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Syntax
Network

@ word-external node
@ word-begin node
@ word-internal node
@ word-end node
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Syntax: (one | two | three)
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Observed Speech Signal

l

| HMM Probability
Calculation

output probabilities &
transition probabilities

Forward

Trellis Search [~—————--—1
(modified Viterbi algorithm)

rank-ordered
predecessor lists

Backward

Tree Search
(A* tree search algorithm)

l !

N-Best Hypotheses (Best Hypothesis)




Time (backward)

Time (forward)

Partial Paths found in
Backward Tree Search

Grammar Node m(n)
Word w'
Grammar Node m(n')

Partial Paths found in
Forward Trellis Search
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Difference
Rank Best Hypothesis
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Word-Dependent Algorithm

Lattice Algorithm

1st hypothesis
[~ 2nd hypothesis

Word Word
7 can only keep
/ this best path
c / within word C\C
, \ .
” ”
7’ 7’
Pd Pd
f ~ ~
: suboptimal path
~ for 2nd hypothesiS~ ~
P P
A optimal path for: o /7
7/

Time

Time






backward partial path scores
- £ (as stored in TOS entry)

paths found in
[~ time-reverse Viterbi search
while extending TOS entry

I~ backward partial path scores

(to be stored in new stack entry)

[————— rank-ordered predecessor lists
(generated in forward search)

State B

(within a word)

entries in predecessor lists
(forward partial path scores)

word
end g v’

K , \ paths used in
A ’ forward Viterbi search

. /
R / (not stored)
¢ /
word .
begin — - . bl = Time best scoring combination of
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (speechframe) forward and backward partial

paths is drawn as dashed line



*succ

name =]
*pred —

numLinks

*links

*user —

LinkSet

| *LSHook

*lists

RankInfo

(rank-ordered predecessor list)

numEntries *list
11
l nSamples
RankList[ ]
logprob *node
0
l numEntries-1
RankEntry[ ]

*inst

logprob

*link

time

time

PLR

(PhoneLinkRecord

l» previous PLR

numStates-1

2 numStates-1
“def *inst *inst
*netHook logprob logprob
isActive *link *link
piType time time
*state
Token [ ]
(probabilities for the
best paths ending at the
Phonelnstancs different HMM states)
2
numStateg
*xbjot
“hook Xlnfo
HMMDef l

Bjot []

(calculated output probabilities)

1

nSamples



*openTOS
*closedTOS top entry in "closed" stack
logprob *node
—=> 0
this score is used Co
{o sort entries = — — _ _ network node to continue
on "open” stack B e - A r
P > ] nextentry extending backward partial path
when generating new stack entry
] numEntries-1

RankEntry [ ] —q
= numEntries list of possible combinations of last network node in
forward and backward partial paths -
nextEntr
Y (sorted by total path score) backward partial path
*totalList leading to this stack entry
*lastNode
*backProb
*lastTrans logprob time
*from  — 0 0
*next
StackEntry
top entry in "open" stach
nSamples nSamples
scores of speech frame index at which
backward partial path backward partial path
next best scoring entry  stack entry from which leading to this stack entry entered the last word or node
in "open" stack this entry was generated (for all speech frames) (for all speech frames)

by extending
backward partial path






One Pass

Level Building
(Version A)

Level Building
(Version B)










Rank
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Rank
1
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© 00 N o g A

Score 0 1
-75.974397 DRAW : TRACKS : oF : BERING :SE:AI!\Z HOOKED : PORT
T T T —TT T
-76.114284 DRAW TRACKS ( OF  BERING  SEAIS HOOKED PORT
-76.118682 DRAW TRACKS . FOR BERING  SEAIN HOOKED PORT
T T T T T T
-76.126210 DRAW TRACKS JTHAT  ARE . IN HOOKED PORT
T T T —T T
-76.195072 DRAW TRACKS OF  BERING  SEATHE HOOKED PORT
T T T —r— T
-76.198541 DRAW TRACKS _ OF  AREA AND IN HOOKED PORT
T T T T T T
-76.200992 DRAW TRACKS (OF . BERNG . SEA oF PORT
T T T — T
-76.207323 DRAW TRACKS (THAT  ARE N THE HOOKED ) PORT
T T T T — T
-76.251078 DRAW TRACKS  OF  BERNG SEA OF HOOKED | PORT
T —r— T
-76.258569 DRAW TRACKS FOR BERING  SEAIS HOOKED PORT
L) L) L) L) L) L) L) ' L) L) L) L) L) L) L) L) L) ' L) L) L) L) L) L) L) '
Score O 1 2 3
T T T — T J
-72.352757 DISPLAY (NEW  CHART ~ PROJECTION = OF, SIBERIAN ) SEA
T T T — T ]
-72.417188 DISPLAY A NEW ~ CHART = PROJECTION = OF SIBERIAN X SEA
T T T — T ]
-72.580626 DISPLAY  THENEW = CHART PROJECTION  ~ OF, SIBERIAN ) SEA |
-72.590439 DISPLAY UNEW | CHART = PROJCTION . OF SIBERIAN . SEA N
—T— T — T ]
-72.637143 DISPLAY AND THE =~ CHART  PROJECTION = OF SIBERIAN ) SEA
T T T — T 3
-72.654870 DISPLAY A NEW ~ CHART PROJECTION = OF SIBERIAN . SEA N
-72.667668 DISPLAY : A : CHART : PROJECTION : OF: SIBERIAN : SEA :
-72.703517 DISPLAY : NEW : CHART : PROJECTION : OF: SIBERIAN : SEA :EI('BHT
) J
-72.738158 DISPLAY : NEW : CHART : PROJECTION : OF: SIBERIAN : SEA :EIG):—!TH
T T T — T "
-72.752095 DISPLAY (NEW  CHART PROJECTION =~ OF A SIBERIAN ) SEA

t[s]

t [s]



T
Rank  Score 0 1 2 3 t [s]

—= 1 -83.369543 S | RECLAMER:S = AVERAGE = CRUISING = SPEED = LESS THAN  DALE+S
2 -83.394580 IS | RECLAIMER ISTHE AVERAGE = CRUISING = SPEED = LESS THAN  DALE+S
3 -83.410014 IS | RECLAIMER ASTHE AVERAGE = CRUISING = SPEED = LESS THAN  DALE+S
4 -83.516493 IS | RECLAMER:S = AVERAGE = CRUISING = SPEED = LESS THAN BIDDLES
5 -83.527835 : 1S : RECLAIMER :AfrHE: AVERAGE : CRUISING: SPEED: LESS: THA:N DALE+S
6 -83.541530 : 1S : RECLAIMER :ls:TH:E AVERAGE : CRUISING: SPEED: LESS: THA:N BIDDLE+S :
7 -83.556965 : 1S : RECLAIMER :AS:TH:E AVERAGE : CRUISING: SPEED: LESS: THA:N BIDDLE+S :
8 -83.573050 : GET: RECLAIMER+S : AVERAGE : CRUISING: SPEED: LESS: THA:N DALE+S :
9 -83.577023 : 1S : RECLAIMER :THE: AVERAGE : CRUISING: SPEED: LESS: THA:N DALE+S
10 -83.584343 _ 1S : RECLAIMER+S : AVERAGE : CRU\SING: SPEED: AS: TH% DALE+S




correct hypotheses within max. rank [%]

correct hypotheses within max. rank [%)]
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HMM set: "demo" (-) "base" (--)

1
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max. rank of hypothesis

HMM set: "demo" (-) "base" (- -)

30

word-pair grammar

no grammar

1 1
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max. rank of hypothesis



correct hypotheses within max. rank [%]

test sets: all (-) "feb89", "oct89", "feb91", "sep92" (- -)
100 \

50

40F

10

1
5 10 15 20 25
max. rank of hypothesis

30



correct hypotheses within max. rank [%]
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algorithm:

tree-trellis (-) word-dependent (- -)
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1
15 20
max. rank of hypothesis
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Training

Utterances Word-level .
(incl. Word-level HMM Set Segmentatio Lexicon

Transcriptions)

HMM Word-level Lexicon
Training Alignment Generation
(HERest) (HAlignw) (HViteM)
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"max100" - "original” test set: "feb89" (all) (449 words)
T

"max100" - "original”

test set: "feb89" (com
T T

mon301) (1881 tokens)

30 T T T T 60 T T T T T
mean(gain) = 0.2907 a mean(gain) = 0.2244
251 stddev(gain) = 0.7873 50r stddev(gain) = 0.8169
gain<0 21.38% gain<0 14.41%
201 gain=0 : 20.94% 40 gain=0 : 50.4%
gain>0 57.68% gain>0 35.19%
15t K30r
10 201
51 10
. N i Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnnmw o o i
-4 -2 -1 1 2 3 -4 -3 -2 -1 0 1 2 3
word score gain token score gain
"rand10" - "original" test set: "feb89" (all) (366 words) "rand10" - "original" test set: "feb89" (common301) (1881 tokens)
30 T T T T T 60 T T T T T T T
mean(gain) = 0.2567 mean(gain) = 0.08342
251 stddev(gain) = 0.7454 50r stddev(gain) = 1.191
Ml gain<0 : 24.32% gain<0 : 24.3%
201 gain=0 : 18.85% 40 gain=0 : 38.76%
gain>0 56.83% gain>0 36.95%
1sp a0l
10 201
5r 10
0 [ 00 \HHHHHHH 1 H HHHHHH HHH (e aclal oo | " Hﬂﬂﬂﬂﬂﬂﬂmnn Moo |
-4 -2 - 1 2 3 -4 -3 -2 - 1 2 3

word score gain

token score gain




"rand10_r" - "original_r" test set: "feb89" (all) (376 words) "rand10_r" - "original" test set: "feb89" (common301) (1881 tokens)
30 T T T T T T 60 T T T T T T T
mean(gain) = 0.241 mean(gain) = 0.1038
251 f stddev(gain) = 0.7836 ) 50r stddev(gain) = 1.179
gain<0 : 24.2% i gain<0 : 21.58%
201 gain=0 : 19.15% 1 40 gain=0 : 42.48%
gain>0 56.65% gain>0 35.94%
15t , K30r
10 T 201
5r T 10
0 L mnn 111 HHHHL H HH HHHHHHHHH Mieel]l adia ol I i ramnen=lif Hﬂﬂﬂﬂﬂﬂﬂmnmnnm o I
-4 -3 - -1 0 1 2 3 4 -4 -3 -2 -1 1 2 3
word score gain token score gain
"clust100" - "original” test set: "feb89" (all) (576 words) "clust100" - "original” test set: "feb89" (common301) (1881 tokens)
30 T T T T T 60 T T T T T T T
mean(gain) = 0.02528 mean(gain) = 0.1861
251 stddev(gain) = 0.9773 ) 50r stddev(gain) = 1.084
gain<0 : 37.15% N gain<0 : 19.88%
201 - gain=0 : 14.06% 1 40 gain=0 : 41.95%
gain>0 48.78% gain>0 38.17%
S5t , K30r
10 T 201
51 T 10
al m P=alin! ﬂnnﬂnﬂﬂﬂmHﬂHHHHHH 1 HHHHHHHHHHHHHHHMH [n 0o oo . " MeeO00 HHHHHHHH’T‘HHHHHHHF‘ .
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 1 2 3
word score gain token score gain
"estimate” - "original" test set: "feb89" (all) (576 words) “estimate” - "original" test set: "feb89" (common301) (1881 tokens)
30 T T T T T 60 T T T T T T T
mean(gain) = 0.06215 mean(gain) = 0.1282
251 stddev(gain) = 0.9798 ) 50r stddev(gain) = 1.201
gain<0 : 38.19% n gain<0 : 21.96%
201 gain=0 : 11.81% 1 40 gain=0 : 41.25%
gain>0 : 50% gain>0 36.79%
15t , 30
10 T 201
50 — 10
oln e e 00 m ﬂﬂnﬂnHmHHHHHHH ! HHHHHHHHHHWHmnmn O oo olll . " cocerre U T et e .
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 1 2 3

word score gain

token score gain


















































































