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<Abstract>

1-Pass Semi-Dynamic Network Decoding Using a
Subnetwork—-Based Representation for Large Vocabulary
Continuous Speech Recognition

Minhwa Chung, Dong-Hoon Ahn

In this paper, we present a one-pass semi-dynamic network decoding framework that
inherits both advantages of fast decoding speed from static network decoders and memory
efficiency from dynamic network decoders. Our method is based on the novel language
model network representation that is essentially of finite state machine (FSM). The static
network derived from the language model network [1]{2] is partitioned into smaller
subnetworks which are static by nature or self-structured. The whole network is
dynamically managed so that those subnetworks required for decoding are cached in
memory. The network is near-minimized by applying the tail-sharing algorithm. Our
decoder is evaluated on the 25k-word Korean broadcast news transcription task. In case of
the search network itself, the network is reduced by 73.4% from the tail-sharing algorithm.
Compared with the equivalent static network decoder, the semi-dynamic network decoder
has increased at most 6% in decoding time while it can be flexibly adapted to the various
memory configurations, giving the minimal usage of 37.6% of the complete network size.

Keywords: Speech Recognition, Semi-dynamic Network Decoding, Language Model Network,
Subnetwork Caching, Tail-Sharing Algorithm
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Yol# A4eA4AAS AD HuuES S S 12 Avigolyy WEND gag 63

E Er7t JAAT tE @AY HEYD FES AdAs 288N, MHUES
3 71y MEI FAYHE o83t 4FE 2719 g4 vHEHIRE 44
ol 7Hs@E & & Uth NTAA du5G3d)e 488 45 158%, HY I
& ¢ AFdE 391%8 €Y F AULH, "ol o|EL dF LY B fol=
734%E €Y F NS HEHA FAHAME woj2@td WEH I vd NT
7F AAL AS 589 15E] ABVEYI HE a2 o 0old 7R o
Al wlol gl WEY T 14.6%, 718 JS UEYAY AL 4296%% ABUE
43 A A otz HFAE v ARSI e el EFRFYE & F A

<E 1> MEYEYI 7 G YEYT T2 v
(%e HolzekAo] it 4o ug)

o] 22}2) . NT-AA 2 =Y
® NT-AA (N) HY 3/ M 2§ (NT)

U EY A =7 (MB) 1,261.58 | 1,062.26 | (84.2%) | 768.33 (60.9%) 335.71 (26.6%)
ABUENT A 2,259,680 | 485,628 | (21.5%) | 2,259,680 | (100%) 485,628 | (21.5%)
== A 44,258,799 40,710,708 | (91.9%) |22,365,774| (50.5%) | 8,831,930 | (19.9%)
otz Mg 53,527,910 |49,979,819| (93.4%) |31,787,094| (59.4%) | 18,135,303 | (33.9%)
NVEx) NS 7,814,951 | 7,814,646 7,791,523 7,791,511
0old 715X Bl 8(%) 14.60 15.64 24.51 42.96

63. C|1ZH M5

dzse g4 sl dg Brie ol o2 E(WER ; word error rate) ¥ T
dd" BYHMME BT Mot BYsta <® 2> HYstAo o] Adyde
1GB2) vimg % g%x27l AX9 28GHz HE Y 4 PCoAA ZA3FTh &4 1
EHdIes EE AHYEHIES vEd 2=3t9 2HY YEHI HIade
AEsEs st 53 WELIZY A7 WEYEFE dodA= B N EFY
ol HEHNZSY AT a3 2ol 4¥8& Pt &, H2E AL A N2 &
T F YA ZEaddy d4e s dad AAd ALE MEUENAE
EES de F U olE MEVEYIAEDS vg 25dtd 458 243
EQIY A7t & A FoE AEUEYA dEe] ARFoE AL

£ FEolnt. 3, 5™ 248 HY FF dndUF HA 718
FEHES 71AA FodA Hade AdFES EA4FL J&S
E o Uk olgd AtF ZaEs d-Ho] okAES AAG Aot} twt WA
7] 1200178} 739 ofztel A% el AUeH, ol thF TeE] T4 &
ol AFHAA TEol Ff B ANZL VEYI HZE, F AZL L5
st 27 HEAR] WiEelth

O
o
(o]

¢
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<® 2> TR e ool &%) B F4 HE (A" HMME] HE 7))

W 37) (log ©) B N T NT
WER 22.92 22.92 22.92 2292

. #Avg 1547.62 1534.16 1463.22 1417.65
WER 21.21 21.21 2121 21.21

1o #Avg 2748.83 2720.79 2759.62 2471.88
WER 20.34 2034 20.32 20.32

. #Avg 4636.43 4581.68 4311.32 4078.76
WER 20.35 20.35 20.33 20.33

= #Avg 7588.18 7485.02 6982.36 6506.35
WER 20.15 20.15 20.13 20.13

0 #Avg 120435 118582 10960.0 10037.0
WER 20.06 20.06 20.04 20.04

. #Avg 18638.0 18367.9 168152 10657.9

ol3h APolME NT EBIQY vEYA D T2 =7] 1208 woj2loR
AgEt AT o] A$ BAstd HMMe Aol 5E 146,68970018), 2EE WEY
3 t=9A 1.33 RTFY U4 Alzte] 422 =t

6.4. MEUIERIT 4 Ms

o] HoldE MBEUEYZ QA2 Ao sl FYs=E I AL FHe
e g o]&sle MBEUEYIAES 7153 & mMEA ALIEE s ddd &
ol glomg JiA Aee vimgdde MBEUEYI tig H/R(Git ratio), ™=
g AL HE S, A" ABEYEYI AF), AAAIZE Bl1&Q0 RTF B E&RTF rati
0 To2 H4d F Atk <Ig 7>@+€ N F&AvEHGn E bl O RTF 2
RTF ratios 2F3 ot “HAFIF'9 MEYEYIEDE mlg Z=dn
(n=min) 74 3X FL BL*=0), H W= ALFS HAA WEHI F7)¢
°F 3%9 15&E< 110MBe] w2 E AH8E ¥t RTFE 21%7F 371de & &
At 2y I A o] ALEE Fo= o] RTF ratios= 10%°|HHE "o A, 10k

3) RTF ratiox Z+ RTFE o} xzglele] RTFE vy o] A4kt



ol# d424UAS AR HEUED e 1o Anltelye) YEND g2y 65
o JHYESLIE v|g EE=dE A F/1EeF 30MBARY vwre]lE RTF
ratios 6% 2 "ojxd 4 gt} W, MAH /\-]Hl;]]ls__c,g]ag__ O3y st=
59 AF ASA S ASK*=8), 99.71% 1) L3 HE hit ratioT AL
= glou, slwe A% 9 00MBLR ol=o KT Haw Age ga
v AU E agx Fo HA o5& E F Ut olF HIAgs W=
E o diFEEe dag Aol AA g2 WELA Jhed AH9Fes EiUe
SE (@AY B4 B, AVIHOR ¥ A4S e 248 B4 Il ¥
A AP AeE BAET 4PAA2HEH MEBUEYA vy 22 4 A
Aare olET wA Fze FEA T AL YLe L & Ah F, AHY)
ENA A d4e @A g¥o] JYH = FAstE &4 Fhd 2HE -‘:r U
o, Ut MEUESLZ vlg 2= A4 HY9HoR AXHUE 7t 84 F
AES ZAAE W K43 48D F Aok
1.7
—a&— RTF
) T T T O U O VOO
s \. —e&— RTF ratio
~ 14 : ol 2kl
% @ bl Hwa«m,ﬂ EEEEal .y  BGS-G-88y  BO-de-d g
m e Wo AP eI RTEET3S
£z a1t
' - 108 104 103 1.02
1 ¢ 02T e, 4l 02—t oz‘—o—o—o-o-ol-ooz ]'(-).1
0102050701000 010205070100 010205070100 0 10205070100 0 102050701000 O 102050701000
min 10000 30000 50000 100000 150000
n (o}ah), k (3]
(a) RTF ratio
100% o 325
9% :j:zﬂb : 92 66 ?:»3 f 29539 f 29913 303»3/6? 300 )
08% b b ,'; Wn—a—O—M," 215 2,
97% : ,;'. o 23064 ] o250 e
ER—— : Yovpch | o
E osy s 094‘“’_’*&’603 200 %—
Z oam ) u)"" o 5 - 181.8W19146 175 M
N L 1o .w' 17702 - - ?
93% 'IHDWMNN ~—ip— hit ratio 1 150 =
o f%z’;”n” —— Ao o= Apga] P W
91% 100
010205070100 010205070100, 0 10205070100 0 102050701000 0 10205070100 0 102050701000
min 10000 30000 50000 100000 150000
n (ohal), k (91)
by Hoh ving AgF
<0 7> ARHEYA AN M
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6.5 z2ulelalg S8 MEUHIESR Y ds &

<1¥ 8> AHUESYZ Z299¥ AL 53l F4d NY 45& RAF

I YTk 10~10007tA1 8] pfakS T2 dHe] A" A $£& DI p02 =
E29ddE A &2 2, F o A9 ZIAE JHEIY. 22999 ol Y
A%, g HolHZFH HZE HolHe v ¢ F ERFEH HAFHoR T
ANA 7he 2og FARAT. &, pf~509 T2 HolHE pf~109 Z29Y
Z doly olel 10EF Yol UeoE 40712 EAL Frlstd FASATH

Tadyge 3z g @:ﬂrg} H 3] B of, hit ratiot W wl=a] AL
S A HeFdol UME g ARk RTF ratio®] 73-%, 10,000719] A1E
HESIE vg 2=% 73—:—°“\_ Fo ®Wi aiate] UYoY, O Be HES n|
g 2E3 A9 Ads Z23ddE A ¥ ZHd & Aot jeE E
F Ao FARS=R, pf~10, n=10,000& AH&ste F¢, ZERLHE A 42
A9dE AL 93 30MBY F7} vimgrt ®esgoy TEadlgde AN
Fox Auld 7712 16MB2 7} viEgiwke "eg 34 MEYI Z2719
37.6% %) ¢8 Ty 3L Y29 golE e 24 wHo|nE g
Rode fRA v YR H2 ¥ Z2ady HolHE A= Ay, 1
ol n=100,000%! F-EoA &AJT 5 ARl EHAY AHAE EAY, n=150,000
2 pFI0dMAE A FHANE D& F )}E 4] A5, g43d AHYES
A9 g+ 110,000747F A A xaHtt)ol ol2A H7 = ot

W dr
o

KR
=
KR

1.09

1.08 —e— n=10000 gy n=30000 ....zp.. N=50000
ey N=100000 @ n1=150000

1.07
1.06

1.05 . Y A .

Loa i LA ‘\_\/ N ‘o—w
103 Lo ; 5 e W““\ﬂ
1.02

RTF ratio

1.01

0 10 50 1004007001000 0 10 50 100400 7001000 0 10 50 1004007001000

o 50 100
k (lower), pf (upper)

(a) RTF ratio &3



100.0%

99.0%

98.0%
0,
o 970%
B 96.0%
£ 950%
94.0% / o n=10000 ez N=30000 .....4.n... I=50000
¢ + ai  112100000 cemggeme 1150000
93.0%
0 10 50 100400 7001000 0 10 50 100400 7001000 0 10 50 100400 7001000
0 50 100
k (lower), pf (upper)
(b) Hit ratio =93
240
° ° °
220 6O e %~ o
N e =,
o 200 Y o N
3 X
E 180 |4 -
N . T URPRP WY S R— S TNV SRS SUR. S S
2 160 | B Ermmeriomame G\ - B\ BereBreereBereefiererfl. |
§ 140 o \. ——o—o—0 \—H_‘_‘_"
g ‘\—.——0——0—0—0
120 D\apy- o— n=10000 g n=30000 ... n=50000
’ - iome n=100000 ——g— n=150000
100
0 10 50 100 400 7001000 0 10 50 100400 7001000 0 10 50 100 4007001000
0 50 100

k (lower), pf (upper)

© Hd W= AHgF F3
<19 8> ZEUdY A& T MY A FT¥

7.7 &

o] EEdME NEUENYZ 7|ute] &4 YEHS 74 Y B2 Ay o

€ ol &8 Arvigelvy YEHI dIafE L. o Hade 7S
o] B3 YEYI dzf FHA dI2g A 2E4ds F4 WEND 1=
dzgo] &3 MEUEHT 7We 84 WEYIE T8t ¥

Aom, olgg MBEUEHT T4 YHE 7N E, HEYEHS 7]
d TR duPEe AL, ARz YEYIY FE FRE ARSI,
2] A5 A3 glo]l WMz A8F R ALFE 393 €Y + de PHE

e ook Bk
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Nt oldd A2 gAY Hi
HgHAazmox g37807 FHEgd 5 ¢l
M2 YEHA T4 WIeF AA
transducer)7| ¥Fe] & F3 Y3}

2 2l AYe Ea AR
FAT F5 AT FAZEs dA
2 E WFST (weighted finite-state
Fol B A7 P ojoF gt
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