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3 ¢¢¢���êêêâââ888

�Ü©0�^u�g¢��êâ£8¤§¿?17��`²"

�¢�æ^kaldi¥�wsjêâ8"

,	§�
�B¢�§òdev93Úeval92ü�êâ8Udev93->eval92 �^S?1

Ü¿§�¶�dev93_eval92êâ8"Ïd§3/kaldi/egs/wsj/s5/data0©�Ye§

)¤Fbank A��§Uìêâ�ªO�ÐÔöêâ8train_si284_hiresÚÿÁêâ

8test_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 ¢¢¢������nnn

�Ü©l÷*��Ý0�¢��Ä�?Ö!6§Ú�n"

�!¢�6§ã

�¢�Ì�&Äé ²�ä¥�ë���linear_params_ £¥�����¤?

1pruneö�� ²�ä�5UCz"Ì�©�ü�Ü©§311Ü©¥§é ²

�ä?1prune ���?12)è¶312Ü©¥§é ²�ä?1prune �k?

1retrain £qµrefine§­Ôö¤§2?1)è"e¡©O?10�"

1. pruning task without retraining

¢�6§ãXã1¤«"

`²µ

£1¤ÄkÔöÐ©�.£Ð©�.�?Òx=1,2,3...¤"

£2¤3,Ð©�.�Ä:þ�ìØÓüÑ?1pruneö�£ØÓ�pruneüÑ�?

Òn=1,2,3...¤§��#��.©�"

£3¤|^#��.©�?1)è§��Result£wer¤"

2. pruning task with retraining

¢�6§ãXã2¤«"

`²µ

£1¤ÄkÔöÐ©�.£Ð©�.�?Òx=1,2,3...¤"

£2¤3,Ð©�.�Ä:þ�ìØÓüÑ?1pruneö�£ØÓ�pruneüÑ�?

Òn=1,2,3...¤§��#��.©�"

£3¤­Ôöretrain"
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ããã 1 6§ãµconnection-pruning without retraining

£4¤|^#��.©�?1)è§��Result£wer¤"

�!prune�Y

3d¢�¥§��
õ«ØÓ�prune�Y"þã6§ã¥§�Ó�xe§ØÓ�n

=éAéÓ�Ð©�.�ØÓ�prune�Y"

1. Value Prune£�½��Y¤

1.1 Abs Value Prune £ýé�à}¤

���ýé�K�§òlinear_params_¥¤kýé��uT���­��0"

1.2 Positive Value Prune£��à}¤

�����K�§òlinear_params_¥¤kýé��uT�����­��0"

1.3 Negative Value Prune £K�à}¤

���K�K�£^ýé���¤§òlinear_params_¥¤kýé��uT��K

��­��0"

2. Pct Prune £�½z©'�Y¤

2.1 All-layer Pct Prune£õ�z©'à}¤

���z©'£a%¤§é¤k��linear_params_?1Xeö�µ

ò¤k��¥§���ca%��­���0¶

ò¤kK�¥§ýé����ca%��­���0"
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ããã 2 6§ãµconnection-pruning with retraining

2.2 One-layer Pct Prune£ü�z©'à}¤

���z©'£a%¤§é,��½��linear_params_?12.1¥¤ã�ö�"

5 ¢¢¢���ööö������EEEyyy

�Ü©Ì�0�¢��Ä�6§",	§Uì�Ü©�Ú½§Öö�±|^¤��

�è©�Ey�|¢�"¤¦^��������ÚõUòue�Ü©0�§3�

Ü©¥ØX­0�"

�!Pruning Task Without Retraining

`²µ^x��I£ØÓ|¢��ÎÒ§z|¢��«O3uÐ©�.�ØÓ£Xµ

ØÓ�-¹¼ê!¥m��ê�¤§©OéAXeÜ6'Xã���©|µ

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?

1FbankA��J�"�|^��µ

/work7/wangyanqing/kaldi/egs/wsj/s5/run_feat.sh

£3¤òþãü�©�YS�éA©�Ü¿£Uìdev93§eval92�^S¤§����

�#�©�Ydata/test_dev93_eval92_hires/ e"
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£4¤ïá©�Y/data/train_si284_hires0§|^£2¤¥)¤�A�§3T©�

YSUì�ªO�ÐÔötdnn£nnet3¤I��Ôöêâ"

2. ÔöÐ©�.

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

Ôötdnn�."5¿���ëêµ

ëëëêêê ¹¹¹ÂÂÂ

stage e���8§K��¢yÔö&)è¶e���9§���
¢y)è"�3dA���8

dir A���nnet_tdnn_a_x£x�±´1,2,3...äN¹Âë�
c©¤

3. ?1pruning task�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_template_x0©�Y"ò©�Y/nnet_tdnn_a_template0S�

¤kSNV\£E�¤�#)¤�/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x0

©�Ye"

£2¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_x/0e§ò)è©�Y

/decode_tgpr...0£Ä�decode_baseline©�Ye"

£3¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_x/prune0e§òþ��8

¹�final.mdl©�£Ä�baselinee§¿­·¶�final_baseline.mdl"

£4¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune/baseline0

e§òfinal_baseline.mdlE����?��/ª£final_v_baseline.mdl¤"

£5¤òe�©�¥�x����(��µ

nnet_tdnn_a_x/combine_best_wer.sh

nnet_tdnn_a_x/prune/run_several.sh

nnet_tdnn_a_x/prune/run_several_pct.sh

nnet_tdnn_a_x/prune/sparse_rate/combine_sparse_rate.sh

����{´µ^vim�m��©��§�1eã·-£b�1�x�¢S�¤µ

:1,$s/nnet_tdnn_a_x/nnet_tdnn_a_1/g

£6¤ÚO3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/final.mdl0

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

nnet_tdnn_a_x/prune/prune_template/prune.awk

nnet_tdnn_a_x/prune/prune_template/sparse_rate_layer.sh

nnet_tdnn_a_x/prune/prune_template/sparse_rate_total.awk

nnet_tdnn_a_x/prune/prune_template_pct/prune.awk

nnet_tdnn_a_x/prune/prune_template_pct/sparse_rate_layer.sh

nnet_tdnn_a_x/prune/prune_template_pct/sparse_rate_total.awk

nnet_tdnn_a_x/prune/prune_template_pct/split.awk

£7¤3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0e§òrun_several.shÚrun_several_pct.sh

¥/run_tdnn_x.sh0�x �U�ý¢�"

£8¤3/kaldi/egs/wsj/s5/0e§òrun_tdnn_x.sh¥�stage ëêU�9§Ï�3

d?Ö���Ü©¥§�I�­#)è§Ø2I�ÔöL§"

4. ?1pruneÚ)è�?Ö£|±õ|?ÖÓ�ÜÝ¤

e¡éØÓ�ª�pruneö�©O?1`²§�Ó�É"

£1¤XJValue Prune��Y£��1nÜ©¤?1pruneµ

�3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0e§¦^

Xe·-)¤prune©�Yµ

bash copy_template.sh n

Ù¥§n´T|¢�S�?Ò"

�?\f)¤�/prune_n0©�Y§?U/strategy_n0©�§3d`²�|¢

��pruneö��üÑ"äN�ªXeµ

ëëëêêê ¹¹¹ÂÂÂ e.g.
1��ëê �à}�� all, affine1

1��ëê K�

abs<0.1
0<value<0.1
-0.1<value<0

�?UÓ8¹e�/prune.awk0©�§3d¢y�|¢��pruneö�"äN�

ªXeµòëY�n15º¥k^��1��5º§?UK�"

��±õg­E�!�!�§Ó�ÜÝõ�¢�

��£þ�?8¹/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0§

?Urun_several.sh¥�A�ëêµ
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ëëëêêê ¹¹¹ÂÂÂ

max_id ¢�id£=n¤����
for x in�¡�Ü©£ü?¤ �gÜÝ�¢�id£=n¤

�$1run_several.sh=�

£2¤XJæ^All-layer Pct Prune��Y£��1nÜ©¤?1pruneµ

�3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0e§¦^

Xe·-)¤prune©�Yµ

bash copy_template_pct.sh n

Ù¥§n´T|¢�S�?Ò"

�?\f)¤�/prune_n0©�Y§?U/strategy_n0©�§3d`²�|¢

��pruneö��üÑ"äN¹ÂXeµ

ëëëêêê ¹¹¹ÂÂÂ e.g.
1��ëê �à}�� all, affine1
1��ëê pct pct
1n�ëê K�£DÕÝ¤ all:40%

�?UÓ8¹e�/find_pct.py0©�§3d�½�|¢��prune ö��z©

'��"äN�ªXeµ?U©�ÄÜpctëê"

��±õg­E�!�!�§Ó�ÜÝõ�¢�

��£þ�?8¹/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0§

?Urun_several_pct.sh¥�A�ëêµ

ëëëêêê ¹¹¹ÂÂÂ

max_id ¢�id£=n¤����
for x in�¡�Ü©£ü?¤ �gÜÝ�¢�id£=n¤

�$1run_several_pct.sh=�

£3¤XJæ^One-layer Pct Prune��Y£��1nÜ©¤?1pruneµ

�3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0e§¦^

Xe·-)¤prune©�Yµ

bash copy_template_pct.sh n

Ù¥§n´T|¢�S�?Ò"

�?\f)¤�/prune_n0©�Y§?U/strategy_n0©�§3d`²�|¢

��pruneö��üÑ"äN¹ÂXeµ
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ëëëêêê ¹¹¹ÂÂÂ e.g.
1��ëê �à}�� all, affine1
1��ëê pct pct
1n�ëê K�£DÕÝ¤ affine1:40%

�?UÓ8¹e�/prune.awk0©�§3d�½I�é=��?1pruneö�"ä

N�ªXeµíØõ{�if©|"

�?UÓ8¹e�/find_pct.py0©�§3d��z©'�K�§äN�ªXeµ

?U©�ÄÜ�pct�

�?UÓ8¹e�/prune_pct.sh0©�§3d��z©'�K�§äN�ªX

eµ?U�p_1,2,3...Ún_1,2,3...D��Ü©§±9�prune.awkDë�Ü©"

��±õg­E�-�§Ó�ÜÝõ�¢�

��£þ�?8¹/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/prune0§

?Urun_several_pct.sh¥�A�ëêµ

ëëëêêê ¹¹¹ÂÂÂ

max_id ¢�id£=n¤����
for x in�¡�Ü©£ü?¤ �gÜÝ�¢�id£=n¤

�$1run_several_pct.sh=�

5. �w(J

3�1�13Ú�§3/kaldi/egs/wsj/s5/exp/nnet3/nnet_tdnn_a_template_x/

prune/result08¹e§/strategy0!/sparse_rate0!/best_wer0©OP¹
��

|�pruneüÑ!prune�z�Ú���.�DÕÝ!±9�ª)è�wer"

�
BuE��excel¥?1?n§Ó�)¤
/result_format0©�§T©��

z�1éAuz��¢��strategy!sparse_rate!best_wer�(J"e¡±Ù¥

�1�~§`²z�1��ê��¹Âµ

result_format¥��1µ

all abs 0.04 29.7574 30.9761 28.1156 23.3632 31.0085 32.9020 33.8023 32.9039

8.64

d1��ëê�¹Â´µ
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ëëëêêê ¹¹¹ÂÂÂ

all abs 0.04 é¤k�£all¤?1pruneö�¶æ^Abs Prune�Y?
1prune¶���ýé�K��0.04

29.7574 ���.�DÕÝ�29.7574%
30.9761 ... 32.9039 affine1, final-affine, affine2, affine3...affine6�DÕÝ©O

´30.9761%...32.9039%
8.64 �ª)è��(Ç�8.64%

�!Pruning Task With Retraining

3?1d�?Öc§?U
Kaldi�
�è£�ë�)öV\� NaturalGradi-

entAffineComponent[2]¤§¦��0 ���Ø2�#",	§3dØ2Kã�/�!

Pruning Task Without Retraining0­E�Ü©"

1. �¤wsj�baselineÚêâO�ó�

ëw/�!Pruning Task Without Retraining0¥�éAÜ©"

2. ÔöÐ©�.

ëw/�!Pruning Task Without Retraining0¥�éAÜ©"

3. ?1pruning task�O�ó�

ëw/�!Pruning TaskWithout Retraining0¥�éAÜ©"���prune§Ø)èµ

5ºKrun_several.sh½run_several_pct.sh¥��'�é=�"

4. ?1pruneÚ)è�?Ö£|±õ|?ÖÓ�ÜÝ¤

ëw/�!Pruning Task Without Retraining0¥�éAÜ©"

5. retrain

£1¤ò/prune_n0©�Y¥#)¤��.©�/final_new.mdl0E��

/nnet_tdnn_a_x0©�Ye§¿­·¶�20.mdl"

£2¤�
^|?1retrain§I�Äk$1£run_tdnn.sh¥N^�¤train_tdnn.sh¥

)¤0.mdl�c�Ü©§Ì�´�
)¤egs©�"£dÚ�I�3n1̄�?1�g§

��Ø2I�¤

[2]https://github.com/wyq730/CSLT-Sparse-DNN-Toolkit/tree/master/Supplement_for_Kaldi_
Source_Code/src/nnet3
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ããã 3 ©�(�

£3¤òrun_tdnn.sh¥�stageëê���20§5ºK)è��'�è§?1­Ô

ö"

£4¤­Ôö��½§Ý�£Ø7�ÜÔ�¤§ò#)¤�����mdl©�

£X40.mdl¤­·¶�final.mdl

6. é#��.?12)è

£1¤òrun_tdnn.sh©��stageëê���9£�?1)è¤§¿$1"

£2¤3/nnet_tdnn_a_x0©�Ye§é�decode©�Y£decode_tgpr...¤§3

p¡�±é��g¢��(J£wer¤"���°�§�±?1e��¢�"

6 ���èèè©©©���999)))¤¤¤©©©���
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3�Ü©¥§Ì�0�9Ïpruning task�Ì��è©�£Y¤���!õU§±

9��)¤©�£Y¤�¹Â"Öö�(Ü)öþD�óä�[3]?1
)"

�!©�(�

Xã3¤«"

�!©�0�£±/nnet_tdnn_a_template0� work directory¤

XL1ÚL2¤«"

LLL 1 ©�0�£1¤

©©©��� ������/õõõUUU/¹¹¹ÂÂÂ
decode_baseline/ ��baseline�decode©�Y

£decode_tgpr_dev93_eval92¤
view_best_wer.sh �wT¢��best_wer
combine_best_wer.sh Uì�½�ª§3/nnet_tdnn_a_x0e)¤

/best_wer0©�§T©�¥P¹
��¢��(J
£wer¤

new_decode_file.sh )¤/decode_n0©�Y§ò1n�¢��decode©�Y
£Ä�T©�Ye

decode_n/ �)¤§��1n�¢��decode©�Y
baseline/ �°baseline�mdl©�
prune_n/ �)¤§��,��prune ¢��üÑ§¿äN¢yTü

Ñ

prune_template/ prune_n���§^u¦^Value Prune�Y?1prune�?
Ö

prune_template_pct/ prune_n���§^u¦^Pct Prune�Y?1prune�?
Ö

sparse_rate_.awk �sparse_rate_layer.shN^"Il	ÜD\ëêµ
start_lineÚend_line"3�½þãëê�^�e§ÚO©
�¥start_line £¹¤Úend_line £¹¤�m�¤kêi
ê8Ú0 �ê8§¿�dO�sparse_rate§¿±ü«ØÓ
�ª©O�\©�sparse_rate Úsparse_rate_format

sparse_rate_total.awk �sparse_rate_layer.shN^"I3©�SÜ��ëêµ
is_lines_to_prune£I£linear_params_¤3�1ê¤"
3�½þãëê�^�e§O�¤k��¤kêiê8

Ú0�ê8§¿�dO�sparse_rate§¿±ü«ØÓ�ª
©O�\©�sparse_rate Úsparse_rate_format

sparse_rate_layer.sh I3©�SÜ��ëêµõ�start_lineÚend_line"N^
þãü�awk©�?1ö�§äN¢yÚO���.±9
z���sparse_rate�ö�"

strategy P¹z�¢��prune�Y

[3]https://github.com/wyq730/CSLT-Sparse-DNN-Toolkit/tree/master/CSLT_Connection_Spar
seness_Toolkit
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LLL 2 ©�0�£2¤

prune_template¥
�prune.awk

I3©�SÜ��ëêµis_lines_to_prune"äN¢
yValue Prune�Y�pruneö�§�ÀJabs!positive!
negative n«prune�ª£ë�c©¤§�ª���T
«prune �ª�5º

prune_template_pct¥
�prune.awk

I3©�SÜ��ëêµis_line_to_prune_{1,2,3...}¶
Il	ÜD\�ëêµz���K�£p{1,2,3...}¤ÚK
K�£n{1,2,3...}¤"�prune_pct.sh N^"�âD\��
KK�éz��?1pruneö�

split.awk I3©�SÜ��ëêµis_line_to_prune_{1,2,3...}"
�prune_pct.shN^"òmdl©�¥z�
�linear_params_���üÕ�©�£layer{1,2,3...}¤§�
B�Y?n

prune_template/ prune_n���§^u¦^Value Prune�Y?1prune�?
Ö

count.py I�©�µdsplit.awk)¤�layer{1,2,3...}"ÚOz�
�linear_params_Ý
��ê

find_pct.py I3©�SÜ��ëêµpct£z©'¤"
�prune_pct.shN^"Uìc©/Pct Prune�Y0¥�£
ã§é����Az©'���K�ÚK�K�§���

©�trs
prune_pct.sh 3Pct Prune�Y¥§£N^
split.awk§find_pct.py§

prune.awk¤äN¢ypruneö�
strategy/ ����¢��prune�Y
sparse_rate/ ����¢��£�N9z��¤sparse_rate
results/ ­­­���§§§����¢��strategy£prune �Y¤§

sparse_rate§wer§Ï�ª(J3result_format ¥�±ë
�c©éresult_format ©�?1)Ö

copy_template.sh ¦^��prune_template§)¤�A�prune_n©�Y§
^u¦^Value Prune�Y?1prune ��¹

copy_template_pct.sh ¦^��prune_template_pct§)¤�A�prune_n©�
Y§^u¦^Pct Prune�Y?1prune��¹

run_several.sh ­­­���§§§^uÜÝ¦^Value Prune �Y���½õ�¢�"
^u?6Ðprune_n©�Y��"$1�.�§(J�
3results/ ©�Ye�w

run_several_pct.sh ­­­���§§§^uÜÝ¦^Pct Prune�Y���½õ�¢�"
^u?6Ðprune_n©�Y��"$1�.�§(J�
3results/©�Ye�w

7 ¢¢¢���£££ããã

�!Pruning Task Without Retraining
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1. ¦^Value Prune�Y?1Prune

1.1 Abs Prune

©O¦^XeA|-¹¼ê§�½ýé�K�?1prune§��?1decode"

---¹¹¹¼¼¼êêê ���ÝÝÝ

Pnorm input=2000; output=250
Sigmoid 2000
Sigmoid 1000
Tanh 2000
Tanh 1000
Rectifier 2000
Rectifier 1000

1.2 Positive Prune

©O¦^XeA|-¹¼ê§�½positive threshold?1prune§��?1decode"

---¹¹¹¼¼¼êêê ���ÝÝÝ

Pnorm input=2000; output=250
Sigmoid 2000
Sigmoid 1000
Tanh 2000
Tanh 1000
Rectifier 2000
Rectifier 1000

1.3 Negative Prune

©O¦^XeA|-¹¼ê§�½negative threshold?1prune§��?1decode

"

---¹¹¹¼¼¼êêê ���ÝÝÝ

Pnorm input=2000; output=250
Sigmoid 2000
Sigmoid 1000
Tanh 2000
Tanh 1000
Rectifier 2000
Rectifier 1000

2. ¦^Pct Prune�Y?1Prune

2.1 ©O¦^XeA|-¹¼ê§�½�z©'£=8I�.�sparse_rate¤?

1prune§��?1decode"
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---¹¹¹¼¼¼êêê ���ÝÝÝ

Pnorm input=2000; output=250
Sigmoid 2000

2.2 ¦^2000�Sigmoid-¹¼ê§é�ü�?1One-layer Pct Pruneö�£�±ü

��DÕÝ��½�¤§��?1decode

�!Pruning Task With Retraining

dÜ©¥§)ö¦^Abs Prune?1Prune"

©O¦^XeA|-¹¼ê§�½ýé�K�?1prune§��?1retrain§��

?1decode"

---¹¹¹¼¼¼êêê ���ÝÝÝ

Sigmoid 2000
Tanh 2000
Rectifier 2000

8 ¢¢¢���(((JJJ

�!Pruning Task Without Retraining

1. �-¹¼êe§^Abs Prune�Y?1Prune

1.1 ëêµPnorm£inputµ2000§outputµ250¤§No RetrainingµXL3¤«"

LLL 3 Pnorm 2000/250 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
17 all abs 0.01 35.7423 8.8600
10 all abs 0.05 26.6452 8.3260
30 all abs 0.0600 31.3210 8.5400
16 all abs 0.07 35.7423 8.8469
9 all abs 0.08 39.9287 10.4570
15 all abs 0.09 43.9048 25.1044
8 all abs 0.1000 47.6445 73.9055
7 all abs 0.1500 63.4790 99.9559

1.2 ëêµSigmoid£2000¤§No RetrainingµXL4¤«"
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LLL 4 Sigmoid 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
14 all abs 0.0100 13.1212 8.5200
5 all abs 0.0150 19.5313 8.6100
2 all abs 0.0200 25.7619 8.6800
8 all abs 0.0250 31.7763 8.7800
11 all abs 0.0300 37.5343 8.8100
23 all abs 0.0350 43.0024 8.9400
24 all abs 0.0400 48.1639 9.4500
1 all abs 0.0500 57.5236 62.6600
18 all abs 0.3500 99.8414 99.9600
19 all abs 0.4000 99.9035 99.9600

1.3 ëêµSigmoid£1000¤§No RetrainingµXL5¤«"

LLL 5 Sigmoid 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
1 all abs 0.0400 29.7574 8.64
4 all abs 0.0600 43.2075 8.78
7 all abs 0.0800 55.1066 12.08
13 all abs 0.1000 65.2604 86.94
9 all abs 0.1500 83.0400 100

1.4 ëêµTanh£2000¤§No RetrainingµXL6¤«"

LLL 6 Tanh 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer_tgpr
10 all abs 0.0225 28.8587 8.9100
9 all abs 0.0250 31.8820 8.9600
8 all abs 0.0275 34.8477 8.9100
1 all abs 0.0300 37.7547 8.9700
4 all abs 0.0325 0.0000 8.9300
5 all abs 0.0350 43.3688 9.0200
6 all abs 0.0375 46.0694 9.1000
7 all abs 0.0400 48.6952 9.1900
31 all abs 0.0450 53.7199 9.4100
26 all abs 0.0500 58.4279 9.7100
23 all abs 0.0600 66.8432 14.9000
20 all abs 0.0800 79.7444 89.2000

1.5 ëêµTanh£1000¤§No RetrainingµXL7¤«"
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LLL 7 Tanh 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
16 all abs 0.0800 62.2630 16.29
15 all abs 0.0900 67.4199 48.48
14 all abs 0.1000 71.9367 91.66
13 all abs 0.1700 90.3070 100

1.6 ëêµRectifier£2000¤§No RetrainingµXL8¤«"

LLL 8 Rectifier 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer_tgpr
1 all abs 0.0600 53.8950 9.2000
2 all abs 0.0550 50.3026 9.0300
3 all abs 0.0650 57.2891 9.9400
4 all abs 0.0700 60.4945 11.0400

1.7 ëêµRectifier£1000¤§No RetrainingµXL9¤«"

LLL 9 Rectifier 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
9 all abs 0.0700 46.8778 9.12
10 all abs 0.0800 52.3027 9.44
11 all abs 0.0900 57.3241 10.28
12 all abs 0.1000 61.9416 13.95
15 all abs 0.1200 69.9865 29.64
16 all abs 0.1400 76.5635 87.68

2. �-¹¼êe§?1Positive Prune

2.1 ëêµPnorm£inputµ2000§outputµ250¤§NoRetrainingµXL10¤«"

LLL 10 Pnorm 2000/250 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
49 all + 0.0250 6.8878 8.2200
51 all + 0.0260 7.1543 8.2900
33 all + 0.0270 7.4196 8.3400
48 all + 0.0280 7.6838 8.3500
46 all + 0.0290 7.9459 8.5900
21 all + 0.0300 8.2089 8.9800
44 all + 0.0310 8.4679 9.9600
42 all + 0.0320 8.7283 13.2300
28 all + 0.0330 8.9857 23.5500
40 all + 0.0340 9.2408 43.4700
27 all + 0.0350 9.4953 71.0900
25 all + 0.0400 10.7511 100.0000
23 all + 0.0500 13.1516 100.0000
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2.2 ëêµSigmoid£2000¤§NoRetrainingµXL11¤«"

LLL 11 Sigmoid 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
15 all + 0.0100 6.5478 8.8400
6 all + 0.0150 9.7336 9.4000
3 all + 0.0200 12.8286 10.9000
9 all + 0.0250 15.8069 13.1600
12 all + 0.0300 18.6544 16.6800
12 all + 0.0400 23.9105 79.7500

2.3 ëêµSigmoid£1000¤§NoRetrainingµXL12¤«"

LLL 12 Sigmoid 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
2 all + 0.0300 11.2540 9.4
5 all + 0.0600 21.4785 17.43
8 all + 0.0800 27.3353 76.76
12 all + 0.1000 32.3126 97.24

2.4 ëêµTanh£2000¤§NoRetrainingµXL13¤«"

LLL 13 Tanh 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer_tgpr
16 all + 0.0200 12.8974 8.8600
15 all + 0.0250 15.9457 8.8400
2 all + 0.0300 18.8816 8.9300
11 all + 0.0325 20.3036 8.9100
12 all + 0.0350 21.6870 8.9600
13 all + 0.0375 23.0355 9.1000
14 all + 0.0400 24.3497 9.7900
34 all + 0.0425 25.6267 21.2600
32 all + 0.0450 26.8625 48.7900
35 all + 0.0475 28.0606 78.2200
27 all + 0.0500 29.2173 91.9900
24 all + 0.0600 33.4265 96.5800
21 all + 0.0800 39.8751 96.6000

2.5 ëêµTanh£1000¤§NoRetrainingµXL14¤«"
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LLL 14 Tanh 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
1 all + 0.0500 21.4241 8.96
3 all + 0.0700 28.2121 9.69
7 all + 0.0900 33.7019 21.05
8 all + 0.1000 35.9603 67.08
9 all + 0.1100 37.9376 95.22
5 all + 0.1200 39.6462 95.3

2.6 ëêµRectifier£2000¤§NoRetrainingµXL15¤«"

LLL 15 Rectifier 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer_tgpr
13 all + 0.0400 18.4608 12.3200
15 all + 0.0450 20.4063 21.5300
16 all + 0.0500 22.2602 52.2600
5 all + 0.0550 24.0203 88.9100
17 all + 0.0550 24.0203 88.9100
6 all + 0.0600 25.6946 98.1500
7 all + 0.0650 27.2688 98.8300
8 all + 0.0700 28.7583 98.7600

2.7 ëêµRectifier£1000¤§NoRetrainingµXL16¤«"

LLL 16 Rectifier 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
1 all + 0.0400 13.1351 8.63
7 all + 0.0450 14.5843 8.86
2 all + 0.0500 15.9841 8.84
3 all + 0.0600 18.6663 9.25
13 all + 0.0700 21.1837 10.05
17 all + 0.0900 25.6778 32.5400
18 all + 0.1000 27.6746 82.8000
19 all + 0.1100 29.5020 97.2500
20 all + 0.1200 31.1839 99.3700

3. �-¹¼êe§?1Negative Prune

3.1 ëêµPnorm£inputµ2000¶outputµ250¤§NoRetrainingµXL17¤«"



Wang et al. Page 19 of 29

LLL 17 Pnorm 2000/250 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
50 all - 0.0250 6.9676 8.3000
52 all - 0.0260 7.2389 8.3600
34 all - 0.0270 7.5109 8.4700
47 all - 0.0290 8.0517 8.6400
22 all - 0.0300 8.3229 8.7300
45 all - 0.0310 8.5927 9.2900
43 all - 0.0320 8.8645 13.2300
29 all - 0.0330 9.1317 15.2000
39 all - 0.0350 9.6597 48.2800
26 all - 0.0400 10.9585 100.0000

3.2 ëêµSigmoid£2000¤§NoRetrainingµXL18¤«"

LLL 18 Sigmoid 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
50 all - 0.0250 6.9676 8.3000
52 all - 0.0260 7.2389 8.3600
34 all - 0.0270 7.5109 8.4700
47 all - 0.0290 8.0517 8.6400
22 all - 0.0300 8.3229 8.7300
45 all - 0.0310 8.5927 9.2900
43 all - 0.0320 8.8645 13.2300
29 all - 0.0330 9.1317 15.2000
39 all - 0.0350 9.6597 48.2800
26 all - 0.0400 10.9585 100.0000

3.3 ëêµSigmoid£1000¤§NoRetrainingµXL19¤«"

LLL 19 Sigmoid 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
3 all - 0.0200 7.6134 8.6
10 all - 0.0300 11.3288 24.5
11 all - 0.0400 14.9444 100
6 all - 0.0600 21.7289 100

3.4 ëêµTanh£2000¤§NoRetrainingµXL20¤«"
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LLL 20 Tanh 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer_tgpr
19 all - 0.0200 12.8905 8.9300
18 all - 0.0250 15.9363 8.9600
3 all - 0.0300 18.8731 9.0100
17 all - 0.0350 21.6818 9.1200
36 all - 0.0425 25.6222 28.8800
33 all - 0.0450 26.8574 76.8700
37 all - 0.0475 28.0563 94.6500
28 all - 0.0500 29.2105 96.1200
25 all - 0.0600 33.4167 98.9100

3.5 ëêµTanh£1000¤§NoRetrainingµXL21¤«"

LLL 21 Tanh 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
2 all - 0.0500 21.4451 8.97
4 all - 0.0700 28.2322 9.07
10 all - 0.0900 33.7180 19.63
11 all - 0.1000 35.9765 84.95
12 all - 0.1100 37.9535 96.51
6 all - 0.1200 39.6580 98.36

3.6 ëêµRectifier£2000¤§NoRetrainingµXL22¤«"

LLL 22 Rectifier 2000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer_tgpr
14 all - 0.0400 19.9364 87.0300
18 all - 0.0450 22.1456 99.9700
19 all - 0.0500 24.2652 100.0000
9 all - 0.0550 26.2822 100.0000

3.7 ëêµRectifier£1000¤§NoRetrainingµXL23¤«"

LLL 23 Rectifier 1000 NoRetrain

group pruned layer pruning method pruning threshold sparse_rate best_wer
4 all - 0.0400 15.2215 8.99
8 all - 0.0450 17.0668 10.83
5 all - 0.0500 18.8706 14.6
23 all - 0.0550 20.6407 29.5600
6 all - 0.0600 22.3810 91.52
21 all - 0.0600 22.3810 91.5200
14 all - 0.0700 25.6941 100

4. �-¹¼êe§?1All-layer Pct Prune
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4.1 ëêµPnorm£inputµ2000¶outputµ250¤§NoRetrainingµXL24¤«"

LLL 24 Pnorm 2000/250 NoRetrain

group pruned layer pruning method pruning threshold sparse rate best_wer_tgpr
55 all pct 0.1000 10.0000 8.4000
58 all pct 0.1300 13.0000 8.4200
54 all pct 0.1500 15.0000 8.3500
56 all pct 0.1700 17.0000 8.3700
57 all pct 0.1800 18.0000 8.3500
53 all pct 0.2000 20.0000 8.3300
59 all pct 0.2200 22.0000 8.4000
60 all pct 0.2600 26.0000 8.5900
61 all pct 0.2665 26.6500 8.6300
63 all pct 0.3000 30.0000 9.0400
62 all pct 0.3993 39.9300 18.8700

4.2 ëêµSigmoid£2000¤§NoRetrainingµXL25¤«"

LLL 25 Sigmoid 2000 NoRetrain

group pruned layer pruning method Pruning threshold sparse rate best_wer_tgpr
22 all pct 0.3500 35.0000 9.0400
17 all pct 0.4000 40.0000 9.4500
20 all pct 0.4500 45.0000 10.2000
21 all pct 0.5000 50.0000 12.1400

5. ¦^2000�Sigmoid¼ê�-¹¼ê§éü�?1One-layer Pct Pruneö�

PruneüüüÑÑÑ ���������...���DDDÕÕÕÝÝÝ wer
affine1�DÕÝµ70% 1.8274 9.07
affine2�DÕÝµ70% 10.1523 67.77
affine3�DÕÝµ70% 10.1523 9.5
affine4�DÕÝµ70% 10.1523 8.91
affine5�DÕÝµ70% 10.1523 8.52
affine6�DÕÝµ70% 10.1523 8.83
final-affine�DÕÝµ70% 17.4112 21.32

�!Pruning Task With Retraining

3�-¹¼êe§?1Abs Prune"

��/¢�(Ø0Ü©¥1/o0Ü©¥�(J"

9 ¢¢¢���(((ØØØ

�!�.¥��!K�éu�.�K�§Ý
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3ùp§ÏLé'n«üÑ£Abs Prune§Positive Prune§Negative Prune¤éu

�.�K�§Ý"

�-¹¼êe�ã/µ

`²µ±e�ã¥êâ:´O(�§�Ïêâ:Ø
�8§¤:/¤�²w­��

/GØ´n��¹§�øë�"

1. (Jã£e��ã�IK¥§1��ëêL«-¹¼ê�aO§1��ëêL

«-¹¼ê��Ý¤
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2. ¢�(Ø

2.1 �ä¥�K��é¡5

A�¤k¢�L²§¦^Abs Prune�ö�Ø=�±��A�ü�uPositive/Negative

Prune�DÕÝ§
��±��ÐuPositive Prune/Nagative Prune�wer�",	§

l/¢�(J0Ü©�±��§Ó��ýé�«mS���ÚK��êþ�C"

ùV«X3�ä¥§£ýé��Ó�¤Positive value ÚNegative value´�p'é

�§·��±ßÿµù«é¡5éu�ä�5Uäké�¿Â§�·�ÏL�?

1Positive Prune½Negative Prune5»�
ù«é¡5�§�ä�5U:ìeü"

�A�5¿§3ù
|¢�¥�k�|~	§=þ©1.5Ü©�ã/£-¹¼ê

�1000�Tanh¤"·��±ßÿ§ù«�ä�é¡5��ä�/G/Nþ/°Ý/-

¹¼êkX,«§Ý��6"ùk�u?�Ú�&Ä"

2.2 �ä¥�K�éu�.�K�'�

A�¤k¢�L²§3¤�½K��ýé��Ó��¹e§Positive Prune�ö

�ÚNegative Prune��
�C�DÕÝ§�¦^Positive Prune �ö��±�

�'Negative Prune �Ð�wer"·��±ßÿ§Negative value3�ä¥�üX

'Positive value��­���Ú"

�A�5¿§XJ¦^Pnorm-¹¼ê§¬�����(Ø"·��±ßÿ§ù�

(Øéu-¹¼êkX�½§Ý��6§ùk�u?�Ú�&Ä"

�!��é�.�K�§Ý

3ùÜ©¥§éaffine1,affine2...affine6,final-affine©O?1ü��Pruneö�§�±

�|¢��ü�DÕÝ�½�£70%¤"&Ä3ü�DÕÝ����¹e§é=�

?1Prune¬��§Ý�K��.�5U"

1. ¢�(J

1.1 ¢�ëê

-¹¼êµSigmoid£2000�¤"

RetrainµNo

1.2 (J

yò/¢�(J0¥1�Ü©�15Ü©­�Xeµ
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PruneüüüÑÑÑ ���������...���DDDÕÕÕÝÝÝ wer
affine1�DÕÝµ70% 1.8274 9.07
affine2�DÕÝµ70% 10.1523 67.77
affine3�DÕÝµ70% 10.1523 9.5
affine4�DÕÝµ70% 10.1523 8.91
affine5�DÕÝµ70% 10.1523 8.52
affine6�DÕÝµ70% 10.1523 8.83
final-affine�DÕÝµ70% 17.4112 21.32

2. ¢�(Ø

�é�ë��©OüÕ?1Pruneö�§��±ü��DÕÝ���§éaffine2?

1Pruneéu�.�5UK���§�ù«K�Ø�8ÏuPruneK��Lõ��

Ï£Ï�éaffine2?1prune�§���.�sparse_rate¿Øp¤"dd�ÑÐÚ�

(Øµ3��.¥§affine2�'uÙ¦A�§�ü�­���Ú"

�d(ØEAlØÓ�Ý£��-¹¼ê�«aÚ�Ý§��Prune�z©'K�

,,¤?1?�Ú��y"

n!é'Value PruneÚPct Pruneü«�ª

1. é'L�

1.1 Pnorm 2000/250

1.2 Sigmoid 2000
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2. ¢�(Ø

8c�.Ì�æ^�´Abs Prune��Y"�·�<@�§Pct Prune��Y´�é

���\þ!�Prune�Y£���DÕÝ��¤"

3þãü«-¹¼êe§���(Ø´ØÓ�µ3Pnorm -¹¼êe§Abs

Prune��J�Z¶�3Sigmoid-¹¼êe§Pct Prune��J�Z"

o!é'Retrainc���.5U

1. �'(J£e¡�ã�IK¥§1��ëêL«-¹¼ê�aO§1��ëê

L«-¹¼ê��Ý¤

LLL 26 Sigmoid 2000

pruned layer pruning method tr sparse rate
wer

no retrain after retrain
all abs 0.0500 57.5236 62.66 8.9000
all abs 0.1000 86.3390 100.00 9.5200
all abs 0.1300 93.4277 100.00 10.3300
all abs 0.1500 95.9358 100.00 11.2600
all abs 0.1700 97.4409 100.00 13.3700
all abs 0.2000 98.6525 100.00 31.8000
all abs 0.2200 99.0829 100.00 41.4600
all abs 0.3500 99.8414 99.96 96.1600
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LLL 27 Tanh 2000

pruned layer pruning method tr sparse rate
wer

no retrain after retrain
all abs 0.1500 96.8415 100 14.13
all abs 0.1700 97.9992 100 17.55
all abs 0.2000 98.8709 100 67.68
all abs 0.2200 99.1798 100 96.38
all abs 0.2400 99.3840 100 96.26
all abs 0.1400 95.9457 100 96.72

LLL 28 Rectifier 2000

pruned layer pruning method tr sparse rate
wer

no retrain after retrain
all abs 0.1500 89.9823 100.0000 9.4200
all abs 0.1700 92.9586 100.0000 10.1100

2. (Ø

3retrain��§�.�5U��uretrain�c���ÌJ,"^Sigmoid£2000¤

��-¹¼ê�§�DÕÝ��97%�EU���±�É�(J£wer¤"

¦^ØÓ�-¹¼ê�§retrain����.�5ULyØ�"ØÓ�-¹¼êXÛ

K��ª�.£=retrain����.¤ùk�u?�Ú�&Ä"

10 eee���ÚÚÚ���óóó���

1. ¦^retrain����.é/¢�(Ø0Ü©¥�/�0/�0/n0¥J��(Ø

?1�y"

2. éprune���.�ë��£ØpruneK��¤?1�ÅÐ©z§retrain��?

1decode"&Ä�.(���.���­�5"
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