÔö&)è¶e���9§���¢y)è"�

3dA���8

train stage e���20§K��l20.mdlm©?1Ôö

dir A��� nnet tdnn a x£x�±´1,2,3...¤

�!¢�6§Vã

1. ÔöÐ©�.£pre-train¤

2. ?1 node-pruningö�

3. ­Ôö

4. )è

�!¢�ö��Ey

1. �¤ wsj� baselineÚêâO�ó�

£1¤|^/kaldi/egs/wsj/s5/0e� run.sh?1� default�1�Ü©"

£2¤é/data/test eval92 hires0Ú/data/test dev93 hires0e�êâ?1 Fbank

A��J�"�|^��µ

/work7/wangyanqing/kaldi/egs/wsj/s5/run feat.sh

£3¤òþãü�©�YS�éA©�Ü¿£Uì dev93§eval92�^S¤§����

�#�©�Y data/test dev93 eval92 hires/e"

£4¤ïá©�Y/data/train si284 hires0§|^£2¤¥)¤�A�§3T©�Y

SUì�ªO�ÐÔö tdnn£nnet3¤I��Ôöêâ"

2. ÔöÐ©�.

¦^ nnet3� run tdnn.sh��£ �µ/work7/wangyanqing/kaldi/egs/wsj/s5/run tdnn.sh¤

Ôö tdnn�."5¿UìL1 ���ëêµ

3. ?1 node-pruning�O�ó�

�
¦^yk���ò�Y�ó�{z§·�3ùpI���
O�ó�"

£1¤�¤ tdnn�ÔöÚ)è?Ö�§3/kaldi/egs/wsj/s5/exp/nnet3/0#)¤


/nnet tdnn a x0©�Y£e¡òþb�©�Y¶�/nnet tdnn a x0¤"ò©�Y

/prune node0E��#)¤�/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a x0©

�Ye"

£2¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a x/0e§ò)è©�Y/decode tgpr...0
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£Ä�/decode baseline0©�Ye"

£3¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a x/prune node0e§òþ��8

¹� final.mdl©�£Ä�baselinee§¿­·¶�final baseline.mdl§¿?1�ª

N�"

£4¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a template x/prune node/baseline0

e§ò final baseline.mdlE����?��/ª£final v baseline.mdl¤"

£5¤òe¡©�¥� nnet tdnn a 3����(�8¹ � nnet tdnn a xµ

nnet tdnn a x/prune/run several pct.sh

£6¤ÚO3/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a x/final.mdl0©�¥���

linear params £=£Ý
¤¤Ó�1ê§¿UìÚO(J?Ue�©�¥éA�

�1Òµ

nnet tdnn a x/prune node/prune template pct/sparse rate layer.sh

nnet tdnn a x/prune node/prune template pct/sparse rate total.awk

£7¤Ñu�ªþ��Ä§I�ò mdl©�¥ final-affine�n� component£Ä�

��n� component"¤±I�± final-affine component�1�1§affine2�1�

1§mdl©���ê1�1�n�©�:§ò mdl©�©¤o�Ü©"��2­#

©�§�¤^S�N�"¤±§I�Uìù�g´§?Ue¡©�¥�A�å�1

Òµ

nnet tdnn a x/prune node/prune template pct/split raw.awk

£8¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a template x/prune0e§ò run several.sh

Ú run several pct.sh¥/run tdnn x.sh0� x�U�ý¢�"

4. ?1node-pruningÚ)è�?Ö£|±õ|?ÖÓ�ÜÝ¤

£1¤ 3/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a template x/prune node0e§

¦^Xe·-)¤ prune©�Yµ

bash copy template pct.sh n
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LLL 2 run several pct.sh���ëëëêêê

ëëëêêê ¹¹¹ÂÂÂ

max id ¢� id£=n¤����

for x in�¡�Ü©£ü?¤ �gÜÝ�¢� id £=µn¤

Ù¥§n´T|¢�S�?Ò"

£2¤?\f)¤�/prune n0©�Y§?U/strategy n0©�§3d`²�|¢

�� node-pruningö��üÑ"

£3¤ ?UÓ8¹e�/find pct.py0©�§3d�½�|¢�� node-pruningö

��z©'��"äN�ªXeµ?U©�ÄÜ pctëê"

£4¤�±õg­E£1¤�£3¤§Ó�ÜÝõ�¢�

£5¤ �£þ�?8¹/kaldi/egs/wsj/s5/exp/nnet3/nnet tdnn a x/prune node0§

UìL2?Urun several pct.sh¥�A�ëê"

£6¤$1 run several pct.sh=�?1 node-pruningö�

£7¤ node-pruning �¤��§ò©�Y¥#)¤� final new.mdl E��

/nnet tdnn a x0©�Ye§¿­·¶�20.mdl§O�?1­Ôö"

£8¤ ò run tdnn.sh ¥�ëê train stage ���20§¿$1"d�m©­Ôö

²L node-pruning ���."iÀ nnet tdnn a x ¥� log ©�Ye� com-

pute prob valid.*.log©�§� log-likelihood­½3����£ýé���¤��

NCØ2�ÌÝCz�§`²®²¿©�?1
­Ôö"XJ­Ôöÿ�¿©§d

uÔö����ÏÔö®²/�¤0§KI�ò�����.£Xµ80.mdl¤­·

¶�20.mdl§2UY?1­Ôö§��Ôö¿©��"

£9¤ò¿©Ôö��.3T©�Y£nnet tdnn a x¤SE�� final.mdl§O�?

1)è"

£10¤ò run tdnn.sh¥�ëê stage���9§¿$1§m©?1)èó�"

£11¤)è�3 nnet tdnn a x/decode tgpr dev93 eval92¥�wWER �§­·¶

©�Y nnet tdnn a x/decode tgpr dev93 eval92§�e���.�)è�O�"

£12¤ �±Øä­E£5¤�£11¤§ò|^£1¤�£3¤Ó�ÜÝ�õ|¢��

node-pruning�(J?1­Ôö"

£13¤�±Øä­E£1¤�£12¤§õgÜÝ¢�"

6 ���èèè!!!···---ÚÚÚ©©©���

3�Ü©¥§Ì�0�9Ï node-pruning�Ì��è©�£Y¤���!õU§)

öÄu Kaldi�¸mu�·-£Kaldi-based Command¤§±9��)¤©�£Y¤

�¹Â"
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LLL 3 Kaldi-based Command

···--- ¹¹¹ÂÂÂÚÚÚ^̂̂{{{

nnet3-calc-onorm

UìØ©[3]¥��Y§¢y
 onorm�O�§¿��3�½©�

¥"~X§nnet3-calc-onorm –binary=false orig.raw result.txtù

�1·-§O�
 orig.raw¥�ä��� ²�� onorm�§¿

���3
 result.txt©�¥"

nnet3-prune-node

� â Ñ \ � � ä ± 9 � � � mask ë ê £� â onor-

m ë ê � �¤§Ñ Ñ � � � ä" ~ X§ nnet3-prune-node

orig.raw mask 2.txt mask 3.txt mask 4.txt mask 5.txt mask 6.txt

mask 7.txt new.raw§|^Ñ\���mask�§é orig.raw¥�

�ä?1 node-pruning§,�Ñ\#��ä� new.raw

LLL 4 prune node/eee���ØØØ%%%©©©���£££YYY¤¤¤

©©©���£££YYY¤¤¤ ������/õõõUUU/¹¹¹ÂÂÂ

baseline/

�� baseline � mdl ©� final v baseline.mdl§

± 9 Ù = � � ª � � raw © �µ

final v baseline format.raw"

copy template pct.sh
¦^�� prune template pct/§)¤�A�

prune n©�Y

prune template pct/

prune n ���§ÏLN^ÙSÜ���§�±

äN¢y node-pruning�ö�§äN�Y�£2¤

run several pct.sh
^uÜÝ node-pruning���½õ�¢�"I3

?6Ð prune n©�Y��2¦^"

�Ü©òÄk0�)öÄu Kaldi ��¸mu�·-£Kaldi-based Command¤§

,�0� prune node©�Ye�Ø%©�£Y¤§��±�g��� node-pruning

�L§�~§�[0� prune node/prune template pct/©�Ye�©�"

1. Kaldi-based Command0�

XL3¤«"

5µÖöò)öJø��è[2]©�3Kaldi�¸e?È�§=�¦^L3¥�·-"

2. prune node©�Y[3] e�Ø%©�£Y¤

XL4¤«"

3. �g��� node-pruning�L§

XL 5¤«"

[2]https://github.com/wyq730/CSLT-Sparse-DNN-Toolkit/tree/master/Supplemen

t for Kaldi Source Code/src/nnet3
[3]https://github.com/wyq730/CSLT-Sparse-DNN-Toolkit/tree/master/CSLT Node

Sparseness Toolkit



Wang et al. Page 7 of 10

LLL 5 ���ggg���������node-pruningLLL§§§

ÚÚÚ½½½ ···---/������¶¶¶ ������/õõõUUU/¹¹¹ÂÂÂ

1 nnet3-calc-onorm
Ñ\=��ª�� baseline� raw©�§ÑÑ onorm.txt

£�;�ä¥z�� node� onorm�¤

2 split.sh
Ñ\Ú½1)¤�onorm.txt©�§ÑÑ layer{1..7}.txt§

=µò onorm.txtUì layer?1©�£split¤ö�

3 find pct.py
Ñ\Ú½2)¤� layer{1..7}.txtö�§ÑÑ trs£�;z

�� layer� onormK�¤

4 gnrt node mask.sh

Ñ\ layer{1..7}.txt�ö�§Ú trs§N^ prune.awk§Ñ

Ñ layer{1..7} mask.txt£=�ä� mask§z�� node

éA���§-1 �L��§1 �L�?1 Prune¤

5 nnet3-prune-node
Ñ\=��ª�� baseline� raw©�§ÚÚ½4)¤�

layer{1..7} mask.txt§)¤ final new format.txt

6 make raw from format.sh
Ñ \ Ú ½5) ¤ � final new format.raw§ N ^ s-

plit raw format.awk§)¤ final new.raw

7 change raw to mdl.sh
Ñ\Ú½6)¤� final new.raw§\þ hmm �Ü©Ú�

�� contextÜ©§ÑÑ final new.mdl

8 sparse rate layer.sh
£�À¤?1DÕÝ sparse rate�O�§ÑÑ sparse rate

£�;#��.� connection sparse rate¤

LLL 6 ���²²²­­­ÔÔÔööö���node-pruning(((JJJ

   ²²²���DDDÕÕÕÝÝÝ£££%¤¤¤ ëëë���DDDÕÕÕÝÝÝ£££%¤¤¤ WER£££%¤¤¤

5 8.5 9.82

7 11.9 10.43

10 16.6 12.47

15 24.3 26.23

25 31.7 89.95

5µdL§3�� run several pct.sh [4] ¥��Ðy"Öö�(ÜT��?1n)§

��|^T��?1Ey"

7 (((JJJ

�!(J

1. �²L­Ôö�(J

XL6¤«"

I�5¿�´§·�I�«© ²�DÕÝ£node sparse rate¤Úë�DÕÝ

£connection sparse rate¤"
¯¢þ·���±ÏL node sparse rateO�Ñz��

£½�N¤� connection sparse rate"XµXJ node sparse rate´5%§Kaffine2�

connection sparse rate´1-95%*0.95%=9.8%"

2. ²L­Ôö�(J

XL7¤«"

[4]https://github.com/wyq730/CSLT-Sparse-DNN-Toolkit/blob/master/CSLT Nod

e Sparseness Toolkit/prune node/run several pct.sh
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LLL 7 ²²²LLL­­­ÔÔÔööö���node-pruning(((JJJ

   ²²²���DDDÕÕÕÝÝÝ£££%¤¤¤ ëëë���DDDÕÕÕÝÝÝ£££%¤¤¤ WER£££%¤¤¤

50 68.2 10.00

80 91.6 11.24

90 96.5 11.28

95 98.4 12.68

97 99.1 17.82

LLL 8 neural sparseness V.S. connection sparseness£££²²²LLL­­­ÔÔÔööö¤¤¤

ààà}}}���ªªª    ²²²���DDDÕÕÕÝÝÝ£££%¤¤¤ ëëë���DDDÕÕÕÝÝÝ£££%¤¤¤ WER£££%¤¤¤

connection-pruning - 97 10.47

node-pruning 90 96.5 11.28

�!neural sparsenessÚconnection sparseness�é'

ÏLL8§·��±w�µé'ùü|¢�§connection-pruningØ=��
�p�

connection sparse rate§
�E,kX�Ð�WER"·��±��ÐÚ�(Øµ

connection-pruning`u node-pruning"k' connection-pruning�ó�§�±ë

�)ö�c�ó�[4]"

)öénode-pruning��³�)ºXeµ¯¢þ§node-pruningé ²�ä�(�

vk���UC§Ï�3?1
 node-pruning��§ ²�äE,´���ë�

��ä"���Ôö���ë�� ²�ä�'§node-pruning��¡UC
�

��!:£ ²�¤ê8§,��¡3 pre-train��§� ²�äD�
£½N¤

�Ð�Ð�"�´§/�ë�0ù�Ä��á5§©ªvkUC"

n!Ø?1 random node-pruning��Ï

)öQ3 connection sparseness ó�[4]�Ä:þ}Á?1
 random connection-

pruning [5]§�´3dØ2Uìaq�g´� random node-pruning £=µØ?

1pre-train§�ÅvK����Ü© ²�¤"�Ï3uµXc©¤`§node-

pruningvkUC ²�ä�/�ë�0á5§XJ3vk?1 pre-train�cJe

� random node-pruning§Ò�du��Ôö��Ä�
��Ý ²�ä"Öö�

éù�:?1�y"

8 ooo(((

)öÄu Kaldi ASR tookit?1
�Ñ£O¥ neural sparseness�¢y"3¢�(

J�Ä:þ?1
ÐÚ�©Û§¿Jø
�'��è9Ù¦^�ª§øÖöEy"

9 eee���ÚÚÚ���óóó���
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Ï�·���
 connection sparseness `u neural sparseness �ÐÚ(Ø§¤±

Öö�3?�Ú<yù�(Ø��§Äu)ö�c\�ó�[4, 5]§�õ�é

connection sparseness?1ïÄ"
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