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An Efficient CYK-based Algorithm for Continuous Speech Recognition
Hiroaki SAKOE , Yoshinori KATAYAMA and Seiichi UCHIDA
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Abstract: An efficient implementation of CYK-based continuous speech recognition is investigated.

First, the word level and the sentence level processes in Ney’s algorithm were reorganized so that they

proceed in synchronization with input frame. Then, beam search prunings were incorporated into the two

processing levels. A new acceleration technique, beam data driven parsing, was successfully introduced.

Considerable improvements in computational and memory efficiency were established through a sentence

speech recognition experiment.

Keywords: Continuous speech recognition, CFG parsing, CYK algorithm, Dynamic programming, Beam

search, Beam driven parsing
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A(l’ 'm) = al+lal+2 B ¢ iy
o HIEIE#, Ny — o (JVIZHIZT L HERT)
B = biby---b%--- by

o HEEMEE D(I, m|v)
A(l, m) & BYBODP i,
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[Initialize] T(l,m|U) = oo for m, l <m, U
form=1,...,1
[Word level processing|
forv=1,...,N
fori=m —1,...,min R(m)
[Frame level processing|
forj=4J,...,1
I Calculate g(3, j) using eq.(1
D(l,m|v) « g(I+1,1) for l € R(m)
[Sentence level processing 1|
for I € R(m)
forg=1,...,Q
(Uvy — (UL
if D(I, m|v) < T(I,m|U)
T, m{U) «— D(l,m|v)
P(,m|U) — (g,0)
[Sentence level processing 2|
forl=m-2,...,0

forp=1,...,P
(U, V,W) — (UDBVvWw)
forx=1+1,....m—1
T=T0z|V)+T(x,m|W)
if T < T(l,m|U)

T(,m|U) « T

P(L,m|U) — (p,)
[Backtrack] Obtain word sequence using P(l, m|U)
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o RREEBETW (1|U)

Bm7 V=BT 2T, m|U)DEERFFT 5.

o /5y 2 ®A Y FPW(U)

Em 7V —LIZBIFAP(,m|U)DMEERET 5.

o E— ARNBHIEET— % PB(n) = (TV,p,x,l,m)
Bm—17v—ALFTOE—LPITHKR- 72 BRI
TV = T(,m|U), BEUFZNIHBET 55927 b
Sy 7 Wp,z) = P(I,m|U) & # DL (I, m) D
ty b EREFET L. PB)ROF—HAR %
NWm)yTh7 v b 5(n=12,...,NW(m)).

KIZT V=LV NNE—aH—FEARMEN, DI, mv)
DRI T =272 ) TEHW5,
o U—ANHZENMET — 5 DB(k) = (D, v,1)
FEm7 L —LIllBTF5DImy)n b —
LMK b0 E, L vk b ICREET S
(k=1,2,...K(m)).
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9(v, l;m, j)
g, lm —1,7)
=dv;m,j) + min | g(v,,m—1,5—1) | (7)
g(v,lim —1,5 - 2)
(NRZ 7V =2V ~NVRBERS:, EmT7L—AT
i, @D AN &% 13T, minR(m) <l <m-—1,

TRTDy, $XRTDHIHL Ty, l;m, §) B (T)RIC
I-TEtEEN 5,

HELRLVE-LY—F vORICHS T2 Skl
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3. ¥%bb, UcZW)%aUIKELT, —2T
LTW(U) # oo 2 i 72 T TW (U 55 d - 72 B A 1=
RKAEZFHET 5,

g(v,m —1;m,1) = d(v;m,1) (8)

FL—bLLRVE—LY—F Em7 L —ATEHE
SN EBS EE g (v, s m, )1, (m— ) TH L CTIER
T RIEFENLTNTOF—F—»Hi5. w2z
g(v, m, §) B L To, LSR5 20 WBRITGY 7o AR 1
BAHEEETH Y, SR LT 7L AL L —A
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[[nitialize] NW(1) =0, TW(0|U) =0 for U

form=1,...,1

[Word level processing]
forv=1,...,N

for | = min R(m),...,m —2
[Frame level processing]
forj=1,...,J

l Calculate g(v,l;m, j) using eq.(7)
[Word level beam search]
ifany TW(l|U) # oo for U € Z(v),l <m
Calculate g(v,m — 1;m, 1)
[Frame level beam search]
Prune g(v,1;m, j)
for g(v,l;m, J) in the beam
| DB(k) — (g(v,;m, ), v, 1)
Initialize]l TW(JU) —oco forl < m, U
Sentence level processing 1]
fork=1,...,K(m)
(Dg, v, l) — DB(k)
for ¢ which satisfies (U KA Vk)
U,¢) — (U )
if Dy < TW(lklU)
TW(|U) « Dy
PW(IU) — (4,0)
[Sentence level processing 2]
for n = NW(m),...,1
(TVn,pn,¢,ln,wn) — PB(T")
UL, viLw'y — WU vw)
Vo +— U’
for p which satisfies (U 5 V,, W)
(U, o, W) — (U B v, W)
T =TV, +TW(zn|W)
T <TW(I,|U)
TW(,|U) « T
PW(n|U) — (p,zn)
[Sentence level beam search]
Prune TW(1|U)
for TW(I]U) in the beam
(p,z) — PW(U)
Append (TW(I|U),p,z,l,m)
to the tail of PB(n)
Update NW(m)

[Backtrack] Obtain word sequence from PB(n)

Fig.4 AFEDTNTY X4
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DB(k) — (Dg,vi, Ly & 1S,

TW(lk|U) = min [Dy] (10)
U-E»uk
EYNTORENRE LTEHET S, R LR 2 &
MET BqEoNy 7R L v 2 IRET B,

PW(l|U) = (g, 0). (11)
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TW(a|U) = min [TV, +TW (z.|W)]  (12)
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UB VW) — U,V W)k LU 125 L,
(I2)RX 2 HB/MLT 2pB L Uz Ny 7 KA > & IR
79 5.
PW(L,|U) = (p, xn). (13)

(12)Rix, 7—27x ) PTW(IU) LT+ —
W= 4 POERLL>T w3, PB(n)%
n=NW(m),.. , 1DJRICBHET I L), FFE
7o { BN FHE AT & 39,
XbRVE—LY—F TWIUU) D * — & —
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F LB TWU)/ (m — 1) 2 TEAL L, AR
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BRICE—LNITE-RTWUU) 20BN £ »
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R NW (m)DFEH 2177% 9.
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| \ AP EE | O
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min [g(v,;m, j)/(m =1)] + 6
min [TW{U)/(m = 1)] + 62
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6y Lez (%) (%Eﬁ]%) HLGH I ' i iy
0.05 68 1.01 0.14
0.07 92 1.21 0.15
0.27 | 0.10 98 1.46 1.16 0.17
0.15 100 1.83 0.19
0.20 100 2.22 0.22
o] 00 100 100 71.77 4.72
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g 100 1 Il ol WK o
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BLEE, HRPEIORT. 726 =0, =c0k L72
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RHEET EICE T A AL ~ 2RISR T E T B 2
b b,

KVUAWRBUZHOWTH, BABEFIRT L &%
WEEEZNeyD T T ) ZLDBAD2GFE F T/
TETWARILHbA L0 =0150K), F7338T
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BEIIZ D% A > TH Y, LU~V T 2 38R

bPEEYICL ~ HTRRIE RS R T 3

KICAT 7 v — L Rl2R$ 20BN, XL~V
BORMZHELL, #HRE2R-5CRT. S8 EKII
01 =027, =015 &L L7, 0, =0 =0c0& L73EAED
e TR L.
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RBICET DRI R L, S5t kE{ kB
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CYKi 2 R— 2 L § 2EMEFRRT N T X205
HEBIUVLUREORKEZXY, 20HME247 %72,
e RHE I,
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