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;33 -*%~ Mode: ART; Package: art-user; Base: 10. -%-
(defglobal
?*¥no-power-upper* = -45 ; Upper 1imit so that one can
; say here is no-power.

?7xvowel-mi d-power-lowerx = -45
?¥voicing-power-mink¥ = -45 ;[hatazaki 135] <- -50 ; -45 ; MAU_1_0146 last /su/, -45.2
?*¥voicing-power-min-before-fricative* = ~45

?*voicing-power-lowerx = -45 ;[hatazaki 102] ; For MAU_B_0146 right of /sh/, -30.99
?*¥high-freg-power-lower* = -45

?xclosure-power-uppers = -50 ;;-45

?*imcomplete-~closure-power-upperx = -35

?*¥silence-power-upper* = -70 ;[hatazaki 100] ; Changed <- -45 [hatazaki 7/21/88 19:36:47]
?¥fricative-middle-power-upper* = -35

?*cutoff-thx = -35

?*xfricative-cutoff-lowerx = 900) %

(defglobal
?%¥default-min-change* = 0.5 ;1.0

?¥vowel-F2-end-min-changex = 1.0
?xvowel -F2-end-min-change-smaller* = 0.2
?xvowel ~F2-start-min-changex = 1.0
?xhigh-freg-power-start~min-changex = 0.5 ;0.8 ; (MAU_B_0181 /h/ : 0.99)

?*closure-start-min-changex = 1.0
?*closure-end-min-change¥x = 0.5 ;1.0

;7 [hatazaki 145] Renamed to ?*vowel-start-mmn-change-after-unvoiced-fricative¥
;; defined in seg-unvoiced-fricative-globals. art

33 ?*vowel-start-min-changex = 1.5 3<-1.0; 2.0
3 3 {(cf. MAU_B_0028 /s/)
I H [hatazaki 6/22/88 19:48:06]
)
(defglobal
?*closure-min-duration* = 30) s cf. MAU_B_0122 (Not closure)
(defglobal

?7xnormal -smoothing-sizex = (seq$ (11 9))
?xspectrum-global -peak-moving-average-sizex = 25)

(defgiobal
?xhigh-freg-top* = 6000
?+high-freg-bottom¢ = 4000
7%¥middle-freq-topx = 4000
?%middl e-freq-bottomx = 1000
?*¥1ow-freg-topx = 1000
?¥low-freg-bottom¥ = 0)

(defglobal
?¥F3~topx = 3000
?%¥F3-bottomx = 2000
?7%¥F2-topx = 2000
?¥F2-bottom* = 1000
?¥F1-topx = 1000
?%¥F1-bottom* = Q)

(defglobal
?*CFvalid* = ~0.2
?%*CFstrongly-valid* = 0.6)
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s3; —-%*- Mode: ART; Base: 10.; Package: ART-USER -x-

(defglobal
?*¥normal yze-factor* = (seq$ ’(5 0))
?*head-burst-min~-change* = 1.5
?*burst-strength-1ower-upperx = -70

?%high-freq-burst-power-upper* = -30
?xhigh-freqg-vowel-power-upperx = -55
?7%1 ow-freg-vowel-power-upperx = -45
7%1ow-freq-power-start-min-changex = -50)

(defglobal ; By hatazaki.

-—-2xsmeothing-for-finding-burst*x = (seq$ *(5 0))

11/14/88 15:09:30 Page 1

?xsmoothing-for-finding-burst-end* = (seg$ > (0 0)) ;[hatazaki 127]

?xspectrum-peak-smoothing~for-getting-burstx = (seq$ (0 7))

?¥voicing-power-after-stop-lowerx = -40 ; [hatazaki 135] <- -50.
?7*vowe1-1000-4000-power-before-stop-lTower* = -40
7xspeech-region-1000-4000-Tower* = -70

;3 7xclosure-power-upperx = -50 ; Defined in defglobals.art
?%burst-freg-minx = 700

7xburst-freg-maxx = 4000

?7*vowel-start-min-change-after-unveoiced-stopx = 2.0
?*xburst-1000~-4000-start-min-changex = 1.5 ;[hatazaki 131]
?*burst-start-min-change*x = 3.0 ;;2.0 ;1.0
?%burst-end-min-change* = 3.0 ;3 <-- 1.0

. ;33 <-- 0.0

;3 <-- 1.0 referred MAU_B_0026 /k/
; [hatazaki 109]

7*%frication-start-min-change-after-unvoiced-stop¥ = 1.0

) .
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533 -*- Mode: ART; Base: 10; Package: ART-USER -%-
(defglobal
?xfrication-start-min-change*x = 0.5 ;- This includes for /h/.
; (MAU_B_0181 /h/ 0.99)
?¥vowel-start-min-change-after-unvoiced-fricativex = 1.5

?*frication-start-min-change-for-small-smoothingx = 2.0

)

(defglobal
?*v0101ng—power—1ower-after-uhvoiced-fricative* = =40
?*voicing-power-smaller-lower-after-unvoiced-fricative*x = -55
)

(defglobal

?xsmoothing-for-getting-power-change-of-uvfricative-at-word-initial* = (seq$% (5 0}))

)
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333 -%- Mode: ART; Package: art-user; Base: 10. -%-
{ defglobal
?xh-fricative-start-change-2000-6000% = 0.8
?¥h-left-is-silence-power¥ = -65
?xh-right-is-silence-power¥ = -85

?%spectrum-peak-smoothing-for-phoneme-h¥ = (seq$ *{(0 7))

?%¥vowel-start-min-change-after-h% = 0.5
?*xvowel-end-min-change~-before-hx = 0.5
?%¥h-start-min-changex = 0.5
?xh-end-min-changex = 0.5

?xvowel~-formant-start-min-change-after-h% = 0.2
?xvowel-formant-end-min-change-before-h¥ = 0.2

)

;33 (middle h-region-candidate ?from&?? ?7to&??) is goal
(defrelation h-region-candidate
(?from ?to)
implicit
(syntax output
{MIDDLE H region candidate is ?from to ?7to)))

2/02/89 15:52:24
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333 -%- Mode: ART; Package: art-user; Base: 10. -*-

(defgiobal
?%vowel -start-min-change-after-voiced-fricative* = 0.2 ; (cf. MAU_B_0069 /zu/)

;3 [hatazaki 168] 0.5 <-- 0.2, to ignore an extra power decrease in /z/ region.
(cf. MAU_B_0086 has an extra power decrease (0.21).)

53 (cf. MAU_1 0174 has a desired power decrease followed by an extra power decrease (0. 3).
5301 0.2 ;5 (cf. MAU_1_0174 0.3)
;301 0.6 ; (cf. MAU_B_0105 1.0)

~

?7*vowel~end-change-1ower-before-voiced-fricativex = 0.5
; To ignore 0.21 (cf. MAU_B_0086)

T, 0.2 5 (cf. MAU_T_0174 0.3)
: 0.6 ; (cf. MAU_B_0105 1.0)
?xz-after-silence-power-change-iowerx = 1.0
?*dj-smoothing-for-finding-burstx = (seg$ *(5 0))

?*dj-burst-end-min-change* = 2.0

?xdj-burst-start-min-changex = 2.0

)
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;33 -%- Mode: ART; Package: art-user; Base: 10. -*-

(defglobal
?xvowel-start-min-change-after-voiced-stop¥ = 1.0
;33 T*¥vowel-start-min-change-after-voiced-stopx = 0.2
?*vowel -end-min-change-before-voiced-stopx = 0.2
?¥voiced-stop-start-min-changex =
?xvoiced-stop~end-min-changex = 0.

)

0.2
2

;33 (voiced-stop-region-candidate ?7from&?? ?7to&??) is goal
(defrelation voiced-stop-region-candidate
(?from ?to)
implicit ’
(syntax output
(Voiced-stop region candidate is ?from to ?7to)))

;33 (volced-stop-peak-candidate 7pos&?? ?value&??) is goal
(defrelation voiced-stop-peak-candidate
(?7pos ?value)
implicit
(syntax output
(Voiced-stop peak candidate is at ?pos with ?value)))

(defglobal
?*normal yze-factor* = (seqg$ *(5 0))
?*head-voiced-stop-burst-min-changex = 1.5

?%voiced-stop-burst-strength-1ower-uppers = -70
?*high-freg-voiced-stop-burst-power-upperx = -30
?¥high-freg-vowel-power~upper* = -55
?%1ow-freq-vowel-power-uppers = -45
7%1ow-freq-power-start-min-change* = -50)

(defglobal ; By hatazaki.
?xsmoothing-for-finding-voiced-stop-burstx = (seq$ ’(5 0))
?*smoothing-for-finding-voiced-stop-burst-end* = (seqg$ *(0 0)) - ;[hatazaki 127]
?xspectrum-peak-smoothing-for-getting-voiced-stop-burst¥ = (seqg$ ’(0 7))
?*voicing-power-after-stop-lowerx = -40 ; [hatazaki 135] <- -50.
?7%xvowel-1000-4000-power-before-stop-lowerx = -40
?%*speech-region-1000-4000-1owerx = -70
;3 7*¥closure-power-uppersx = -50 ; Defined in defglobals. art
?%voiced-stop-burst-freg-min* = 1000
?%voiced-stop-burst-freg~maxx = 6000

?¥voiced-stop-burst-1000-6000-start-min-changex = 1.0 ;[hatazaki 131]
?%voiced-stop-burst-start-min-change* = 2.0 ;;2.0 ;1.0
?%voiced-stop-burst~-end-min-changex = 2.0 353 <& 1.0

33 <-- 0.0
33 <-- 1.0 referred MAU_B_0026 /k/
; [hatazaki 109]
?*frication-start-min-change-after-voiced-stop* = 1.0

)

Page 1
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LMO6:>Komori>sre>seg-nasal>seg-nasal-globals.art.12

;3 -%- Mode: ART; Package: art-user; Base: 10. -*-

(defglobal
?*¥vowel~-start-min-change-after-nasal* = 0.2
?xvowel -end-min-change-before-nasal* = 0,2
?*nasal-start-min-change¥ = 0.2
?*nasal-end-min-changex = 0.2

133 (nasal-region-candidate ?from&?? ?to&??) is goal
(defrelation nasal-region-candidate
(?from ?to)
implicit
(syntax output
(Nasal region candidate is ?from to ?to)))

333 (nasal-peak-candidate ?7peak-Toc&?? ?peak-value&??) is goal
(defrelation nasal-peak-candidate
(?peak-pos ?peak-value)
implicit
(syntax output

11/16/88 09:45:43

(Nasal peak candidate is at ?peak-pos msec and value is ?peak-value)))

EXAMPLE of defrelation
( spectral-change (?pos ?value)

=(+ (max ?nasal-end ?vowel-start) 10)
0 6000 (5 5) 7.5 0.0 0.2 0.5)

(defrelation spectral-change ‘
(?time-val ?from ?to ?bottom ?top ?smoothing-size

VO MR W WE uE ME wE U uD we we
NS M NE WE W e we Wy ws we W

Ve s ue Ve e WO VT WS us N we

533 implicit
533 (syntax output
i

e
»3 3

r2
2
E

we we N

=(- (min ?nasal-end ?vowel-start) 10) is goal

7interval Papart ?change_allowance ?power_min)

(Spectrum changes at ?time-val between ?from to ?to msec and ?bottom to ?top
with smoothing ?smoothing-size interval ?interval apart ?7apart
S change_allowance ?change_allowance power_min ?power_min)))

Page 1
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s33;-%- Mode: ART; Package: art-user; Base: 10. -%-

(defglobal
?xvowel~start-min-change-after-liquid*x = 0.5
?*vowel~end~-min-change-before-liquid* = 0.5

?%¥1iquid-start-min-change* = 0.5
?7*%1iquid-end-min-change*x = 0.5
)

;3; (middle liquid-region-candidate ?from&?? ?to&?7) is goal
(defrelation mid-1iquid-region~candidate
(?7from ?to)
implicit
(syntax output
(MIDDLE LIQUID region candidate is ?from to 7to)))

1/19/89 10:00:24 Page 1
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H

H

;3 -*%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -*-

i

(defrelation UNVOICED-STOP-CANDIDATE (?from ?to)

implicit
(syntax output
(Unvoiced stop candidate at ?from - ?to)))

(defruie sg-uvstop-0

N WE M Ma ws M W Me uE N NS M MR wa W e we us

A

"Finds a candidate of unvoiced-stop segment."
(declare (salience ?7*find-candidate*))
( segmenting unvoiced-stop)
( UNVOICED~STOP-CANDIDATE ?s1~from ?s1-to)
(CF (unvoiced-stop closure-duration =(- ?sl-to ?si-from)) ?CFduration&: mightbe-valid)
(power-strength ?s1-from ?sl~-to 0 500 ?0-500-P)
(CF (unvoiced-stop closure-0-500-power 70-500-P) ?CF-0-500-P&: mightbe-valid)
(power-strength ?s1-from ?sl~-to 500 1000 ?500-1000-P)
(CF (unvoiced-stop closure-0~500-500-1000-power-ratio =(~ 70-500-P ?7500-1000-P))
?7CF-0-500~500~1000-PR&: mightbe-valid)
(power-strength ?sl-from ?si~to 0 6000 70-6000-P)
(CF (unvoiced-stop closure~0-6000~power ?0-6000-P) ?CF-0- SOOO P& mightbe~valid)
=>
(bind ?segment (gensym "SEG-"))
(assert (schema ?segment (instance-of phoneme-segment)))
(hypothesize
(assert (category ?segment unvoiced-stop))
(assert (prop ?segment (candidate-loc ?sl-from ?s1-to0))
(segment-status ?segment segmentation)

;i [hatazaki 143] CF of (category ?segment unvoiced-stop),

;i ==
;5 =(CFcomb (CFweight ?*weak~-evidenceX ?CFduration)
;; (CFweight ?Xevidencex*

(CFand ?CF-0-500-P
PCF-0-500-500-1000-PR
PCF-0-6000-P)))

;7
7
1

[hatazaki 143] CF of (category ?segment unvoiced-stop),

rr

;7 =(CFweight ?XeyidenceX

HE (CFand ?CFduration

B ?CF-0-500~P

¥ ?CF~0-500-500~1000-PR

H PCF~0-6000-P))

e -=>

;i =(CFcomb (CFweight ?*weak-evidenceX ?CFduration)
i ( CFwei ght ?*weak-evidence* ?CF-0-500-P)
I (CFweight ?*weak-evidenceX ?CF-0-500-500-1000-PR)
F¥ (CFweight ?Xweak-evidence* ?CF-0-6000-P))
(CF (category ?segment unvoiced-stop)

=(CFand (CFcomb (CFunknown)
: (CFweight 7*weak-~ ev1dence* ?CFduration)

(CFweight 7*weak-~evidence¥ ?7CF-0-5G0-P)
(CFweight ?7*weak~evidencex ?CF-0-500-500-1000-PR)
(CFweight 7¥xweak-evidencex 7CF-0-6000-P))

7CF-0-500-P

?CF-0-500-500~1000~PR

7CF-0-6000-P)))))

; New definition. [hatazaki 176]
defrule sg-uvstop-1a
"Finds an unvoiced stop candidate at word initial (with burst)."
(declare (salience ?*find-candidatex))
(segmenting unvoiced-stop)
(UNVOICED-STOP~CANDIDATE ?s1-from ?s1-to)
(not ( UNVOICED-STOP-CANDIDATE 7s2& (?s2 < 7sl-from) 7))

,,[hatazak7 176] Searches a burst Ffrom more left, since ?sl-to may be at the end of /k/
¥ after =(- ?sl-to 100) 130

I {~- after =(- ?sl-to 50) 80

;7 [hatazaki 132] Removed the rule added by modification below.

;7 (power-start ?speech-start&-NONE

;3 before =(+ ?sl-to 20) 70 1000 4000 ?*speech-region-1000-4000-7owerx)

;7 [hatazaki 132] Searches a burst only in speech region, since there may be power change
;; 1n the preceding silent region.

;7 [hatazaki 114].
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(burst-exists ?7burst-start ?burst-end ?burst-freq
after =(- ?sl-to 100} 130 7*burst- freg-minx ?xburst-freq-maxx
?7CF-burst&: mightbe-valid)
(not (burst-exists ? 7 7
after =(~ ?sl-to 100) 130 ?*burst-freg-min% ?xburst-freg-maxx
?another-burst&: (CFgreaterp ?another-burst ?CF-burst)))
(power-strength =(-~ ?7burst-start 30). ?burst-start 0 500 ?0-500-P)
(CF (unvoiced-stop closure-0-500-power ?70-500-P) ?7CF~0-500-P&: mightbe~-valid)
(power-strength =(- ?burst-start 30) ?burst-start 500 1000 ?7500-1000-P)
(CF (unvoiced-stop closure-0-500-500-1000-power-ratio =(~- ?0-500-P ?500-1000-P))
?CF-0-500-500-1000~PR&: mightbe-vatlid)
(power-strength =(- ?burst-start 30) ?burst-start 0 6000 ?70-6000-P)
(CF (unvoiced-stop closure~0-6000~power ?0-6000-P) ?CF-0-8000-P& mightbe-valid)

,,[hatazak7 153] Conwented out the following.
;i ;;[hatazak1' 149] after =(+ ?burst-start 10) 200 (-- after =(+ ?burst-start 10) 100,
;¢ i; for /ch/ (MAU_B_0014).

( power-start ?Pvowel-start8&~NONE
after =(+ ?burst-start 10) 200 0 500 ?*voicing-power-1owerx)

(bind ?segment (gensym "SEG-"))
(assert (schema ?segment (instance-of phoneme-segment)))
(hypothesize

(assert (category 7segment unvoiced-stop))

(assert (segment—status ?segment segmentation)

;; [hatazaki 143)] CF of (category ?segment unvoiced-stop),
I -~
;; =(CFcomb (CFweight ?*strong-evidencex ?CF-burst)
F (CFweight ?*weak-evidence¥*
5 (CFand ?CF-0-500-P ?CF-0-500-500-1000-PR ?CF-0-6000-P)))
;7 [hatazaki 143) CF of (category ?segment unvoiced-stop),
;7 =(CFweight ?Xevidence*
I (CFand ?CF-burst ?CF-0-500-P ?CF~0-500-500-1000-PR 7CF-0 6000-P))
77 -->
; =(CFcomb (CFweight ?Xstrong-evidenceX ?CF-burst)
I (CFweight ?*weak-evidence* ?CF-0-500-P)
5 ( CFweight ?*weak-evidenceX ?CF-0-500-500-1000~PR)
i3 ( CFweight ?*weak-evidence* ?CF-0-6000-FP))
(CF (category 7segment unvoiced-stop)
=(CFand (CFcomb (CFunknown)

(CFweight ?7*strong-evidencex 7CF-burst)

(CFweight ?xweak-evidence* ?CF-0-500-P)

(CFweight 7*weak-evidence* ?7CF-0-500-500-1000-PR)

(CFweight ?7*weak-evidence* ?CF-0-6000-P))

?CF-burst ?CF-0-500-P ?CF-0-500-500~1000~PR ?CF-0~-6000-P))

(has-burst 7segment yes)
(CF (has-burst ?segment yes) ?CF-burst)
(left-context ?segment word-initial)
(CF (left-context ?segment word-initial) 0. 4)
;5 (prop 7segment (location word-initial))
(prop 7segment (candidate-loc UNKNOWN ?burst-start))
(prop ?segment (burst 7burst-start ?burst-end 7burst-freq)))))

W OME M ML W M M M M e Me M MK M MR M NP Ve Me ME NS MA WY Ve W WA M Ve We M ME ME NP W ME e e W wE Mo we we we wa Me s wE we we we s we we wh we we we we

553 01d definition.
(defrule sg-uvstop-1ia
"Finds an unvoiced stop candidate at word initial (with burst).*
(declare (salience 7*find-candidatex))
( segmenting unvoiced-stop)
(UNVOICED-STOP-CANDIDATE 7?s1-from ?s1-to)
(not (UNVOICED-STOP~CANDIDATE ?s2&: (7?s2 < ?s1-from) 7))
;; [hatazaki 132] Removed the rule added by modification below.
;1 (power-start ?speech-start&-NONE
FN before =(+ ?sl~-to 20) 70 1000 4000 ?*speech-region-1000-4000-1owerX)
;7 [hatazaki 132] Searches & burst only in speech region, since there may be power change
;7 1n the preceding silent region.
;; [hatazaki 114].

rs

an
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(burst-exists ?burst-start 7burst-end ?burst-freq
after =(- ?sl~to 50) 80 ?*burst-freq-min* ?*burst-freq-max*
?CF-bursté: mightbe-valid)
(not (burst-exists ? ? 7
after =(- ?sl-to 50) 80 ?xburst-freg-min* 7xburst-freq-max*
?another-burst&: (CFgreaterp ?another-burst ?CF-burst)))
(power-strength =(- ?burst-start 30) ?burst-start 0 500 ?0-500-P)
(CF (unvoiced-stop closure-0-500-power ?0~500-P) ?7CF-0-500~P& mightbe-valid)
( power-strength =(~ ?burst-start 30) 7burst-start.500 1000 ?7500-1000-P)
(CF (unvoiced-stop closure-0-500-500~1000~power-ratio =(- ?70-500-P ?500-1000-P))
?CF~0~500-500-1000-PR&: mightbe-valid)
(power-strength =(- ?7burst-start 30) ?burst-start 0 6000 ?0-6000-P)
(CF (unvoiced-stop c1osure—0—5000-pouer 70-6000-P) ?7CF-0-6000-P& mightbe-valid)

,,[hatazak7 153] Commented out the following.
I ,,[hatazak1 149] after =(+ ?burst-start 10) 200 <-- after =(+ ?burst-start 10} 100,
;s ,, for /ch/ (MAU_B_0014).
;;
) (pouer—start ?vowel -start&~NONE
) after =(+ ?burst-start 10) 200 0 500 ?*voicing-power-1ower¥)
>
(bind ?7segment (gensym "SEG-"))
(assert (schema ?segment (1nstance of phoneme-segment)))
(hypothesize
(assert (category 7segment unvoiced-stop))
(assert (segment status ?segment segmentation)

"‘.~

; [hatazaki 143] CF of (category 7segment unvoiced-stop),
A
= co CFweight ?*Xstrong-evidence¥* ?CF-burst
(CFcomb (CFweigh i d ?CF-b )
( CFweight ?Xweak-evidenceX
(CFand ?CF-0-500~P ?CF-0-500-500-1000-PR ?CF-0-6000-F)})

r
; [hatazaki 143) CF of (category ?segment unvoiced-stop),
; =(CFweight ?¥evidencex
; (CFand ?CF~burst ?CF-0-500-P ?CF-0-500-500-1000-PR ?CF-0-6000-P})
-
=(CFcomb (CFweight ?*strong-evidence* ?CF-burst)

( CFweight ?*weak-~evidencex ?CF-0-500-P)

(CFwel ght ?*weak-evidence* ?CF-0-500-500-1000-PR)

{ CFweight ?X*weak-evidence* ?CF-0-6000-P})

7
;
s
5
;
7
H
;
;
7

CF (category ?segment unvoiced-stop)
-(CFand (CFcomb ( CFunknown)
(CFweight 7#strong-evidence* ?CF-burst)
(CFweight ?xweak-evidencex ?CF-0-500-P)
(CFweight ?*weak-evidencex ?7CF-0-500-~500-1000-PR)
(CFweight ?*weak-evidencex ?CF-0-6000-P))
?7CF-burst ?CF~0-500-P ?CF-0~ 500 500-1000-PR ?CF-0-6000-P))
(has-burst ?segment yes)
(CF (has-burst ?7segment yes) ?CF-burst)
(left-context ?segment word-initial)
(CF (left-context ?segment word-initial) 0.4)
;3 (prop 7segment (location word-initial))
(prop ?segment (candidate-loc UNKNOWN ?burst-start))
(prop ?segment (burst 7burst-start 7burst-end 7burst-freq)))))

(defrule sg-uvstop-2
"Finds SOKUON."
(declare (salience ?*find-candidatex))
(segmenting unvoiced-stop)
(UNVOICED-STOP-CANDIDATE ?s1-from ?sl-to)
(CF (unvoiced-stop sokuon-closure-duration =(- ?sl-to 7sl-from)) ?CFduration& mightbe-valid)
(exists (UNVOICED-STOP-CANDIDATE ?s2&:(?s2 < ?sl-from) ?))
(exists (UNVOICED-STOP-CANDIDATE ? 7s53&: (?s3 > ?s1-to0)))
(power-strength ?s1-from ?s1-tc 0 500 ?70-500-P)
(CF (unvoiced-stop closure-0-500-power ?0-500-P) ?CF-0-500-P&: mightbe-valid)
(power-strength ?s1-from ?s1-to 500 -1000 ?500-1000-P)
(CF (unvoiced-stop closure-0-500-500-1000-power-ratio =(~ ?0~-500-P ?500-1000-P))
?CF-0-500~500~1000-FPR& mightbe-valid)
(power-strength ?sl-from ?sl-to 0 6000 ?0-6000-P)
(CF {unvoiced-stop closure-0-6000-power ?0-6000-P) ?CF-0-6000~P& mightbe-valid)
=>
(bind ?segment (gensym "SEG- "))
(assert (schema ?7segment
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(instance-of phon

(hypothesize
(assert (category ?segment unvo
{assert (prop 7segment (type so

(prop ?segment (candidate-loc ?si-from ?sl-to))

(segment-status ?7segmen
;s

( CFwei ght

.
I
.
’
7
’
.
s
3
I
I

;  =(CFweight ?Xeviden
H (CFand

; ?CFdur
; ?CF-0-
; ?CF-0-
; ?CF-0-
;==

; =(CFcomb (CFweight
; { CFwei ght
; { CFwei ght
; ' { CFwei ght
Cl

’
.
I3
1
s
s
.
s
s
.
5
7
7
1
’
’
s
]
I
’
.
s

1

(CF (category ?segment
=(CFand (CFcomb (CF
(CF
(CF
(CF
’ (CF
?CF-0-500-P
?CF-0~500-5

?CF-0-8000~

eme-segment)))

iced-stop))
kuon))

t segmentation)

?*evidence*
(CFand ?CF-0-500-P
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[hatazaki 143] CF of (category ?segment unvoiced-stop),

=(CFcomb (CFweight ?*weak-evidence* ?CFduration)

?CF-0-500-500-1000-PR

?CF-0-6000-P)))

cex

ation

500-p
500-500-1000-PR
6000-P))

[hatazaki 143] CF of (category ?segment unvoiced-stop)

?*weak-evidence* ?CFduration)
?Xweak-evidencex ?CF-0-500-P)
?Xweak-evidence¥ ?CF-0-500~-500-1000-PR)
?X*weak-evidence¥ ?CF-0-6000-P))

unvoiced-stop)

unknown)

weight ?*weak-evidencex
weight 7*weak-evidencex
weight 7*weak-evidencex
weight 7*weak-evidencex

00-1000-PR
P3N

?CFduration)
?7CF-0-500-P)
?CF-0-500-500-1000-PR)
?7CF-0-6000-P))
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(defrule sg-uvstop-bottom-up-1

;s [hatazaki 126] Get REGIONs as intersected regions of
;; (cddr (#FLUSER::call-speechfunc (17st "POWER-ISLAND-IN-TIME"
0 2000
0 6000
;; -999 -50
ii ' 11)))
;7 and
;7 (cddr (#LUSER::call-speechfunc (1ist "POWER-ISLAND-IN-TIME"
- o 2000
0 500
;7 ) -899 -50
I : 11)))

;s[hatazaki 118] Changed the threshold for detecting candidates to -50dB from -650dB.

rz

rr

.o
7

‘.
7

(deciare (salience 7*top~downk))
(goal (UNVOICED-STOP-CANDIDATE 7from&?? 7to&?7))
(not (explicit (UNVOICED-STOP-CANDIDATE ? 7)))
(BB 7BB)
=>
(at 7BB
(for REGION in (intersected~regions
(1ist
(cddr (#LUSER::call-speechfunc (1ist “POWER-ISLAND-IN~-TIME"
’ 0 2000
0 6000
-389 -50
. 11)))
(cddr (#LUSER::call-speechfunc (1ist "POWER-ISLAND-IN-TIME"
0 2000
0 500
-999 ~50
. 11)))))
do (assert (UNVOICED-STOP~CANDIDATE =(car REGION) =(cadr REGION))))))
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(defrule sg-uvstop-3
"burst exists or not 7"
(declare (salience 7xstart-segmentation¥))
(Jjoin
J(segment status ?segment segmentation)
(category ?segment unvoiced-stop))
(not (left-context ?segment word-initial))
(not (applied ?segment sg-uvstop-3))
(prop ?segment (cand1date Joc ?cand-from ?cand- t0))

(case
;7 [hatazaki 122] Search a burst from ?cand-from, since a burst may be
;7 included in the c705ure region. (cf. MAU_B_0065).
;; 0ld code ...
;i (burst-exists ?bu-from ?bu-to ?bu-freq after =(- ?cand-to 20) 60
N ?burst-CF& (?burst-CF >= ?Xmightbe-validx))
;; [hatazaki 120] Changed the range for searching a burst, from 50msec to 60msec.
;; [hatazaki 114]
({(burst-exists ?bu-from ?bu-to ?bu-freq

after 7cand-from =(+ 40 (-. ?cand-to ?cand-from ))
?xburst-freg-min* ?xburst-freg-maxs
?burst~CF&: mightbe-valid)
(not (burst-exists ? 7 7
after ?7cand-from =(+ 40 (- ?cand-to ?cand-from ))
?xburst-freg-min* ?*burst-freq-maxx
?another-CFé&: (CFgreaterp ?another-CF ?burst-CF)))
=>
(assert (has- burst ?segment yes)
(CF (has-burst ?segment yes)
=(CFweight ?tstrong-evidence* ?burst-CF)))
(assert (prop ?segment (burst ?bu~from ?bu-to ?bu-freq)))
(assert (applied ?segment sg-uvstop-3)))
(otherwise
=>
(assert (has-burst ?segment no)
(CF (has-burst ?segment no)
=(CFweight ?*strong-evidencex 0.8)))
(assert (applied ?segment sg-uvstop-3)))))

(defrule sg-uvstop-4
"Has low frequency power at the aspiration?"

r’ i N

;;[hatazaki 172] Merge has-burst-power-in-1ow-frequency into

;; has-aspiration-power-in-1low-frequency, Removed rule sg-uvstop-6.
;: Removed (has-burst ?segment no) in this rule.

;;[hatazaki 120]

(declare (salience ?*xstart-segmentationk))
(join
(segment-status ?segment segmentation)
(category ?segment unvoiced-stop))
;; (has-burst 7segment no)
(not (applied ?segment sg-uvstop-4))
=>
(assert (applied ?7segment sg-uvstop-4))
(conflicting-alternatives
(hypothesize
(assert (prop 7segment (has-aspiration-power-in-low frequency yes))))
(hypothesize
(assert (prop ?segment (has-aspiration-power-in-low-frequency no))))))

(defrule sg-uvstop-8
“Has burst power in low freguency?"

(declare (salience 7*start-segmentationx))
(join

( segment-status 7segment segmentation)

(category ?segment unvoiced-stop))
;;[hatazaki 177] Commented out.
;7 This rule is applied even if the stop does not have a burst.
;;(has-burst ?segment yes)
(not (applied ?segment sg-uvstop-8))
=>
(conflicting~alternatives

(hypothesize
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(assert (prop ?segment (has-burst-power-in-low-frequency yes))))
(hypothesize
(assert (prop ?segment (has-burst-power-in-low-frequency no)))))
(assert (applied 7segment sg-uvstop-8)))

;;;(defrule sg-uvstop-6

"Has strong burst power in low frequency?".
;33 (declare (salience 7xstart-segmentation¥))

333 (Join ,

HHE (segment-status 7segment segmentation)

HM (category ?segment unvoiced-stop))

+3; (has-burst ?segment yes)

;33 (not (applied 7segment sg-uvstop-6))

572

HEE ~

;;; (assert (applied ?segment sg-uvstop-6))

;33 (conflicting-alternatives

HHH (hypothesize

HHH (assert (prop ?segment (has-burst-power-in-low-frequency yes))))
HHH (hypothesize

HEHH (assert (prop ?segment (has-burst-power-in-low-frequency no))))))

(defrule sg-uvstop-5a
“Has double burst?"

3

:; [hatazaki 122] Hypothesizes the stop has a double burst or not.
declare (salience 7xstart-segmentationx))
Jjoin
(segment-status ?segment segmentation)
(category ?7segment unvoiced-stop))
(join
(has-burst ?segment yes)
(prop ?segment (burst ?burst-start,?burst-end 7burst-freq)))
{not (applied ?segment sg-uvstop-5a))
(burst-exists ?2nd-burst-from ?72nd-burst-to ?2nd-burst-freq
after =(+ ?burst-start 10) 50 =(- 7burst-freq 250) =(+ ?burst-freq 250)
?CF2nd-burst&: mightbe~valid) .
(CF (unvoiced-stop double-burst-distance =(- ?2nd-burst-from ?burst-start))
7CFdistance&: mightbe-valid)

~NNL S

=)
(hypothesize
(assert (prop 7segment (has-double-burst yes)))
(assert (CF (prop ?segment (has-double-burst yes))
=(CFweight ?x*strong-evidencex
(CFand 7CF2nd-burst ?CFdistance)))
(prop 7segment
(2nd-burst ?2nd-burst-from ?2nd-burst-to 72nd-burst-freq))
(applied ?segment sg-uvstop-5a))))

{defrule sg-uvstop-5b
"Does not have double burst?*

s [hatazaki 122] Hypothesizes the stop has a double burst or not.
(declare (salience ?%*start-segmentationx))
(join
(segment~status ?segment segmentation)
(category ?segment unvoiced-stop))
(join
(has-burst 7segment yes)
(prop ?segment (burst ?burst-start ?burst-end 7burst-freq)))
(not (applied ?segment sg-uvstop-5b))
(burst-exists ?2nd-burst-from ?72nd-burst-to ?2nd-burst-freq
after =(+ ?burst-start 10) 50 =(- ?burst-freq 250) =(+ ?burst-freq 250)
?CF2nd-burst&: isnot-valid)
(CF (unvoiced-stop double-burst-distance =(- ?2nd-burst-from ?burst-start))
?CFdistance)
=>
(hypothesize
(assert {prop ?segment (has-double-burst no)))

;3 [hatazaki 172] Wnen 7CFdistance is negative, CF of (prop ?segment (has-double-burst no))
;3 must have a large positive CF value, even when 7CF2nd-burst is positive.

53 (cf. MAU_1_0282)

A =(CFweight 7*strong-evidencex

HH (CFor (- ?CF2nd-burst) (- ?CFdistance)))
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{-- =(CFweight ?*strong-evidencex
(-~ ?CF2nd-burst))
,,[hatazak1 1427 =(min 0.9 (- 0.8 ?CF2nd-burst)) -->
=( CFweight ?*strong~evidence* (- ?CF2nd-burst))
(assert (CF (prop 7?segment (has-double-burst no))
=(CFweight 7*strong-evidence*
(CFor (- ?CF2nd-burst) (- ?CFdistance))))
(applied-?segment sg-uvstop-5b))))

3

(defrule sg-uvstop~5c
"Has double burst?"

: [hatezaki 122] Hypothesizes the stop has a double burst or not.

(dec1are (salience 7¥start-segmentationx))
(join
(segment-status ?segment segmentation)
(category ?segment unvoiced-stop))
(join
(has-burst 7segment yes)
{prop ?segment (burst ?burst-start ?burst-end 7burst-freq)))
(not (applied ?segment sg-uvstop-5c))
(not (burst-exists 7 7 7
after =(+ ?burst-start 10) 50 =(- ?burst-freq 250) =(+ ?burst-freq 250)
)
=>
(hypothesize
(assert (prop ?segment (has-double-burst no)))
(assert (CF (prop ?segment (has-double-burst no))
=(CFweight ?xstrong-evidencex 0.9))
(applied ?segment sg-uvstop-5c))))

(defcontrad1ct1on sg-uvstop-5d
Bt
(prop ?segment (has-double-~burst no))
(prop ?segment (has-double-burst yes)))

(defrule sg-uvstop-7
"Has two power-decrease at the preceding vowel end?"

ry

;s [hatazaki 155] Newly defined to hypothesize (has-extra-voicing-in-closure yes) and
;; (has~extra-voicing-in-ctosure no).

i (pbrop ?segment {has-extra-voicing-in-closure yes)) is for the case

;7 when there are two power decrease at the preceding vowel end, one is the end of
;7 vowel, another is the end of extra voicing.

(declare (salience 7«start-segmentationx))
(join
(segment-status ?segment segmentation)
(category ?segment unvoiced~-stop))
(not (app11ed ?segment sg-uvstop-7))
=>
(assert (applied 7segment sg-uvstop-7))
(conflicting-alternatives
(hypothesize .
(assert (prop ?segment (has-extra-voicing-in-closure yes))))
{hypothesize
(assert (prop. ?segment {has-extra-voicing-in-closure no))))))
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(defrule sg-uvstop-find-closure-1
nit

(declare (salience 7¥start-segmentation¥))
(join

(segment-status ?segment segmentation)

(category ?segment unvoiced-stop)

7x ¢~ (CF (category ?segment unvoiced-stop) ?CFcategory))
(not (applied ?segment sg-uvstop-find-closure-1))
(not (left-context 7segment word-initial))
(has-burst ?segment no)
(prop ?segment (candidate-loc ?from ?to))
(closure-exists ?7cl~-from ?cl-to before ?to =(~ ?to ?from) ?CFclosure& mightbe-valid)
=>
(assert (applied ?segment sg-uvstop-find-closure-1))
(assert (prop ?segment (closure ?cl-from ?7cl-to ?7CFclosure)))
(retract 7x)

;s [hatazaki 159] =(CFand ?CFcategory (CFweight ?XevidenceX ?CFclosure))
;3 -- =(CFcomb ?CFcategory (CFweight ?XevidenceX ?CFclosure)).
;i [hatazaki 142] Changed a new CF of (category ?segment unvoiced-stop):
;, =(CFand ?CFcategory ?CFclosure) -->
=(CFcomb ?CFcategory (CFweight ?Xevidence* ?CFclosure))
(assert (CF (category 7segment unvoiced-stop)
=(CFweight ?tevidencex ?CFclosure))))

(defruie sg-uvstop-find-closure-2
e
(declare (salience ?xstart-segmentation¥))
(join
(segment-status 7segment segmentation)
(category 7segment unvoiced-stop))
7% <- (CF (category ?segment unvoiced-stop) ?CFcategory)
(not (applied 7segment sg-uvstop-find-closure-2}))
(not (left-context ?segment word-initial))
(join
(has-burst ?segment yes)
(CF (has-burst ?segment yes) ?CFburst&: mightbe-valid)
(prop 7segment (burst ?%here 7 ?7)))
(closure-exists ?7cl-from There before ?here 30 7CFclosured: mightbe-valid)
=)
(assert (applied ?segment sg-uvstop-find-closure-2))
(assert (prop ?segment (closure ?7cl-from ?here ?CFclosure)))
(retract %)

,,[hatazak7 159] =({CFand ?CFcategory (CFweight ?XevidenceX ?CFclosure))
{-- '=(CFcomb ?CFcategory {CFweight ?Xevidence¥ ?CFclosure)).
,,[hatazak7 142] Changed a new CF of (category ?segment unvoiced-stop):
K =(CFand ?CFcategory ?CFclosure) -->
=(CFcomb ?CFcategory (CFweight ?¥evidenceX ?CFclosure))
(assert (CF (category ?segment unvoiced-stop)
=(CFweight 7*evidencex 7CFclosure))))

(defrule sg-uvstop-find-closure-3

nn

;; [hatazaki 130] Added this rule for unvoiced stop at the word beginning.

(declare (salience ?7*start~segmentationx))
(join
(segment-status ?segment segmentation)
(category ?segment unvoiced-stop))
?x <~ (CF (category 7segment unvoiced-stop) ?CFcategory&: mightbe~valid)
(not (applied ?segment sg-uvstop-find-closure-3))
(Teft-context ?7segment word-initial)
(join
(has-burst ?segment yes)
(CF (has-burst 7segment yes) 7CFbursté&: mightbe-valid)
(prop 7segment (burst ?here 7 ?7)))
=>
(assert (applied ?segment sg-uvstop-find-closure-3))
(assert (prop ?segment {closure UNKNOWN ?here ?CFburst))))

(defrule get-closure-1
" ( BACKWARD CHAINING RULE)"
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(declare (salience 7*top-down¥))
(goal {closure-exists ?7from&?? ?to&?? before ?here&~?? ?range&~?? ?7CF&?7?))

;i

;7 [hatazaki 128] Searches ?cl~end to the right of ?here.

;7 [hatazaki 127] Uses ?*pormal -smoothing-size* and
?xclosure-end-min-change* instead of *smoothing-for-finding-burst
;; and ?Xburst-start-min-change*, to searches ?cl-end, since this rule
inis -

for the case when there is no burst.

ry

7

;;[hatazaki 127] Searches ?cl-start ?cl-end with 1000-4000 Power

;: change instead of 0-6000 Powre change, and uses

;7 ?¥burst-start-min-change¥* instead of ?Xclosure-end-min-change* for
;s Ssearching ?cl-end.

;[hatazaki 125] It is better to search closure boundaries by using power-change,
since the burst power is not enough large. (cf. MAU_B_0010 /k/)
OLD code ...
( power-end ?cl-start&NONE
before ?here =(+ ?range 500) 0 6000 ?*closure-power-upperx)
( power-start ?cl-end&-NONE
after ?cl-start =(- ?here ?cl-start -10) 0 6000 ?*c]losure-power-upperx)

; - Closure-end cannot be founded by power-increase with ?¥normal-smoothing-sizex,

since its power change is so short. Then, the closure boundaries shoud be searched by
power-start and power-end.

OLD code ..

;; (power-decrease (?cl-start&NONE ?cl-start-change)

F¥ before ?here =(+ ?range 500) 0 6000

?Xnormal -smoothing-sizex ?*closure-start-m n-changex)

;s (power-increase (?cl-end&NONE ?cl-end-change)

after ?cl-start =(- ?here ?cl-start) 0 6000

?Xnormal -smoothing-sizeX ?Xclosure-end-min-changex)

;7 0ld code ...
;;  (power-start ?cl-end&NONE
before ?here ?range 0 6000 ?Xclosure-power-upperx)
( power-end ?cl-start&-NONE
before ?cl~-end 400 0 6000 ?Xclosure-power-upper¥)

power-decrease (?cl-start&-NONE ?cl-start-change)
before ?here =(+ ?range 500) 1000 4000
?xnormal-smoothing-sizex 7xclosure-start-min-changex)
{power-increase (7cl-end&-NONE ?cl-end-change)
after ?cl-start =(- ?here ?c)l-start -50) 1000 4000
?7%*normal-smoothing-sizex ?*closure-end-min-change#)
(test (<= (- ?here ?cl-end) ?range))
(CF (unvoiced-stop closure-duration =(~ ?cl-end ?cl-start)) ?CF1)
(CF (unvoiced-stop sokuon-closure-duration =(- ?cl-end ?cl-start)) ?CF2)
(test (mightbe-valid (CFor ?CF1 ?CF2)))
(power-strength ?cl-start ?cl-end 0 6000 70-6000-power)
(CF (unvoiced-stop closure-0-8000-power ?0-5000-power) ?CFpoweré&: mightbe-valid)
(BB 7BB) - :
=>
(at 7BB .
(assert (closure-exists ?cl-start ?cl-end before ?here ?range
=(CFand (CFor ?CF1 ?CF2) ?CFpower)))))

(defrule get-closure-2

"When ?to is provided."

[hatazaki 127]

oal (closure-exists ?from&?? ?to&~?? before ?here&~?? 7range&~?? 7CF&??)).
ower-decrease (?cl-start&NONE ?cl-start-change)
before ?here =(+ ?range 500) 1000 4000
?xnormal~-smoothing-size* ?*closure-start-min-changex)
(CF (unvoiced-stop closure-duration =(- ?to ?cl-start)) ?CF1)
(CF (unvoiced-stop sokuon-closure-duration =(- ?to ?cl-start)) ?CF2)
(test (mightbe-valid (CFor ?CF1 ?CF2)))
(power-strength ?cl-start ?to 0 6000 ?70-6000-power)
(CF (unvoiced-stop closure-0-6000-power ?0-6000-power) ?CFpoweré&: mightbe-valid)
(BB 7BB)
=>
(at 7BB

(declare (salience ?*top-down¥)) .
(g
(p

1/24 /89 15:44:36 Page 10 --



LM17:>hatazaki>sre>seg-unvoiced-stop>seg-stop.art.103 1/24/89 15:44:36 Page 11

(assert (closure-exists 7cl-start 7to before 7here 7range
=(CFand (CFor ?CF1 7CF2) 7CFpower)))))

(defrule get-closure-after-i
(L1}

;s [hatazaki 148] Searches ?cl-end first, then ?cl-start backward from ?cl-end,

;7 Since there may by power decrease before ?cl-start.

ip K==
( power-decrease (?cl-start8&~NONE ?cl-start-change)

after ?here ?range 1000 4000

I ?*normal ~smoothi ng-si ze¥ ?*closure-start-mn-change¥)
K (power increase (?cl-end&NONE ?cl-~end-change)
after ?cl~start 500 1000 4000
?Xpormal -~smoothing-sizeX ?*closure-end-m n-changeX)

I

rs

7y

ir

;s [hatazaki 143] This 1s for unvoiced-fricative followed by a closure,
;; and used by rule sg-uvfric-bfr-stop-or-affr-1.

(declare (salience 7¥top-downk))
(goal (closure-exists ?from&?? ?to&?? after 7here&~?7 ?range&~?? 7CF&?7))
(power-increase (7cl~end&~NONE ?cl-end-change)
after 7There =(+ ?range 500) 1000 4000
?¥normal-smoothing-size* ?xclosure-end-min-change*)
(power-decrease (7?cl~start&~NONE ?cl-start-change)
before 7cl-end =(- ?ci-end 7here =-50) 1000 4000
?7¥normal-smoothing-size*¥ ?*closure-start-min-changex)
(test (<= (- ?cl-start 7here) 7range))
(CF (unvoiced-stop closure-duration =(- ?cl-end ?cl-start)) ?7CF1)
(CF (unvoiced-stop sokuon-closure-duration =(- ?cl-end ?c¢cl-start)) ?CF2)
(test (mightbe-valid (CFor ?CF1 ?CF2)))
(power-strength 7cl-start ?7cl-end 0 6000 70-6000-power)
(CF (unvoiced-stop closure-0-6000-power ?0-8000-power) ?CFpower&: mightbe-valid)
(BB 7BB) '
=>
(at 7BB
(assert (closure-exists ?cl-start ?cl-end after ?here ?range
=(CFand (CFor ?CF1 ?CF2) ?CFpower)))))
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(defrelation search-burst-after (?here ?range ?freg-min ?freg-max))

(defrule get-burst-right-of-unvoiced-stop-0
"Gets a burst following the unvoiced stop.
( BACKWARD CHAINING RULE)"
;3 [hatazaki 114] Assert more than one fact.
;3 [hatazaki 107]

(declare (salience 7xtop-downx))
;3 (declare (salience ?*right-segmentation¥))
(goal (burst-exists ?from&?? ?to&?? 7freq&??
after ?here&~?? ?range&~?? 7freq-min&~7? ?freg-max&~?77

7CF&?7))
(explicit (not (burst-exists ? ? ? after ?here ?range ?freg~min ?freg-max ?7)))
(BB 7BB)
=>
(at 7BB

(assert (search-burst-after there ?range ?freq-min ?freq-max))))

(defrule get-burst-right-of-unvoiced-stop-1

nu

Fr

;; [hatazaki 143] Searches a burst between ?freq~-min and ?freg-max, which are specified in
F (burst-exists ?Pfrom&?? ?to&?? ?freq&??

after ?here&~?? ?range&~?? ?freq-mn&~?? ?freq-max&~??

?CF&?7)

;; [hatazaki 131] Uses ?Xburst-1000-4000-start-min-changeX instead of
;; ?¥burst-start-mn-changeX for finding ?burst-1000-4000-start.

;; [hatazaki 127] Uses ?*smoothing-for-finding-burst-end* (is no
;;smoothing) for finding burst end.

;; [hatazaki 118] Checks the burst duration.

;; [hatazaki 116] Modified get-burst-right-of-unvoiced-stop-1 to check
;s bower change at the spectral peaks for both burst start and end
;rtime. Power change at the burst start time should be checked if this
7718

;;enough large, to say it is a burst. Power change at the burst end
;;may not be so large (cf. MAU_B_0169), then it is OK even if the power
;;change at the burst end is nearly 0.

(declare (salience ?*top-downx))

( search-burst-after ?here ?range ?freg-min ?freg-max)

(power-increase (?7burst-1000-4000-start&-NONE ?burst-1000-4000-start-change)
after ?here ?range ?7freq-min ?freg-max
?xsmoothing-for-finding-burstx
?xburst-1000-4000-~start-min-change%)

(CF (unvoiced-stop burst-1000-4000-start~-change ?burst-1000-4000-start-change)

7CF-1000-4000-start&: mightbe-valid) :

(spectrum-peak (?peak-freq&~NONE&: (?peak-freq >= ?freg-min) & (?peak-freqg <= ?freg-max)

?peak-amp ?peak-Q)
at 7burst-1000-4000-start =(+ ?burst-1000-4000-start 10)
?*xspectrum-peak-smoothing-for~getting-burst*)

;:[hatazaki 173] Searches ?burst-start around ?burst-1000-4000-start.
oA after ?here =(- ?burst-1000-4000~-start ?here -10)
;. {(-- after ?here ?range
(power-increase (?burst-start&~NONE ?7burst-start-change)
after ?here =(-~ ?burst-1000-4000-start ?here -10)
=(- ?peak-freq 100) =(+ ?peak-freq 100)
?*¥*smoothing-for-finding-burstx
?*¥burst-start~min~changex)
(CF (unvoiced-stop burst-start-change ?burst-~start-change) ?CF-start&: mightbe-valid)

;;[hatazaki 150] ?burst-end may not be found.

ii ==

E ( power-decrease (?burst-end&-NONE ?burst-end-change)

F after ?burst~start 50

i =(- ?peak-freq 100) =(+ ?peak-freq 100)

N ?xsmoothing-for-finding-burst-end*
i1 ?Xburst-end-min-changex)
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(CF (unvoiced-stop burst-end-change ?burst-end-change)
?CF-end& (?CF-end >= ?Xmightbe-validx))

(CF (unvoiced-stop burst-duration =(- ?burst-end ?burst-start))
?CFduration&: (?CFduration >= ?xm ghtbe-validx)))

((power-decrease (?burst-end&-NONE ?7burst-end-change)
after ?burst-start 30 )
=(- ?peak-freq 100) =(+ ?peak-freg 100)
?*smoothing-for-finding-burst-end*
?xburst-end-min-changex)
(CF (unvoiced-stop burst-end-change 7burst-end-change)
?CF-~end&: mightbe-valid)
(CF (unvoiced-stop burst-duration =(- ?burst-end ?burst-start))
?CFduration&: mightbe-valid))
(otherwise
=>
(bind ?burst-end ’NONE)
(bind ?7CF-end ?7%CFunknownx)
(bind ?CFduration ?*CFunknownx)))
(power-strength ? ?burst-start ?burst-end =(- ?7peak-freq 100) =(+ ?peak-freq 100)
?burst-power) i
(BB ?7BB)
=>

;5 . y

¢+ [hatazaki 150] =(CFcomb (CFweight ?*strong-evidence¥ ?CF-start)

( CFweight ?Xweak-evidenceX ?CF-end )

( CFwei ght ?Xweak-evidencex ?CFduration))

7’

(=
I =(CFand ?CF-start ?CF-end ?CFduration).

;7 [hatazaki 135] Changed (CFand (CFcomb ?CF-start ?CF-end) ?CFduration) to
(CFand ?CF-start ?CF-end ?CFduration).

..
rs

rs +
(at 7BB
(assert
(burst-exists ?burst-start ?burst-end ?peak-freq
after 7here ?range ?7freg-min ?freg-max
=(CFvalue (CFand (CFcomb (CFunknown)
(CFweight 7xstrong-evidencex 7CF-start)
(CFweight ?*weak-evidences ?CF-end )
(CFweight ?*weak-evidencex ?CFduration))
?CF-start))))))
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;13 -*%- Mode: ART; Package: art-user; Base: 10; Default-character-style: (:FIX :ROMAN : NORMAL) -x%-

(defrule sg-uvstop-~left-1
"Hypothesizes 1eft phoneme."

;; [hatazaki 130] Changed (prop ?segment (location word-initial)}) to
;; (left-context ?segment word-initial), and
;: Added (CF (category ?segment unvoiced-stop)
K ?CFcategory&: (?CFcategory >= ?*mightbe-validx)).
7 [hatazaki 127] Added (prop ?segment (closure ?cl-from ?cl-to ?CFclosure)).

e wa e

(dec]are (salience ?7*left-segmentation*))
(segment-status ?segment segmentation)
(join
(category 7segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) 7CFcategory& mightbe-valid))
(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
(not (left-context ?7segment hord-1n1t1a1))
(not (start-time ?7segment 7))
(not (applied ?7segment sg-uvstop-left- 1))
=>
(assert (applied ?7segment sg-uvstop-left-1))
(conflicting-alternatives
(hypothesize
(assert (left-context 7?segment vowel))
(assert (CF (left-context ?segment - vowel) =(CFunknown))))
(hypothesize
(assert (left-context ?segment devoiced-vowel))
(assert (CF (left-context 7segment devoiced-vowel) =(CFunknown))))
; (hypothesize
H (assert (left-context 7?segment nasal))
H (assert (CF (left-context ?segment nasal) =(CFunknown))))
))
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(defrule sg-uvstop-left-word-initial-done-1
"For unveoiced stop at word initial.”

(declare (salience ?xleft-segmentation-endx))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?7CFcategory))
(join

(left-context ?segment word-initial)

(CF (left-context 7segment word-initial) ?CFcontext))
; (prop ?segment (location word-initial))
(not (applied ?segment sg-uvstop-left-word-initial-done-1))
(prop ?segment (burst ?burst-start ?burst-end ?bu-freq))
=>
(assert (applied ?segment sg-uvstop-left-word-initial-done-1))
(hypothesize

(assert (start-time ?segment ?burst-start))

;7 [hatazaki 169] =(CFvalue ?CFcontext)
ir == =( CFcomb (CFunknown)
i (CFwei ght ?xstrong-evidence* PCFcontext))
;7 [hatazaki 142] Changed new CF of (start-time ?Psegment ?burst-start),
;; ?CF-category --> =(CFcomb (CFweight ?Xstrong-evidence* ?CF-category)).
(assert (CF (start-time ?segment ?burst-start)

=(CFvalue ?CFcontext)))))

O B e e A e e = o o - ———

(defrule sg-uvstop-aft~vowel-0
"There shoud not be a closure before this segment."

;¢ - This rule should be appied before the other segmentation rules below are applied.
(declare (salience (+ ?7#left-segmentation* 1)))
(segment-status ?segment segmentation)
(category ?segment unvoiced-stop)
(join

(left-context ?segment vowel)

?01d-CF <~ (CF (left-context ?segment vowel) ?CFcontext))
(not (applied ?segment seg-uvstop-afi-vowel-0))
(prop ?segment (candidate-~loc 7cand-from 7))

;i [hatazaki 128] Checks (?to < ?cand-from) since get~closure finds
;rclosure which end time it right of ?cand-from,
(closure-exists ?from ?to&: (?to < ?cand-from) before ?cand-from 20 ?closure-CF)
=>
(retract ?701d-CF)
" (assert (CF (left-context ?segment vowel)
=(CFcomb (CFand ?CFcontext
(- (CFvalue ?closure-CF)))
(CFweight ?*evidence* (- (CFvalue ?closure-CF))))))
(assert (applied ?segment seg-uvstop-aft-vowel-0)))

(defrule sg-uvstop-aft-vowel-1ia
"find time the preceding vowel ends "

;; [hatazaki 1073 <
(declare (salience ?*1eft-segmentation*))
(segment-status ?segment segmentation)
(join

(category ?7segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join

(1eft-context ?segment vowel)

?7x <~ (CF (left-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-aft-vowel-ia))
(prop 7segment (closure ?7cl-from&~UNKNOWN ?cl-to ?CFclosure))
(prop ?segment (has-extra-voicing-in-closure no))
;3 (power-end ?vowel-region&~NONE
i3 before =(+ ?c1-from 20) 100 1000 4000
HN ?*vowe1-1000-4000~-power-before~stop-1owerk)
;3 (power-decrease (?vowel-end&~NONE ?change)
;; after =(- ?vowel~region 30) 60 1000 4000

?xnormal-smoothing-sizex ?xvowel-F2-end-min-change¥)

,,[hatazak1 1527 Searches vowel-end by power-end first, and then power-decrease.
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<..-

( power-decrease (?vowel-end&~NONE 7?change)
before ?cl-to =(- ?7cl-to ?7cl-from -50) 1000 4000
?7%normal~smoothing-sizex ?xvowel-FZ2-end-min-changex*)

;;[hatazaki 125] Searches ?vowel-end from ?ci-to, since ?vowel-end

:; may be right of ?cl-from.

;7 OLD code .

before =(+ ?cl-~-from 20) 70 ...

N W Ny w,
me ws oty .

(power-decrease (7vowel-end&NONE ?change)
before ?7¢cl-to =(- ?7cl-to 7cl-from -50) 1000 4000
?xnormal -smoothing-sizex ?7xvowel-F2-end-min~changex)
(power-strength =(- ?vowel-end 30) =(- ?vowel-end 10) 0 500 ?0-500-power)
(CF (vowel 0-500-power ?70-500-power) 7CF-vowel-0-500)
(power-strength =(- ?7vowel-end 30) =(- ?vowel-end 10) 1000 6000 ?71000-6000-power)
(CF (vowel 1000-6000-power 71000-6000-power) ?CF-vowel-1000~6000)
=>
(assert (applied ?segment sg-uvstop-aft-vowel-1a))
(assert (prop ?segment (vowel-end-time ?7segment ?vowel-end)))
+; [hatazaki 142] New CF of (left-context ?segment voue7),
i =(CFcomb ?CF (CFweight ?*evidenceX
K (CFand ?CF-vowel~-0-500 ?CF-vowel-1000-6000)))
.-
=(CFcomb ?CF
(CFwei ght ?*evidence¥ ?CF-vowel-0-500)
(CFwei ght ?*evidence* ?CF-vowel-1000-6000))

etract 7x)
ssert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?7CFcontext
(CFweight ?#evidence* ?7CF-vowel-0-500)
(CFweight ?xevidence* ?CF-vowel-1000-5000))
2CF-vowe1-0-500 ?CF-vowel-1000-6000))))

P S
B T e S Se Sew

(defrule sg-uvstop-aft-vowel-1b
"find time the preceding vowel ends, for the case when there are two power-decrease."
:; [hatazaki 107]
(declare (salience ?xleft~segmentation¥))
(segment~status ?segment segmentation)
(join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe- va11d))
(join
(1eft-context ?segment vowel)
7% <~ (CF (left-context ?segment vowel) ?CFcontexté: mightbe-valid))
(not (applied ?segment sg~uvstop-aft-vowel-1b))
(prop ?segment (closure ?cl-from&~UNKNOWN ?cl-to ?7CFclosure))
(prop ?segment (has-extra~voicing~-in-closure yes))
(power-decrease (?voicing~end&~NONE 7voicing-end-change)
before ?7cl-to =(- ?cl-to ?cl-from -50) 1000 4000
?%xnormal-smoothing-sizex ?7xvowe]-F2-end-min-changex)
(power-decrease (?vowel-end&-NONE ?change)
before ?voicing-end 100 1000 4000
7%¥normal-smoothing-sizex ?*vowel-F2-end-min-changex)
(power-increase (?y& (eg 7y NONE) ?7z)
after ?vowel-end =(- ?voicing-end 7vowel-end) 1000 4000
?tnormal-smoothing-sizex ?¥vowel-F2-start-min-changex)
{power-strength =(- ?vowel-end 30) =(- ?vowel-end 10) 0 500 ?0-500-power)
(CF (vowel 0-500-power ?70-~500-power) ?CF-vowel-0-500)
(power-strength ={~ ?vowel-end 30) =(- ?vowel-end 10) 1000 6000 ?1000-6000-power)
(CF (vowel 1000-8000-power ?1000-6000~-power) ?CF-vowel-1000-6000)
=>
(assert (applied ?7segment sg-uvstop-aft-vowel-1b))
(assert (prop ?segment (vowel-end-time ?segment ?vowel-end)))
(retract 7x)
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?*evidencex ?CF-vowel-0-500)
(CFweight ?*evidencex ?CF-vowel1-1000-6000))
?7CF-vowel-~0-500 ?CF-vowel-1000-6000))))

(defrule sg-uvstop-aft-vowel-done-1
un
;3 [hatazaki 107]
(declare (salience ?x)eft-segmentation-ends))
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(segment-status ?segment segmentation)
(category 7segment unvoiced-stop)
(1eft~context ?segment vowel)
(not (applied ?segment sg-uvstop-aft-vowel-done-1))
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid)
(CF (Yeft-context ?segment vowel) ?CFcontext&: mightbe-valid)
(prop ?segment (vowel-end-time ?segment ?vowel-end))
= .
(assert (applied ?segment sg-uvstop-aft-vowel-done-1))
(hypothesize

(assert (start-time ?segment ?vowel-end))

(assert (CF (start-time ?segment ?vowel-end)

=(CFvalue 7CFcontext)))))

Page ¢4
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(defrule sg-uvstop-aft-devoiced-vowel-1
nn

(declare (salience ?*left-segmentation%))
(segment-status 7segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?CFcategoryé&: mightbe-valid))
(join

(1eft-context ?segment devoiced-vowel)

7% ¢~ (CF (left-context ?segment devoiced-vowel) 7CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-aft-devoiced-vowel-1))
;3 (prop ?7segment (candidate-loc ?from 7))
(prop ?segment (closure ?from ?to ?CFclosure))

,,[hatazak7 125] Searches ?closure-start from ?to, since ?vowel-end
;; may be right of ?from
;2 OLD code ...
I before =(+ ?from 20) 100 ...
(power-decrease (7closure-start&~NONE ?change)
before ?to =(~ 7to 7from -80) 1000 6000
7%¥normal-smoothing~size* ?7*vowe]-F2-end-min-changex)
(power-strength =(- ?closure-start 30) =(- ?closure~start 10) 0 500 70-500-power)
(CF (vowel D-500-power ?70-500-power) ?CF-vowel-0-500)
L=
(assert (appiied ?segment sg-uvstop- aft devoiced-vowel-1))
(assert (prop ?segment (closure~start- t1me 7ciosure-start)))
(retract 7x)
(assert (CF (left-context ?segment devoiced-vowel)
=( CFand (CFcomb ?CFcontext
(CFwe1ght ?%¥strong-evidence*
(- (CFvalue ?CF~vowel-0-500))))
(- (CFvalue ?CF-vowei-0-500))))))

(defrule sg- uvstop—aft—devoiced-vowe1—done-1
e

(deciare (salience ?*1eft-segmentation-end*))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category 7segment unvoiced-stop) 7CFcategory&‘m1ghtbe valid))
(join

(1eft-context ?segment devoiced-vowel)

(CF (left-context ?segment devoiced-vowel) 7CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-aft-devoiced-vowel-done-1))
(prop ?segment (closure-start-time ?closure-start))
=>
(assert (applied ?segment sg-uvstop-aft-devoiced~vowel-done-1))
(hypothesize

(assert (start-time ?segment ?closure-start)).

(assert (CF (start-time ?segment ?closure-start)

=(CFcomb (CFweight ?*no-~evidence* ?CFcategory)
(CFweight ?xdefinite-evidence* ?CFcontext))))))
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35
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H
HH
3
2
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ER)
I
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Y
HH

; (defrule sg-uvstop-aft-syliabic-nasal-1

"Preceded by a syllabic nasal.”

(declare (salience 7*left-segmentationt))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) 7CFcategory&: (?CFcategory >= 7xmightbe-valid#)))
(join

(1eft-context ?segment nasal)

?7x {- (CF (left-context 7segment nasal) ?CF& (7?CF >= 0)))
(not (applied ?segment sg-uvstop-aft-syllabic-nasal-1))
;; (prop ?segment (candidate-loc ?from 7))
(prop ?segment (closure ?from 7 ?CFclosure))
(power-decrease (?nasal-end&~NONE ?change)

before =(+ ?from 20) 100 1000 4000
?*¥normal -smoothing-size* ?*vowel-F2-end-min-change%*)

(power-strength =(~ 7nasal-end 30) =(- ?nasal-end 10) 0 500 ?0-500-P)
(CF (syllabic-nasal 0-500-power ?0-500-P) ?CF-0-500-p)
(power-strength =(~ ?nasal-end 30) =(- ?nasal-end 10) 1000 6000 ?1000-6000-P)
(CF (syllabic-nasal 1000-6000~power ?1000-6000-P) ?CF-1000-6000-P)
=>
(assert (applied ?segment sg-uvstop-aft-syllabic-nasal-1))
(assert (prop ?segment (nasal-end ?nasal-end)))
(retract 7x)

[hatazaki 142] New CF of (left-context ?segment nasal),

v: T =(CFcomb ?CF (CFweight ?*evidencex

o (CFand PCF-0-500-p ?CF-1000-6000-P)))
e

Iy =(CFcomb ?CF

i (CFweight ?*evidencex ?CF-0-500-p)

. (CFweight ?%evidencex ?CF-1000-6000-P))

E;ssert (CF (left-context 7segment nasal)

=( CFcomb ?CF
(CFweight ?*evidence%x ?7CF-0-500~p)
(CFweight ?*evidencex ?CF-1000-6000-P)))))

;;(defrule sg-uvstop-aft-syllabic-nasal~done-1

HH
HH
HY
HH
35
s
H
Y
HH
HH

>

.2

b
>
32

>

(declare (salience ?*left-segmentation-endx))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?CFcategoryé&: (?CFcategory >= ?%mightbe-validt)))
(join

(1eft-context ?segment nasal)

(CF (left-context ?segment nasal) ?CFcontext&: (?CFcontext >= ?fmightbe-valid*)))
(not (applied ?segment sg-uvstop-aft-syllabic-nasal-done-1))
(prop 7segment (nasal-end ?nasal-end))
=>
(assert (apptied ?segment sg-uvstop-aft-syllabic-nasal-done-1))
(hypothesize

(assert (start-time ?segment ?nasal-end))

(assert (CF (start-time ?segment ?nasal-end)

=(CFcomb (CFweight ?*no-evidencex ?CFcategory)
(CFweight ?xdefinite-evidencex ?CFcontext))))))
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;33 -*%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -x-

712

(defrule sg-uvstop-right-0
"Hypothesizes right phoneme."

[hatazaki 130] Removed (prop ?segment (location word-initial)), and
Added (CF (category ?segment unvoiced-stop)
?CFcategory& (?CFcategory >= ?¥mightbe-validx)).
[hatazaki 128] Changed (prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
to (or (prop ?segment (location word-initial))
(prop ?segment (closure ?cl-from ?cl-to ?CFclosure}))
[hatazaki 127] Added (prop ?segment (closure ?cl-from ?cl-to ?CFclosure)).

AT I N T N
Ny Ne N4 M. N N m, e, S

(declare (salience ?*left-segmentationt))
(segment-status ?7segment segmentation)
(join
(category 7segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(prop ?7segment (closure 7cl-from ?cl-to ?CFclosure))
(not (end-time ?segment 7))
(not (applied ?segment sg-uvstop-right-0))
=)
(assert (applied ?segment sg-uvstop-right-0))
(conflicting-alternatives
(hypothesi ze
(assert (right-context ?segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown))))
(hypothesi ze
(assert (right-context ?segment stop))
(assert (CF (right-context ?segment stop) =(CFunknown))))
(hypothesize
(assert (right-context ?segment fricative))
(assert (CF (right-context ?segment fricative) =(CFunknown))))))
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;33 [hatazaki 177] sg-uvstop-bfr-vowel-2a,b are merged to

3

sg-uvstop-bfr-vowel-3a, b, c.

;;;(defrule sg-uvstop-bfr-vowel-2a

I
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H
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.o
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I
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e
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22
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33
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H
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v
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T
333
i
333
y3
333
HEE
N

rr

LI

33
73
HH
33
S
333
R
33
H
R
13
333
335
335
353
333
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"No burst and no aspiration-power-in-low-frequency."
[hatazaki 107] )

(i.e.) MAU_B_0012

egment-status 7segment segmentation)
Join
(category 7segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategoryé&: mightbe-valid))
(join
(right-context ?segment vowel)
?7x <- (CF (right-context 7segment vowel) ?CFcontext&: mightbe-valid))
(has-burst ?segment no)
(prop 7segment (has-aspiration-power-in-low-freguency no))
(not (applied ?segment sg-uvstop-bfr-vowel-2za))
;3 (prop 7segment (candidate-loc ? ?cand-to))
(prop tsegment (closure ?cl-from ?cl-to ?CFclosure))

i

;i

;7

rrs

(declare (salience ?7*left-segmentation%))
(s

(

;;[hatazaki 172] Use power-increase instead of power-start, to find Pvowel-region,
;; Since voicing power may be small.
FEE St
:; (power-start ?vowel-region&~NONE
k¥ after =(- ?cl-to 20) 200 0 500 ?*voicing-power-after-stop-1owerx)
(power-increase (?vowel-region&~NONE ?vowel-region-change)

after =(- ?cl-to 20) 200 0 500

?*normal-smoothing-sizex*

?*xdefault~min-change%)
;2 [hatazaki 173] Checks vowel power at =(+ ?vowel-region 20) throught =(+ ?vowel-region 40)
7+ rather than =(+ ?vowel-region 10) =(+ ?vowel-region 20),
;; Since ?vowel-region is a 1ittle bit left of the real vowel region when obtained by
;; power-increase.
;s [hatazaki 151] Checks vowel using powerat =(+ Pvowel-region 10) =(+ ?vowel-region 20),
k¥ (-- =(+ ?vowel-region 20) =(+ 2vowel-region 40)
(power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-power)
(CF (vowel 0-500-power ?voicing-power) ?CFvowel)

;7 [hatazaki 174] Searches ?vowel -start before =(+ ?vowel-region 40) instead of

;: =(+ Pvowel-region 20), since ?voicing-power is got for the region from

;7 =(+ Pvowel-region 20) =(+ ?vowel -region 40).

;s [hatazaki 172] Searches ?Pvowel-start using (- ?voicing-power 10) instead of

;7 (max -45 (- ?voicing-power 20)), since ?voicing-power may be smaller than -45dB.
;s [hatazaki 137 ] Uses power-start rather than power-increase, to find ?vowel-start.
;; 01d code ...

i .(power-increase (?vowel-start&NONE ?change)

;3 before =(+ ?vowel-region 20) 150.0 500
;s ?Xnormal -smoothing-si zeX
¥ ?xyowel ~start~-m n-change-after-unvoiced-stop¥)

(power-start ?vowel-start&~NONE
before =(+ ?vowel-region 40) 100 0 500 =(- ?voicing-power 10)})

[hatazaki 130] Added checking of voice-onset-time.

F (unvoiced-stop voice-onset-time =(- ?vowel-start ?cl-to)) ?CFvot)

T R T
e RIS

(assert (applied ?segment sg-uvstop-bfr-vowel-2a))
(retract ?x) .
(assert (prop ?segment (following-vowel-start ?vowel-start)))
(assert (CF (right~context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight 7*evidencex ?CFvowel)
(CFweight ?*weak-evidencex ?CFvot))
?CFvowel ?CFvot))))

;33 (defrule sg-uvstop-bfr-vowel-2b

333
32
232

23

“No burst, but having aspiration-power—1n~1OthreqUency.”
;3 (cf. MAU_B_0042 /ch/) :

; [hatazaki 107]
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(declare (salience ?x)left-segmentationx))
;3; (segment-status ?segment segmentation)
335 (Join
(category ?segment unvoiced-stop)
N (CF (category 7segment unvoiced-stop) 7CFcategoryé&: mightbe-valid))
;3 (Join
(right-context 7segment vowel)
S 7% <~ (CF (right-context ?segment vowel) ?CFcontexté&: mightbe-valid))
;33 (has-burst ?7segment no)
;33 (prop ?segment (has-aspiration-power-in-low freguency yes))
;33 (not (applied ?segment sg-uvstop-bfr-vowel-2b))
133 33 (prop 7segment (candidate-loc ? ?cand-to))
;33 (prop ?segment (closure 7ci-from 7ci-to ?CFclosure))
s33 57 [hatazaki 177] Makes the searching range longer;
i3 ;7 after =(- Pcl-to 20) 150 0 500 <(-- after ={- ?cl~to 20) 70 0 500
133 ss[hatazaki 172] Use power-increase instead of power-start, to find ?vowel-region,
533 7, Since voicing power may be small.
s i (-
333 47 (power-start Paspiration&NONE
L after =(- ?cl-to 20) 70 0 500 ?*voicing-power-after-stop-1owerx)
( power-start ?vowel -region&~NONE
after 7aspiration 70 0 500 ?7*voicing-power-after-stop-1owerx)

12
r1 >

1

222
12

LY
122

’
power-increase (7aspiration&~NONE 7aspiration-change)
after =(- ?cl-to 20) 150 0 500
HHH 7¥normal~smoothing-size* ?*default-min-changex)
1;;  (power-increase (?vowel-region&~NONE ?vowel-region-change)
HE after 7aspiration 150 0 500
HE ?7%¥normal-smoothing-sizex ?xdefault-min-changex*)
;33 (power-strength =(+ ?vowel-region 20) =(+ ?vowel~-region 40) 0 500 ?voicing-power)
533 (CF (vowel 0-500-power ?voicing-power) ?CFvowel)
:53  ;:[hatazaki 172] Searches ?Pvowel-start using (- ?voicing-power 10) instead of
HE (max ~45 (- ?voicing-power 20)), since ?voicing-power may be smaller than -45dB.
533 ss[hatazaki 137] Uses power-start rather than power-increase, to find ?vowel~start.
533 ;i 0ld code ...
333 ;i (power-increase (?vowel-start&-NONE ?change)

’
)
’
23 ’
232 (

R

ISR before =(+ ?Pvowel-region 20} 150 0 800

HH ;; ?Xnormal -smoothing-size*

HE ?xvowel - start-ni n-change-after-unvoiced-stopx)

53 (power start ?7vowel-start&~NONE

HHH before =(+ ?vowel-region 40) 100 0 500 =(- ?voicing-power 10))

HHH [hatazak1 130] Added checking of voice-onset-time.

I
CF (unvoiced-stop voice-onset-time =(- ?vowel-start ?7cl-to)) ?CFvot)
>

"/-\- (SRS

;33 (assert (applied ?segment sg-uvstop~bfr-vowel-2b))

533 {(retract 7x)

;33 (assert (prop ?segment (following-vowel-start 7voue1 -start)))
333 (assert (CF (right~context ?segment vowel)

HHR =(CFand (CFcomb ?CFcontext

HHN (CFweight 7*evidencex ?CFvowel)

HH (CFweight ?7*weak-evidencex 7CFvot))
HHH ?CFvowel 7CFvot))))

rrr

;7y[hatazaki 1783

77: - The unvoiced stop may or may not have a burst, both of theses cases
;;¢ are treated by the following rules. Ruies sg-uvstop-bfr-vowel-2a,

;77 sg~uvstop-bfr-vowel-2b are removed.

rrs

;;i[hatazaki 174, 12/09/88 10:48:21]

;7:~ For right segmentation of unvoiceds stops, changed the strategy to
;77 Find the following vowel start time when the stop has a burst. New
;;; Strategy hypothesizes three cases, (1) there is not burst power nor
;;; aspiration power in low frequency, (2) there is burst power, but not
;:; aspiration power, (3) there is both burst power and aspiration power.
;77 Modified sg-uvstop-bfr-vowel-3a, sg-uvstop-bfr-vowel-3b,

F sg-uvstop-bfr-vowel -3c.

;;; Removed sg-uvstop-bfr-vowel-3d.

;ii Also defined sg-uvstop-8 to hypothesize the existence of the burst
;1; power,

11y
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(defrule sg-uvstop-bfr-vowel-3a
"has a burst, but not burst power and aspiration power in low freqg."

;3 [hatazaki 107]
(declare (salience 7¥)eft-segmentation%))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(joinm

(right-context 7segment vowel)

?x <- (CF (right-context ?segment vowel) ?CFcontext& mightbe-valid))

;;[hatazaki 177] Comment out the following.

;i (Join

I8 (has-burst ?segment yes)

X (CF (has-burst ?segment yes) ?CFbursté& mightbe-valid)
;i (prop ?segment (burst ?bu-from ?bu-to ?bu-freg)))

(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))

(prop ?segment (has-burst-power-in-low-freguency no))
(prop 7segment (has-aspiration-power-in-low-frequency no))
(not (applied. ?segment sg-uvstop-bfr-vowel-3a))

,,[hatazakv 177] Searches from =(- ?cl-to 20) <{-- =(~ ?bu-from 20).
;s [hatazaki 172] Use power-increase instead of power-start, to find ?vowel-region,
;; Since voicing power may be small.
I {--
;; (power-start ?vowel-region&~NONE
FH after =(~ ?bu-from 20) 200 0 500 ?*voicing-power-after-stop-1owerX)
(power-increase (?vowel-region&-NONE ?vowel-region-change)
after =(~ ?7cl-to 20) 150 0 500
?xnormal-smoothing-sizex ?xdefault-min-change*)
(power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-power)
(CF (vowel 0-500~power ?voicing-power) ?CFvowel)
{power-start ?vowel-start&-NONE
before =(+ ?vowel-region 40) 100 0 500 =(- ?voicing-power 10))

,,[hatazakv 177] =(- ?vowel~-start ?cl-to) {(-- =(- ?vowel-start ?bu-from)
;s [hatazaki 150] VOT=(- ?vowel-start ?bu-from) {-- (- ?vowel~start ?bu-to).
;s [hatazaki 130] Added checking of voice-onset-time.

(CF (unvoiced-stop voice-onset-time =(- ?vowel-start ?cl-to)) ?CFvot)
=>

(assert (applied 7segment sg-uvstop-bfr-vowel-3a))

(retract ?x)

(assert (prop ?segment (following-vowel-start 7vowel-start)))
,,[hatazakv 178] (CFweight ?*strong-evidence* ?CFvowel)

{-- (CFweight ?*evidence* ?CFvowel)
,,[hatazak7 142] New CF of (right-context ?segment vowel),
;i =(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) -->
I =(CFcomb ?CFcontext
;i ( CFwei ght ?Xevidence* ?CFvowel )
;i ( CFweight ?*evidence¥ ?CFvot))

(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?*strong-evidencex ?CFvowel)
(CFweight ?rweak-evidence¥ ?CFvot))
?CFvowel ?CFvot))))

(defrule sg-uvstop-bfr-vowel-3b
"Has burst and burst power in Tow frequency, but not aspiration power."
;3 [hatazaki 107]
(declare (salience ?*Teft-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join
(right-context ?7segment vowel)
?7x <~ (CF (right-context ?segment vowel) 7?CFcontext&: mightbe-valid))
i (join
H (has-burst 7segment yes)
03 (CF (has-burst ?segment yes) ?CFbursté&: mightbe-valid)
; (prop ?segment (burst ?bu-from ?bu-to ?bu-freq)))

>
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(prop ?segment (closure ?cl-from ?7cl-to ?CFclosure))

(prop 7segment (has-burst-power-in-low frequency yes))
(prop ?segment (has-aspiration-power-in-low-freguency no))
(not (applied ?segment sg-uvstop-bfr-vowel-3b))

s
;:[hatazaki 177] Makes the searching range longer;
;: after =(- ?cl-to 20) 150 0 500 <~-- after =(- ?ci-to 20) 70 0 600
;1 [hatazaki 172] Use power-increase instead of power-start, to find ?vowel-region,
;; Since voicing power may be small.
;7 (-~
( power-start ?burst-region&~NONE
arter =(- ?bu-fFrom 20) 80 0 500 ?*voicing-power-after-stop-1owerx)
( power-start ?Pvowel -region&NONE
arter ?burst-region 200 0 500 ?*¥voicing-power-after-stop-1ower*)

power-increase (?burst&~NONE ?7burst-change)
after =(- ?7cl-to 20) 150 0 500
?xnormal-smoothing-size¥ 7*default-min-changex)
(power-increase (?vowel-region&~NONE ?vowel-~region-change)
after 7burst 150 0 500
?*¥normal-~smoothing-size* ?*default-min-changex)
(power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-power)
(CF (vowel 0-500-power ?voicing-power) ?CFvowel)
(power-start ?vowel-start&~NONE
before =(+ ?vowel-region 40) 100 0 500 =(- ?voicing-power 10))

;;[hatazaki 150] VOT=(- ?vowel-start ?bu-froﬁu ¢-- (- ?vowel-start ?bu-to).
;; [hatazaki 130] Added checking of voice-onset-time.

r’

(CF (unvoiced-stop voice-onset-time =(- ?vowel-start ?ci-to)) ?CFvot)
=>

(assert (applied ?segment sg-uvstop-bfr-vowel-3b))

(retract 7x)

(assert (prop ?segment (following-vowel-start ?vowel-start)))

;: [hatazaki 142] New CF of (right-context ?segment vowel),
X =(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) =-->
i =(CFcomb ?CFcontext
I { CFwei ght ?*evidenceX ?CFvowel)
i) (CFweight ?*evidencex ?CFvot))
(assert (CF (right-context 2segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?%strong-evidencex ?CFvowel)
(CFweight ?*weak-evidence*x ?CFvot))
?CFvowel ?CFvot))))

(defrule sg-uvstop-bfr-vowel-3c
"Has burst, burst power and aspiration power in low freguency."
;3 [hatazaki 107]
(declare (salience ?*left-segmentationx))
(segment~-status ?segment segmentation)
(join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategory&: mighthe-valid))
(join
(right-context ?segment vowel)
7% <~ (CF (right-context ?segment vowel) ?CFcontext&: mightbe-valid))
(join
(has~-burst ?segment yes)
(CF (has-burst ?segment yes) ?CFburst& mighthe-valid)
(prop ?segment (burst ?bu-from ?bu-to ?bu-freq)))
(prop ?segment (closure ?c¢li-from ?cl-to ?CFciosure))
(prop ?segment (has-burst-power-in-1ow-freguency yes))
(prop ?segment (has-aspiration-power-in-low-frequency yes))
(not (applied ?segment sg-uvstop-bfr-vowel-3c))

.t v v we
e ue ws e

;s [hatazaki 172] Use power-increase instead of power-start, to find ?vowel-region,
;; since voicing power may be small.
i K==
:: (power-start ?burst-regi on&-NONE
; after =(- ?bu-from 20) 50 0 500 ?*voicing-power-after-stop-Towerx)
( power-start 2vowel-regi on&-NONE
after ?burst-region 200 0 500 ?*voicing-power-after-stop-1ower¥)

;
power-increase {?burst&-NONE ?burst-change)



LM17:>hatazaki>sre>seg-unvoiced-stop>seg-stop-right.art.78 = 2/01/89 .17:03:10. .Page 6

after =(- ?cl-to 20) 7150 0 500

?xnormal-smoothing-sizex ?7xdefault-min-changex)
(power-increase (?aspiration&~NONE ?aspiration-change)

after ?burst 150 0 500

?%normal -smoothing-sizex ?7xdefault-min-changex)
(power-increase (7vowel-region&~NONE ?vowel-region-change)

after ?aspiration 150 0 500

?*¥normal-smoothing-sizex ?xdefault-min-changex)
(power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-~power)
(CF (vowel 0-500-power ?voicing-power) ?CFvowel)
(power-start ?vowel-start&~NONE

before =(+ ?vowel-region 40) 100 0 500 =(~- ?voicing-power 10))

;s [hatazaki 150] VOT=(- ?vowel-start ?bu-from) {-- (- ?vowel-start ?bu-to).
;; [hatazaki 130] Added checking of voice-onset-time.

(CF (unvoiced-stop voice-onset-time =(- ?vowel-start ?cl-to)) ?CFvot)
=> ) .
(assert (applied ?segment sg-uvstop-bfr-vowel-3c))
(retract 7x)
(assert (prop 7segment (following-vowel-start ?7vowel-start)))
;s [hatazaki 142] New CF of (right-context ?segment vowel),
I =(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) -->
i =(CFcomb ?CFcontext
; ( CFwei ght ?*evidencex ?CFvowel)
(CFwei ght ?Xevidence* ?CFvot))

assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight. ?*strong-evidencex ?CFvowel)
(CFweight ?*weak-evidencex ?7CFvot))
?CFvowel ?CFvot))))

; (defrule sg-uvstop-bfr-vowel-3a
; "has a burst, but not a double-burst.*®
;s 33 [hatazaki 107]
; (declare (salience 7xleft-segmentationx))
;s  (segment-status ?segment segmentation)
i (Join
; (category 7segment unvoiced-stop)
; (CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
; (Jjoin
: (right-context ?segment vowel)
; 7x <~ (CF (right-context 7segment vowel) ?CFcontext&: mightbe-valid))
;s (Join
H (has-burst 7segment yes)
; (CF (has-burst ?segment yes) ?CFbursté&: mightbe-valid)
H (prop ?segment (burst ?bu-from ?bu-to ?bu-freq)))
; (Join
H (prop ?segment (has-double-burst no))
H (CF (prop ?segment (has-double-burst no)) ?CFno-double&: mightbe-valid))
;  (prop ?segment (has-aspiration-power-in-low-freguency no))
; (not (applied ?segment sg-uvstop-bfr-vowel-3a))
H ry
s s;[hatazaki 172] Use power-increase instead of power-start, to find ?vowel-region,
; ;7 Sihce voicing power may be small.
3 g5 <=
i ;2 (power-start ?vowel-region&~NONE
N after =(- ?bu-from 20) 200 0 500 ?*voicing-power-after-stop-1owerX)
;35  (power-increase (?vowel-region&~NONE ?vowel-region-change)
H after =(- ?bu-from 20) j50 0 500
?¥normal-smoothing-sizex 7xdefault-min-changex)
(power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-power)
;35 (CF (vowel 0-500-power ?voicing-power) ?CFvowel)
333 (power-start ?vowel-start&~NONE
before =(+ ?vowel-region 20) 100 0 500 =(- ?voicing-power 10))

353 ss[hatazaki 150] VOT=(- ?vowel-start ?bu-from) <{-- (- ?vowel-start ?bu-to).
i3s3 ;s [hatazaki 130] Added checking of voice-onset-time.

;53 (CF (unvoiced-stop voice-onset-time =(- ?vowel-start ?bu-from)) ?CFvot)

53y =2
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i3; (assert (applied ?segment sg-uvstop-bfr-vowel-3a))
;33 (retract 7x)
HHE (assert (prop ?segment (following-vowel-start ?vowel-start)))
[hatazaki 142] New CF of (right-context ?segment vowel),
=(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) -->
=(CFcomb ?CFcontext
( CFweight ?XevidenceX ?CFvowel )"
( CFwei ght ?*evidenceX ?CFvot))

27 l!
22 Il
r 5y II
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?¥evidencex ?CFvowel)
HHH (CFweight ?*weak-evidence*x ?CFvot))
HHH ?CFvowel 7CFvot ?CFno-double))))

722
EE

trs

;3 (defrule sg-uvstop-bfr-vowel-3b

H "Has burst and has-burst-power-in-1low-frequency"
13: 33 [hatazaki 107]

;33 (declare (salience ?%xleft-~segmentationx))

;33 (segment-status ?segment segmentation)

;33 (Join

S (category ?segment unvoiced-stop)

HHH (CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
“355 (Join

HHH (right-context ?segment vowel)

HH ?7x <= (CF (right-context 7segment. vowel) ?CFcontext&: mightbe-valid))
733 (Jjoim
HHH (has-burst ?segment yes)

HHH (prop ?segment (burst ?bu-from ?bu-to ?bu-freq)))
335 (Join
HHE (prop ?segment (has-double-burst no))

HE (CF (prop ?segment (has—doub1e-burst no)) ?CFno-double&: mightbe-valid))
533 (prop ?segment (has-aspiration-power-in-low-frequency yes))
HHH (not (applied ?segment sg-uvstop-bfr~vowel-3b))

HH ,,[hatazak7 172] Use power-increase instead of power-start, to find ?vowel-region,
333 77 Since voicing power may be small.
HE ¥ {--
i: (power-start ?burst-region&NONE
; after =(- ?bu-from 20) 50 0 500 ?*voicing-power-after-stop-1owerx)
¢ (power-start ?vowel-regi on&NONE
; after ?burst-region 200 0 500 ?*voicing-power-after-stop-Tower¥)
power-increase (?aspiration&~NONE ?aspiration-change)

’
7
r
3 s

HH after =(- ?bu-from 20) 70 0 500

HH 7¥normal-smoothing-size*x ?xdefault-min~changex)

;33 (power-increase (?vowel-region&-NONE ?vowel-region-change)
HE after 7aspiration 150 0 500

HH ?xnormal-smoothing-sizex ?*default-min-changex)

;33  (power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?veicing-power)
5335 (CF (vowel 0-500-power ?voicing-power) ?CFvowel)

;33  (power-start ?vowel-start&~NONE

HH before =(+ ?vowel-region 20) 100 0 500 =(- ?voicing~power 10))

;13 ss[hatazaki 150] VOT=(- ?Pvowel-start ?bu-from) {-- (- Pvowel-start ?bu-to).
333 ;i [hatazaki 130] Added checking of voice-onset-time.

;33 (CF (unvoiced-stop voice-onset-time =(- ?vowel-start ?bu-from)) ?CFvot)
ivs =
;53 (assert (applied 7segment sg-uvstop-bfr-vowel-3b))
;35 (retract ?x)
R (assert (prop ?segment (following-vowel-start ?vowel-start)))
H ;; [hatazaki 142] New CF of (right-context ?segment vowel),
77 =(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) -->
I =(CFcomb ?CFcontext
F¥ ( CFwet ght ?*evidenceX ?CFvowel)
HE {CFweight 7Xevidence* ?CFvot))
(a

ssert (CF (right-context ?segment vowsl)

HEH =(CFand (CFcomb 7CFcontext

i (CFweight ?*evidence* 7CFvowel)

H (CFweight 7*weak-evidencex ?CFvot))
HH ?CFvowel ?CFvot ?CFno-double))))
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;;; (defrule sg-uvstop-bfr-vowel-3c

I
e
S
73
3
HHH
R
yis
PO
>
R
H
yis
HE
R
i
N
IR
y3
HE
N
333

R

rr2
1y
IR
12
R
22
332
33y
Yy
]
e
1y
2
72
rrr
IR
22
17
P
31
21
27
e we
yar»
13
“ee
22
ERE]
P e
yas

P

e o
222

535
333
33
R
33

135

"Double burst exists"

;3 [hatazaki 107]
(declare (salience 7*left-segmentation%))
(segment-status ?segment segmentation)
(join

(category 7segment unvoiced-stop)

(CF (category -7segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join

(right-context 7segment vowel)

?7x <- (CF (right-context ?segment vowel) ?CFcontext&: mightbe-valid))
(join

(has-burst ?segment yes)

(prop 7segment (burst ?bu-from ?bu-to ?bu-freq)))
(join

(prop 7segment (has-double-burst yes))

(CF (prop 7segment (has-double-burst yes)) ?CFd-bursté&: mightbe-valid)

(prop 7segment (2nd-burst ?2nd-burst-from ?2nd-burst-to ?2nd-burst-freq)))
(prop ?segment (has-aspiration-power-in-1owfrequency no))
(not (applied ?segment sg-uvstop-bfr-vowel-3c))

;:[hatazaki 172] Use power-increase instead of power-start, to find ?vowel-region,
;; Ssince voicing power may be small.
7 ; (~-
( power-start ?vowel-regi on&~NONE

after =(- ?2nd-burst-from 20) 200 0 500 ?*voicing-power-after-stop-1owerx)
,,[hatazak7 150] after =(- ?2nd-burst-from 20) {(-- =(- ?2nd-burst-to 2D).
(power-increase (?7vowel-region&-NONE ?vowel-region-change)

after =(- ?2nd-burst-from 20) 100 0 500

7*normal-smoothing-size* 7xdefault-min-change%)
(power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-power)
(CF (vowel 0-500-power ?voicing-power) 7CFvowel)
(power-start ?vowel-start&-NONE

before =(+ ?vowel-region 20) 100 0 500 =(- ?voicing-power 10))

, .
7y

;;[hatazaki 150] VOT=(- ?vowel~-start ?2nd-burst-from) <(-- (- ?vowel-start ?2nd-burst-to).

;s [hatazaki 130] Added checking of voice-onset-time.

(CF (unvoiced-stop voice-onset-time =(~- 7vowel-start ?2nd-burst-from)) ?CFvot)

(assert (applied ?segment sg-uvstop-bfr-vowel-3c))
(retract 7x)
(assert (prop ?segment (second-burst ?2nd-burst-from ?2nd-burst-to ?72nd-burst-freq)))

-(assert (prop ?segment (following-vowel=start ?vowel-start)))

s

; [hatazaki 142] New CF of (right-context ?segment vowel),
Ph =(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) -->

: =(CFcomb ?CFcontext

; (CFwelght ?¥evidence¥ ?CFvowel)

;P (CFweight ?*evidencex ?CFvot))
a

R T T NN

ssert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight 7*xevidencex ?CFvowel)
(CFweight ?*weak-evidence* ?CFvot))
?CFvowel ?CFvot ?7CFd-burst))))

;33 (defrule sg~uvstop-bfr-vowel -3d

B
v
HE
]
333
35
333
333
I
v
133
R
335
333
e
335

S

"Double burst exists and has-burst-power-in-lowfreguency."
s+ [hatazaki 107]
(declare (salience ?7xleft-segmentation%))
(segment-status ?segment segmentation)
(join
(category 7segment unvoiced-stop)
(CF (category 7segment unvoiced-stop) ?CFcategoryé&: mightbe- va11d))
(join
(right-context ?segment vowel)
?x <~ (CF (right~context ?segment vowel) 7CFcontexté& mightbe-valid))
(join
(has-burst 7?segment yes)
(prop ?7segment (burst ?bu-from 7bu to ?bu-freq)))
(join
(prop ?segment (has-double-burst yes))
(CF (prop ?segment (has~double-burst yes)) ?7CFd-burst& mightbe-valid)
(prop ?segment (2nd-burst ?2nd-burst-from ?2nd-burst-to ?2nd-burst-freq)))

2/01/89 17:03:10 Page 8&
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++; (prop ?segment (has-aspiration-power-in-1low- frequency yes))
;33 {not (applied ?segment sg-uvstop-bfr-vowel-3d))
)
;;[hatazaki 172] Use power-increase instead of power-start, to find ?vowel -region,
533 ;s Since voicing power may be small.
e oo ,.(..._
3 1’
: ( power-start ?burst-region&-NONE
after =(- ?2nd-burst-from 20) 50 0 500 ?*voicing-power-after-stop-1ower¥)
( power-start ?vowel -region&-NONE
after ?burst-region 200 0 500 ?*voicing-power-after-stop-lowerX)

32

22 Il

,,[hatazak7 150] after =(- ?2nd-burst-from 20) {-- =(- ?2nd-burst-to 20).
;33  (power-increase (?aspiration&~NONE ?aspiration-change)

HE after =(- ?2nd-burst-from 20) 50 0 500
?7xnormal-smoothing-sizex ?*default-min-changex)

;33 (power-increase (?vowel-region&~NONE ?vowel-region-change)

HHH after 7aspiration 100 0 500

HHH ?*normal-smoothing-size* ?7xdefault-min-changex)

;33 (power-strength =(+ ?vowel-region 20) =(+ ?vowel-region 40) 0 500 ?voicing-power)
:s3  (CF (vowel 0-500-power ?voicing-power) ?CFvowel)

:3;  (power-start ?vowel-start&vNONE

HHH before =(+ 7Tvowel-region 20) 100 0 500 =(- ?voicing-power 10))

22

3

“s33  ;;[batazaki 150] VOT=(~ ?Pvowel-start ?2nd-burst-from) <(-- (- ?vowel-start ?2nd-burst-to).
333 7;[hatazaki 130] Added checking of voice-onset-time.

(CF (unvoiced-stop voice-onset-time =(- ?vowel-start 72nd-burst-from)) ?CFvot)

=>

(assert (applied ?7segment sg-uvstop-bfr-vowel-3d))

(retract 7x)

(assert (prop ?segment (second-burst ?2nd-burst-from 72nd-burst- to ?2nd~burst-freq)))
(assert (prop ?segment (following-vowel-start ?vowel-start)))

;7 [hatazaki 142] New CF of (right-context ?segment vowel),

I =(CFcomb ?CFcontext (CFand ?CFvowel ?CFvot)) -->

I =(CFcomb ?PCFcontext

I¥ ( CFwei ght ?*evidencex ?CFvowel)

5 (CFweight ?¥evidence¥ ?CFvot))
(a

VO WE Ve WP WG MO WO WO W WA We WY We we we

ssert (CF (right-context ?segment vowel)
=(CFand (CFcomb 7CFcontext
(CFweight 7*evidencex 7CFvo“e1)
(CFweight -7*weak-evidence* ?CFvot))
?CFvowel ?CFvot ?CFd-burst))))

35
r
?
33
2
H
>
1
33
>3
22
H
I
¥
]
3
3
35
7

i we wo we

(defrule. sg-uvstop-bfr-vowel -4a
"Checks there is another closure before the vowel."

: - IfF there is another closure (1ow power) before the vowel,
; the vowel 7s not what we want, that is, a vowel 7s devoiced. [hatazaki 108]

egment-status 7segment segmentation)

join

(category 7segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) 7CFcategory&: mightbe-valid))
(join

(right-context ?7segment vowel)

?%x <~ (CF (right-context 7segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-~uvstop-bfr-vowel-4a))
;; (prop 7segment (candidate-loc ? ?cand-to))
(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
(has-burst ?7segment no)
(prop 7segment (following-~vowel-start ?vowel-start))

(declare (salience ?*right-segmentation*))
(s
(

,,[hatazak1 165] Checks (< ?bu-from ?another-closure-start).
;i [hatazaki 161] Uses (closure-exists ...) pattern to checks the existence of a closure.
57 '

;; (power-start ?another-closure-end&-NONE

i before =(+ ?vowel-start 20) 60

5y 1000 5000

FH ?*closure-power-upper¥)

;; (power-end ?another-closure-start&-NONE

2y before ?another-closure-end =(- ?another-closure-end ?cl-to)

H 1000 6000
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?*closure-power-upperx)
( power-strength ?another-closure-start ?another-closure-end 0 6000
?another-closure-power)
(CF (unvoiced-stop closure-0-6000-power ?another-closure-power) ?CFcl osure- power)

; - Search the burst backward from ?vowel-start, since there are some
power change in the devoiced vowel region. [hatazaki 115]
0ld code ... -
( power-end ?another-~closure-starté&-none
after ?cand-to =(- ?vowel~start ?cand-to)
1000 6000 )
?*cl osure-power-upperx)
( power-start ?another-closure-end&-none
after ?another-closure-start ={- ?vowel-start ?another-closure-start)
1000 6000 :
?xcl osure-power-upperX)
losure-exists ?another-closure-start&: (< ?cl-to ?another-closure-start)
?another-closure-end
before ?vowel-start =(- ?vowel-start 7ci-to 10)
?CFanother-closure)

(assert (applied ?7segment sg-uvstop-bfr-vowel-4a))
(retract ?x) .

;3 [hatazaki 128] Changed (CFand 7CF (- 7?CFclosure-power)) to (CFcomb
33 TCF (- 7CFclosure-power)).
(assert (CF {right-context 7segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?*strong-evidencex
(- (CFvalue -7CFanother-closure))))
(- (CFvalue ?CFanother-closure))))))

(defrule 'sg-uvstop-bfr-vowel-4b

*Checks there is another closure before the vowei.*®

- If there is another closure (low power) between the closure and the vowel,
the vowel 7s not what we want, that is, a vowel 7s devoiced. [hatazaki 108]

N N wa
LT PN

(declare (salience 7*right-segmentationx))

(segment~status ?segment segmentation)

(join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) 7?CFcategoryé&: mightbe-valid))
(join
(right-context ?segment vowel)
?x <- (CF {(right-context ?segment vowel) ?CFcontext& mightbe-valid))
(not (applied ?segment sg-uvstop-bfr-vowel-4b))
;3 (prop 7segment (candidate~loc ? ?cand-to))
(prop ?segment (closure ?cl-from ?cl-to -?CFclosure))
(has-burst ?segment yes)
(or (and (prop ?segment (has-double-burst no))
(prop ?segment (burst ?bu-from ?bu-to ?bu-freq)))
(and (prop ?segment (has~double-burst yes))
(prop 7segment (second-burst ?bu-from ?bu-to ?bu-freg))))
(prop ?7segment (following-vowel-start ?vowel-start))

,,[hatazak7 165] Checks (< ?bu-from ?another-closure-start).

;s [hatazaki 161] Uses (closure-exists ... ) pattern to checks the existence of a closure.

;) - ;

;7 (power~start ?another-closure-end&-NONE

;7 before =(+ ?vowel -start 20) =(- ?vowel-start ?cand-to -20)
i 1000 6000

I ?*cl osure-power-upperX)

;; (power-end ?another-closure-start&-NONE

F¥ before ?another-closure-end =(- ?another-closure-end ?cand-to)
; 1000 6000

] ?xclosure-power-upperx)

; (power-strength ?another-closure-~start ?another-closure-end 0 6000

’

7
Iy
;s ?another-closure-power)

;7 (CF (unvoiced-stop closure-0-6000-power ?another-closure-power) ?CFclosure-power)
JJ' . -

;; [hatazaki 133] Changed the search range for ?another-closure-end,

;; from 60 to =(- ?vowel-start ?cand-to -20)

;¢ - Search the burst backward from Pvowel-start, since there are some

;s power change 1n the devoiced vowel region. [hatazaki 115]

2/01/89 17:03:10 --Page 10
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B 0ld code ...

;7 (power-end ?another-closure-start&~none

H after ?cand-to =(- ?vowel-start ?cand-to)

;7 1000 6000

F¥ ?¥closure-power-upperx)

;7 (power-start ?Panother-ciosure-end&-none

¥ after ?another-closure-start =(- 7voue7 start ?another-closure-start)
1000 6000
?xcl osure~power-upper¥)

7

;1osure-exists ?another-closure~starté&: (< ?bu-from ?another-closure-start)
?another-closure~end
before ?vowel-start =(- ?vowel-start ?bu-from 10)
?CFanother-closure)

;:[hatazaki 161] Removed checking aspiration-duration-before-another-stop, since

;; I don't know the cases when this check work.

rr rJ

7 ti[hatazaki 150] aspiration-duration-before-another-stop

FF =(- ?another-ciosure-start ?bu-from)

iy ;i {-- =(- ?another-closure-start ?bu-to)

;i
(CF (unvoiced-stop aspiration-duration-before-another-stop
=(~ ?another-closure~start ?bu-from))
?CFaspiration)

(assert (applied 7segment sg-uvstop-bfr-vowel-4b))

(retract 7x) )

s s[hatazaki 161] Use ?CFanother-closure.

; (-- (assert (CF (right-context ?segment vowel)

H =(CFand (CFcomb ?CFcontext

; (CFweight 7*strong-evidencex

; (-~ (CFvalue (CFor ?CFclosure-power ?CFaspiration)))))
: (~ (CFvalue (CFor 7?CFclosure~-power ?CFaspiration))))))

;; [hatazaki 129] Changed (CFand ?CF'(~ (CFand ?CFclosure-power ?CFaspiration)))

; to (CFcomb ?CF (- (CFor ?CFclosure-power ?CFaspiration)))
a

-
-

AR Ny Ny M e we e

ssert (CF (right-context ?segment vowel)
=( CFand (CFcomb ?CFcontext
(CFweight ?7*strong-evidence%
(- (CFvalue ?CFanother-closure))))
(- (CFvalue ?CFancther-closure))))))

(defrule sg-uvstop-bfr-vowel-5
"Checks there is no voicing power before the vowel.
(declare (salience 7#right-segmentationx))
( segment-status ?7segment segmentation)
(join
(category 7segment unvoiced- stop)
(CF (category 7segment unvoiced-stop) ?7CFcategory&: mightbe-valid))
(join
(right-context ?segment vowel)
7% <~ (CF (right-context ?segment vowel) 7CFcontext& mightbe-valid))
(not (applied 7?segment sg-uvstop-bfr-vowel-5))
(prop 7segment (following-vowel-start 7vowel-start))
(power-strength =(- ?vowel-start 30) =(~ ?vowel-start 10) 0 500 ?70-500-power)
(power-strength =(- ?vowel-start 30) =(- ?7vowel-start 10) 500 1000 7500-1000-power)
(CF (unvoiced-stop 0-500-power-before-vowel ?0-500-power) ?CFpower)
(CF (unvoiced-stop 0-500-500~1000-power~ratio-before~vowel
=(- ?70-500-power 7500-1000-power))
?7CFPR)
=>
(assert (applied ?segment sg~uvstop-bfr-vowel-5))
(retract 7x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight 7%no-evidencex ?CFpower))
?CFpower
?7CFPR)) )

(defrule sg~uvstop-bfr-vowel-done-1
n

[hatazaki 107]

I l
(dec1are (salience ?xright-segmentation-end*))
(segment-status ?segment segmentation)
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(join

(category 7segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join

(right-context ?segment vowel)

(CF (right-context ?segment vowel) ?CFcontexté&: mightbe-valid))
(not (applied ?segment sg~-uvstop-bfr-vowel-done-1))
(prop ?segment (following-vowel-start ?7vowel-start))
=>
(assert (applied ?segment sg-uvstop-bfr-vowel-done-1))
(hypothesize

(assert (end-time ?segment ?vowel-start))

(assert (CF (end-time 7segment ?vowel-start)

=(CFcomb (CFweight ?*no-evidencex ?CFcategory)
(CFweight ?xdefinite-evidence* 7CFcontext))))))

emeeees—— 2/017/89-17:03:10 --Page 12
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{(defrule sg-uvstop-bfr-stop-0
"Finds a vowel after the stop."

(declare (salience 7*¥left-segmentationk))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?7CFcategoryé&: mightbe-valid))
(join

(right-context ?segment stop)

?x <- (CF (right-context ?segment stop) ?CF&: mightbe~valid))
(not (applied ?segment sg-uvstop-bfr-stop-0))
;:(prop ?segment (candidate-loc ? ?cand-to))
(prop ?segment {closure ?cl-from ?cl-to 7CFc1osure))

,,[hatazak7 166] Searches ?vowel-region 1longer.
;7 after =(- ?cl-to 20) 300 <-- after =(- ?cl-to 20) 200.
(power-start ?vowel-region&~NONE
after =(- 7cl-to 20) 300 0 500 ?*voicing-power-after-stop-1owerk)
=>
(assert (applied ?segment sg-uvstop-bfr-stop-0))
(assert (prop ?segment (following-vowel-region 7vowel-region))))

;New rule for MAU_1_4518.

defru]e sg—uvstop-bfr-stop—1
"right context is unvoiced-vowel and stop"
(declare (salience 7%left~segmentation%))
(segment-status ?segment segmentation)
{(join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategoryé&: mightbe-valid))
(join
(right-context ?segment stop)
?x <{- (CF (right-context 7segment stop) ?CFcontext&: mightbe-valid))
(not (applied 7segment sg-uvstop-bfr-stop-1))
;;(prop ?segment (candidate-loc ? ?cand-to))
(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
(prop ?segment {following-vowel-region ?vowel-region))

~e e

;s [hatazaki 176] User a backward-chaning rule for finding the closure.

. -
rs

i (power-start ?another-closure-end&-none

i before =(+ ?vowel-region 20) =(- ?vowel-region ?cl-to -20)
HH 1000 6000

I PXclosure~power-upperx)

;; (power-end ?another-closure-start&-none

FH before ?another-closure-end =(- ?another-closure-end ?cl-to)
;7 1000 6000

;7 ?xcl osure-power-upper¥)

;7 (power-strength ?another-closure-start ?another-closure-end 0 6000
E ?another-closure-power)

;s (cf (unvoiced-stop closure-0-6000-power ?another-closure-power) ?cfclosure-power)
:: (power-decrease (?closure-start&-none ?)

,; before =(+ ?another-closure-start 20) 50 1000 6000

?Xnormal -smoothing-size* ?*closure-start-mn-change¥)
,,[hatazak1 133] Changed the search range for ?another-closure-end,
;; from 60 to =(- ?vowel-region ?cand-to -20)
;;~ Search the burst backward from ?vowel -region, since there are some
;; power change in the devoiced vowel region. [hatazaki 115]
F¥ 0ld code ...
;7 (power-end ?another-closure-start&-NONE

;7 after ?cand-to 150

7 1000 6000

;3 ?¥closure-power-upperX)

;; ([ power-start ?another-closure-end&~NONE

;; after ?another- c7osure start 300
1000 6000

?Xclosure~power-upper¥)

(c1osure—exists ?following-closure-start ?following-closure-end
before =(+ ?vowel-region 20) 70 ?CFfollowing-closure)
=>
(assert (applied ?segment sg- uvstop bfr-stop-1))
(assert (prop ?segment (following-closure-start ?following-closure-start)))

NGB M MO N ME M W ME ME NP W U NS U M U W MU Ve Vo MY WO WE wh e NP ME WA WO MR WA MT WE We MY WE Me W e W uE we MO WO we W MO O we We we we
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; (retract ?x)
; (assert (CF (right-context ?segment stop)
; =(CFand (CFcomb ?CFcontext
; (CFweight ?xevidence* ?7CFfollowing-closure))
H ?CFfollowing-closure))))
;33 01d code.
(defrule sg-uvstop-bfr-stop-1
"right context is unvoiced-vowel and stop"
(declare (salience ?*left-segmentation%))
(segment-status ?segment segmentation)
(join
(category 7segment unvoiced-stop)
(CF (category ?segment unvoiced~stop) ?CFcategory&: mightbe-valid))
(join
(right-context 7?segment stop)
7% €~ (CF (right-context ?segment stop) ?CFcontexté&: mightbe-valid))
(not (applied ?segment sg-uvstop-bfr-stop-1))
;:(prop ?segment (candidate-loc ? ?cand-to))
(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
(prop 7segment (following-vowel-region ?vowel-region))
;; [hatazaki 133] Changed the search range for ?another-closure-end,
;: From 60 to =(- ?vowel-region ?Pcand-to -20)
;7 - Search the burst backward from ?vowel-region, since there are some
;. power change in the devoiced vowel region. [hatazaki 115]
H 0ld code ...
;; (power-end ?another-closure-start&-NONE

I after ?cand-to 150
F¥ 1000 6000
N ?¥c] osure-power-upper¥)

;: (power-start ?another-closure-end&-NONE
H after ?another-closure-start 300
F¥ 1000 6000
?Xclosure-power-upper¥)

power~start ?another-closure-end&NONE
before =(+ ?vowel-region 20) =(- ?vowel-region ?cl-to -20)
1000 6000
?7xclosure~power-uppers)
(power-end ?another-closure-start&-NONE
before ?another-closure-end =(- ?7another-closure-end ?cl-to)
1000 6000
?*closure-power-uppers)
(power-strength ?7ancther-closure-start ?another-closure-end 0 6000
?another-closure-power)
(CF (unvoiced-stop closure-0-6000-power ?another-closure-power) ?CFclosure-power)
(power-decrease (?closure-start&-NONE ?) before =(+ ?another-closure-start 20) 50 1000 5000
?xnormal-smoothing-size* ?xclosure-start-min~changex)

Iz

.
s
’

=>

(assert (applied 7segment sg-uvstop-bfr-stop-1))

(assert (prop ?segment (following-closure-start ?closure-start)))
(retract 7x) gl
(assert (CF (right-context ?segment stop) |

=(CFand (CFcomb ?CFcontext
(CFweight ?*evidence* ?CFclosure-power))
?CFclosure-power))))

(defrule sg-uvstop-bfr-stop-2
"Verify devoiced vowel."
(declare (salience 7fleft-segmentation%))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-stop) )
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join
(right-context ?segment stop)
7x <- (CF (right-context ?segment stop) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-bfr-stop-2))
;3 (prop ?segment (candidate-loc ? ?cand-to))
(prop 7segment (closure ?cl-from ?cl-to ?CFclosure))
(prop 7segment (following-closure-start ?another-closure-start))
(power-start ?vowel-region&~NONE
after =(- ?cl-to 20) =(- ?another-closure-start ?cl-to)
0 500
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?xvoicing-power~after-stop~lowers)
(power-strength ?vowel-region =(+ ?vowel-region 30) 0 500 ?vowel-power)
(CF (vowel 0-500-power ?vowel-power) ?7CFvowel-power)
=>
(assert (applied 7segment sg~uvstop-bfr-stop-2))
(retract 7x)
(assert (CF (right-context ?segment stop)

=(CFand (CFcomb ?7CFcontext
(CFweight ?xstrong-evidencex (- (CFvalue ?CFvowel-power))))
(-~ (CFvalue ?CFvowel-power))))))

(defrule sg-uvstop-bfr-stop-3
"Checks power before the end boundary."

(declare (salience ?7tleft-segmentation¥))
(segment-status ?segment segmentation)
(join

(category 7segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) ?CFcategoryé&: mightbe-valid))
(join

(right-context ?segment stop)

?7x <~ (CF (right-context ?segment stop) ?CFcontexté& mightbe-valid))
(not (applied 7segment sg-uvstop-bfr-stop-3))
(prop ?segment (following-closure-start ?another-closure-start))
(power~strength =(- 7another-closure-start 30) =(- ?another-cltosure-start 10) 0 500

?70-500-power)
(CF (unvoiced-stop 0-500-power-before-vowel ?0-500-power) ?CFpower)
=>
(assert (applied ?segment sg-uvstop-bfr-stop-3))
(retract 7x)
(assert (CF (right-context ?segment stop)
=(CFand (CFcomb ?CFcontext .
(CFweight ?7xno-evidence* 7CFpower))
7CFpower))))

(defruie sg-uvstop-bfr-stop-done-1
"

(declare (salience 7*right-segmentation-endx))
(segment-status ?segment segmentation)
(join

(category 7?segment unvoiced-stop)

(CF (category ?7segment unvoiced-stop) ?CFcategoryé&: mightbe-valid))
(join

(right-context ?segment stop)

(CF (right-context 7segment stop) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-bfr-stop-done-1))
(prop 7seagment (following-closure-start ?closure-start))
=>
(assert (applied ?7segment sg-uvstop-bfr-stop-done-1))
(hypothesize

(assert (end-time 7segment ?closure-start))

(assert (CF {end-time ?segment ?closure-start)

=(CFcomb (CFweight 7*no-evidencex 7CFcategory)
(CFweight 7*definite-evidence* ?CFcontext))))))
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(defrule sg~uvstop-bfr-fricative-1
“right context is unvoiced-vowel and fricative(/s/,/sh/)"
(declare (salience ?*xleft-segmentation%))
( segment-status ?segment segmentation)
(Jjoin
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join
(right-context ?segment fricative)
(CF (right-context ?segment fricative) ?CFcontext& mightbe-valid))
;3 (has-burst ?segment no)
(not (applied ?segment sg-uvstop-bfr-fricative-1))
;3 (prop ?segment (candidate-loc ? ?cand-to))
(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
(power-start ?vowel-region&~NONE after ?cl-to 300 0 500 ?*xvoicing-power=-minx*)
(power-increase (?vowel-start&-NONE .?vs-change) before =(+ ?vowel-region 30) 100
0 500 ?*normal-smoothing-sizex ?xvoicing-power-mink)
(power-increase (?frication-start&-NONE ?fs-change) before ?vowel-start 300 4000 6000
?xnormal-smoothing-sizex ?*frication-start-min-change-after-unvoiced-stop¥)
(power~-decrease (7x& (eg ?x >NONE) 7?c)
before =(- ?vowel-start 20) =(- ?vowel-start 20 7frication-start)
4000 6000 ?7*normal-smoothing-sizex ?*closure-start-min-changex)
= > 1
(assert (applied ?segment sg-uvstop-bfr-fricative-1)
(prop ?segment (frication-start ?frication-start))
(prop ?segment (next-vowel-start ?vowel-start))))

(defrule sg-uvstop-bfr-fricative-2

1nH

; [hatazaki 143] Removed checking that ?CFaspiration and ?CFfricative-duration are larger
than ?*mightbe-validX, since these values shoule effect to CF of
; (right-context ?segment fricative) even if they are negatives.

egment-status ?segment segmentation)
join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
{join
(right-context 7?segment fricative)
?7x ¢~ (CF (right-context ?segment fricative) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-bfr-fricative-2))
(join .
(has-burst ?segment yes)
(prop ?segment (burst ?bu-from ?bu-to ?bu-freq)))
(prop ?segment (frication-start ?frication-start))
(prop ?segment (next-vowel-start ?vowel-start))
(CF (unvoiced-stop aspiration-duration-before-fricative =(- ?frication-start ?bu-from))
?CFaspiration) ]
(CF (unvoiced-stop frication-duration-when-followed-by-fricative
=(- ?vowel-start ?frication-start))
?CFfricative-duration)
=>
(assert (applied 7segment sg-uvstop-bfr-fricative-2))
(retract ?x)

r’s

1

r’

rs

rrs

(declare (salience ?*1eft-segmentation¥))
(s

(

i
;s [hatazaki 178] Make CF value of this context smaller, to select this hypothesis only if
;; ho other context survives.

;s =(CFand (CFcomb ?CFcontext

F (CFwet ght ?Xweak-evidenceX ?CFaspiration)

¥ (CFwe7 ght ?*weak~evidencex ?CFfricative-duration))
FH ?CFfricative-duration)

M (-~ =(CFand (CFcomb ?CFcontext

F (CFweight ?Xevidencex ?CFaspiration)

HY (CFweight ?*evidenceX ?CFfricative-duration}))
HH ?CFfricative-duration)

;; [hatazaki 143] (CFweight ?Xevidencex ?CFaspiration) -->

73 ( CFwei ght ?*weak-evidence¥ ?CFaspiration),

H since duration of ASPIRATION is reasonable even if

;i Fricative does not follow.

;¢ [hatazaki 142] Changed new CF of (right-context ?segment fricative),
;; =(CFcomb ?CFcontext (CFand ?CFaspiration ?CFfricative~duration)) -->
;7 =(CFcomb ?CFcontext
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(CFweight ?*evidence¥ ?CFaspiration)
(CFweight ?XevidenceX ?CFfricative-duration))

(assert (CF (right~context 7segment fricative)
=(CFand (CFcomb ?CFcontext
(CFweight 7*weak-evidencex ?CFaspiration)
(CFweight ?*weak-evidencex ?7CFfricative-duration))
?CFfricative-duration))))

(defrule sg-uvstop-bfr-fricative-3

[hatazaki 143] Removed checking that ?CFaspiration and ?CFfricative-duration are larger
: than ?xmightbe-validx, since these values shoule effect to CF of
» (right-context ?segment fricative) even if they are negatives.

egment-status 7segment segmentation)

join

(category 7segment unvoiced-stop)

(CF (category ?segment unvoiced-stop) 7CFcategoryé&: mightbe-valid))

(Jjoin

(right-context 7segment fricative)
?x ¢~ (CF (right-context 7segment fricative) ?CFcontext&: mightbe-valid))

(not (applied 7segment sg-uvstop-bfr-fricative-3))

(has-burst ?segment no)

;3 (prop 7?segment (candidate-loc ? ?cand-to))

(prop ?segment (frication-start ?frication-start))
(prop ?segment (next-vowel-start ?vowel-start))

(prop ?segment (closure ?cl-from ?cl-to ?CFclosure))
,,(pouer increase (?7closure-end&~NONE ?change) after =(~ ?cand-to 30) 100 4000 8000
?*¥normal-~smoothing-sizex 7*closure-end-min-changex)
(CF (unvoiced-stop aspiration-duration-before-fricative =(- ?frication-start ?ci-to))
?CFaspiration)
(CF (unvoiced-stop frication-duration-when-followed-by-fricative
=(~ ?vowel-start ?frication-start))
?7CFfricative-duration)

Zdec]are (salience 7xleft-segmentationx))
(s
(

=>
(assert (applied ?segment sg-uvstop-bfr-fricative-3))
(retract 7x)

I';
;7 [hatazaki 178] Make CF value of this context smaller, to select this hypothesis only if
;: no other context survives.

F =(CFand (CFcomb ?CFcontext

7y (CFwei ght ?*weak-evidence¥ ?CFaspiration)

;r ( CFwei ght ?*weak-evidence* ?CFfricative-duration))
i ?CFfricative-duration)

i {~- =(CFand (CFcomb ?CFcontext

F (CFweight ?*evidence* ?CFaspiration)

i (CFweight ?*evidence* ?CFfricative-~duration))

7 ?CFfricative-duration)

;i[hatazaki 143] (CFweight ?Xevidencex ?CFaspiration) -->

I { CFwei ght ?*weak-evidence¥ ?CFaspiration),

;7 since duration of ASPIRATION is reasonable even if
;; fricative does not follow.

;;[hatazaki 142] Changed new CF of (right-context ?segment fricative),
;7 =(CFcomb ?CFcontext (CFand ?CFaspiration ?CFfricative-duration))

;7 =(CFcomb ?CFcontext

5 (CFwei ght ?*evidence¥ ?CFaspiration)

¥ (CFweight ?*evidence¥* ?CFfricative-duration))

(assert (CF (right-context ?segment fricative)
=(CFand (CFcomb ?CFcontext
(CFweight ?*weak-evidencex ?CFaspiration)
(CFweight 7%weak-evidencex 7CFfricative-duration))
?CFfricative-duration))))

(defrule sg-uvstop-bfr-fricative~4
"Checks there is no voicing power before the fricative."

;7 [hatazaki 158] Newly defined.

(declare (salience ?*right-segmentation%))
(segment-status ?segment segmentation)
(join

(category 7segment unvoiced-stop)
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(CF (category ?segment unvoiced-stop) ?CFcategory&: mightbe-valid))
(join
(right-context ?segment fricative)
7% <- (CF (right-context ?segment fricative) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvstop-bfr-fricative-4))
(prop ?segment (frication-start ?frication-start))
(power-strength =(~ ?frication-start 30) =(- ?frication-start 10) 0 500 ?0-500-power)
(CF (unvoiced-stop 0-500-power-before-vowel ?0-500-power) ?CFpower)
=>
(assert (applied ?segment sg-uvstop-bfr-fricative-4))
(retract ?x)
,,[hatazak1 178] (CFweight ?*evidencex ?CFpower)
(-- (CFweight ?*strong-evidence* ?CFpower)
(assert (CF (right-context ?segment fricative)
=(CFand (CFcomb ?CFcontext
(CFweight ?xevidencex ?CFpower))
?CFpower))))

(defrule sg-uvstop-bfr-fricative-done-1

Ve U B M W e e MA M e M M VR N we ME M M Me MR WS NP e M W ME ME N ME WS e M o ws wa e

(declare (salience ?*left-segmentation-endx))
(segment-status 7segment segmentation)
(join
(category ?segment unvoiced-stop)
(CF (category ?segment unvoiced-stop) 7CFcategory& mightbe-valid))
(join
(right-context ?segment fricative)
(CF (right-context ?segment fricative) ?CFcontext&: mightbe~valid))

" (not (applied ?segment sg-uvstop-bfr-fricative-done-1))

(prop ?segment (frication-start ?frication-start))
=>
(assert (applied ?segment sg-uvstop-bfr-fricative-done-1))
(hypothesize

(assert (end-time ?segment ?frication-start))

(assert (CF (end-time ?segment ?frication-start)

=(CFcomb (CFweight ?*no-evidence¥ ?CFcategory)
(CFweight ?*definite-evidencex ?CFcontext))))))

(defru1e sg-uvstop-bfr- fricative-1
"right context is unvoiced-vowel and fricative(/s/,/sh/)"
(declare (salience ?%¥left-segmentationx))
( segment-status ?segment segmentation)
(category ?segment unvoiced-stop)
(right-context ?segment fricative)
(has-burst ?segment no)
(CF (right-context ?segment fricative) ?CF&: (?CF >= 0))
(not (applied ?segment sg-uvstop-bfr-fricative-1))
(prop ?segment (candidate-loc ? ?cand-to))
(power-strength ?cand-to =(+ ?cand-to 30) 0 500
?7strength&: (?strength < ?%1ow-freg-vowel-power-uppers ))
(unvoiced-candidate ?uv-from ?uv-to)
(test (<= (abs (- ?uv-from ?cand-to)) 10.0))
(test (> (- ?uv-to ?uv-from) 40.0))
(power-strength =(+ ?uv-from 10) ?uv-to 4500 86000
?strength~highé&: (?strength-high >= ?*high- freq burst-power- upper*))
Next phoneme is /sh/
(i.e.) MAU_B_0036

(case ((power-increase (?start&NONE ?change)
after =(+ ?uv-from 20) 100 2000 &5000
?7%*normal -smoothing-sizex 2.0)
=>
(hypothesize
(assert (end-time ?segment 7?start))
(assert (CF (end-time ?segment ?start) 0.8))
(assert (applied ?segment sg- uvstop-bfr-fricative-1))))
; Next phoneme is /s/
; (i.e.) MAU_B_0154

((power-decrease (7?start&~NONE ?change)
after =(+ ?uv-from 20) 100 500 1000
?x*normal-smocthing-sizex -1.0)

=>

(hypothesize
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H (assert (end-time ?segment ?start))
; (assert (CF {(end-time ?segment ?start) 0.8))
; (assert (applied ?segment sg-uvstop-bfr-fricative-1))))))

& o o e e T T o P T T A m - o A = e T o o e . = e —
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; (defrule unvoiced-stop~right-done-1
"Searches the time JTocation when the vowel energy goes down."

(declare (salience ?*right-segmentation-endx))
(segment-status ?segment segmentation)
(category 7segment unvoiced-stop)
(right-context 7segment vowel)
(not (applied ?segment unvoiced-stop-segmentation-before-vowel-done-1))
(end-time ?segment ?end)
=>
(assert (applied ?segment unvoiced-stop-segmentation-before-vowel-done-1))
(hypothesize .

(assert (end-time ?segment ?end))

(assert (CF (end-time ?segment ?end) 0.8))))



LM17:>hatazaki>sre>seg-unvoiced-stop>seg-stop-right.art.78 2/01/89 1 7:03:10 Page 21



LM17: >hatazaki>sre>seg-unvoiced-stop>seg-stop-end.

For: Kaichiro Hatazaki

Printed on:, LGP8-J ON ATR-LMO1
Number of copies: 1

Data created at: 12/01/88 16:15:05
Queued at: 3/28/89 11:01:07

art.1




LM17:>hatazaki>sre>seg-unvoiced-stop>seg-stop-end.art.1 12,01 /88 16:15:05 Page 1

;33 —%¥- Mode: ART; Base: 10; Package: ART-USER -x-

(defrule sg-unstop-at-word-initial-end-1
Y Checks the duration."

(deciare (salience ?7*before-end-segmentationx))
(segment-status ?segment segmentation)
(join

(category ?7segment unvoiced-stop)

?% <- (CF (category ?segment unvoiced-stop) ?7CFcategory&: mightbe-valid))
(join

(start-time ?segment ?start)

(explicit (CF (start-time 7segment ?start) ?CFstart& mightbe-valid)))
(join

(end-time ?7segment ?end)

(explicit (CF (end-time ?segment ?end) ?CFend&: mightbe-valid)))
(join

(Teft-context ?segment-word-initial)

(CF (1eft-context ?7segment word-initial) 7CFcontext&: mightbe-valid))
(not (applied ?segment sg-~unstop-at-word-initial-end-1))
(CF (unvoiced-stop duration-at-word-initial =(- ?end 7start)) 7CFduration)
=>
(retract 7x)
(assert (CF (category ?segment unvoiced-stop)

=(CFand ?7CFcategory ?7CFduration)))

(assert (applied ?segment sg-unstop-at-word-initial-end-1)))
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;33 -*- Mode: ART; Package: art~user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -*-

(defrelation UNVOICED-FRICATIVE-CANDIDATE (?from 7to)
implicit
(syntax output
(Unvoiced fricative candidate at ?from - 7to)))

(defruie sg-unvfric-0
"Finds a candidate of unvoiced-fricative segment.”

;;[hatazaki 148] Checks (unvoiced-fricative 0-500-power ?70-500-F) to reject /z/.

(declare (salience ?xfind-candidatex))

(segmenting unvoiced-fricative)

(unvoiced-fricative~candidate ?from 7to&: (>= (- ?to ?from) 20))

;s - Use CF value for determining this 1s unvofced fricative. [hatazaki 7/22/88 15:55:21]

;7 - 01d code ...

;2 ( power-strength ?from ?to 4000 6000 ?strength&: (?strength > ?*high-freq-power-1owerx))

F¥ (cutoff ?from ?to PXcutoff-th¥ ?cutoff& (7cutoff > ?xfricative-cutoff-1owerx))

7

(power-strength ?from ?7to 4000 6000 ?frication)

(CF (unvoiced-fricative 4000-6000-power ?frication) 7CFfrication&: mightbe-valid)

(cutoff ?from ?7to ?xcutoff-th* 7cutoff)

(CF (unvoiced-fricative cutoff ?7cutoff) ?CFcutoffé& mightbe-valid)

(power-strength ?from ?7to 0 500 70-500-P)

(CF (unvoiced-fricative 0-500-power 70-500-P) ?CF0-500-P&: mightbe-valid)

(power-strength ?from ?7to 1000 2000 ?1000-2000-P)

(CF (unvoiced-fricative 0-500-1000-2000-power-ratio =(- ?0-500-P ?1000-2000-P))
?CF-0-500-1000-2000-PR&: mi ghtbe-valid)

};[hatazaki 146] Removed checks of 4000-6000-1000-2000~-power-ratio, since some /sh/ has
;7 power at 1000-2000Hz, then 4000-6000-1000-2000-power-ratio has no sense.
2 (-..
; (CF (unvoiced-fricative 4000-6000-1000-2000~-power-ratio =(~- ?frication ?1000-2000-P))
; ?CF-4000~6000~1000~2000-PR&: ( ?CF~4000-6000~1000-2000~PR >= ?*m ghtbe-validx))
>
bind 7segment (gensym "SEG-"))
assert (schema ?segment
(instance-of phoneme-segment)))

(
(

(hypothesize .
(assert (category ?segment unvoiced-fricative))
;i - UNVOICED-FRICATIVE includes /h/ (ex. MAU_B_0129)
H [11/16/87 11:18:07].

(assert (prop ?segment (high-~freg-power-cutoff ?cutoff))
(prop ?segment (candidate-loc ?from ?to))
(segment-status ?segment segmentation)

;[ hatazaki 178]

HH (CFweight ?*weak-evidencex ?CFfrication)
33 <-~ (CFweight ?xevidence* ?CFfrication)

;i Fhatazaki 167]

;7 =(CFand (CFcomb (CFunknown)

H ( CFwei ght ?*weak-evidence* ?CFcutoff)

5 ( CFwei ght ?*weak-evidence* ?CFfrication)

i3 ( CFweight ?*weak-evidence* ?CF0~500-P)

5 ) (CFwei ght ?*weak-evidence* ?CF-0-500-1000-2000-FPR))
;5 ?CFfrication

i ?CF0-500~pP

i ?CF-0~500-1000~2000~PR)

5y (-~

;; =(CFcomb (CFweight ?X*weak-evidence* ?CFcutoff)

F (CFweight ?*strong-evidencex

;7 . . (CFand ?CFfrication ?CF0-500~-P ?CF-0-500-1000-2000~PR
; ; ?CF~4000~-6000-1000-2000-PR)))

;;[hatazaki 145]
;7 =(CFcomb (CFweight ?*weak-evidence* ?CFcutoff)

;5 ( CFwel ght ?XevidenceX

i (CFand ?CFfrication ?CF-0-500-1000-2000-PR
¥ ?CF~-4000~-6000-1000~2000-PR)))

i L=

;; [hatazaki 144] New CF of (category ?segment unvoiced-fricative),
;7 =(CFcomb (CFweight ?Xevidence¥* ?CFfrication)

i ( CFweight ?*weak-evidencex ?CFcutoff)

;7 (CFwei ght ?XevidenceX
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(CFand ?CF-0-500-1000-2000-PR
?CF-4000-6000-1000-2000-PR)))
(__
=(CFand ?CFFrication ?CFcutoff ?CF-0-500-1000-2000-PR
?CF-4000-6000-1000-2000-PR)

F (category ?segment unvoiced-fricative)
=(CFand (CFcomb (CFunknown)
(CFweight ?x*weak-evidence* ?CFcutoff)

¢ (CFweight ?*weak-evidence* ?7CFfrication)

(CFweight ?xweak-evidencex ?CF0-500-P)

(CFweight ?*weak-evidencex ?CF-0-500-1000-2000-PR))
7CFfrication
?CF0-500-P
?CF-0-500-1000-2000~PR)))))

[ R RTINS

PN S me e . .

(defrule sg-unvfric-1
"Checks this is not stop."

(declare (salience ?*start-segmentationx))
(segment-status 7segment segmentation)
(join

(category ?segment unvoiced-fricative)

?x <- (CF (category ?segment unvoiced-fricative) ?CFcategory& mightbe-valid))
(not (applied ?segment sg-unvfric-1))
(prop ?segment (candidate-loc ?from ?to))

;;[hatazaki 145] Closure is searched by get-closure-1 defined in seg-stop. art.
(c1osure—ekists ?c1-from ?cl-to before ?from 20 ?CFclosure)

=>

(assert (applied ?segment sg-unvfric-1))

(retract 7x)

;;[hatazakf 1677

52 =(CFand (CFcomh ?CFcategory
F (CFweight ?*weak-evidencex (- ?CFclosure)))
Y (- ?CFclosure))

(-~ =(CFand ?CFcategory

K ( CFweight ?*¥definite-evidencex (- ?CFclosure)))
(assert (CF (category ?segment unvoiced-fricative)
=(CFand (CFcomb ?CFcategory
(CFweight 7xweak-evidencex (- ?CFclosure)))
(- ?CFclosure)))))
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(defrule sg-uvfric-bottom-up
LRI}
(declare (salience ?*top-downt))
(goal (UNVOICED-FRICATIVE-CANDIDATE 7from&?? 7to0&?7))
(not (explicit (UNVOICED-FRICATIVE-CANDIDATE ? ?y))
(BB 7BB) .
=>
(at 7BB
(for REGION in (intersected-regions
(1ist
(cddr (#LUSER::call-speechfunc (1ist "POWER-ISLAND-IN-TIME"
0 2000
5000 6000
-40 0
. 1))
(cddr (#LUSER::call-speechfunc (1ist "POWER-ISLAND-IN-TIME"
0 2000
0 500
-89 -45
11)))))
do (assert (UNVOICED-FRICATIVE-CANDIDATE =(car REGION) =(cadr REGION))))))

Page 3
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(defrule sg-uvfric-more
"Do segmentation for another segment in this unvo1ced period."
(declare (salience ?7*start-segmentation%))
(viewpoint ?vi
(join
(category 7segment unvoiced-fricative)
(segment-status ?7segment segmentation-ended))
(join
(end-time ?segment ?end)
(CF (end-time ?segment ?end) ?CFend&: is-valid))
(unvoiced-fricative-candidate ?from& (?from < ?end) ?to&:(>= (- ?7to 7end) 20)))
(power-strength ?end ?to 4000 &000 ?frication)
(CF (unvoiced-fricative 4000-6000-power ?frication) 7CFfrication&: mightbe-valid)
(cutoff ?7end ?to ?*cutoff-th* ?cutoff)
(CF (unvoiced-fricative cutoff 7cutoff) ?CFcutoffé&: mightbe-valid)
(power-strength ?end ?7to 0 500 70-500~P)
(power-strength ?end ?to 1000 2000 ?1000-2000-P)
(CF (unvoiced-fricative 0-500-1000-2000-power-ratio =(- 70-500-P 71000~2000-P))
?CF-0-500-1000-2000-PR&: mightbe-valid)

;:[hatazaki 146] Removed checks of 4000-6000-1000~-2000-power-ratio, since some /sh/ has
;; power at 1000-2000Hz, then 4000-6000~1000-2000-power-ratio has no sense.
;i (== :
;2 (CF (unvoiced-fricative 4000-6000~1000-2000-power-ratio =(- ?frication ?1000-2000-P))
5 ?CF-4000-6000-1000-2000~PR&: (?CF-4000-6000~1000-2000-PR >= ?*mi ghtbe-validx))
=>
(bind ?new-segment (gensym "SEG-"))
(assert (schema ?new-segment
(instance-of phoneme-segment)))
(at ?vi
(hypothesize
(assert (category ?new-segment unvoiced-fricative))
(assert (prop ?new-segment (high-freg-power-cutoff ?cutoff))
(prop ?new-segment (candidate-loc ?end ?7to))
(Teft-context ?new-segment unvoiced-fricative)
(start-time ?new-segment 7end)
(CF (start-time ?new-segment ?end) ?CFend)
( segment-status ?new-segment segmentation)

7y [hatazaki 167]
;; =(CFand (CFcomb (CFunknown)
(CFweight ?*weak-evidence¥* ?CFcutoff)
(CFweight ?Xevidence¥ ?CFfrication)
(CFwei ght ?Xweak-evidence* ?CF-0-500-1000-2000-PR))
?CFfrication
?CF-0-500-1000-2000-PR)
=(CFcomb (CFweight ?*evidence¥ ?CFfrication)
(CFwei ght ?*weak-evidence* ?CFcutoff)
( CFwei ght ?xevidencex
(CFand ?CF-0-500-1000-~2000-PR -
;; ?CF-4000-6000-1000- 2000-PR

oy

F (category ?new-segment unvoiced-fricative)
=(CFand (CFcomb (CFunknown)
(CFweight ?xweak-evidence* ?CFcutoff)
(CFweight ?*evidence* ?CFfrication)
(CFweight ?xweak~evidence* ?CF-0-500-1000-2000-PR))
?CFfrication
?CF~0-500-1000-2000~ PR))))))
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;33 -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -x-

LRI

IBE
;i [hatazaki 144]
533 - (left-context ?segment word-initial) <{-- (left-context 7segment silence).

> 22

(defrule sg-uvfric-left-1
"Hypothesizes 1eft phoneme."

(declare (salience ?*left-segmentationx))
;(declare (salience ?xstart-segmentationx))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

(CF (category 7segment unvoiced-fricative) ?CFcategory&: mightbe-~ va11d))
(not (start-time ?segment 7))
(not (applied ?segment sg-uvfric-left-1))
=>
(assert (appiied ?segment sg-uvfric-left-1))
(conflicting~alternatives

(hypothesize

;i~ This includes syllabic nasal which has middle frequency power.

(assert (left-context ?7segment vowel))

(assert (CF (left-context ?segment vowel) ={CFunknown))))
(hypothesize

(assert (left-context ?segment word-initial))

(assert (CF (left-context ?segment word-initial) =(CFunknown))))
(hypothesize

;s - For the case this phoneme i1s preceeded by stop with devoiced vowel.

;; cf. MAU_B_0154 [hatazaki 3/31/88 09:44:55]

(assert (left-context 7?segment stop))

(assert (CF (left-context ?segment stop) =(CFunknown))))

;;[hatazaki 144] Removed the following hypothesis, since affricates are treated as stops.
;s (hypothesize

;; (assert (left-context ?segment closure))

;i (assert (CF (left-context ?segment closure) 0.0)))

; ( hypothesize

; ;;- This is for syllabic nasal which has no middle frequency power.
; (assert (left-context ?segment syllabic-nasal))

; (assert (CF (left-context ?segment syllabic-nasal) 0.0)))

)

L T S T
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(defru1e sg-uvfric-aft-vowel-1
"There shoud not be a closure before this segment."

;; - This rule should be appied before the other segmentation rules below are applied.
(declare (salience (+ ?*xleft-segmentationt 1)))
(segment-status ?segment segmentation)
(join

(category 7segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) ?CFcategory&: (?CFcategory >= 7*mightbe-valids)))
(join

(1eft-context 7segment vowel)

7% - (CF (left-context ?segment vowel) 7CFcontext&: (?7CFcontext >= ?*¥mightbe-validx)))
{(not (applied 7segment sg-uvfric-aft-vowel-1)) )
(closure-exists 7from ?to left-of ?segment ?closure-CF&: (?closure-CF >= ?7*mightbe-valid#))
=>
(assert (applied ?segment sg-uvfric-aft-vowel-1))
(retract 7x)

;;[hatazaki 144] New CF of (left-context ?segment vowel),

F¥ =(CFcomb ?CFcontext

F¥ (CFweight ?Xstrong-evidence¥ (- ?closure-CF)))
ii {~- :

H =( #LUSER: : comb-CF ?CF -0.9)

(assert (CF (left-context ?segment vowel)
=(CFcomb 7CFcontext
(CFweight ?xstrong-evidencex (- ?closure~CF))))))

ME A we We B WME W MY WA M WE R W WE WE WE ME M W T ws wh wE ws we ww

(defrule sg-uvfric-aft-vowel-0
"Get the spectrum peak."
(declare (salience ?*left-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category 7segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join
(left-context ?segment vowel)
(CF (1eft-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-~uvfric-aft-vowel-0))
(prop ?segment (candidate-loc ?from ?to))
(spectrum-global-peak (?freq ?peak-power) ?from =(+ ?from 20)
7xspectrum-global -peak-moving-average-sizex)
=>
(assert (prop ?segment (spectrum-global-peak (?freg ?peak-power))))
(assert (applied ?segment sg-uvfric-aft-vowel-0)))

(defrule sg-uvfric-aft-vowel-2
"find the high-freq-power start time."
(declare (salience 7xleft-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join
(left-context ?segment vowel)
(CF (1eft-context ?7segment vowel) 7?7CFcontext&: mightbe-valid))
(not (applied 7segment sg-uvfric-aft-vowel-2))
(prop ?segment (candidate-loc ?from ?to))
;- If a spectrum has global peak around 3000-4000Hz.
;; The left boundary should be determined by spectral power change around the spectrum
;¢ peak. This is mainly for /h/.(cf. MAU_B_0200) [hatazaki 6/16/88 18:55:10]
;;- Closure start time is searched using 4000-6000Hz power. [hatazaki 4/26/88 16:44: 48]
;;- Closure start time is searched using 5000-6000Hz power, instead ?cutoff-6000Hz power.
: [hatazaki 4/19/88 00: 50: 53]
- Searches up to 150msec before the start time. (cf. MAU_B_0034)

or (and (prop ?segment (spectrum-global-peak (?peak-freq&~NONE ?peak-power))) -
(power-increase (7hfe-start&vNONE ?change)
before =(+ ?from 20) 150 =(- ?peak-freq 500) =(+ ?peak-freq 500)
?7*¥normal-smoothing-sizex
?xfrication-start-min-change%))
(and (prop 7segment (spectrum-global-peak (NONE ?)))

P L TR
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(power-increase (?hfe-start&~NONE ?change)
before =(+ 7from 20) 150 4000 6000
?*¥normal ~smoothing-sizex
?¥frication-start-min-changet)))
;;  (power-strength =(- ?hfe-start 20) ?hfe-start 1000 6000
s 7power&: (7power >= 7*xvowel-mid-power-lowers))
=>
(assert (prop ?segment (high-freg-power-start ?hfe-start)))
(assert (applied ?segment sg-uvfric-aft-vowel-2)))
(defrule sg-uvfric-aft-vowel-3
"Find the time the preceding voicing disappears.”
(declare (salience ?xleft-segmentationx))
(segment-status ?segment segmentation)
(join
(category 7segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join
(left-context 7?segment vowel)
(CF (1eft-context 7segment vowel) 7CFcontext& mightbe-valid))
(not (applied ?segment sg-uvfric-aft-vowel-3))
(prop ?segment (candidate-loc ?from 7))
;;- Changed the frequency range for searching vowel to 1000-2500Hz instead of 1500-2500Hz.
;7 [hatazaki 5/24/88 18:17:45]
13~ Searched the time the vowel ends using 1500-2500Hz frequency spectral change rather than
;7 1l000-2000Hz, and use ?Xvowel~-F2-end-min-change¥ instead of ?X*default-min-change¥.
;; [hatazaki 5/24/88 13: 45: 54]
;;- Searches the time when the preceding vowel ends.
;; lVarious methods were tried.
F¥ (1) (power-end ?here&~NONE after =(- ?from 30) 60 500 1000 0.65)
;7 (2) (power-decrease ?here&NONE after =(- ?from 30) 60 500 1000)
A (3) (power-decrease Phere&NONE before =(+ ?from 20) 100 1000 1500)
F¥ (4) (power-decrease ?here&NONE before =(+ ?from 20) 100 1000 2000)
;; - Spectrum change can be used, since the power goes down suddenly.
;. - (2) 1s not good, since the voicing of the preceding vowel may remains in the fricative
F area between 0 - 1000 Hz. (c.f. MAU_1_1157)
; (3) is not good, since the frequency range is too small, then the resuit is
not stable.

Epower»decrease (7here&~NONE ?7change) before =(+ ?from 20) 100 1000 2500
?7%¥normal ~smoothing-size* ?*vowel-F2-end-min~change¥)

;s (test (<= (abs (-~ ?from ?here)) 50.0))

=>

(assert (prop ?segment (preceding-vowel-end-time ?There)))

(assert (applied 7segment sg-uvfric-aft-vowel-3)))

(defrule sg-~uvfric-aft-vowel-3b
"Find the time the preceding voicing disappears using smaller threshold.”
(declare (salience ?xleft~segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategoryd: mightbe~valid))
(join
(left-context 7?segment vowel)
(CF (1eft-context ?segment vowel) 7CFcontext& mightbe-valid))
(not (applied ?segment sg~uvfric-aft-vowel- 3b))
(prop ?segment (candidate-loc ?from 7))
(power~decrease (NONE ?7) before =(+ 7from 20) 100 1000 2500
?¥normal ~smoothing-sizex 7*vowel]-F2-end-min~-change%)
(power-decrease (7here&~NONE ?change) before =(+ 7from 20) 100 1000 2500
?¥normal~-smoothing-size* 7*vowel~-F2-end-min-change-smallerx)
=>
(assert (prop ?segment (preceding-vowel-end-time ?here)))
(assert (applied 7segment sg-uvfric-aft-vowel-3b)))

(defrute sg~uvfric-aft-vowel-4
"Checks vowel power."
(declare (salience ?*1eft-segmentationx*))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?7segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join
(left-context ?segment vowel)
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7% <- (CF (left-context 7segment vowel) 7?7CFcontexté&: mightbe-valid))
(not (applied 7segment sg-uvfric-aft-vowel-4))
(prop 7segment (preceding-vowel-end-time ?voue]—epd))

r s
;:[hatazaki 144]
P G
;;  (power-strength =(- 7vowel-end 30) ?vowel-end 0 500

?strength1&: (?strengthl >= ?*voicing-power-min-before- fr1cat1ve*))
e Use threshold ?*votfcing-power-min-before-fricative* instead of ?*voicing-power-min*,
:; Since ?*voicing-power-min* is slightly small for accept the vow€7 at word end.
; [hatazaki 5/24/88 13:51:44]
r;~ The following checks of vowel existence failed for MAU_1_1157, in which
; another fricative and an imcomplete closure preceds to this fricative.
; The frequencey range 1000-3000 includes the
: frication power of the preceding fricative, and its power exceeds
:; PXno-power-upper¥*, although this is not an vowel. [hatazaki 1/08/88 15:28:02]

( power-strength =(- ?vowel-end 30) ?vowel-end 1000 3000
?strengthlé&: (?strengthl >= ?X*no-power-upperX))

(power-strength =(- ?vowel-end 30) ?vowel-end 0 500 ?vowel-0-500-power)
(CF (vowel 0-500-power ?vowel-0-500-~power) 7CF0-~500-P)

(power-strength =(- ?vowel-end 30) ?vowel-end 0 6000 ?vowel-0-6000-power)
(CF (vowel 0-8000-power ?vowel-0-6000-power) ?CF0-6000-P)

:; - The cutoff value stored in (high-freq-power ? ? ?cutoff) is not
:; neccessarily correct, since this value is obtained by assumng the
; whole unvoiced period is the fricative segment and the cutoff is
:; horizontal (cf. MAU_1_1157). [hatazaki 1/08/88 16:10:40]
:;  (prop ?segment
; ( hi gh-freg-power ? ? ?cutoff))
; (power-strength ?vowel-end =(+ ?vowel-end 50) 1000 ?cutoff

?strength28: (?strength2 < ?¥fricative-middle-power-upper¥))

;3 (prop ?segment (high-freq-power-cutoff ?cutoff))

;; (power-strength ?vowel-end =(+ ?vowel-end 50) 1000 =(min ?cutoff 1500)
H ?strength2&: (?strength2 < ?7*fricative-middle-power-uppers))
= .

(retract ?x)

;;[hatazaki 167]

;7 =(CFand (CFcomb ?CFcontext

53 (CFweight ?*evidence* ?CF0-500-P)
i (CFweight ?*evidence* ?CF0-6000-P))
i ?CF0-500-P

;7 : ?CF0-6000-P)

;7 (-~ =(CFcomb ?CFcontext

F¥ (CFweight ?*strong-evidence¥
;7 (CFand ?CF0-500-P ?CF0-6000-P)))
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb 7CFcontext
(CFweight ?xevidencex ?7CF0-500-P)
(CFweight 7xevidencex 7CF0-6000-P))
?7CF0-500-P
?CF0-6000-P)))
(assert (applied ?segment sg-uvfric-aft-vowel-4)))

(defrule sg-uvfric-aft-vowel-5

"Checks vowel-offset-time and vowel-offset-1000-6000~power"

(declare (salience 7*left-segmentationx)})
(segment-status ?segment segmentat1on)
(join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) ?CFcategory&: m1ghtbe valid))
(join

(left-context ?segment vowel)

?x <~ (CF (left-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-aft-vowel-5))
(prop 7segment (preceding-vowel-end-time ?vowel-end))
(prop ?segment (high-freq-power-start ?hfe-start&: (?vowel-end < ?hfe-start)))
(CF (unvoiced-friactive vowel-offset-time =(- ?hfe-start ?vowel-end)) ?CFvoff-time)
(power-strength ?vowel-end ?hfe-start 1000 6000 ?voff-power)
(CF (unvoiced-friactive vowel-offset-1000-5000~power ?voff-power) ?7CFvoff-power)
=> .
(retract ?x)
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;s [hatazaki 167]

=(CFand (CFcomb ?CFcontext
(CFweight ?*weak-evidence¥ ?CFvoff-time)
(CFwei ght ?*weak-evidence* ?CFvoff-power))

?CFvoff-time

k¥ ?CFvoff-power)

;7 (-- =(CFcomb ?CFcontext

(CFweight ?xevidence* ?CFvoff-time)

(CFweight ?*evidence* ?CFvoff-power))

’s

I
rr
2y

.
r

(assert (CF (left-context 7segment vowel)
=(CFand (CFcomb ?7CFcontext )
(CFweight ?*weak-evidence* ?CFvoff-time)
(CFweight ?*weak-evidencex 7CFvoff-power))
?CFvoff-time
?CFvoff-power)))
(assert (appiied ?segment sg-uvfric-aft-vowel-5)))

(defrule sg-uvfric-aft-vowel-done-1
LN

: - This rule is for the case when the high frequency power is strong, then
the boundary can be detected by spectrum-change (see MAU_B_0033).
~ This segment might be /sh/.

~ Accept ?hfe-start iff this is larger than ?vowel-end.
eclare (salience ?*left-~segmentation~endt))
egment-status 7segment segmentation)
join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))

(join

(Teft-context ?segment vowel)

(CF (left-context ?segment vowel) ?CFcontext&: mightbe-valid))

(not (applied ?segment sg~uvfric-aft-vowel-done-1))
(prop ?segment (preceding~vowel-end-time ?vowel-end))
;7 - Accept ?hfe-start as start time if (and (<{= (- ?hfe-start ?Pvowel-end) 50)

i (<{= (- ?vowel-end ?hfe-start) 20)) is T,

;! instead (test (<= (abs (- ?hfe-start ?vowel-end)) 50)) is 7.

i [hatazaki 4/25/88 11:28:34] )

;; ~ When hfe-start is found, makes it this segment start time even if hfe-start < pv-end.
;) Checks only the fact hfe-start and pv-enhd is not separeted so far.

F¥4 Next statement is commented. [hatazaki 3/15/88 21:00:52]

;;(prop ?segment (high-freg-power-start ?hfe-start& (?Pvowel-end (= ?hfe-start)))
(prop ?segment
(high-freq-power-start 7hfe-start& (and (<

(<

;
I
’
.
’
’
»
s
S

(
(
(

(- ?hfe-start ?vowel-end) 50)
(- ?vowel-end 7hfe-start) 20))))

=>
(assert (apptied ?segment sg-uvfric-aft-vowel-done-1))
(hypothesize
(assert (start-time ?segment ?hfe-start))
(assert (CF (start-time ?segment ?hfe-start) =(CFvalue ?CFcontext)))))

(defrule sg~uvfric-aft~vowel-done-2

un B

; = This rule is for the case when the high frequency power is weak and then
; the high frequency power start tie cannot be found by the spectrum change

; (see MAU_B_0030).
; - It might be said that the segment is /s/.

R T

(decltare (salience ?*left-segmentation-end*))
(segment-status ?segment segmentation)
(join
(category 7segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join
(Teft-context ?segment vowel)
(CF (1eft-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-aft-vowel-done-2))
(prop 7segment (preceding-vowel-end-time ?7vowel-end))
;7 - Accept ?hfe-start as start time if (and (<= (- ?hfe-start ?vowel-end) 50)
i (<= (- ?vowel-end ?hfe-start) 20)) is T,
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K instead (test (<= (abs (- ?hfe-start ?vowel-end)) &0)) is T.
;s [hatazaki 4/25/88 11:28:34]
;; - Accept the case when ?hfe-start is obtained but is far from ?vowel-end.
;r (cf. MAU_B_0089 /s/) [hatazaki 4/22/88 18:089:34]
;1 - Condition (?vowel-~end <= ?hfe-start) is removed due to the change in
;7 Sg-uvfric-aft-vowel -done-1.
;; Originally,
;7 (not (prop ?segment (high-freq-power-start ?hfe-start& (?vowel-end <= ?hfe-start))))
(not
(prop ?segment

(high-freq-power-start ?hfe-starté&: (and (<= (- ?hfe-start ?vowel-end) 50)

(<= (- 7vowel-end ?hfe-start) 20)))))

=>
(assert (applied ?segment sg-uvfric-aft-vowel-done-2))
(hypothesize
(assert (start-time ?segment ?vowel-end))
(assert (CF (start-time ?segment ?vowel-end) =(CFvalue ?CFcontext)))))




LM17:>hatazaki>sre>seg-unvoiced-fricative>seg-fricative-left.art.48 1/24/89 15:44:28 Page 7

(defrule sg—uvfr1c-at-uord—ﬁn1t1a1-0
"There is no voicing power."

}}[hatazaki 147] Newly defined to reject cases when an vowel precedes to this fricative.
;; (c.F. MAU_B_0066)

(declare (salience ?*left-segmentation¥*))
(segment-status 7segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?7CFcategory&: mightbe-valid))
(join
(left-context ?segment word-initial)
?x <- (CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied 7segment sg-uvfric-at-word-initial-o0))
{prop ?segment (candidate-loc ?from ?to))
rrs
: - Checks there is no voicing power. [hatazaki 5/24/88 17:58:089]
0ld code is ...
( bower-decrease (?z& (eq ?z 'NONE) ?)
before =(+ ?from 20) 100 1500 2500 - ‘
?Xnormal - smoothing-sizex ?Xvowel -F2-end-min-change-smallerx)

- Frequency range was changed to 1500-2500 from 1000-2500,.
- Freguency range was changed to 1500-2500 from 1000-2000. [hatazaki 5/24/88 14:04:02]
-~ Checks that there is no vowel before this segment.[hatazaki 4/28/88 11:59:10]
ower-decrease (7vowel-end&~NONE ?)

before =(+ ?from 20) 100 1000 2500

?¥normal -smoothing-sizex ?7xvowel-F2-end-min-change-smallerx)
(power-strength =(- ?vowel-~end 30) ?vowei-end 0 500 ?70-500-P)
(CF (vowel 0-500-power ?70-500-P) ?CFvowel)
=>
(retract ?x)

iil[hatazaki 167]

Y =(CFand (CFcomb ?CFcontext
¥ ) (CFweight ?*evidencex (- ?CFvowel]))
K (- ?CFvowel))

; (- =(CFand ?CFcontext

; ( CFweight ?Xstrong~evidence* (- ?CFvowel)))

(assert (CF (left-context ?segment word-initial)
: =(CFand (CFcomb ?CFcontext ’
(CFweight 7%evidencex (- ?CFvowel)))
(- 7CFvowel))))

(assert (applied ?segment sg-uvfric-at-word-initial-0)))

(defrule sg~uvfric-at-word-initial-1
" Searches time the silence ends."

(declare {salience 7%left-segmentationx))
(segment-status ?segment segmentation)
(join ' '

(category ?7segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join . .

(left-context ?segment word-initial)

(CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (appiied ?segment sg-uvfric-at-word-initiali-1))
(prop ?segment (candidate-loc ?from 7to))
(power-start ?silence-end& NONE before =(+ ?from 20) 100 0 5000 ?*silence-power-upperk)
=>
(assert (prop ?segment (silence-end ?silence-end)))
(assert (applied ?segment sg-uvfric-at-word-initial-1)))

(defrule sg~uvfric-at-word-initial-2
"Get the spectrum peak."
(declare (salience ?7*left-segmentationx))
(segment-status ?segment segmentation)
(join
(category 7segment unvoiced-fricative)
( (CF (category ?segment unvoiced-fricative) 7CFcategory&: mightbe-valid))
join
(left-context ?segment word-initial)
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(CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))

(not (applied 7segment sg-uvfric-at-word-initial-2))

(prop ?segment (candidate-loc 7from ?to))

(spectrum-global-peak (?freq ?peak-power) ?from =(+ ?from 20)
?tspectrum-global-peak-moving-average-sizes)

=)

(assert (prop 7segment (spectrum-global-peak (7?freq ?peak-power))))

(assert (applied 7segment sg-uvfric-at-word-initial-2)))

(defrule sg-uvfric-at-word-initial-3
"Searches time the frication starts.”

(declare (salience ?7*left-segmentation%*))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) ?CFcategoryé&: mightbe-valid))
(join

(left-context 7segment word-initial)

(CF (1eft-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-at-word-initial-3))
(prop ?segment (silence-end ?silence-end))

;;[hatazaki 146] ?frication-start is searched after ?silence-end.
7 after =(- ?silence-end 20) 50
;; <£-- before =(+ ?from 20) 150
;; - Searches ?frication-start using the spectral power change around ?peak-freq
k¥ if 1t is not NONE. This is for /h/. (cf. MAU_B_0036 /h/, MAU_B_0129 /h/).
I [hatazaki 6/20/88 17:38: 24] ) :
;; — Searches ?frication-start by 4000-6000Hz power, instead 0-6000Hz power.
K [hatazaki 4/28/88 11:58:44]
;. - Searches ?frication-start by 0-6000Hz power, instead S5000~6000Hz power.
I [hatazaki 4/26/88 16: 47:57]
;7 - Searches up to 150msec before the start time. (cf. MAU_B_0034 /is/)
(or (and (prop ?segment (spectrum-global-peak (?peak-freq&~NONE ?peak-power)))
(power-increase (?frication-start&-NONE ?change)
after =(- 7silence-end 20) 50
=(- ?peak-freq 500) =(+ ?peak-freq 500)
?xnormal-smoothing-size* "?*frication-start-min-changex))
(and (prop ?segment (spectrum-global-peak (NONE ?)))
(power-increase (7frication-start&~NONE ?change)
after =(- ?silence-end 20) 50
4000 6000
?xnormal-smoothing-size* ?7xfrication-start-min-changex)))
=> .
(assert (prop ?segment (frication-start ?frication-start)))
(assert (applied ?segment sg-uvfric-at-word-initial-3)))

(defrule sg-uvfric-at-word-initial-4
"There is no power before this segment."

(declare (salience ?*xleft-segmentationk))
(segment-status ?segment segmentation)
(join .

(category ?segment unvoiced-fricative)

(CF (category 7segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join

(left-context ?segment word-initial)

?7x - (CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-at-word-initial-4))
(prop ?segment (frication-start ?frication~start))

;;[hatazaki 145]
;. (case
((and (power-start ?word-start&NONE
before =(+ ?frication-start 30) 60 0 6000 ?*silence-power-upperx)
( power-end ?y& (eq Py ' NONE) before ?word-start 500 0 6000 ?*silence-power-upperx))

r
rr

rr

ii =>

;i (bind ?CFno-power-before 0.8))

;3 (otherwi se

;i =>

;) (bind ?CFno-power-before -0.8)))
ii <==

;i (power-strength =(- ?frication-start 20) ?frication-start 0 6000

;7 ?silence-power& (?silence-power <= ?*silence-power-upperx))
;i (power-end ?y& (eq ?y ' NONE)

before ?frication-start 500 0 6000 ?*silence-power-upperx¥)

r
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,,(pouer start ?frication-start&-NONE

before =(+ ?from 20) 4000 6000 ?¥*silence-power- upperx)

,,(test (< (- ?from ?frication-start) 50.0))

;s
.
1
I3
ry
v
77
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I

77

I
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’
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=>

- Ckecks that the power strength here is less than ?*silence-power-upperX,
so that next power-end function works correctly. If the power strength at
the start point of power-end function is already more than
?%silence-power-upperX, this function cannot detect the time when
the power is more than ?xsilence-power-upper¥, [12/02/87 12:02:21]

( power-strength =(- ?frication-start 20) ?frication-start 0 6000
?silence-powers: (?silence-power (= ?¥silence-power-upperx))

V- Ckecking that there is no power-end po7nt should be done by NOT operation.

If next pattern i1s used,
( power-end ?silence-start&NONE ’
before ?frication-start 500 0 6000 ?*¥silence-power-upper¥)) ...(1)

; a goal 1ike

( goal (power-end NONE before ...)

;; 15 generated and the top-down rule cannot be fired, since the second argument
; NONE 75 not matched with ?? in the goal pattern below.

(goal (power-end ?? before ?start-time&~?? ?time-range&~??
?bottom-freq&~?? ?top-rreq&~?? ?Pthreshold&~??))
~[12/03/87 14: 44: 42 batazaki J[12/04/87 04:03: 12 hatazaki]

; - When we use the above pattern (1), we must define the backward
;7 chaining rule as following.

- {or (goal (power-end ?? before ...))
(goal ( power-end NONE berore ,..)})})

: This backward-chaining rule works correctly, but it is devided into two
+; rules, each of which matches each element in OR close, by rule compiler.
sy [12/07/87 10:09: 36 hatazaki ]

- When NOT operation is used as following,
(not (power-end ?7silence-start&-NONE
before ?frication-start 500 0 6000 ?Xsilence-power-upper¥X))

: this rule is activated by the fact there is no such a pattern, as
; well as the goal is generated. In other word, this rule is

; activated before the backward-chaining rule is fired. (See ART

; Programming Tutorial, Vol 3, page.l-34) In fact, however, the

; backward-chaining rule 17s fired prior to this rule, since the

; salience of the backward-chaining rule is larger than that of this

; rule. Then, as the result of the backward-chaining rule, if the
; Fact which match this goal 7s asserted, 1.e. the power-end time is
; found, this rule is fired next. In another case, if the

; power-end time was not found and the fact (power-end NONE ...)
; which does not match this goal 1s asserted, this rule is removed
; Ffrom the agenda as soon as the fact is asserted. As the result,
;; this rule works correclity. However, the efficiency seems bad.
c; [12/04/87 21:06:23 hatazaki ]

ase
((and (power-start ?word-start&-NONE
before =(+ ?frication-start 30) 60 0 6000 ?xsilence-power-upperk)

Page 9

(power-end ?y& (eq 7y *NONE) before 7word-start 500 0 6000 ?xsilence-power-upperst))

=>
(bind ?7CFno-power-before 0.8))

(otherwise

=>
(bind 7CFno-power-before -0.8)))

(retract %)

,,[hatazak7 167]

¥
rs

I

={CFand (CFcomb ?CFcontext
(CFweight ?XevidenceX ?CFno-power-before))
?CFno-power-before)
(- =(CFcomb ?CFcontext
(CFweight ?¥strong-evidenceX ?CFno-power-before))

(assert (CF (left-context ?segment word-initial)

=(CFand (CFcomb ?CFcontext
(CFweight ?*evidencex ?CFno-power-before))
?CFno~power-before)))

(assert (applied ?segment sg-uvfric-at-word-initial-4)))
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rrr
;;;[hatazak1 148] Moved sg-uvfric-at-word-initial-5 to sg-uvfric-end-at-word-initial-2
,(defru7e sg-uvfric-at-word-initial-5
"There is no voice-bar (1ow-frequency power) before this segment.”

(declare (salience ?X]left-segmentation¥))
( segment-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative)

?CFcategory&: (?CFcategory >= ?¥mightbe-validx)))

(Jjoin

(1eft-context ?segment word-initial)

?x (- (CF (left-context ?segment word-initial)

?CFcontext&: (?CFcontext >= ?*mightbe-validx)))

(not (applied ?segment sg-uvfric-at-word-initial-5))
( prop ?segment (candidate-loc ?from ?to))
(prop ?segment (frication-start ?frication-start))
( power-strength =(- ?frication-start 30) ?frication-start 0 200 ?0-200-P)
(CF (unvoiced-fricative 0-200-power-at-word-initial ?0-200-P) ?CF0-200-P)

=)
(assert (applied ?segment sg- uvfr7c at-word-initial-5))
(retract ?x)
(assert (CF (left-context ?segnent word-initial)

=(CFand ?CFcontext
(CFweight ?*xevidence* ?CF0-200-P)))))

T T I L T T T T T T T T U TR PR P

(defrule sg-uvfric-at-word-initial-done
(A}
(declare (satience ?*xleft-segmentation-endx))
(segment-~status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join ,
‘(1eft-context ?segment word-initial)
(CF (left-context ?segment word-initial) ?CFcontextd: mightbe-valid))
(not (applied ?segment sg-uvfric-at-word-initial-done))
(prop ?segment (frication-start ?frication-start))
=>
(assert (applied ?segment sg-uvfric-at-word-initial-done))
(hypothesize
(assert (start-time ?segment ?frication-start))
(assert (CF (start-time 7segment ?frication-start) =(CFvalue ?CFcontext)))))

& e e e e i e e e e e - —

Page 10
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(defrule sg-uvfric-aft-stop-1
"Finds frication start time."
(declare (salience ?xleft-segmentation*))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category 7segment unvoiced-fricative) ?CFcategoryé&: mightbe-valid))
(join
(left-context ?segment stop)
(CF (left-context ?segment stop) ?CFcontext&: mightbe-valid))
(not .(applied ?segment sg-uvfric-aft-stop-1))
(prop ?segment (candidate-loc ?from ?to))
(power-increase (7frication-start&-NONE ?fs-change)
before ?to 200 4000 6000
?xnormal -smoothing-sizex ?xfrication-start-min-change¥)
=>
(assert (applied ?segment sg-uvfric-aft-stop-1))
(assert (prop ?segment (frication-start ?frication-start))))

(defrule sg-uvfric-aft-stop-2
"Checks vowel-offset-time if there is a vowel before here."
(deciare (salience 7*1eft-segmentationk))
(segment-status 7segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?7segment unvoiced-fricative) ?CFcategory: mightbe-valid))
(join
(Teft-context ?segment stop)
?x <~ (CF (left-context ?segment stop) ?CFcontext&: mightbe-valid))
(not (applied 7?segment sg-uvfric-aft-stop-2))
(prop ?segment (candidate-loc ?from ?to))
(prop ?segment (frication-start ?frication-start))
(power-decrease (?vowel-end&-NONE ?ve-change)
before =(+ ?from 20) 100 1000 2500
?7%normal -smoothing-sizex ?*vowel-F2-end-min-changex)
(CF (unvoiced-friactive vowel-offset-time =(- ?frication-start ?vowel-end)) ?CFvoff-time)
=>
(assert (applied ?segment sg-uvfric-aft-stop-2))
(retract ?x)
(assert (CF (left-context ?segment stop)
=(CFand (CFcomb ?CFcontext
(CFweight ?*evidencex (- ?7CFvoff-time)))
(- ?CFvoff-time)))))

(defrule sg-uvfric-aft-stop-3
"Checks power of the preceding stop.”

(declare (salience ?*1eft~segmentationx))
(segment~status ?segment segmentation)
(join

(category ?7segment unvoiced-fricative)

(CF (category 7segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join .

(left-context 7?segment stop)

7% <~ (CF (left-context ?segment stop) ?CFcontext&: mightbe-~valid))
(not (applied ?segment sg-uvfric-aft-stop-~3))
(prop ?segment (candidate-toc ?from ?to))
(prop ?segment (frication~start ?frication-start))
(power~strength =(~- ?frication-start 30) ?frication-start 0 500 ?stop-0-500-power)
(CF (unvoiced-stop 0-500-power-at-aspiration-end ?stop-0-500~power) ?CF0-500-power)
(power-strength =(- ?frication-start 30) ?frication-start 4000 5000 ?stop-4000~5000-power)
(CF (unvoiced-stop 4000-5000~power-at-aspiration ?stop-4000-5000-power)

?7CF4000~8000-power)
=> .
(assert (applied ?segment sg-uvfric-aft-stop~3))
(retract ?x)
(assert (CF (left-context ?segment stop)
=(CFand -(CFcomb ?CFcontext
(CFweight ?*no-evidence* ?CF0-500-power)’
(CFweight ?xweak-evidence* ?CF4000-6000-power))
?CF0-500-~power
?7CF4000~-5000-power))))

(defrule sg~uvfric-aft-stop~-4
"Checks duration of the preceding stop."
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(declare (salience 7*left-segmentationx))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join

(1eft-context ?segment stop)

?7x ¢~ (CF (left-context ?segment stop) ?CFcontexté&: mightbe-valid))
(not (applied ?7segment sg-uvfric-aft-stop-4))
(prop ?segment (candidate-loc ?from 7to))
(prop ?segment (frication-start ?frication-start))
(power-increase (?aspiration-start&~NONE ?as-change)

before ?frication-start 150 4000 5000
?*normal-smoothing-size*x ?7xclosure-end-min-changex)
(CF (unvoiced-stop aspiration-duration-before-fricative
=(- ?frication-start ?aspiration-start)) ?CFaspiration)
=>
(assert (applied ?segment sg-uvfric-aft-stop-4))
(retract 7x)
(assert (CF (1eft-context ?segment stop)
=(CFand (CFcomb ?CFcontext
(CFweight 7*xevidencet ?CFaspiration))
?CFaspiration))))

(defrute sg-uvfric-aft-stop-done~1
i

(declare (salience 7xleft-segmentation-endx))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) 7CFcategory&: mightbe-valid))
(join

(1eft-context ?segment stop)

?7x <- (CF (left-context ?segment stop) ?CFcontext&: mightbe-vaiid))
(not (applied 7segment sg-uvfric-aft-stop-done-1))
(prop ?segment (frication-start ?frication-start))
=>
(assert (applied 7segment sg-uvfric-aft-stop-done-1))
(hypothesize

(assert (start-time ?7segment ?frication-start))

(assert (CF (start-time 7segment ?frication-start)

=(CFcomb (CFweight ?*no-evidencet ?7CFcategory)
(CFweight ?xdefinite-evidencex ?CFcontext))))))
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(defrule sg-uvfric-with-closure-0

"There is a closure teft of the high-freg-power area."
(declare (salience 7*left-segmentationx))

(segment-status 7segment segmentation)

(category 7segment unvoiced-fricative)

(1eft-context 7segment closure)

(not (applied ?segment sg~uvfric-with-closure-0))

?201d-CF <~ (CF (left-context ?segment closure) ?CF)

Il

;; This rule does not work correctly if the next form 1s
;; (closure-exists ?from ?to left-of ?segment

I ?closure-CF& (b= ?closure-CF 0.6))

;; I don't know the reason.
(c

losure-exists ?from ?to left-of 7segment
?7closure-CF&: (?closure-CF >= 0.6))
=>
(assert (applied ?segment sg-uvfric-with-closure-0))
(retract ?701d-CF)
(assert (CF (left-context ?segment closure) =(#LUSER::comb-CF ?CF 7closure-CF)))
(assert (prop ?segment (closure ?from ?tc))))

)

?

»

?

?

?

’

E

?

?

»

’

’

)

1]

r

L
;(defrule sg-uvfric-with-closure-done

; "Closure-~start time is the segment start time."

; (declare (salience ?%1eft-segmentation-endx))

;  (segment-status ?segment segmentation)

; (category 7?segment unvoiced-fricative)

;. (left-context 7segment closure)

; (not (applied ?segment sg~uvfric-with-closure-done))

; (CF (left-context ?segment closure) ?CF& (>= ?7CF 0.6))
; (prop 7?segment (closure ?cl-start ?cl-end))

. =>

?

; (assert (applied ?segment sg-uvfric-with-closure-done))
;  (hypothesize

; (assert (start-time ?segment ?c¢cl-start))

H (assert (CF (start-time 7segment ?cl-start) ?CF))))

’
L
’
?
Ed
?
»
?
?
’
?
3
H
?

; (defrule get-closure-left-of-unvoiced-frication-0

; "Gets a closure preceding to the unvoiced frication.
(BACKWARD CHAINING RULE)"

(declare (salience ?*top-downk))

(goal (closure~exists ?2from&?? ?to&?? left-of ?segment&~?? ?CF&?7))

(category ?segment unvoiced-fricative)

(segment-~status ?segment segmentation)

(prop ?segment (candidate-loc ?from ?10))

;1 ( power-increase ?closure-end before ?hfe-start 50 3000 6000)

(power-start 7cl-end&-NONE

before =(+ ?from 20) 100 4000 5000 ?*closure-power-upperkx)

- ?cl-end and ?from should not separates more than 15 msec.
(cf. MAU.B_0154)[11/16/87 15:57: 52].

- 15 msec separation should be OK.
(cf. MAU_B_0007)}[11/16/87 21:57: 17].

Na Na Mo Ny L N,

E R T D

(test (<= (- ?from ?cl-end) 15))

(power-end 7cl-start&-NONE

before ?cl~end 400 1000 6000 ?*closure-power-upperk)
(test (and (>= (- ?cl-end ?cli-start) 20)

(<= (- ?cl-end ?cl-start) 100)))

(power-strength ?cl-start ?ci-end 1000 6000

?cl-power&: (< ?cl-power 7#closure-power-upper))
(BB 7BB)

=>

(at 7BB

(assert (closure-exists ?7cl-start ?cl-end left-of ?segment 0.8))))
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; (defcontradiction sg-uvfric-aft-syllabic-nasal-0
"There must not be high power before this segment."
( segment-status ?segment segmentation)
(category ?segment unvoiced-fricative)
(1eft-context ?segment closure)
(not (applied ?7segment sg-uvfric-aft-syllabic-nasal-0})
(prop segment
(high-freg-power 7high- freq start-time ?high-freg-end-time
?high-freq-bottom ?high-freg-top))
(power-strength =(- ?high-freg-start-time 20)
?high-freq-start-time
4000 6000
?strength&: (> 7strength ?*no-power-upperx)))

ME A WA Ve e wa we e we we M w

(defrule sg-uvfric-aft-syllabic-nasal-1
(declare (salience ?7*left-segmentation%))
(segment-status ?segment segmentation)
(prop 7segment (high-freqg-power ?high-freg-start-time ? ? 7))
(1eft-context ?segment syllabic-nasal)
701d-CF <~ (CF ?segment 7CF)
(not (applied ?segment sg-uvfric-aft-syllabic-nasali-1))
(burst ?timel&~:numberp ?typel after ?high-freg-start-time 20)
(burst ?7time2&~: numberp ?type2 before 7h1gh freg-start-time 20)
=>
(retract ?01d-CF)
(assert (CF ?segment =(+ ?CF 0.2))
(applied ?segment sg-uvfric-aft-syllabic-nasal-1)))

MY M ue Ve VI W wE wE ue we Wi we we

(defrule sg-uvfric-aft-syllabic-nasal-2
(declare (salience ?*left-segmentation%))
(segment-status ?segment segmentation)
(prop 7segment (high-freq-power ?high-freg-start-time ? ? ?))
(1eft-context 7segment syllabic-nasal)
?01d~CF <- (CF 7segment ?CF)
(not (applied ?segment sg-uvfric-aft-syllabic-nasal-2))
(power-end ?nasal-start-time& numberp
before ?high-freg-start-time 500
?%high-freq-bottom* ?xhigh-freqg-top* 0. 85)
=>
(assert (applied ?segment sg-uvfric-aft-syllabic-nasal-2))
(hypothesize
(assert (preceded-by ?segment
(syllabic-nasal 7nasal-start-time unknown)))))

SE we B WE MR WE W M Me Ne VA WE uE we ws

(defrule sg-uvfric-aft-syllabic-nasal-3
(declare (salience ?7*left-segmentation%))
(segment-status ?segment segmentation)
(prop ?segment (high-freg-power ?high-freg-start-time ? ? 7))
(preceded-by ?segment
(syllabic-nasal ?nasal-start- time&~unknown ?nasal-end- time))
?01d-CF <~ (CF 7segment ?CF)
(not (applied ?segment sg-uvfric-aft-sylilabic-nasal-3))
(has-formant ?7nasal-start-time ?high-freg-start-time
?7xF2~bottom* ?*F3-top*
?strength&: (?strength > ?*no-power- upper*))
=>
(retract ?01d-CF)
(assert (CF ?segment =(+ ?CF 0.2))
(applied ?segment sg-uvfric-aft-syllabic-nasal-3)))

(defrule sg-uvfric-aft-syllabic-nasal-4
(declare (salience ?*left-~segmentation%))
(segment-status ?segment segmentation)
(prop ?segment (high-freq-power ?high-freg-start-time ?7 ? 7))
(preceded-by ?segment
(syllabic~nasal ?nasal-start-time&~unknown ?nasal-end-time))
?701d-CF <- (CF 7segment ?CF)
(not (applied ?segment sg-uvfric-aft-syllabic-nasal-4))
(has-formant ?nasal-start-time ?high-freqg-start-time
?*F1-bottom* 7*F1-top*
?7strength&: (?strength > ?*no-power-uppert))
=>
(retract ?01d-CF)
(assert (CF ?segment =(+ ?CF 0.2))
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R (applied 7segment sg-uvfric-aft-syllabic-nasal-4)))

; (defrule sg-uvfric-aft-syllabic-nasal-5
s (declare (salience 7xleft-segmentationt))
;  (segment-status ?segment segmentation)
; (prop 7?segment (high-freg-power 7high-freg-start-time
: ?high-freg-end-time
; ?high~freg-bottom
; ?high-freg-top))
3 (preceded -by ?segment
; (syllabic-nasal ?nasal-start-time&~unknown ?nasal-end-time))
; 70l1d-CF <~ (CF 7?segment 7CF)
; (not (applied ?segment sg-uvfric-aft-syllabic-nasal-5))
; (power-start ?start-timeé&: numberp before ?high-freg-end-time 300
H ?high-freq-bottom ?high-freg-top 0.65)
;=
;  (assert
; (applied ?segment sg-uvfric-aft-syllabic-nasal-5))
i (hypothesize
: (assert (start-time ?segment ?start-time))))
(defru]e sg-uvfric-aft-syllabic-nasal-end
(dectare (salience ?xend-segmentationx))
7x <- (segment-status 7segment segmentation)
(prop ?segment (high-freg-power §7))

(preceded-by 7segment (syllabic-nasal §7))
(start-time ?segment ?)

(end-time ?7segment 7)

(CF 7segment ?7CF& (?7CF >= 0.4))

=>

(retract ?x)

(assert (segment-status ?segment recognition)))

w6 WS MO W ws ME WO MO wE we we wo
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;3 -*~ Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX : ROMAN :NORMAL) -x-

(defrule sg-uvfric-right-1

WE WO WS WO MY we WD v we

"Hypothesizes right phoneme."
(declare (salience 7xright-segmentationk))
;{(declare (salience ?7xstart-segmentationx))
(segment-status 7segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category 7segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(not (applied ?segment sg-uvfric-right-1))
(not (end-time 7segment 7))
=>
(assert (applied 7segment sg-uvfric-right-1))
(conflicting-alternatives
(hypothesize
(assert (right-context 7segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown))))
(hypothesize
(assert (right-context 7segment stop-or-affricate))
(assert (CF (right~context ?segment stop-or-affricate) =(CFunknown))))
(hypothesize
(assert (right-context 7segment fricative))
(assert (CF (right-context ?segment fricative) =(CFunknown))))
(hypothesize
(assert (right-context ?segment nasal))
(assert (CF (right-context 7segment nasal) =(CFunknown))}))
(hypothesize
(assert (right-context ?segment silence))
(assert (CF (right-context ?segment silence) =(CFunknown))))

»
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; (defrule sg-uvfric-bfr-vowel-0
"Get time range for searching vowel start time."
(declare (salience ?*xright-segmentationt))
(segment-status ?segment segmentation)
(category ?segment unvoiced-fricative)
(right-context ?segment vowel) ]
(not (applied ?segment sg-uvfric-bfr-vowel-0))
(prop ?segment (candidate-loc ?from ?to))
(power-start ?max-end-time after =(+ ?from 20) 500 0 500 ?*voicing-power-1owerk)
=>
;; - ?7max-end-time may be NONE.
(assert (prop 7segment (following-vowel-start ?max-end-time)))
(assert (applied ?segment sg-uvfric-bfr-vowel-2)))

Mo e WS e N U Me we WE W s Ml W

(defrule sg-uvfric-bfr-vowel-1
"Searches the vowel start time"

(declare (salience 7*¥right-segmentationx))
(segment~-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

(CF (category 7segment unvoiced-fricative) ?CFcategoryé&: mightbe-valid))
(Jjoin ‘

(right-context ?segment vowel)

7x <~ (CF (right-context ?segment vowel) ?CFcontext& mightbe-valid))
(not (applied ?segment sg-uvfric-bfr-vowel-1))
(prop ?segment (candidate-loc ?from ?to))

1

;7 [hatazaki 145] ?vowel-region 1s found First, then Pvowel -start precisely before
;7 ?Pvowel -region.

HE R G

( power~-1increase (?vowel~-start&-NONE ?change)

F after =(+ ?from 20) 300

i 0 500

?Xpnormal -smoothing-sizeX

?Xyowel -start-m n-change-after-unvoiced-fricativex)

I

;i- ?max-end-time seems non-sense, Ssince power-increase

;7 Searches the FIRST local maximum. This sexp is removed and
;: =(~- ?max-end-time ?from -20) is repleced with just 300.

;; [hatazaki 3/18/88 17:38:20]

;1(prop ?segment (following-vowel-start ?max-end-time&-NONE))

(power-start ?vowel-region&~NONE
after =(+ ?from 20) 300 0 500
?*voicing-power-lower-after-unvoiced-fricativex)
(power-increase (?vowel-start&-NONE ?change)
before =(+ ?vowel-region 20) 60
0 500
?¥normal-smoothing-sizex*
?*vowel -start-min-change-after-unvoiced-fricatives)
(power-strength =(+ ?vowel-start 7.5) =(+ ?vowel-start 22.5) -0 500 ?0-500-P)
(CF (vowel 0-500-power ?0-500-P) ?CF0-500-P)
= > )
(assert (prop ?segment (following-vowel-start ?vowel-start)))
(retract 7x) ’

;;[hatazaki 167]

P =(CFand (CFcomb ?CFcontext
7y ( Cfwet ght ?Xevidencex ?CF0-500-P))
;i ?CFO-500-P)

(- =(CFcomb ?CFcontext

I ({Cfweight ?*strong-evidence¥ ?CF0-500-P))
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(Cfweight ?*evidencex ?CF0-500-P))
?CF0-500-P)))
(assert (applied ?segment sg-uvfric-bfr-vowel-1)))

(defrule sg-uvfric-bfr-vowel-1b
"Searches the vowel start time with smaltier threshold."
(declare (salience ?*right-segmentationx))
(segment-status ?segment segmentation)
(Jjoin
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(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategoryéd: mightbe-valid))
(join
(right-context ?segment vowel)
?7x (- {(CF (right-context ?segment vowel) ?CFcontexté&: mightbe-valid))
(not (applied ?segment sg-uvfric-bfr-vowel-1b))
(prop 7segment (candidate-loc ?from ?to))
(power-start ?y&: (eq ?y ’NONE)
after =(+ ?from 20) 300 0 500
?xvoicing~power-1ower-after-unvoiced-fricatives)
(power-start ?vowel-region&~NONE
after =(+ ?from 20) 300 0 500
?%voicing-power-smaller-lower-after-unvoiced-fricativex)
(power-increase (?vowel-start&NONE ?change)
before =(+ ?vowel-region 20) 50
0 500
?*normal-smoothing-sizex
?*vowel -start-min-change-after-unvoiced-fricativex)
(power-strength =(+ 7voweli-start 7.5) =(+ ?vowel-start 22.5) 0 500 ?70-500-P)
(CF (vowel 0-500-power ?0-500-P) ?CF0-500-P)
=>
(assert (prop ?segment (following-vowel-start ?vowel~start)))
(retract ?x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(Cfweight ?*evidencex 7CF0-500-P))
?CF0-500-P)))
(assert (applied ?segment sg-uvfric-bfr-vowel-1b)))

{defrule sg-uvfric-bfr-vowel-3
“Checks the vowel is not devoiced. (cf. MAU_B_0070)"

~ If there is closure which preceeds to this phoneme,
ki11 this hypothesis by a CFvalue -0.9. [hatazaki 3/18/88 14:40:50]

egment-status ?7segment segmentation)
join

(category ?segment unvoiced-fricative)

(CF (category ?segment unvoiced-fricative) 7CFcategory&: mightbe-valid))
(join

(right-context ?segment vowel)

7x <~ (CF (right-context ?segment vowel) 7CFcontext&: mightbe-valid))
(not (applied ?segment sg~uvfric-bfr-vowel-3))
(prop ?segment (candidate~loc ?from 7to))
(prop ?segment (following~vowel-start ?vowel-start))

I¥4

i

l’ I'

i

(declare (salience ?*¥right-segmentations))
(s

(

;;[hatazaki 145]

;7 (closure-exists ?cl-from ?cl-to before ?vowel-start =(- ?vowel-start ?to) ?CFclosure)
i; (--

;. (power-decrease

7y (?cl-start&-NONE ?) .

I after =(+ ?from 20) =(- ?vowel-start ?from 20)

¥ 5000 6000 ?*normal-smoothing-sizex ?Xclosure-start-nrin~changeX)

;7 (test (>= (- ?vowel-start ?cl-start) 20))

;; (power~strength ?cl-start =(+ ?cl-start 20) 1000 6000

;3 ?cl~-power& (?cl-power <= ?*imcomplete-closure-power-upperx))

;7 - Closure start time i1s searched by 5000-6000Hz freguency power, instead ?cutoff-6000Hz.
;s — ?*closure-start-min-changex 1s changed to 0.5 and ?*normal-~smoothing-sizeX to 19.
;; [hatazaki 4/19/88 00:30:31]

;; (power-decrease

F (?cl-start&NONE ?)

i after =(+ ?from 20) =(- ?vowel-start ?from 20)

¥ Pcutoff 6000 ?xnormal -smoothing-sizeX ?Xclosure-start-m n~changex)

(closure-exists ?ci-from ?cl-to before 7vowel-start =(- ?vowel-start ?to) 7CFclosure)

=>

(retract ?x)

;s [hatazaki 167]

o =(CFand (CFcomb ?CFcontext

I (CFweight ?Xevidence¥ (- ?CFclosure)))
7 (- ?CFclosure))

;7 (~= =(CFcomb ?CFcontext

e (CFweight ?#definite-evidence* (- ?CFclosure)))
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(assert (CF (right-context 7segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight 7*evidence* (- 7CFclosure)))
(- ?CFclosure))))
(assert (applied ?segment sg-uvfric-bfr-vowel-3)))

(defrule sg-uvfric-bfr-vowel-done-1
i
(declare (salience 7%right-segmentation-end%))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join
(right-context ?7segment vowel)
(CF (right-context ?segment vowel) ?CFcontext&: mightbe~valid))
(not (applied ?segment sg-uvfric-bfr-vowel-done-1))
(prop 7segment (following-vowel-start ?vowel-start))
=>
(assert (applied 7segment sg-uvfric-bfr-vowel-done-1))
(hypothesize
(assert (end-time ?7segment ?vowel-start))
(assert (CF (end-time 7segment 7vowel-start) =(CFvalue ?CFcontext)))))
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(defru]e sg-uvfric-bfr-stop-or-affr-1
HU

(declare (salience ?*right-segmentation))
(segment-status ?segment segmentation)
(category ?segment unveoiced-fricative)
(right-context ?segment stop-or-affricate)
(CF (right-context 7segment stop-or-affricate) ?CF)
(not (applied ?segment sg-uvfric-bfr-stop-or-affr-1))
=>
(assert (applied ?segment sg-uvfric-bfr-stop-or-affr-1))
(conf]1ct1ng alternatives

;; - Complete closure can be included Tn imcomplete closure cases.
;; [hatazaki 1/11/88 19:29:59]

I¥ ( hypothesi ze

H¥ (assert (right-closure ?segment complete))

7 (assert (CF (right-closure ?segment complete) 0.0)))
(hypothesize

;; - Closure may have weak power,

(assert (right-closure ?segment imcompliete))

(assert (CF {(right-closure ?segment imcomplete) 0.0)))
(hypothesize

:; - Closure cannot be seen.

(assert {right-closure ?segment none))

(assert (CF {(right-closure ?segment none) 0.0)))))
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(defrule sg-uvfric-bfr-stop-or-affr-2
“Get the maximum time of the right boundary.*
(declare (salience 7*right-segmentationx))
(segment~status ?segment segmentation)
(join®
(category ?segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
{join
(right-context ?segment stop-or-affricate)
(CF (right-context ?segment stop-or-affricate) 7CFcontext&: mightbe-valid))
{not (applied ?segment sg-uvfric-bfr-stop-or-affr-2))
(prop ?segment (candidate-loc ?from ?7to))
;; = Get the time next vowel starts. The right boundary of this
;7 Fricative should not be searched beyond this time.
:; - Search starts a 1ittile after ?from, since there may be weak
;¢ power in the unvoiced area (cf. MAU_1_3139, 505sec) [hatazaki
;; 1/08/88 11:12: 23].
{ power-start ?max-end-time&NONE after =(+ 7from 20) 500 0 500 ?7*voicing-power-1lowers)
=>
(assert (applied ?segment sg-uvfric-bfr-stop-or-affr-2))
;7 - Max-end-time should be 1ittle bit right of the ?max-end-time,
;; Since there is a case when the closure end time and vowel start
;; time are almost same (cf. MAU_B_0100) [hatazaki 3/18/88 16:15: 34]

(assert (prop ?segment (max-end-time =(+ ?max-end-time 20.0)))))

(defrule sg-uvfric-bfr-stop-or-affr-3
nH
(declare (salience ?*right-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment unvoiced-fricative)
( (CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
join
(right-context ?segment stop-or-affricate)
?7%x <~ (CF (right-context ?7segment stop-or-affricate) ?7CFcontext& mightbe-valid))
(not (applied ?segment sg-uvfric-bfr-stop-or-affr-3))
(prop 7segment (candidate-loc ?from 7to))
(prop ?segment (max-end-time ?max-end-time))

;;[hatazaki 145}

(closure-exists ?cl-from ?cl-to after ?to =(- ?max-end-time ?to) ?CFclosure)
;5 (power-decrease
H (?cl-start&-NONE ?cl-start-change)
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after ?to =(- ?max-end-time ?to) 5000 6000

?xnormal -smoothing-size* ?*c]osure-start-min-changex*)
( power-increase

(?cl-end&NONE ?cl-end-change)

after ?cl-start =(- ?max-end-time ?cl-start) 5000 6000

?xnormal -smoothing-sizex ?Xclosure-end-mi n-change¥*)

(cf. MAU_B_0122 should not be a closure (duration is 25msec))
[hatazak1 5/17/88 09: 16: 06]

(test (3= (- ?cl-end ?cl-start) ?*closure-min-durationx))

( power-strength ?cl-start ?cl-end 1000 6000

?cl-power&: ({(= ?cl-power ?Ximcompl ete-closure-power-upperx))

s
I
I3
’

’
’
I
’

:;- In case of phoneme which follows to strong power (cf.

rp MAU_1_2067, 500ms, /ts/), spectrum power goes down near ?from,
; then the closure start time of next phoneme should be searched
; starting time a 1ittle after ?from, that is, (+ ?from 20).

; [hatazaki 1/19/88 17:00: 58]

; ;- Power-change should be larger than a predtermined value.,
; (cf. MAU_1_2067, 487.5, ?cl-start-change=l.80 should be accepted.)
; (cf. MAU_1_2067, 570ms, ?cl-start-change=0.73 should be ingnored.)

i~ Power start/end time is searched by 5000-6000Hz power, instead ?cutoff-6000

;; or 4000-6000Hz. [hatazaki 4/19/88 00:38: 21]

E&1osure exists 7cl-from ?cl-to after =(- 7to 20) =(- ?max-end-time ?to) 7CFc1osure)
=>

(assert (applied 7segment sg-uvfric-bfr-stop-or-affr-3))

(retract ?x)

ii[hatazaki 167]

k¥ =(CFand (CFcomb ?CFcontext
i (CFweight ?xstrong-evidence* ?CFclosure))
;; ?CFclosure)

(-~ =(CFcomb ?CFcontext

(CFweight ?Xstrong-evidence* ?CFclosure))

(assert (CF (right-context 7?segment stop-or-affricate)
=(CFand (CFcomb ?CFcontext
(CFweight ?*strong-evidence* ?CFclosure))
?CFclosure)))
(assert (prop 7segment (right-closure ?cl-from 7¢1- -t0))))

(defrule sg-uvfric-bfr-stop-or-affr-4

"Checks if the vowel is surely devoiced."

; IF there is vowel power between this fricative and the following closure,
;; rejects this hypothesis. (cf. MAU_B_0100 [hatazaki 5/17/88 09:00: 38]

e N4 wa e

(declare (salience ?%right-segmentationt))
(segment~status ?segment segmentation)
(join
(category 7segment unvoiced-fricative)
(CF (category ?segment unvoiced-fricative) ?CFcategoryé&: mightbe-valid))
(join
(right~context ?segment stop-or-affricate)
7% <~ (CF {right-context ?segment stop-or-affricate) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-bfr-stop-or-affr-4))
(prop ?segment (candidate-loc ?from ?to))
(prop ?segment (right-closure ?cl-start ?7cl-end))
(power-increase (?vowel-start&-NONE 7)
after =(- ?to 20) =(- ?cl-start ?to -20) 0 500
?%¥normal-smoothing-sizex
?¥vowel-start-min-change-after-unvoiced-fricatives)
(power-strength =(+ ?vowsi-start 7.5) =(+ ?vowel-start 22.5) 0 500 ?0-500-P)
(CF (vowel 0-500-power 70 500-P) 7?CFvowel)
=>
(retract ?7x)

,,[hauazak7 167] Fixed bug (- ?CFvowel) {(-- ?CFvowel.

;i =(CFand (CFcomb ?CFcontext

;s ( CFweight ?*evidenceX (- ?CFvowel)))
Iy (- ?CFvowel))

r - Accept this is closure only if the duration is longer than ?Xclosure-min-durationx.
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I (-~ =(CFcomb ?CFcontext
HH “ (CFweight ?xevidence* ?CFvowel))
(assert (CF (right-context ?segment stop-or-affricate)
=(CFand (CFcomb ?CFcontext
(CFweight 7xevidencef (~ 7CFvowel)))
(- ?7CFvowel))))
(assert (applied ?segment sg-uvfric-bfr-stop-or-affr-4)))

(defrule sg-uvfric-bfr-stop-or-affr-done-1

s -

WO M ME M WA M ME e ws We Wl M M WO We L ME M W MA M W M M W e s We W w0 ME wh ME e WY W Wt WE we WA we Mr we Wl v

. Ne

—~—

(declare (salience 7*right-segmentation-end*))
(segment-status 7segment segmentation)
(join

(category 7segment unvoiced-fricative)

(CF (category ?7segment unvoiced-fricative) ?CFcategoryé&: mightbe-valid))
(join

(right-context ?segment stop-or-affricate)

(CF (right-context ?segment stop-or-affricate) 7CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-bfr-stop-or-affr-done-1))
(prop 7segment (right-cliosure 7ci-start ?cl-end))
=) ) .
(assert (applied ?segment sg-uvfric-bfr-stop~or-affr-done-1) )
(hypothesize

(assert (end-time 7segment ?cl-start))

(assert (CF (end-time 7segment ?cl-start) =(CFvalue ?7CFcontext)))))

; - Cases where the following stop or affricate has complete ciosure
; can be included in cases whrer they has imcomplete closure.
defrule sg-uvfric~-bfr-stop-or-affr-with-comp-closure-1
"Finds closure start and end time"
(declare (salience ?*right-segmentation*))
(segment-status ?segment segmentation)
(category ?7segment unvoiced-fricative)
(right-context ?segment stop-or-affricate)
(right-closure 7segment complete)
?x <~ (CF (right~closure ?segment complete) ?CF)
(not (applied ?segment
sg-uvfric-bfr-stop-or-affr-wi th-comp-closure-1))
(prop 7segment (candidate-loc ?from ?to))
(prop 7segment (high-freg-power ? ? ?cutoff))
(prop ?segment (max-end-time ?max-end-time))
(power-end ?cl-start&~NONE
after ?from =(- ?max-end-time ?from) ?cutoff 6000 ?*closure-power-upperx)
;; - Checks the power goes down suddenly.
( power-decrease (? ?change&: (?change >= ?*closure-start-change-lowers))
after =(- ?cl-start 7.5) 15 ?cutoff 6000)
(power-start ?7cl-~end&~NONE
after 7cl-start =(- ?max-end-time ?cl-start) 1000 6000 ?xclosure-power-upper%)
(power-strength ?cl-start ?cl-end 1000 6000
?cl-poweré&: (?cl-power <= ?*xclosure-power-upperk))
= > ' :
(assert (applied ?segment sg-uvfric-bfr-stop-or-affr-with-comp-closure-1))
(retract 7x)
(assert (CF (right-closure ?segment complete) =(#LUSER::comb-CF ?CF 0.8)))
(assert (prop ?segment (right-closure ?cl-start 7cl-end))))

(defrule sg-uvfric-bfr-stop-or-affr-with-comp-closure-done

Wt

(declare (salience 7*right-segmentation%))
(segment-status 7?segment segmentation)
(category 7segment unvoiced-fricative)
(not (applied 7segment
sg-uvfric-bfr-stop-or-affr-with-comp-closure-done))
(right-context ?segment stop-or-affricate)
(right-closure ?segment complete)
(CF (right-closure ?7segment complete) ?CF& (?CF >= 0.6))
(prop ?segment (right-closure ?cl~start ?cl-end))
=>
(assert (applied ?7segment sg-uvfric-bfr-stop-or-affr-with-comp-closure-done))
(hypothesize
(assert (end-time ?segment ?cl-start))
(assert (CF (end-time ?segment ?cl-start) ?CF))))
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]

-¥- Mode: ART; Base: 10; Package: ART-USER -x*-

;33 [hatazaki 178] Substituted by sg-uvfric-end-conflicting-with-uvstop-2.

22

;33 (defrule sg~uvfric-end-at-word-initial-1
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"Checks power change at the beginning to reject stop."

;s [hatazaki 148] Checks burst, instead of power-change.
;s (burst-exists ?burst-start ?burst-end ?burst-freg
after =(~- ?frication-start 20) 40 700 4000 ?CFburst)

(== .

(prop ?segment (spectrum-global-peak (?Freq ?peak-power))})

(or (and (prop ?segment (spectrum-global-peak (?peak-freq&~NONE ?peak-power)})

(pouer increase (?y&-NONE ?change)
after =(- ?frication-start 20) 40
=(- ?peak-freq 500) =(+ ?peak-freq 500)
?xsmoothing~for-getting-power-change-of-uvfricative-at-word-initialx
?xfrication~start-nm n~change-for-small-smoothing*))
(and (prop ?segment (spectrum-global-peak (NONE ?)))
{ power-increase (?y&-NONE ?change)

after =(- ?frication-start 20) 40
4000 6000
?xsmoothing~for~getting-power-change-of-uvfricative-at-word-initial X

; ?*frication~start-m n-change-for-small-smoothingx)))

;: (CF (unvoiced-fricative power-change-at-word-initial ?change) ?CFchange)

;:[hatazaki 146, 11/09/88 20:23: 23]

;; Defined sg-uvfric-end-at-word-initial-l to checks that this segment is

;¢ fFricative or stop, after gettig start and end time.

IR
’ s
7
I
7
I
r s
s
s
.o
rs
’s
’ e
’s
I
s
7
7

rs
(declare (salience ?*before~end-segmentationx))
(segment-status ?segment segmentation)
(join

(category ?segment unvoiced-fricative)

?7x {- (CF (category ?segment unvoiced-fricative) ?CFcategory& mightbe-valid))
(join

(start-time ?segment ?start)

(explicit (CF (start-time ?segment ?start) 7CFstart&-m1ghtbe valid)))
(join

(end-time ?segment ?end)

(explicit (CF (end-time ?segment ?end) ?CFend&: mightbe-valid)))
(join

(Teft-context ?segment word-initial)

(CF (left-context ?segment word-initial) ?CFcontext& mightbe-valid))
(not (applied ?segment sg-uvfric-end-at-word-initial-1))
(prop ?segment (frication-start ?frication-start))
(burst-exists ?burst-start ?burst-end ?burst-freq

after =(- ?frication-start 20) 40 700 4000 ?CFburst)
(not (burst-exists ? 7 7
after =(- ?frication-start 20) 40 700 4000 ?y& (?y > ?CFburst)))

(CF (unvoiced-stop voice-onset-time =(~ ?end ?7burst-start)) ?CFvot)
=>
(assert (applied 7segment sg-uvfric-end-at-word-initial-1))
(retract ?x)

;s [hatazaki 168] Checks voice-onset-time to say this is a stop.
;7 (- (CFand ?CFburst ?CFvot))} <(-- (- ?CFburst).
;;[hatazaki 167]

Iy -(CFand (CFcomb ?CFcategory

i (CFweight ?*weak-evidenceX (- ?CFburst))})
KK (- ?CFburst))

; (- =(CFcomb (CFweight ?*evidencex ?CFcategory)

(CFweight ?Xstrong-evidence* (~ ?CFburst)))

(assert (CF (category ?segment unvoiced-fricative)
=(CFand (CFcomb ?CFcategory
(CFweight ?xweak-evidencex (- (CFand ?CFburst ?CFvot))))
(- (CFand ?CFburst 7CFvot))))))

(defrule sg-uvfric-end-at-word-initial-~2

"There is no voice-bar (low-frequency power) before this segment."

7’
;2 [hatazaki 148] Moved from sg-uvfric-at~word-initial-_&.

7’
(declare (salience ?*before-end-segmentation*))
(segment-status ?segment segmentation)
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(join

(category 7segment unvoiced-fricative)

?7x <- (CF (category ?segment unvoiced-fricative) ?CFcategory&: mightbe-valid))
(join

(start-time 7segment ?start)

(explicit (CF (start-time ?segment ?start) ?7CFstarté&: mightbe-valid)))
(join : .

(end-time 7segment ?end)

(explicit (CF (end-time ?segment ?end) ?CFend&: m1ghtbe valid)))
(join

(left-context ?segment word-initial)

(CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-uvfric-end-at-word-initial-2))
(prop 7segment (frication-start ?frication-start))
(power-strength =(~ ?frication-start 30) ?frication-start 0 200 ?0-200-P)
(CF (unvoiced-fricative 0-200-power-at-word-initial ?0-200-P) ?CF0-200-P)
=>
(assert (applied ?segment sg-uvfric-end-at-word-initial-2))
(retract 7%)

,,[hatazak7 167]

I =(CFand (CFcomb ?CFcategory

I (CFweight ?Xweak-evidencex ?CF0-200-P))
ii ?CF0-200-P)

;o (== =(CFcomb (CFweight ?XevidenceX* ?CFcategory)

¥ (CFweight ?*strong-evidencex ?CF0-200-P))
(assert (CF (category ?segment unvoiced-fricative)
=(CFand (CFcomb ?CFcategory
(CFweight ?xweak-evidencex ?CF0-200-P))
?CF0-200-P))))

(defrule sg-uvfric~end-conflicting-with-uvstop-1
"Solve confliction with unvoiced stop"
(declare (salience ?*after-end-segmentationk))
(viewpoint ?v
(join
(segment-status ?segmenti segmentation-ended)
(not (applied 7segmenti sg-uvfric-end-conflicting-with-uvstop-1))
(join
(category ?segmenti unvoiced-fricative)
(CF (category ?segmentl unvoiced-fricative) ?CFcategoryl&: mightbe-valid))
(join
(left-context ?segmenti stop)
(CF (left-context ?segmenti stop) ?CFcontexté&: mightbe-valid))
(join
(segment-result 7segment1 (?start? 7end1))
?x - (CF (segment-result ?segmenti (?starti ?end1)) ?CFsegment1))))
(viewpoint ?
(Jjoin
(segment-status ?segment2 segmentation-ended)
(join
(category ?segment2 unvoiced-stop)
(CF (category ?segment2 unvoiced-stop) ?CFcategory2&: mightbe-valid))
(join
(segment-result ?segment2 (?start2 ?end?2))
(CF (segment-result ?segment2 (7start2 ?end2)) ?CFsegment2))))
(test (and (< ?start2 ?startt)
(< ?startl 7end2)
(< (/ (+ ?starti ?endl) 2) ?end2)))
=>
(at 7v
(assert (applied ?segmenti sg-uvfric-end-conflicting-with-uvstop-1))
(retract 7x)
(assert (CF (segment-result 7segmenti (?starti ?endil))
=(CFcomb ?CFsegmenti -0.5)))))

(defrule sg-uvfric-end-conflicting-with-uvstop-2
"Solve confliction with unvoiced stop at word head.*
(declare (salience ?*after-end-segmentationk))
(viewpoint ?v
(join
(segment-status ?segmentl segmentation-ended)
(not (applied ?segmentl sg-uvfric-end-conflicting-with-uvstop-2))
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(join
(category ?segmenti unvoiced-fricative)
(CF (category ?segmentl unvoiced~fricative) ?CFcategoryl&: mightbe-valid))
(join
(1eft-context ?segmenti word-initial)
(CF (left-context ?segmentl word-initial) ?CFcontexti&: mightbe-valid))
(join
( segment-result ?segmenti (7?starti ?endl))
7% {- (CF (segment-result ?segmenti (?starti ?endi)) ?CFsegmenti))))
(viewpoint 7
(join
(segment-status ?segment2 segmentation- ended)
(join
(category ?segment2 unvoiced-stop)
(CF (category ?segment2 unvo1ced ~stop) ?CFcategory2&: mightbe-valid))
(join
(1eft-context 7segment2 word-initial)
(CF (1eft~context ?7segment2 word-initial) ?CFcontext2&: mightbe-valid))
(join
(segment-result ?segment2 (?start2 7end2))
(CF (segment-result 7segment2 (7start2 ?end2)) ?CFsegment2))))
(test (or (and (< ?startl (/ (+ 7start2 7end2) 2))
(< (/ (+ ?start2 ?end2) 2) ?endl))
(and (£ ?start2 (/ (+ ?starti 7endl) 2))
(< (/ (+ ?starti ?endl) 2) 7end2))))
=> )
(at 7v
(assert (applied 7segment1 sg-uvfric-end-conflicting-with-uvstop-2))
(retract ?x)
(assert (CF (segment-result ?segmenti (?starti ?endi))
=(CFcomb ?CFsegmenti -0.5)))))
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3

133 -%- Mode: LISP; Syntax: Common-1isp; Package: ART-USER; Base: 10 -*-

(defun get-h-region-candidates()

(letx ((start-time 1)
(end-time 2000)
h-start-time h-end-time
head-section middle-section
section0 sectionl section2)

(setq head-section
(cond ((and (/= 0 (setqg h-start-time
(car (get-power-start 0 2000 0 6000 -70))))
(/= 0 (setg h-end-time
(find-h-end-candidate h-start-time end-time))))
(1ist (Vist h-start-time h-end-time)))))

(setq middlie-section (loop for i from start-time to end-time by 2.5
while (and (/= 0 (setq i (find-h-start-candidate i end-time)))
(/= 0 (setq h-end~time (find-h-end-candidate i end-time)))
(setq h-start-time 1))
collect (1ist h-start-time h-end-time)))

(setq sectioni
(cddr (USER::call-speechfunc (11ist "POWER-ISLAND-IN-TIME* 0 2000

0 1000

-80 -35

11 NN

(setqg section2
(cddr (USER::call-speechfunc (1ist "POWER-ISLAND-IN-TIME" 0 2000

0 500

-80 -45

11 nn

(setq section0
(loop for region in (intersected-regions (1ist sectioni section2))
collect region))

(nconc
(1oop for region in (intersected-regions (1ist head-section section0))
collect region)
(1oop for region in (intersected-regions (list middle-section section0))
collect region))

))

(defun find-h~start-candidate (start-time end-time )

(

H
H

]

>
>
H
>
H
H
H
H
»
H
H
7

(caar (cddr (USER::call-speechfunc
(1ist "POWER-CHANGE"

start-time end-time
0 500
2 . 21
11 21
0.2 -85 )))))

defun find-h-end-candidate (start-time end-time)
(caar (cddr (USER::call-speechfunc
(1ist "POWER-CHANGE"

start-time end-time
0 500
1 21
11 21
0.2 ‘ -65 )))))

(defun get-h-region-candidates()
(1etx (sectioni :
section2)

(setq sectioni
(cddr (USER::call-speechfunc (1ist "POWER-RATIO-ISLAND" 0 2000

1000 5000
0 1000
0 999
11 211)

(setg section2
(cddr (USER::call-speechfunc (list "POWER-ISLAND-IN-TIME" 0 2000
0 6000
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(1oop for region in (intersected-regions (1ist sectionl section2))
collect region)
)
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;55 -%- Mode: ART; Package: art~user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -*-
(defrule sg-h-0
"Finds a candidate of /h/."

(declare (salience ?7xfind-candidatex))

(segmenting h)

(h-region-candidate ?from ?to)

(power-strength ?from ?to 0 1000 ?hpw-0-1000)

(power-strength ?from ?to 1000 5000 ?hpw-1000-5000)

(power-strength ?from 7to 5000 6000 ?hpw-5000-6000)

(CF (h-0-1000-power 7hpw-0~1000) ?CFhpw-0~1000&: mightbe-valid)
(CF (h~1000~5000~power ?hpw-1000-5000) ?CFhpw-1000-5000&: mightbe-valid)
(CF (h-1000~5000~0-1000-power-ratio =(~- ?hpw-1000-5000 ?hpw0-1000))
?CFhpr-1000-5000-0-1000& mightbe-valid)
(CF (h-1000-5000-5000~6000~power-ratio =(~- ?hpw-1000-5000 ?hpw-5000-6000))
?CFhpr-1000-5000-~5000-6000&: mi ghtbe~valid)
(BB 7BB)
=>
(bind ?segment (gensym Y“SEG-"))
(at 7BB
(assert (h-candidate =(/ (+ ?from ?to) 2) =(/ (+ 7from ?to) 2)))
(assert (schema 7segment (instance-of phoneme-segment)))
(hypothesize
(assert (category ?segment h))
(assert (prop ?segment (candidate-loc =(/ (+ ?from ?to) 2) =(/ (+ ?from ?to) 2)))
(segment-status ?segment segmentation)
(CF (category ?segment h)
=(CFand (CFcomb
(CFunknown)
(CFweight ?*xevidence* ?CFhpw-0-1000)
(CFweight ?7*evidencex 7CFhpw-1000-5000)
(CFweight ?7xevidencex ?CFhpr-1000-5000-0-1000)
(CEweight ?xevidencex ?CFhpr-1000-5000-5000-6000))
?CFhpr-1000~5000-0-1000
?CFhpr-1000-5000-5000-6300))))))

(defrule get-h-region-candidates
(declare (salience ?*top~down*))
(goal (h-region-candidate ?from&?? 7to&?7))
(explicit (not (h-region-candidate ?from ?to)))
=>
(bind ?h-region-candidates
(get~h-region-candidates))
(for region in ?h-region-candidates
do (assert =(seg$ (cons ’h-region-candidate region)))))
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;33 -*%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -x-
(defrule sg-h-left

inn
(declare (salience 7x¥left-segmentationx))
(segment-status ?segment segmentation)
(category 7segment h)
(CF (category ?segment h) ?7CF-categoryé&: mightbe-valid)
(not (applied 7segment sg-h-left))
(not (start-time ?segment 7))
=>
(assert (applied ?segment sg-h-left))
(conflicting-alternatives
(hypothesize
(assert (left~context 7segment silence))
(assert (CF (left-context 7segment silence) =(CFunknown))))
(hypothesize
(assert (left-context ?segment vowel))
(assert (CF (left-context ?segment vowel) =(CFunknown))))
(hypothesize
(assert (left-context 7?segment fricative))

(assert (CF (left-context 7segment fricative) =(CFunknown))))
)
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(defrule sg-h-left-silence-1
"Find time of the silence by /h/ transition."
(declare (salience ?*xleft-segmentationx))
(segment-status 7segment segmentation)
(category 7segment h) .
(1eft-context 7segment silence)
(not (applied ?7segment sg-h-left-silence-1))
(prop ?segment (candidate-loc ?from ?to))

;;; search segmenetation posision of left silence
(power-start ?power-start&NONE&: (< (abs (- ?from ?power-start)) 200)
after 0 2000 0 6000 7*silence-power-uppert)

(power-decrease (7vowel-end&: (eq ?vowel-end ’'NONE) ?7change-decrease)
after ?power-start =(abs (- ?from ?power-start))
0 4000 (11 11) ?xvowel=-end-min-change-before-hx)

(spectrum-peak (7peak-freq&~NONE&: (?peak-freq >= 1000)&: (?peak-freq <= 6000)
?peak-amp ?peak-Q)
at ?power-start =(+ ?power-start 10)
?xspectrum-peak-smoothing-for-phoneme-hx)
(not (spectrum-peak (7pk-fq&-NONE&: (7pk-fg >= 1000)&: (?pk-fq <= 6000)
?7another-peak-amp&: (> ?another-peak-amp ?peak-amp) ?pk-Q)
at ?power-start =(+ ?power-start 10)
?7xspectrum-peak-smoothing-for-phoneme-h%))

(power-start ?h-start&-NONE&: (< (abs (- ?h-start ?power-start)) 50)
after =(~- ?power-start 50) 100
=(- ?7peak-freq 200) =(+ ?peak-freq 200) ?*h-left-is-silence-powerx)

333 check charasterictics of left silence
(power-strength =(~ 7h-start 50) 7h-start 0 6000 ?spw-0~6000)
(CF (h-power-is-silence ?7spw-0-6000) ?CFspw-0-8000& mightbe-valid)

;;; check charasteritics of /h/

?x<{-(CF (1eft-context ?segment silence) 7CFleft-silence)
=>
(retract 7?x)
(assert (applied ?segment sg-h-left-silence-1))
(assert (prop ?segment (proceding-silence-end-time ?h-start)))
(assert (CF (left-context ?segment silence)
=( CFand
(CFcomb ?CFleft-silence
(CFweight ?xevidencex ?CFspw-0-6000))
?CFspw-0-6000))))

(defrule sg~-h-1eft-silence-done-1
EINE)

(declare {salience ?*xleft-segmentation-endx*))
(segment-status ?segment segmentation)
(category ?segment h) : .
(CF (category 7segment h) ?CF-categoryé&: mightbe-valid)
(1eft-context ?segment silence)
(CF (left-context ?segment silence) ?CF-context&: mightbe-valid)
(not (applied ?segment sg-h-left-silence-done-1))
(prop ?segment (proceding-silence-end-time ?pos))
=>
(assert (applied ?segment sg-h-left-silence-done-1))
(hypothesize

(assert (start-time ?segment 7pos))

(assert (CF (start-time ?segment ?pos) =(CFvalue ?CF-context)))))
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(defrule sg-h-left-vowel-1
"Find time of the vowel by /h/ transition.”
(declare (salience ?*left-segmentation%))
( segment-status ?segment segmentation)
(category ?segment h)
(1eft-context ?segment vowel) .
(not (applied 7segment sg-h-left-vowel-1))
(prop ?segment (candidate-loc ?from ?to))

; search segmenetation posision of left vowel
(power-decrease (?vowel-end&-NONE ?change-decrease-0-4000)
before ?from 200
0 4000 (11 11) ?*vowel-end-min-change-before-hx)
(spectral-change (?sp-chg-pos&~NONE ?value)
before =(+ ?vowel-end 20) 40
0 4000 ( 85) 7.5 0.0 0.1 2.8)
(CF (h-spectral-change-left ?value) ?7CFsp-change&: mightbe-valid)

E]

(spectrum-peak (7peak-freq&~NONE&: (?peak-freq >= 0) & (?peak-freq <= 4000)
7peak-amp 7peak-Q)
at =(- ?sp-chg-pos 10) 7sp-chg-pos
?¥spectrum-peak-smoothing-for-phoneme-hx)
(not (spectrum-peak (?7pk-fg&~NONE&: (7pk-fg >= 0)& (?pk-fg <= 4000)
?another-peak-ampé&: (> ?another-peak-amp ?peak-amp) ?pk-Q)
at =(- ?sp-chg-pos 10) ?sp-chg-pos
?%¥spectrum-peak~-smoothing-for-phoneme-hx*))
(power-decrease (?7pos&~NONE ?change-decrease)
after =(- ?sp-chg~pos 20) 70
=(- ?peak-freq 200) =(+ ?peak-freq 200)
(5 3) ?7*tvowel-end-min-change-before-h%)
(case ’
((power-decrease (7pos1&“NONE ?change-decreasel&: (> ?change-decreasel ?change-decrease))
after 7pos 40
=(- 7peak-freq 200) =(+ ?peak-freg 200)
(5 3) ?*vowel-end-min-change-before-hx)
=>
(bind ?h-pos ?posi))
(otherwise
=>
(bind ?h~pos ?pos)))

;;; check charasteristics of phoneme /h/

;33 check charasterictics of left vowel

(power-strength =(- ?pos 20) ?pos 0 1000 ?vpw-0-1000)

(CF (vowel-by-h 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000& mightbe-valid)

(power-strength =(- ?pos 20) ?pos 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-h 1000-6000-power ?vpw-1000-6000) ?CFvpw-1000-6000&: mightbe-valid)

(power-strength =(- .?pos 20) ?pos 5000 6000 ?vpw-5000-6000)

(CF (h-vowel-power-ratio-0-1000-5000-6000 =(~ ?vpw-0-1000 ?vpw-5000~6000))
?CFvpr-0-1000-5000-6000&: mi ghtbe-valid)

?x{~(CF (left-context ?segment vowel) ?CFleft-vowel)
=>
(assert (applied ?segment sg-h-left-vowel-1))
(hypothesize
(assert (prop ?segment (proceding-vowel-end-time 7h-pos)))
(retract 7x)
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?CFleft-vowel
(CFweight ?xstrong-evidence* ?7CFsp-change)
(CFweight 7*weak-evidence*x ?CFvpw-0-1000)
(CFweight ?*weak-evidence* ?CFvpw-1000-6000)
(CFweight ?xevidencex ?CFvpr-0-1000-5000-6000))
?CFsp-change
)N

(defrule sg-h-left-vowal-2
"Find time of the vowel by /h/ transition.™
(declare (salience 7*¥1eft-segmentationx))
(segment-status ?segment segmentation)
(category ?segment h)
(1eft-context ?segment vowel)
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(not (applied ?segment sg-h-left-vowel-2))
(prop ?segment (candidate-loc ?from ?7to))

+;; search segmenetation posision of left vowel
( power-decrease (?vowel-end&~NONE ?change-decrease-0-4000)
before ?from 200
0 4000 (11 11) ?xvowel-end-min-change-before-h¥)
(spectral-change (7sp-chg-pos&~NONE ?value)
before =(+ ?vowel-end 20) 40
0 4000 ( 8 5) 7.5 0.0 0.1 2.8)
(CF (h-spectral-change-left ?value) ?CFsp-change&: mightbe-valid)

(spectrum-peak (7peak-freq&~NONE&: (?peak-freq >= 0) & (?peak-freq <= 4000)
?7peak-amp ?peak-Q)
at =(~- ?sp-chg-pos 10) ?sp-chg-pos :
?xspectrum-peak-smoothing~-for-phoneme-hx)
(not (spectrum-peak (?pk-fq&~NONE&: (?pk~-fg >= 0)& (?pk-fg <= 4000)
7another~peak-ampé&: (> ?another-peak-amp ?peak-amp) ?pk-Q)
at =(- ?sp-chg-pos 10) ?sp-chg-pos
?xspectrum-peak-smoothing-for-phoneme-h%))
(power-decrease (?pos&~NONE ?change-decrease)
after =(- ?sp-chg-pos 20) 70
=(- ?peak-freq 200) =(+ ?peak-freq 200)
(5 3) ?xvowel-end-min-change-before-hx)

(power-increase (?h-pos&~NONE ?change-increase-2000-6000)
after ?sp~chg-pos .70
2000 6000 (5 5) ?*h-fricative-start-change-2000-6000%)
(CF (h-2000-6000-power-increase ?change-increase-2000-6000)
?CFh-2000-6000-pw-inc&: mi ghtbe-valid)

;33 check charasterictics of left vowel

(power-strength =(- ?7pos 20) ?pos 0 1000 ?vpw-0-1000)

(CF (vowel-by-h 0-1000-power ?7vpw-0-1000) ?CFvpw-0-1000& mightbe-valid)

(power-strength =(- ?pos 20) ?pos 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-h 1000-6000-power ?vpw-1000-6000) ?CFvpw-1000-6000&: mightbe-valid)

(power-strength =(- ?pos 20) ?pos 5000 6000 ?vpw-5000-6000)

(CF (h~vowel-power-ratio-0-1000-5000~-6000 =(~ ?vpw-0-1000 ?vpw-5000-5000))
?CFvpr-0-1000-5000-5000&: mi ghtbe-valid)

?7x<{-(CF (left-context ?segment vowel) 7CFleft-vowel)
=>
(bind ?CFleft-value (CFcomb ?CFsp-change ?CFh-2000-86000-pw-1inc))
(assert (applied ?segment sg-h-left-vowel-2))
(hypothesize
(assert (prop 7segment (proceding-vowel-end-time ?h-pos)))
(retract 7x)
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?CFleft-vowel
(CFweight ?*strong-evidence* ?CFsp-change)
(CFweight ?7*weak-evidence* ?CFvpw-0-1000)
(CFweight ?*weak-evidence* ?CFvpw-1000-6000)
(CFweight ?xevidencex ?CFvpr-0-1000-5000-6000)
(CFweight ?*evidencex ?CFh-2000-6000-pw-inc))
?7CFleft-value
)

(defrule sg-h~-left-vowel-3
"Find time of the vowel by /h/ transition."
(declare (salience ?xleft-segmentation#))
(segment-status ?segment segmentation)
(category 7segment h)
(left-context 7?segment vowel)
(not (applied 7segment sg-h-left-vowel-3))
(prop ?7segment (candidate~loc ?from ?to))

;35 search segmenetation posision of left vowel
(power-decrease (?vowel-end&-NONE ?change-decrease~0-4000)
before ?from 200
0 4000 (11 11) ?%xvowel-end-min-change-before-hx)
(spectral~change (?sp-chg-pos&-NONE ?value)
. before =(+ ?vowel-end 20) 40
0 4000 ( 95) 7.5 0.0 0.1 2.8)
(CF (h-spectral-change-l1eft ?value) ?CFsp-change&: mightbe-valid)
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(spectrum-peak (?peak-freq&~NONE&: (?peak-freq >= 0)&: (?peak-freq <{= 4000)
?peak-amp ?peak-Q)
at =(- 7sp-chg-pos 10) ?sp-chg-pos
?¥spectrum-peak-smoothing-for-phoneme-h*)
(not (spectrum-peak (7pk-fq&~NONE&: (?pk-fq >= 0)& (7pk-fg <= 4000)
7another-peak~amp&: (> ?7another-peak-amp ?peak-amp) ?pk-Q)
at =(- ?sp-chg-pos 10) 7sp-chg-pos
7xspectrum-peak-smoothing-for-phoneme-hx))
(power-decrease (?pos& NONE ?change-decrease)
after =(- ?sp-chg-pos 20) 70
=(~- ?peak-freq 200) =(+ ?peak-freqg 200)
(5 3) ?7¥vowel-end-min-change-before-hx)

(power-increase (?7fric-pos&NONE ?change-increase-2000-6000)
after ?sp-chg-pos 70
2000 6000 (5 5) ?xh-fricative-start-change-2000-6000%)
(CF (h=2000-6000-power-increase 7change-increase-2000-6000)
?CFh-2000~6000-pw-1inc&: mightbe-valid)

(power-decrease (7h-pos&~NONE ?change-decrease-0-500)
after ?sp-chg-pos =(~ ?fric-pos ?sp-chg-pos)
0 500 (5 3) 7*vowel-end-min-change-before-hx)

333 check charasterictics of 1eft vowel
(power-strength =(- ?pos 20) ?pos 0 1000 ?vpw-0-1000)
(CF (vowel-by-h 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000&: mightbe-valid)
(power-strength =(- ?pos 20) ?pos 1000 6000 ?vpw-1000-6000)
(CF (vowel-by-h 1000-6000-power ?vpw-1000-6000) ?CFvpw-1000-6000&: mightbe-valid)
(power-strength =(- ?pos 20) ?pos 5000 6000 ?vpw-5000-6000)
(CF (h~vowel-power~ratio-0-1000-5000-6000 =(- 7vpw-0-1000 ?vpw-5000~6000))

?CFvpr-0-1000-5000-6000&: mi ghtbe~-valid)

?x<{-(CF (left~context ?segment vowel) ?CFleft-vowel)
L=y
(bind ?CFleft-value (CFcomb 0.01 ?CFsp-change ?CFh-2000-6000-pw-inc))
(assert (applied ?segment sg-h-left-vowel-3))
(hypothesize
(assert (prop ?segment (proceding-vowel-end-time ?h-pos)))
(retract 7x) :
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?CFleft-vowel
(CFweight ?*strong-evidencex ?CFsp-change)
(CFweight ?*weak-evidencex ?CFvpw-0-1000)
(CFweight ?7*weak-evidencex ?CFvpw-1000-6000)
(CFweight 7xevidencex ?CFvpr-0-1000-5000-6000)
(CFweight ?*evidencex ?CFh-2000-6000-pw-inc))
?CFleft-value
IDRDY)

(defcontradiction 1st-or-2nd-peaks-h-left **
(prop ?7segment (proceding-vowel-end-time - ?pos))
(prop 7segment (proceding-vowel-end-time ~?pos)))

(defrule sg-h-left-vowel-done-1
Mot

(declare (salience ?7%left-segmentation-endx))
(segment-status ?segment segmentation)
(category ?segment h)
(CF (category ?segment h) ?CF-category&: mightbe-valid)
(1eft-context 7segment vowel)
(CF (left-context ?segment vowel) ?7CF-context&: mightbe-valid)
(not (applied ?segment sg-h-left-vowel-done-1))
(prop ?segment (proceding-vowel-end-time ?pos))
=>
(assert (applied ?segment sg-h-1eft-vowel-done-1))
(hypothesize

(assert (start-time ?7segment ?pos))

(assert (CF (start~time ?segment ?pos) =(CFvalue ?CF-context)))))
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;33 -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -%-
(defrule sg-h-right
"Hypothesizes right phoneme."
(declare (salience ?7*right-segmentation%))
(viewpoint ?v
(segment-status ?7segment segmentation)
(category ?segment h)
(CF (category ?segment h) ?7CF-category&: mightbe-valid))
(viewpoint ' ?
(exists (start-time ?segment 7)))
(not (applied ?segment sg-h-right))
(not (end-time ?segment ?))
=>
(at ?7v
(assert (applied 7segment sg-h-right))
(conflicting-alternatives
(hypothesize
(assert (right-context 7segment silence))
(assert (CF (right-context ?segment silence) =(CFunknown))))
(hypothesize
(assert (right-context ?segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown))))
(hypothesize - :
(assert (right-context ?segment fricative))
(assert (CF (right-context 7segment fricative) =(CFunknown))))

)
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(defrule sg-h-right-silence-1
"Find time of the silence by /h/ transition."
(declare (salience ?*right-segmentationx))
(segment-status 7segment segmentation)
(category ?segment h)
(right-context 7segment silence)
(not (applied ?segment sg-h-right-silence-1))
(prop ?segment (candidate-loc ?from ?to))

;;; search segmenetation posision of right silence
(power-end ?power-end&~NONE after ?to 150 0 6000 ?x*h-right-is-silence-powerx)
(power-increase (?vowel-start&: (eq ?vowel-start *NONE) ?change-increase)
after ?7to =(abs (- 7power-end ?to))
0 4000 (11 11) ?xvowel-start-min-change-after-hx)

( spectrum-peak (7peak-freq&~NONE&: (?peak-freq >= 1000)&: (?peak-freq <= 6000)
?7peak-amp ?peak-Q)
at =(- ?power-end 10) ?7power-end
7xspectrum-peak-smoothing-for-phoneme-hx)
(not (spectrum-peak (?pk-fq&~NONE&: (7pk-fq >= 1000)&: (?7pk-fg <= 6000)
?another~peak-ampé&: (> ?another-peak-amp ?peak-amp) ?pk-Q)
at =(- ?power-end 10) ?power-end
?xspectrum-peak-smoothing-for-phoneme~-hx))

(power-end ?h-end&~NONE&: (< (abs (- ?h-end ?power-end)) 50)
after =(- ?power-end 50) 100
=(~ 7peak-freq 200) =(+ ?peak- freq 200) ?7xh-right-is-silence-powerk)

;33 check charasterictics of right silence
(power-strength ?h-end =(+ ?h-end 30) 0 6000 ?spw-0-6000)
(CF (h-power-is-silence-closure ?spw-0-6000) ?CFspw-0-6000&: mightbe-valid)

;;; check charasteritics of /h/

?x{-(CF (right-context ?segment silence) 7CFright-silence)

(retract 7x)
(assert (applied ?7segment sg-h-right-silence-1))
(assert (prop ?segment (following-silence-start-time ?power- end)))
(assert (CF (right-context ?7segment silence)
=( CFand
(CFcomb ?CFright~-silence
(CFweight 7xevidencex ?CFspw-0-6000))
?7CFspw-0-6000))))

(defrule sg-h-right-silence-done-1
[[IR]]

(declare (salience ?*right-segmentation-endx*))
(segment-status ?segment segmentation)
(category ?segment h)
(CF (category ?segment h) ?CF-category&: mightbe-valid)
(right-context ?segment silence)
(CF (right-context ?segment silence) ?CF-context&: mightbe-valid)
(not (applied ?segment sg-h-right-silence-done-1))
(prop 7segment (following-silence-start-time ?pos))
=>
(assert (applied ?segment sg-h-right-silence-done-1))
(hypothesize

(assert (end-time ?segment ?pos))

(assert (CF (end-time ?segment ?pos) =(CFvalue ?CF-context)))))
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(defrule sg-h-right-vowel-1
"Find time of the vowel by /h/ transition."
(declare (salience ?*right-segmentation%})
(segment-status ?segment segmentation)
(category ?7segment h) .
(right-context ?segment vowel
(not (applied ?segment sg-h-right-vowel-1))
(prop ?7segment (candidate-loc ?from ?7to))

;;; search segmenetation posision of right vowel
(power-increase (?vowel-start&~NONE ?change-increase-0-4000)
after ?7to 200
0 4000 (11 11) ?*vowel~start-min-change-after-hx)
(spectral-change (?7sp-chg-pos&~NONE ?value)
after =(- ?vowel-start 20) 40
0 4000 ( 95) 7.5 0.0 0.1 2.8)
(CF (h-spectral-change-right ?value) ?CFsp-changeé&: mightbe-valid)

( spectrum-peak (?peak-freg&~NONE&: (?peak-freq >= 0)& (?7peak-freq <= 4000)
; 7peak-amp ?7peak-Q)
at ?sp-chg-pos =(+ ?sp-chg-pos 10)
?7¥spectrum-peak-smoothing-for-phoneme~h#*)
(not (spectrum-peak (?7pk-fq&~NONE&: (?7pk~fg >= 0)&: (7pk-fq <= 4000)
?another-peak-amp&: (> ?another-peak-amp ?peak-amp) ?7pk-Q)
at ?sp-chg-pos =(+ ?sp-chg-pos 10)
?*spectrum-peak~smoothing-for-phoneme-ht))
(power-increase (?7pos&-NONE ?change-increase)
before =(+ ?sp-chg~pos 20) 70
=(- ?peak-freq 200) =(+ ?peak-fregq 200)
(5 3) ?xvowel-start-min-change-after-h%)

(case .
({power-increase (?pos1&~“NONE ?change~increasel&: (> ?change-increasel 7change-increase))
before ?pos 30
=(- ?peak-freq 200) =(+ ?peak-freq 200)
(5 3) ?xvowel~-start-min-change-after-hx)
=>
(bind ?h-pos ?7posi))
(otherwise
=>
(bind ?h-pos ?pos)))

;33 check charasteristics of phoneme /h/

;53 check charasterictics of right vowel

( power-strength ?pos =(+ 7pos 20) 0 1000 ?vpw-0-1000)

(CF (vowel-by-h 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000& mightbe-valid)

(power-strength ?pos =(+ ?pos 20) 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-h 1000-6000-power 7vpw-1000-6000) ?CFvpw-1000-60008&: mightbe-valid)

(power-strength ?pos =(+ ?pos 20) 5000 6000 ?vpw-5000-6000)

(CF (h-vowel-power-ratio-0-1000-5000-6000 =(- ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000-5000-6000&: mi ghtbe-valid)

?7x{~-(CF (right-context ?segment vowel) 7CFright-vowel)
=>
(assert (applied ?segment sg-h-right-vowel-1))
{(hypothesize
(assert (prop ?segment (following-vowel-start-time ?h~pos)))
(retract ?7x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFright-vowel
(CFweight ?*strong-evidence* ?CFsp-change)
(CFweight ?xweak-evidences ?CFvpw-0-1000)
(CFweight ?x*weak-evidence*x ?7CFvpw-1000-6000)
(CFWeight ?*evidence* ?CFvpr-0-1000-5000-6000))
?CFsp-change
IDDDD.

(defrule sg-h-right-vowel-2
"Find time of the vowel by /h/ transition.”
(deciare {salience 7xright-segmentation))
(segment-status ?segment segmentation)
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(category 7?segment h)

(right-context ?segment vowel)

(not (applied ?segment sg-h-right-vowel-2))
(prop ?segment (candidate-loc ?from ?to))

;:; search segmenetation posision of right vowel
(power-increase (?vowel-start&-NONE ?change-increase-0-4000)
after 7to 200
0 4000 (11 11) 7*vowel-start-min-change-after-hx)
(spectral-change (?sp-chg-pos&-NONE ?value)
after =(- ?vowel-start 20) 40
0 4000 ( 9 5) 7.50.0 0.1 2.8)
(CF (h-spectral-change-right ?value) ?CFsp-change&: mightbe-valid)

(spectrum-peak (‘?peak-freq&~NONE&: { 7peak-freq >= 0)&: (?peak-freg <= 4000)
7peak-amp ?peak-Q)
at ?sp-chg-pos =(+ ?sp-chg-pos 10)
?7xspectrum-peak-smoothing-for-phoneme-hx)
(not {spectrum-peak (7?pk-fq&~NONE&: (?pk~fq >= 0)&: (?pk-fq <= 4000)
?another-peak-amp&: (> ?another-peak-amp ?peak-amp) ?7pk-Q)
at ?sp-chg-pos =(+ ?sp-chg-pos 10)
7xspectrum-peak-smoothing-for-phoneme-h%))
(power-increase (?7pos&-NONE ?change-increase)
before =(+ ?sp-chg-pos 20) 70
=(~ ?peak-freqg 200) =(+ ?peak-freq 200)
(5 3) ?xvowel-start-min-change-after-h%)

(power-increase (?pos1&~NONE 7change-increasel&: (> ?change-increasel ?change-increase))
before 7pos 30
=(~- ?peak-freg 200) =(+ ?peak-freq 200)
(5 3) ?xvowel-start-min-change-after-h#)

(power-increase (?h-pos&~NONE 7change-increase-0-500)
before ?sp-chg-pos =(~- ?sp-chg~pos ?pos1)
0 500 (5 3) ?*vowel-end-min-change-before-hx)

;33 check charasteristics of phoneme /h/b

;33 check charasterictics of right vowel

(power-strength ?pos =(+ ?pos 20) 0 1000 ?vpw-0-1000)

(CF (vowel-by-h 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000&: mightbe-valid)

(power-strength ?pos =(+ ?pos 20) 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-h 1000-6000-power ?vpw-1000-6000) ?CFvpw-1000-6000&: mightbe-valid)

(power-strength ?pos =(+ ?pos 20) 5000 6000 ?vpw-5000-6000)

(CF (h-vowel-power-ratio-0-1000-5000~-6000 =(- ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000-5000-6000&: mi ghtbe-valid)

?x<{-(CF (right-context 7segment vowel) ?CFright-vowel)
=>
(bind 7CFright-value (CFcomb 0.01 ?CFsp-change))
(assert (applied 7segment sg-h-right-vowel-2))
(hypothesize
(assert (prop ?segment (following-vowel-start-time ?h-pos)))
(retract 7x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb 7CFright-vowel
(CFweight 7*strong-evidencex ?CFsp-change)
(CFweight ?%weak-evidencex ?CFvpw-0-1000)
(CFweight 7*weak-evidencex ?CFvpw-1000-6000)
(CFWeight ?*evidencex ?CFvpr-0-1000-5000-6000))
?CFright-value
M)

(defcontradiction 1st-or-2nd-peaks-h-right ""
(prop ?segment (following-vowel-start-time ?pos))
(prop 7segment (following-vowel-start-time ~?pos)))

(defrule sg-h-right-vowel-done~1
LA
(declare (salience ?*right-segmentation-end#))
(segment-status 7segment segmentation)
(category 7segment h)
(CF (category ?segment h) ?CF-category&: m1ghtbe valid)
(right-context ?segment vowel)
(CF (right-context ?segment vowel) ?CF-context&: mightbe-valid)
(not (applied ?segment sg-h-right-vowsl-done-1))
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(prop 7segment (following-vowel-start-time 7pos))
=>
(assert (applied ?segment sg-h-right-vowel-done-1))
(hypothesize
(assert (end-time ?segment ?pos))
(assert (CF (end-time ?segment 7pos) =(CFvalue 7CF-context)))))

8 b e e - n 1 A e e = = e o e . e o — — =
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;33 -%¥- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -%-

(defrule sg-h-end-conflicting-with-uvstop-1
"Solve confliction with unvoiced stop"
(declare (salience ?xafter-end-segmentationx))
(viewpoint 7v
(join
(segment-status ?7segmentl segmentation-ended)
(not (applied 7segmentt sg-h-end-conflicting-with-uvstop-1))
(join
(category 7?segmentl h)
(CF (category ?segmentil h) 7CFcategoryl&: mightbe-~valid))
(join
(left-context ?segmentt vowel)
(CF (1eft-context ?segmenti vowel) ?CFcontext&: mightbe-valid))
(join
(segment-result ?segmenti (7startt 7endi))
7% {- (CF (segment-result ?segmenti (?starti ?endi)) ?CFsegmenti))))

e e e
PECTI

(viewpoint ?
(join
(segment-status ?segmentZ segmentation-ended)
(join
(category ?segment2 unvoiced-stop)
(CF (category ?segment2 unvoiced-stop) 7CFcategory2&: mightbe-valid))
(join
(segment-result ?segment2 (?start2 ?7end2))
(CF (segment-result ?segment2 (?start2 ?end2)) ?CFsegment2))))
(test (or (and (< 7starti (/ (+ 7start2 7end2) 2))
: (< (/ (+ ?start2 ?end2) 2) ?endl))
(and (< ?start2 (/ (+ 7starti 7endl) 2))
(< (/ (+ ?startl ?endl) 2) ?end2))))
=>
(at ?v
(assert (applied ?segmenti sg-h-end-conflicting-with-uvstop-1))
(retract 7x)
(assert (CF (segment-result ?segmentt (?starti 7endi))
=(CFcomb 7CFsegmenti -0.5)))))
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;3 ; -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) ~*-

(defrelation VOICED~FRICATIVE-CANDIDATE (?time 7peak-value)
implicit
(syntax output
(Voiced fricative candidate at ?time with ?peak~value)))

(defruie sg-vfric-0 ; Segmentation of voiced fricative.
"Finds voiced friactive (/z/) candidates."
(declare (salience ?xfind-candidatex))
(segmenting voiced-fricative)
( VOICED-FRICATIVE~CANDIDATE ?time ?value)
(CF (voiced-fricative high-middie-freg- pouer ratio-peak ?value)
?CF-High-Middle-PR& mightbe-valid)
(power-strength =(- ?time 20) =(+ 7time 20) 0 500 70-500-P)
(CF (voiced-fricative vocing-power ?70-500-P) ?7CF0-500-P&: mightbe-valid)
(power-strength =(~- ?time 20) =(+ 7time 20) 1000 2000 ?71000-2000-P)
(CF (voiced-fricative 1000-2000-power ?71000-2000-P) ?CF1000-2000-P&: mightbe-valid)
(CF (voiced-fricative 0-~500-1000-2000~-power-ratio =(- 70-500-P 71000-2000-P))
?CF0-500-1000~2000-PR)
(BB ?BB)
=>
(bind 7segment (gensym "SEG-"))
(at ?BB
(assert (schema ?segment (instance-of phoneme-segment)))
(hypothesize
(assert (category ?segment voiced-fricative))

;s [hatazaki 167]

I =(CFand (CFcomb (CFunknown)

( CFwei ght ?*weak-eveidenceX)

H (CFwei ght ?CF-High-Middle~PR)

I (CFwei ght ?CF0-500-P)

(CFweight ?CF1000-2000-P)

( CFwei ght ?CF0-500-1000~2000-FPR))

r

5

7

i ?CF-High-Middle-PR

HY ?CF0-500-P

Y ?CF1000-2000-P

¥4 ?CF0-500-1000-2000-PR)
;. £-- =(CFweight ?*strong-evidence¥’
;7 (CFand ?CF-High-Middie-PR
;7 ?CF0-500-P

i ?CF1000-2000-P
i ?CF0-500-1000-2000-PR))
(assert (prop ?segment (candidate-loc ?time 7time))
(segment-status ?segment segmentation)
(CF (category ?segment voiced-fricative)
=(CFand (CFcomb (CFunknown)
(CFweight ?*weak-evidence* 7CF-High-Middle~PR)
(CFweight 7*weak-evidencex ?CF0-500-P)
(CFweight 7*weak-evidencex ?CF1000-2000-P)
(CFweight 7*weak-evidencex ?CF0-500-1000-2000-FR))
?CF~High~Middle-PR : :
?7CF0-500-P
?CF1000-2000-P
7CF0-500-1000-2000-PR))))))
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(defrule sg-vfric-bottom-up~1 "*

; - Narrow peak may be voiced stop /dz/, which need not to be detected
; by this function. Then, smoothig factors can be (0, 15). Changed
H to (0, 15) from (11, 5) again.
; [hatazaki 7/28/88 13:16:52]
; - Smoothing factors were changed so that narrow peak can be detected.
H (cf. MAU_1_2372 470msec)
; 01d ... .

; ( smoothing-size 0)

; (moving-ave~size 15) ; Changed from 19, since some peaks cannot be

: ; found with 19 and change-allowance=5.

: ; (cf. MAU_1_1466 /DJ/) [hatazaki 7/27/88 15:18:14]

e Me ME e ML WA ME W we W W W we

(declare (salience 7stop-down¥))

(goal (VOICED-FRICATIVE-CANDIDATE 7time&?7? ?7peak-val&??))

(not (explicit (VOICED-FRICATIVE-CANDIDATE ?time ?7peak-val)))

(BB 7BB)

=>

(at 7BB

(for PEAK in (cddr (#LUSER::call~-speechfunc

(list "POWER-RATIO-PEAKS"

0 1500 ; Start, end time.
5000 6000 ; Frequency region A.
1000 3000 ; Frequency region B.
0 ; Lower bound.

5 ; Change allowance.

0 ; Smoothing size.

15 ; Moving average size.

)))
do (assert (VOICED-FRICATIVE-CANDIDATE =(car PEAK) =(cadr PEAK))))))
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;33 -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -x-

’

(defrule sg-vfric-left ;voiced-fricative-segmentation-left
[1IR}]
(declare (salience 7x}eft-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment voiced-fricative)
(CF (category ?segment voiced-fricative) 7CFcategory& mightbe- va11d))
(not (applied ?segment sg-~vfric-left))
(not (start-time ?segment 7))
=>
(assert (applied 7segment sg-vfric-left))
(conflicting-alternatives
(hypothesize
(assert (left-context ?segment word-initial))
(assert (CF (left-context ?segment word-initial) =(CFunknown))))
(hypothesize
(assert (left-context ?segment vowel))
(assert (CF (left-context ?7segment vowel) =(CFunknown))}))))

O P b e e e e e e e e e e e i = Y A n o o S = e o e e = = -
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(defrule sg-vfric-aft-vowel-1
"Find time the preceding vowel ends."

(declare (salience ?*left-segmentation¥))
(segment-status ?segment segmentation)
(join

(category ?segment voiced-fricative)

(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(join

(1eft-context ?segment vowel)

?%x <- (CF (left-context ?segment vowel) ?CFcontexté&: mightbe-valid))
(not (applied ?7segment sg-vfric-aft-vowel-1))
(prop 7segment (candidate-loc ?from 7to))
:: - Search 150msec before ?to. (cf. MAU_1_0172 /DJ/) [hatazaki 7/27/88 12: 08:26]
(power-decrease (?here&~NONE ?change) before =(+ 7to 20) 200 1000 3000

?*normal -smoothing-size* 7*vowel-end-change-lower-before-voiced-fricativex)

(power-strength =(- ?here 30) ?here 0 500 ?power)
(CF (vowel 0-500-power ?power) ?CF0-500-P)
=>
(assert (prop ?segment (preceding-vowel-end-time 7here)))
(retract 7x)

i
;7 [hatazaki 167]

I =(CFand (CFcomb ?CFcontext
k¥ (CFweight ?*strong-evidenceX ?CF0-500-P)})
I ‘ ?CF0-500-P)

(- =(CFcomb ?CFcontext

;i (CFwei ght ?xstrong-evidencex ?CF0-500-P))
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?#strong~evidence* 7CF0-500-P))
?CF0-500-P)))
(assert (applied 7segment sg-vfric-aft-vowel-1)))

(defrule sg-vfric-aft-vowel-2
"Find a voiced closure."
(declare (salience ?*1eft~-segmentation))
(segment-status ?segment segmentation)
(join
(category ?segment voiced-fricative)
(CF (category ?segment voiced-fricative) 7CFcategory&: mightbe-valid))
(join
(left-context ?segment vowel)
7x - (CF (left-context ?segment vowel) ?CFcontext& mightbe-valid))
(not (applied ?segment sg-vfric-aft-vowel-2))
(prop ?segment (candidate-loc ?from ?to))
(prop 7segment (preceding-vowel-end-time ?vowel-end))
(power-increase (?cl-end&~NONE ?c¢l1-end-change)
before = ?to =(- ?from ?to =100) 1000 5000
?*normal ~smoothing-size*
?xdefaul t-min-changex)
(test (> (- ?cl-end ?vowel-end) -20))
(power-decrease (7cl-start&~NONE 7cl-start-change)
before ?cl-end 100 1000 6000
?x¥normal-smoothing-sizex
?xdefaul t-min-changex)
=>
(assert (prop ?segment (closure ?cl-start ?cl-end)))
(assert (applied ?segment sg-vfric-aft-vowel-2)))

(defrule sg-vfric-aft-vowel-done-1
n

(declare (salience ?7*left-segmentation-end*))
(segment-status ?segment segmentatjon)
(join

(category ?segment voiced-fricatiwve)

(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(join

(1eft-context ?segment vowel)

(CF (1eft-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-vfric-aft-vowel-done-1))
(case

((prop ?segment (closure ?start ?ci-end)))
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(otherwise
(prop tsegment (preceding-vowel-end-time ?start))))
=>
(assert (applied 7segment sg-vfric-aft-vowel-done-1))
(hypothesize
(assert (start-time ?segment ?start))
(assert (CF (start-time 7segment ?start) =(CFvalue ?CFcontext)))))
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(defrule sg-vfric-aft-word-initiai-0
"Has burst or not."
(declare (salience 7xleft-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?7segment voiced-fricative)
(CF (category 7segment voiced-fricative) ?CFcategoryd: mightbe-valid))
(join
(1eft-context ?segment word-initial)
(CF (left-context ?segment word-initial) ?7CFcontexté& mightbe-valid))
(not (applied ?segment sg-vfric-aft-word-initial-0))
(prop ?segment (candidate-loc ?from ?7to))
(case
((and (power-decrease (?burst-end&~NONE ?bu-end-change)
before =(+ ?to 20) 200 1000 3000
?%¥dj-smoothing-for-finding-bursts
?¥dj-burst-end-min-change%)
(power-increase (?burst-start&~NONE ?bu-start-change)
before ?burst-end 30 1000 3000
?%¥dj-smoothing-for-finding~bursts
?%dj-burst-start-min-changex))
=>
(assert (prop 7segment (has-burst yes))

(prop 7segment (burst ?burst-start ?burst-end))))

(otherwise C
=>
(assert (prop 7segment (has-burst no)))))

=>

(assert (applied ?segment sg-vfric-aft-word-initial-0)))

(defrule sg-vfric-aft-word-initial-1a
"Find time the silence ends."
;s [hatazaki 101]
(declare (salience ?xleft-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment voiced-fricative)
(CF (category 7segment voiced-fricative) 7CFcategory&: mightbe-valid))
(join :
(left-context ?segment word-initial)
(CF (1eft-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-vfric-aft-word-initial-ta))
(prop ?segment (candidate-loc ?from ?to))
(prop ?segment (has-burst no))
(power-decrease (?x&: (eg ?7x NONE) ?7change)
before =(+ ?to 20) 200 1000 3000
?¥normal~smoothing-size*
?¥vowel -end-change-lower-before-voiced-fricativex)
(power-start ?power-start&-NONE before =(+ ?to 20) 200 0 6000 ?*silence-power-upperk)
(power-start ?1ow-power-start&-NONE before =(+ ?to 20) 200 0 500 ?*silence-power-uppert)
=>
(assert (applied ?7segment sg-vfric-aft-word-initial-1a))
(assert (prop ?segment (silence-end-time =(min ?power-start ?1ow-power-start)))))

(defrule sg-vfric-aft-word-initial-ic
"Find time the silence ends."
;3 [hatazaki 101]
(declare (salience ?*left-segmentation%))
(segment-status 7?segment segmentation)
(join
(category ?7segment voiced-fricative)
(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(join
(left-context ?segment word-initial)
(CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-vfric-aft-word-initial-1a))
(prop ?segment (candidate-loc ?from ?to))
(prop ?segment (has-burst yes))
(prop 7segment (burst ?bu-start ?bu-end))

;;[hatazaki 174] Checks there is no power before here.

(power-decrease (?x&: (eq ?x *NONE) ?change)
before ?bu-start 200 1000 3000
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?¥normal-smoothing-sizex
?7*xvowel-end-change-lower-before~voiced-fricatives)
(power-start ?power-start&vNONE before ?bu-end 200 0 6000 ?xsilence-power-uppert)
(power-start ?Tow-power-start&~NONE before ?7bu-end 200 0 500 ?*silence-power-upper#)
=>
(assert (applied ?segment sg-vfric-aft-word-initial-1a))
(assert (prop ?segment (silence-end-time =(min ?power-start ?low-power-start)))))

(defrule sg-vfric-aft-word-initial-1b
“"Find time the power starts."

;s [hatazaki 101]
(deciare (salience ?*ieft-segmentationx))
(segment-status ?segment segmentation)
(join

(category ?segment voiced-fricative)

(CF (category ?segment voiced-fricative) ?CFcategoryé mightbe-valid))
(join

(1eft-context ?segment word-initial)

(CF (1eft-context ?7segment word-initial) ?7CFcontexté&: mightbe-valid))
(not (applied ?segment sg-vfric-aft-word-initial-1b))
(prop ?segment (silence-end-time ?silence-end))
(power-increase (7power-start&~NONE ?) after =(- ?silence-end 50) 200 0 6000

?tnormal-smoothing-sizex 7xz-after-silence-power-change-1owerx)
(power-increase (?71ow-power-start&NONE ?) after =(- ?silence-end 50) 200 0 500
?7¥normal-smoothing-sizex ?xz-after-silence-power-change-lowerx)

=>
(assert (applied 7segment sg-vfric-aft-word-initiali-1b))
(assert (prop 7segment (power-start-time =(min ?power-start ?low-power-start)))))

(defrule sg-vfric-aft-word-initial-2
"Checks if here is really at the beginning of word."

(declare (salience 7*left-segmentation*))
(segment-status ?segment segmentation)
(join

(category ?segment voiced-fricative)

(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(join

(left-context 7segment word-initial)

?7x <- (CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied 7segment sg-vfric-aft-word-initial-2))
(prop 7segment (candidate-loc ?from 7to))
(prop ?segment (power-start-time ?power-start))
(case

,,[hatazak1 167]

k¥ =(CFand (CFcomb ?CFcontext
1 (CFweight ?%strong-evidencex 0.9))
o 0.9)

;; <-=- =(CFcomb ?CFcontext (CFweight 7xstrong-evidencex 0.9))

;i [hatazaki 154] Simb?ffy the checks of word initial.

I ( power-start ?y& (eq ?y ' NONE) before ?power-start 500 0 6000)
IS G
I ;7 Next condition for ?y should be ?y& (eq ?y ' NONE), not ?y&NONE.
i (and (power-decrease (?vowel-end& (eq Pvowel-end 'NONE) 0) before ?power-start 200
1N 1000 3000
N ?¥pormal -smoothing-sizeX

57 ?Xvowel -end-change-1ower-before-voiced-fricativex)
7 ( power-strength =(- ?power-start 30) =(- ?power-start 10) 0 6000
I ?silence-power& (?silence-power (= ?Xsilence-power-upperX))
5 (power-end ?y& (eq ?y ' NONE) before ?power-start 500 0. 6000
I ?Xs11ence-power-upperx))
((power-start ?y& (eq ?y *NONE) before ?7power-start 500 0 6000
7¥silence-power-upper%)
>
retract ?7x)
assert (CF (left-context ?segment word-initial)
=(CFand (CFcomb ?CFcontext
(CFweight ?%strong-evidencex 0.9))

—~e~

0.9))))
(otherwise
=>
(retract ?x)
(assert (CF (left-context ?segment word-initial)
=(CFand (CFcomb ?CFcontext
(CFweight ?%strong-evidencex -0.83))
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-0.9)))))
=>
(assert (applied 7segment sg-vfric-aft-word-initiai-2)))

(defrule sg-vfric-aft-word-initial-done-t
n

(declare (salience ?tleft-segmentation-endx))
(segment-status ?segment segmentation)
(join

(category ?segment voiced-fricative)

(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(join

(1eft-context ?segment word-initial)

(CF (left-context ?segment word-initial) ?CFcontext&: mightbe-valid))
(not (applied 7segment sg-vfric-aft-word-initial-done-1))
(prop ?segment (power-start-time ?power-start))
=>
(assert (applied ?segment sg-vfric-aft-word-initial-done-1))
(hypothesize .

(assert (start-time 7segment ?power-start))

(assert (CF (start-time 7segment ?7power-start) =(CFvalue ?CFcontext)))))
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;53 -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -*-

(defrule sg-vfric-right
"Hypothesizes right phoneme."
(declare (salience ?7*xright-segmentationx))
(segment-status ?segment segmentation)
(join
{category ?segment voiced-fricative)
(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(not (applied 7segment sg-vfric-right))
(not (end-time ?segment 7))
=>
(assert (applied 7segment sg-vfric-right))
(conflicting-alternatives
(hypothesize
(assert (right~context 7segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown))))))
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(defrule sg-vfric-bfr-vowel-1
"Find time the following vowel starts."
(declare (salience ?*right-segmentationx))
(segment-status ?segment segmentation)
(join
(category ?segment: voiced-fricative)
(CF (category ?segment voiced-fricative) ?CFcategoryé: mightbe-valid))
(join
(right-context ?segment vowel)
7% <- (CF (right-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied 7segment sg-vfric-bfr-vowel-1))
(prop 7?segment(candidate-loc ?from 7to))
(power-increase (?vowel-start&-NONE 7change)
after =(- ?to 20) 150
0 500
7*normal -smoothing-sizet
?7*vowel-start-min-change-after-voiced-fricativex) :
(power-strength =(+ ?vowel-start 7.5) =(+ ?vowel-start 22.5) 0 500 ?strength)
(CF (vowel 0-500-power ?strength) ?CF0-500-P)
=>
(assert (prop 7segment (following-vowel-start ?vowel-start)))
(retract 7x)

ry
;7 [hatazaki 167]
=(CFand {CFcomb ?CFcontext
(CFweight ?Xstrong-evidencex ?CF0-500-P))
?CF0-500-P)
(-- =(CFcomb ?CFcontext
{ CFwei ght ?Xstrong-evidenceX ?CF0-500-P))

.
Il

.
7

r:

(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFcontext
(CFweight ?*strong-evidencex ?CF0-500-P))
?CF0-500-P)))
(assert (applied ?segment sg-vfric-bfr-vowel-1))})

(defrule sg-vfric-bfr-vowel-done-1
[ig})
(declare (salience ?7*right-segmentationx))
( segment~status ?segment segmentation)
(join
{(category ?segment voiced-fricative)
(CF (category ?segment voiced-fricative) ?CFcategory&: mightbe-valid))
(join
{right-context ?segment vowel)
?x <~ (CF (right-context ?segment vowel) ?CFcontext&: mightbe-valid))
(not (applied ?segment sg-vfric-bfr-vowel-done-1})
(prop ?segment (following-vowel-start 7vowel-start))
=>
(assert (applied 7?segment sg-vfric-bfr-vowel-done-1))
(hypothesize
(assert (end-time ?segment ?vowel-start))
(assert (CF (end-time ?segment ?vowel-start) =(CFvalue ?CFcontext)))))
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333 —*- Mode: LISP; Syntax: Common-1isp; Package: ART-USER; Base: 10 -*-
(defun get-voiced-stop~peak-candidates ()
(1et ((voiced-stop-peak-candidates (cddr (USER::call-speechfunc
(1ist "POWER-RATIO-PEAKS"

0 2000
0 500
1000 6000
5 1.0
14 15)))))

(1oop for peak in voiced-stop-peak-candidates
collect peak)))

1/19/89 Page 1
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;33 -*%- Mode: ART; Package:art-user; Base: 10; Default-character-style: (:FIX :ROMAN : NORMAL)

(defrule sg-voiced-stop-0
"Finds a candidate of Voiced-stop."

(declare (salience ?xfind-~candidatex))
(segmenting voiced-stop)
(voiced~stop-peak-candidate ?peak-loc ?peak-value)
(CF (voiced-stop-peak-candidate ?peak-value) 7CFvoiced-stop-peak-candidate&: mightbe-valid)
(BB 7BB)
=>
(bind ?segment (gensym "SEG-"))
(at 78B

(assert (voiced-stop-candidate 7peak-1oc ?peak=-ioc))

(assert (schema 7segment (instance-of phoneme-segment)))

(hypothesize

(assert (category ?segment voiced-stop))
(assert (prop ?segment (candidate-loc ?peak-loc ?peak-loc))
(segment~status ?segment segmentation)
(CF (category ?segment voiced-stop)
=(CFand (CFcomb
( CFunknown)
(CFweight 7*strong-evidencex ?7CFvoiced-stop-peak-candidate))
?CFvoiced-stop-peak-candidate))))))

(defrule voiced-stop-pos-no~buzz-head-1in~word
“FIND CANDIDATE OF NO BUZZ-BAR IN WORD INITIAL"
(declare (salience 7*find~candidate*))
(segmenting voiced-stop)
(not (applied ?segment voiced-stop-pos-no-buzz-head-in-word))
(power-start ?power-start&-NONE
after 0 2000 0 500 ?7%silence-power-uppers)
(power-strength =(- ?power-start 50) 7power-start 0 6000 ?pw-0-6000)
(CF (voiced-stop-power-is~silence 7pw-0-6000) ?CFpw-0-65000&: mightbe-valid)
(power increase (?vowel-start&-NONE&: (>= ?vowel-start 7power-start) ?change-increase)
after =(- ?power-start 10) 40 0 6000 (11 11)
7*¥vowel -start-min-change-after-voiced-stop* )
(CF (voiced-stop-no-buzz-head~-power-increase 7change-increase) 7CFpw-increase)
(BB ?3B)
=>
(bind ?segment (gensym "SEG-"))
(at ?BB
(assert (voiced-stop-candidate ?power-start ?power-start))
(assert (schema ?segment (instance-of phoneme-segment)))
(hypothesize
(assert (category ?segment voiced-stop))
(assert (prop ?segment (phoneme-pos-in-word no-buzz-head)))
(assert (CF (prop ?segment (phoneme-pos-in-word no-buzz-head))
=(CFcomb (CFunknown) 1.0)))
(assert (prop ?segment (candidate-loc ?power-start ?power-start))
(segment-status ?segment segmentation)
(CF (category ?segment voiced-stop)
=( CFand (CFcomb
( CFunknown)
(CFweight 7*strong-evidence* ?CFpw-increase))
?CFpw-increase))))))

;55 (defrule get-voiced-stop-region-candidates
... . LRl

i (declare (salience ?*xtop-down¥))

HH . (goal (voiced-stop-region-candidate ?from&?? ?t0&??))

HHH (explicit (not (voiced-stop~region-candidate ?from ?to)))
35y =>

;33 (bind ?voiced-stop-region-candidates

553 ( get-voiced-stop-region-candidates))

;33  (for region in ?7voiced-stop-region-candidates

HE * do (assert =(seg3$ (cons ’voiced-stop-region-candidate

s (1ist ?from ?7t0))))))

(defrule get-voiced-stop-peak-candidates
(declare (salience ?7*top-downx))
(goal (voiced-stop-peak-candidate 7peak-10oc&?? ?peak-value&??))
(explicit (not (voiced-stop-peak-candidate ?peak-loc ?peak-value)))
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=>
(bind ?voiced-stop-peak-candidates
( get-voiced-stop-peak-candidates))
(for peak in ?voiced-stop-peak-candidates
do (assert =(seg$ (cons ’voiced-stop-peak-candidate peak)))))

(defrelation search-voiced-stop-burst-after (?here ?range ?freg-min ?freg-max))

(defrule get-voiced-stop-burst-right-of-voiced-stop-0
"Gets a voiced-stop-burst following the Voiced Stop.
( BACKWARD CHAINING RULE)"
(declare (salience 7xtop-downt))
(goal (voiced-stop-burst-exists ?from&?? ?to&?? ?freq&??
after ?here&~?? ?range&~?? 7freg-min&~?? ?freg-max&~??

7CF&?7))
(explicit (not (voiced-stop-burst-exists ? 7 ? after ?here ?7range ?freg-min ?freg-max ?)))
(BB 7BB)
=>
(at BB

(assert (search-voiced-stop-burst-after ?here 7range ?freg-min ?freg-max))))

(defrule get-voiced-stop~burst-right-of-voiced~stop-1

LR

I
’

;: [hatazaki 143] Searches a voiced-stop-burst between ?freq-min and ?freq-max, which are speci

fied in

; (voiced-stop-burst-exists ?from&?? ?to&?? ?freq&??
) after ?here&~?? ?range&?? ?freq-min&-?? ?freq-max&??

: ?CF&??)

:; [hatazaki 131] Uses ?*voiced-stop-burst-1000-6000-start-min-change¥ instead of
?xyoiced~stop-burst~start-min-changeX* for finding ?voiced-stop-burst-1000-6000-start.

I’

’

r

I. J’
I' f’
e

;¢ [hatazaki 127] Uses ?*smoothing-for-finding-voiced-stop-burst-end* (is no
,,snnothvng) for finding voiced-stop-burst end.

[hatazak7 119] Checks the voiced-stop-burst duration.

;; [hatazaki 116] Modified get-voiced-stop-burst-right-of-voiced-stop~-1 to check

;s bower change at the spectral peaks for both voiced-stop-burst start and end

s;time. Power change at the voiced-stop-burst start time should be checked if this

i71S

s renough large, to say it 1s a voiced-stop-burst. Power change at the voiced-stop-burst end
;3may not be so large (cf. MAU_B_0169), then it is OK even if the power

;schange at the voiced~stop-burst end is nearly 0.

(declare (salience ?*top~down*))
(search-voiced-stop-burst-after ?here ?range ?freg-min ?freg-max)
(power-increase (?voiced-stop-burst-1000-6000-start&~NONE
?voiced-stop-burst-1000-6000-start~change)
after ?here ?range 7freg-min ?freg-max
?%*smoothing~for-finding-voiced-stop~burst*
7%voiced-stop-burst-1000~6000-start-min-change*)
(CF (voiced-stop burst-1000-6000-start-change
?voiced-stop-burst-1000~6000-start~change)
?CF-1000-6000-start&: mightbe-valid)
(spectrum-peak (?peak-freq&~NONE&: (?peak~freq >= ?freq-min)&: (?peak-freqg <= ?freq-max)
?peak-amp 7peak-Q)
at ?voiced-stop-burst-1000-6000-start
=(+ ?voiced-stop-burst-1000-6000-start 10)
‘ 7% spectrum-peak-smoothing~for-getting-voiced-stop-burst*)
(power-increase (?voiced-stop~burst-start&~NONE ?voiced-stop-burst-start-change)
after ?here ?range
=(~ ?peak-freg 100) =(+ 7peak-freq 100)
?*smoothing-for-finding-voiced-stop-burst*
?*voiced-stop~burst-start-min-change*)
(CF (voiced-stop burst-start-change ?voiced-stop-burst-start-change)
?CF-start& mightbe-valid)

;s [hatazaki 150] ?voiced-stop~burst-end may not be found.

i ( power-decrease (?voiced-stop-burst-end&NONE ?voiced~stop-burst-end-change)
after ?voiced-stop-burst-start 50

]
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MY NE NE W ue ows e e owe

=(~ ?peak-freq 100) =(+ ?peak-freqg 100)
?¥smoothing-for-finding-voiced-stop-burst-end¥
?Xyoiced-stop-burst-end-m n-changeX
(CF (voiced-stop burst-end-change ?voiced-stop-burst-end-change)
?CF-end& (?CF-end >= ?Xmightbe- va77dX))
(CF (voiced-stop burst-duration
=(~ ?voiced-stop-burst-end Pvoiced-stop-burst-start))
?CFduration& (?CFduration >= ?X*mightbe-validx)))

case
((power-decrease (?7voiced-stop-burst-end&~NONE ?voiced-stop-burst-end- change)

after ?voiced-stop-burst-start&vNONE 15
=(- ?peak-freq 100) =(+ ?peak-freq 100)
?7xsmoothing-for-finding-voiced-stop-burst-end* 0.0))
(otherwise
=» . .
(bind ?voiced-stop~burst-end ' NONE))) .
(case
((power-decrease (?voiced-stop-burst-end&~NONE 7voiced-stop-burst-end-change)
after ?voiced-stop-burst-start 30
=(~- tpeak-freq 100) =(+ ?peak-freq 100)
?xsmoothing-for-finding-voiced-stop-burst-endx
7¥voiced-stop-burst-end-min-changex)
(CF (voiced-stop burst-end-change ?voiced-~stop-burst-end-change)
7CF-end) ;3 & mightbe-valid)
(CF (voiced-stop burst~duration
=(- 7voiced-stop-burst-end ?voiced-stop-burst- start))
?CFduration)) ;; & mightbe- va]1d))
(otherwise
=>
(bind ?vojced-stop-burst-end ’ NONE)
(bind ?7CF-end ?*CFunknownx)
(bind ?CFduration ?#CFunknown%)))

(BB 7BB)
=>

:
;;[hatazakf 150] -(CFcomb (CFweight ?X*strong-evidence* ?CF-start)
( CFwei ght ?Xweak-~evidence¥ ?CF-end )
( CFweight ?*weak-~evidencex ?CFduration))

H {--
i =(CFand ?CF-start ?CF-end ?CFduration).
;;[hatazaki 135] Changed (CFand (CFcomb ?CF-start ?CF-end) ?CFduration) to
i (CFand ?CF-start ?CF~end ?CFduration).
(at 7?BB
(assert
(voiced-stop-burst-exists ?voiced-stop-burst-start ?voiced-stop-burst-end ?peak-freq
after ?here 7range ?freg-min ?freg-max
=(CFvalue (CFand (CFcomb (CFunknown)
(CFweight ?*strong-evidencex ?CF-start)) e
?CF-start)))))) "
(at ?BB
(assert
(voiced-stop-burst-exists ?voiced-stop-burst-start ?voiced-stop-burst-end ?peak-freq
after ?here 7range ?freg-min ?freg-max
=(CFvalue (CFand (CFcomb ( CFunknown)
(CFweight ?#strong-evidencex ?7CF-start)
(CFweight ?*weak-evidencex ?CF-end )
(CFweight ?*weak-evidencex ?CFduration))
?7CF-start))))))



LM17: >hatazaki>sred>seg-voiced-stop>seg-voiced-stop-pos-in-word. art. 29

For: Kaichiro Hatazaki

Printed on: LGP8-J ON ATR-LMO1
Number of copies: 1

Data created at: 1/23/89 11:50:20
Queued at: 3/28/89 11:16:36




LM17:>hatazaki>sre>seg-voiced-stop>seg-voiced-stop-pos-in-word.art.29 1/23/89 11:50:20 Page 1

;33 ~%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -%-
(defrule sg-voiced-stop-pos-in-word
"Hypothesizes position phoneme in word.™"
(declare (salience 7*start-segmentationx))
(segment-status ?segment segmentation)
(categery 7segment voiced~stop)
(not (applied ?segment sg-voiced-stop-pos-in-word))
{not (prop ?segment (phoneme-pos-in-word no-buzz-head)))
=>
(assert (applied ?7segment sg-voiced-stop-pos-in-word))
(conflicting-alternatives
(hypothesize
(assert (prop 7segment (phoneme-pos~in-word head)))
(assert (CF (prop ?segment (phoneme-~pos-in-word head)) =(CFunknown))))
{hypothesize i
(assert (prop ?7segment (phoneme-pos-~in-word middle)))
(assert (CF (prop ?segment (phoneme-~pos-in~word middle)) =(CFunknown))))))

(defrule voiced-stop~pos-head-in-word
i
(declare (salience ?*¥start-segmentation#))
(segment-status 7segment segmentation)
(category ?segment voiced-stop)
(not (applied ?segment voiced-stop-pos-head-in-word))
(prop ?segment {candidate-loc ?from ?7to))
(prop ?segment (phoneme-pos-in-word head))
?x <- (CF (prop 7segment (phoneme-pos-in-word head&~no-buzz-head)) 7)
(power-start ?power-start&-NONE&: (>= 100 (- ?from ?power-start))
after 0 2000 0 500 7*silence-power-upper%)
(power~-strength =(- ?power-start 50) ?power-start 0 6000 ?pw-0-6000) .
(CF (voiced-stop-power-is-silence 7pw-0-6000) 7CFpw-0-6000&: mightbe-valid)
(power-increase (?7vowel-start&-NONE 7change-increase)
after 7from 100 0 6000 {11 11)
?*vowel -start-min-change-after-voiced-stop* )
(power-decrease (?vowel-end& (eq ?vowel~end >NONE) ?change~decrease)
before ?7vowel-start =(- ?vowel-start ?power-start) 3500 6000 (11 11)
(7*vowel-end-min-change~before-voiced-stop* -60))
=>
(retract 7x)
(assert (applied ?segment voiced-stop-pos-head-in-word))
(assert (CF (prop ?segment (phoneme-pos~in-word head)) =(CFcomb (CFunknown) 1.0))))

(defrule voiced-stop-pos-middle-in-word
inn .
fdeclare (salience ?¥start-segmentationx))
(segment-status ?segment segmentation)
(category ?segment voiced-stop)
(not (applied ?segment voiced-stop-pos-middle-in-word))
(prop 7segment (candidate-loc ?from ?to))
(prop ?segment (phoneme-pos-in-word middle))
?7x <~ (CF (prop 7segment (phoneme-pos-in-word middle&~no-buzz-head)) ?7)
(power-increase (?vowel-start&-NONE ?7change-increase)
' after 7from 200 0 6000 (11 11)
(?*¥vowel~-start-min-change-after-voiced-stopx -65))
(power-decrease (?vowel-end&~NONE ?change-decrease)
before 7to 200 3500 6000 (11 11)
( ?7*vowel-end-min-change-before-voiced-stopx -65))
=>
(retract 7x)
(assert (applied ?segment voiced-stop-pos-middle-in-word))
(assert (CF (prop ?segment (phoneme-pos~in-word middie)) =(CFcomb (CFunknown) 1.0))))
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;33 ~*- Mode: ART; Package: art~user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -x-

»

(defrule sg-voiced-stop-left
nn
(declare (salience 7*left-segmentationx))
(segment-status ?segment segmentation)
(category ?segment voiced-stop)
(CF (category 7segment voiced-stop) ?CF-category&: mightbe-valid)
(not (prop ?segment (phoneme-pos-in-word no-buzz-head)))
(not (applied 7segment sg-voiced-stop-left))
(not (start-time ?segment 7))
=>
(assert (applied ?segment sg-voiced-stop-left))
(conflicting-alternatives
(hypothesize
(assert (left-context 7segment silence))
(assert (CF (left-context ?segment silence) =(CFunknown))))"
(hypothesize
(assert (left-context 7segment vowel))
(assert (CF (left-context 7segment vowel) =(CFunknown))))))

(defrule sg-no-buzz-head-voiced-stop-left
LR
(declare (salience 7*xleft-segmentationx))
(segment-status 7segment segmentation)
(category ?segment voiced-stop)
(CF (category ?segment voiced-stop) ?CF-categoryé&: mightbe-valid)
(prop 7segment (phoneme-pos-in-word no-buzz-head))
(not (applied ?segment sg-no-buzz-head-voiced-stop-left))
(not (start-time ?segment ?))
=>
(assert (applied ?segment sg-no-buzz-head-voiced-stop-left))
(conflicting-alternatives
(hypothesize
(assert (left-context ?segment silence))
(assert (CF (left-context ?segment silence) =(CFunknown))})))
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(defrule sg-no-buzz-head-voiced-stop-left-silence-1
"Find time of the silence of no buzz-bar voiced-stop transition."
(declare (salience 7xleft-segmentationx))
(segment-status ?segment segmentation)
(category ?segment voiced-stop)
(prop ?segment (phoneme-pos-in-word no-buzz-head))
(1eft-context 7segment silence)
(not (applied ?segment sg-no-buzz-head-voiced-stop-left-silence-1))
(prop ?segment (candidate-loc ?from ?to))
(CF (prop ?segment (phoneme-pos-in-word no-buzz-head)) ?CFno-buzz-head& mightbe-valid)

;;; search segmenetation posision of left silence
(power-start ?power-start&~NONE
after 0 2000 0 500 ?+*silence-power-upperx)

;33 check charasterictics of 1eft silence
(power-strength =(- ?power-start 50) ?power-start 0 6000 ?spw-0-6000)
(CF (voiced-stop-power-is-silence ?spw-0-6000) ?CFspw-0-6000&: mightbe-valid)

;33 check charasteritics of voiced-stop
(power-strength ?power-start =(+ 7power-start 20) 0 500 ?vspw-0-500)
(CF (no~buzz-head-voiced-stop-0-500-power ?vspw-0-500) ?CFvspw-0-500&: mightbe-valid)
7x<{~(CF (left~context 7segment silence) 7CFleft-silence)
=>
(retract 7x)
(assert (applied ?7segment sg-no-buzz-head-voiced-stop-left-silence-1))
(assert (prop 7segment (proceding-silence-end-time ?power-start)))
(assert (CF (left-context ?segment silence)
=( CFand
(CFcomb ?CFleft-silence
(CFweight ?7xweak-evidencex ?CFspw-0-6000)
(CFweight ?*strong-evidencex ?CFvspw-0-500))
?7CFspw-0-6000
?7CFvspw-0-500))))

(defrule sg-no-buzz-head-voiced-stop-1eft-silence-done-1
i
(declare (salience ?xleft-segmentation-end*))
(segment-status ?segment segmentation)
(category 7?segment voiced-stop)
(CF (category 7segment veciced-stop) 7CF-category&: mightbe-valid)
(prop 7segment (phoneme-pos-in-~word no-buzz-head))
(1eft-context 7segment silence)
(CF (l1eft-context 7segment silence) ?CF-context& mightbe-valid)
(not (applied 7segment sg-no-buzz-head-voiced-stop-left-silence-done-1))
(CF (prop 7segment (phoneme-pos-in~word no-buzz-head))
?CFno-buzz-head&: (CFequal ?CFno-buzz-head 1.0))
(prop 7segment (proceding-silence-end-time ?pos))
=> :
(assert (applied 7segment sg-no-buzz-head-voiced-stop-left-silence-done-1))
(hypothesize
(assert (start-time 7segment ?pos))
(assert (CF (start-time ?segment ?pos) =(CFvalue ?CF-context)))))
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(defrule sg-head-voiced-stop-left-silence-1
"Find time of the silence-voiced-stop transition."
(declare (salience ?xleft-segmentationx))
(segment-status ?segment segmentation)
(category ?segment voiced~stop)
(prop 7segment (phoneme-pos-in-word head))
(not (prop ?segment (phoneme-pos-in-word no-buzz-head)))
(1eft-context ?segment silence)
(not (applied ?segment sg-head-voiced-stop-left-silence-1))
(prop ?segment (candidate-loc ?from ?7to))
(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead& mightbe-valid)

;33 search segmenetation posision of left silence
(power-start ?power-start&-NONE after 0 2000 0 500 ?xsilence-power-upperx)
;  (power~start ?power-start&-NONE before =(+ ?from 10) 200 0 500 ?xsilence-power-upperx)

;;; check charasterictics of left silence
(power-strength =(- ?power-~start 50) ?power-start 0 6000 ?7spw-0-6000)
(CF (voiced-stop-power-is-silence 7spw-0-6000) 7CFspw-0~6000&: mightbe-valid)

333 check charasteritics of voiced-stop

(power-strength ?power-start =(+ 7power-start 30) 0 500 ?vspw-0-500)

(CF (voiced-stop-0-500-power ?7vspw-0-500) ?CFvspw-0-5008&: mightbe-valid)

(power-strength ?power-start =(+ ?power-start 30) 500 3500 ?vspw-500-3500)

(CF (voiced-stop-500-3500-power ?vspw-500-3500) ?CFvspw-500-3500&: mightbe~-valid)

(CF (voiced-stop-power-ratio-0-~500-500-3500 =(- ?vspw-0-500 ?vspw-500-3500))
?CFvspr-0-500-500-3500&: mi ghtbe~valid)

?7x{~(CF (left-context ?segment silence) ?CFleft-silence)
=>
(retract ?x)
(assert (applied ?segment sg-head-voiced-stop-left-silence-1))
(assert (prop ?segment (proceding-silence-end-time ?power-start)))
(assert (CF (left-context 7segment silence)
=( CFand
(CFcomb ?CFleft-silence
(CFweight ?xweak-evidencex ?CFspw-0-6000)
(CFweight ?xweak-evidencex ?CFvspw-0-500)
(CFweight ?*weak-evidencex ?CFvspw-500~3500)
(CFweight ?*evidencex 7CFvspr-0-500-500~3500))
?CFspw-0-6000))))

(defrule sg-head-voiced-stop-left-silence-done-1
ni

(declare (salience ?7xleft-segmentation-end*))
(segment-status ?segment segmentation)
(category ?segment voiced-stop)
(CF (category ?segment voiced-stop) ?CF-categoryé&: mightbe-valid)
(prop ?7segment (phoneme-pos-in-word head))
(not (prop 7segment (phoneme-pos-in-word no-buzz-head)))
(left-context ?segment silence)
(CF (left-context ?segment silence) ?CF-contexté&: mightbe-valid)
(not (applied ?segment sg-head-voiced-stop-left-silence-done-1))
(CF (prop ?segment (phoneme-pos-in-word head)) ?7CFhead&: (CFegual 7CFhead 1.0))
(prop 7segment (proceding-silence-end-time ?7pos))
=>
(assert (applied ?7segment sg-head-voiced-stop-~left-silence-done-1))
(hypothesize

(assert (start-time ?segment ?pos))

(assert (CF (start-time ?segment ?pos) =(CFvalue 7?7CF- context)))))
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(defrule sg-mid-voiced-stop-left-vowel-1
"Find time the proceding vowel starts."
(declare (salience (+ ?xleft-segmentation* 1)))
(segment-status ?segment segmentation)
(category ?segment voiced-stop)
(prop ?segment (phoneme-pos-in-word middle))
(not (prop ?segment (phoneme-pos-in-word no-buzz-head)))
(1eft-context ?segment vowel)
?7x<{~(CF (left-context ?segment vowel) ?CFleft-vowel)
(not (applied ?segment sg-mid-voiced-stop-lefti-vowel-1))
(prop 7segment (candidate-loc ?from ?to))
(CF (prop ?segment (phoneme-pos-in-word middle)) ?CFmiddle&: (CFequal ?CFmiddle 1.0))

;33 Search segmenetation posision of left vowel
(power-decrease (?pos&~NONE ?vsp-decrease) before ?from 200 3500 6000 .(11 11)
(?*vowel~end-min-change-before-voiced-stop* -65))
(CF (mid-voiced-stop-power-decrease-left ?vsp-decrease) ?CFvsp-decrease&: mightbe-valid)

333 check charasteristics of voiced-stop
(power-strength ?pos =(+ ?pos 30) 0 500 ?vspw-0-500)
(CF (voiced-stop-0-500-power ?vspw-0-500) ?CFvspw-0-500&: mightbe-valid)
(power-strength. ?pos =(+ 7pos 30) 500 3500 ?vspw-500-3500)
(CF (voiced-stop~500-3500-power ?vspw-500-3500) ?CFvspw-500-35008&: mightbe-valid)
(CF (voiced-stop-power-ratio-0-500-500-3500 =(~ ?vspw-0-500 ?vspw-500-3500))
?CFvspr-0-500-500-3500&: mi ghtbe-valid)

;35 check charasterictics of left vowel
(power-strength =(- ?pos 30) ?pos 0 1000 ?vpw-0-1000)
(CF (vowel-by-voiced-stop 0-1000-power ?vpw-0~-1000) ?CFvpw-0-1000&: mightbe-valid)
(power~-strength =(- ?pos 30) ?pos 1000 6000 ?vpw-1000-6000)
(CF (vowel-by-voiced-stop 1000-6000-power ?vpw-1000-6000)
?CFvpw-1000~-6000&: mi ghtbe~valid)
(power-strength =(- ?pos 30) ?pos 5000 6000 ?vpw-5000-6000)
(CF (voiced-stop-vowel -power-ratio-0-1000-5000~6000 =(- ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000-5000-6000&: mi ghtbe-valid)
=>
(assert (applied ?segment sg-mid-voiced-stop-left-vowel-1))
(hypothesize
(assert (prop ?segment {proceding-vowel-end-time ?pos)))
(retract 7x)
(assert (CF (left-context ?segment vowel)
=(CFand (CFcomb ?CFl1eft-vowel
(CFweight ?#strong-evidence* ?CFvsp-decrease)
(CFweight ?*weak-evidence* ?CFvspw-0-500)
(CFweight ?*weak-evidencex ?CFvspw-500-3500)
(CFweight ?*evidencex ?CFvspr-0-500-500-3500)
(CFweight ?xweak-evidencex ?7CFvpw-0-1000)
(CFweight ?xweak-evidencex* ?CFvpw-1000-6000)
(CFweight ?*evidence* ?CFvpr-0-1000-5000-6000))
?CFvsp-decrease)))))

(defrule sg-mid-voiced-stop-left~vowel-done-1
n

(declare (salience ?*1eft-segmentation-endx))
(segment-status 7segment segmentation)
(category ?segment voiced-stop)
(CF (category ?segment voiced-stop) 7CF-category&: mightbe-valid)
(prop ?segment (phoneme-pos-in-word middle))
(not (prop ?segment (phoneme-pos-in-word no-buzz-head)))
(CF (prop ?segment (phoneme-pos-in-word middle)) ?CFmiddle&: mightbe-valid)
(1eft-context 7segment vowel)
(CF (left-context ?segment vowel) 7CF-context&: mightbe-valid)
(not (applied ?segment sg-mid-voiced-stop-left-vowel-done-1))
(prop ?segment (proceding-vowel-end-time ?pos))
=>
(assert (applied ?segment sg-mid-voiced-stop-left-vowsl-done-1))
(hypothesize

(assert (start-time ?segment ?pos))

(assert (CF (start-time ?segment ?pos) =(CFvalue ?CF-context)))))
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;33 -~ Mode: ART; Package: art-user; Base: 10; Defau]t—charécter-sty]e: (: FIX :ROMAN : NORMAL) -*-

(defrule sg-voiced-stop-right
"Hypothesizes right phoneme."
(declare (salience ?7*right-segmentationt))
(viewpoint ?v
(segment-status ?segment segmentation)
(category 7segment wvoiced-stop)
(CF (category ?segment voiced-stop) ?CF-category&: mightbe-valid))
(viewpoint ?
(exists (start-time ?segment ?7)))

rrars

(not (prop ?segment (phoneme-pos-in-word no-buzz-head)))
(not (applied ?7segment sg-voiced-stop- r1ght))
(not (end-time 7segment 7))
=>
(at ?7v
(assert (applied ?segment sg-voiced-stop-right))
(conflicting-alternatives
(hypothesize
(assert (right-context ?segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown)))))))

(defrule sg-no-buzz-head-voiced-stop-right
"Hypothesizes right phoneme.*®
(declare (salience 7*right-segmentationx))
(viewpoint ?v
(segment-status ?segment segmentation)
(category 7segment voiced-stop)
(CF (category 7segment voiced-stop) 7CF-category&: mightbe-valid))
(viewpoint ?
(exists (start-time ?segment ?)))
(not (applied 7segment sg-no-buzz-head-voiced-stop-right))
(prop 7segment (phoneme-pos-in-word no-buzz-head))
(not (end-time 7segment 7))
=>
(at ?v
(assert (applied ?7segment sg-no-buzz-head- vo1ced stop-right))
(conflicting~alternatives
(hypothesize
(assert (right-context ?segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown)))))))
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(defrule sg-no-buzz-head-voiced-stop-right-vowel-1
"Find time the following burst starts."
(declare (salience ?*right-segmentation¥))
(segment-status ?segment segmentation)
(category 7segment voiced-stop)
(right-context ?segment vowel)
7x{~(CF (right-context ?segment vowel) ?CFright-vowel)
(not (applied ?segment sg-no-buzz-head-voiced-stop-right-vowel-1)})
(prop ?segment (phoneme-pos-in-word no-buzz-head))
(prop 7segment (candidate-loc ?from ?to))

;;; search segmenetation posision of right vowel
(voiced-stop-burst-exists ?voiced-stop-burst-starté&: (>= ?voiced-stop-burst-start 7to)

?7pos&~NONE
?voiced-stop-burst~-freq
after =(- ?to 10) 40
?xvoiced-stop-burst-freg~min#
7*voiced~stop-burst-freqg-maxs
?CFvoiced-stop-burst&: mi ghtbe-valid)

(not {voiced-stop-burst-exists ?v-b-start ?v-b-end&~NONE ?v-b-freq
after =(- ?to 10) 40
?*voiced-stop-burst-freg-minx
?xvoiced-stop-burst-freg-maxx
?another~bursté&: (CFgreaterp ?another-burst ?CFvoiced-stop-burst)))

; check charasterictics of right burst
(power-strength 7pos =(+ ?pos 30) 0 1000 ?vpw-0-1000)
(CF (vowel-by-voiced-stop 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000&: mi ghtbe~valid)
(power-strength ?pos =(+ ?pos 30) 1000 6000 ?vpw-1000-6000)
(CF (vowel-by-voiced-stop 1000-6000~power ?vpw-1000-6000) ?CFvpw-1000-6000&: mightbe-valid)
(power-strength ?pos =(+ 7pos 30) 5000 6000 ?vpw-5000-6000)
(CF (voiced-stop-vowel-power-ratio-0-1000-5000-6000 =(~ ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-~1000-5000-6000&: mi ghtbe-valid)
=>
(retract ?x)
(assert (applied 7segment sg-no-buzz-head-voiced-stop-right-vowel-1))
(assert (prop ?segment (following-vowel-start-time ?pos)))
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFright-vowel
(CFweight ?*strong-evidence* ?CFvoiced-stop-burst)
(CFweight ?xweak~evidence* ?CFvpw-0-1000)
(CFweight ?*weak-evidence* ?CFvpw-1000-6000)
(CFweight ?xevidencex ?7CFvpr-0-1000-5000-6000))
?7CFvoiced-stop-burst))))

(defrule sg-no-buzz-head-voiced-stop-right-vowel-done-1
i

(deciare (salience ?*right-segmentation%))
(segment-status ?segment segmentation)
(category ?segment voiced-stop)
(prop ?segment (phoneme-pos-in-word no-buzz-head))
(CF (category ?segment voiced-stop) ?CF-category&: mightbe-valid)
(right-context 7segment vowel)
(CF (right-context ?segment vowel) ?CF-context&: mightbe-valid)
(not (applied ?segment sg-no-buzz-head-voiced~stop-right-vowel-done-1))
(prop 7segment (following~vowel-start-time ?pos))
=>
(assert (applied ?7segment sg-no-buzz-head-voiced-stop-right-vowel-done-1))
(hypothesize

(assert (end-time ?segment 7pos))

(assert (CF (end-time ?segment ?pos) =(CFvalue ?CF-context)))))
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(defrule sg-voiced-stop-right-vowel-1

>

?

"Find time the following burst starts."
(declare (salience ?*right-segmentation%))
(segment-status ?segment segmentation)
(category 7segment voiced-stop)
(right-context ?segment vowel)
?7x<{-(CF (right-context 7segment vowel) ?7CFright-vowel)
(not (applied ?segment sg-voiced-stop-right-vowel-1))
(prop ?segment (candidate-loc 7from ?to))
(prop ?segment (phoneme-pos-in-word ?head-or-mid&~no-buzz- head))

;; search segmenetation posision of right vowel

(voiced-stop-burst-exists 7vpos
?voiced-stop-burst-end
?voiced-stop-burst-freq
after =(- ?to 10) 100
7xvoiced-stop-burst-freg-mink
?7%voiced-stop-burst-freg-maxx
?CFvoiced-stop-burst&: mi ghtbe-valid)

(not (voiced-stop-burst-exists 7 7 7
after =(- ?7to 10) 100
?*voiced-stop-burst-freg-minx
?7xvoiced-stop-burst-freg-max*
?another-burst&: (CFgreaterp ?another-burst ?CFvoiced-stop-burst)))

( power-increase (?pos&-NONE&: (>= ?pos ?7vpos) ?change-increase)
after =(- ?vpos 10) 40 0 500 (11 15) 0.0 )

: check charasteristics of voiced-stop

(power-strength =(- ?vpos 30) ?vpos 0 500 ?vspw-0-500)

(CF (voiced-stop-0-500-power ?vspw-0-500) ?CFvspw-0-500&: mightbe- va11d)

(power-strength =(- ?vpos 30) ?vpos 500 3500 ?vspw-500-3500)

(CF (voiced-stop-500-3500-power ?vspw-500-3500) ?CFvspw-500-3500& mightbe-valid)

(CF (voiced-stop-power-ratio-0-500-500-3500 =(- ?vspw-0-500 ?vspw-500-3500})
?CFvspr-0~500-500-3500&: mightbe-valid)

;; check charasterictics of right burst

(power-strength ?pos =(+ ?pos 30) 0 1000 ?vpw-0-1000)

(CF (vowel-by-voiced-stop 0-1000-power ?vpw-0-1000) ?CFvpw-0-10008&: mightbe-valid)

(power-strength ?pos =(+ ?7pos 30) 1000 6000 ?vpw-1000-6000)

(CF { vowel-by-voiced-stop 1000-6000-power ?vpw-1000-5000) ?CFvpw-1000-5000&: mightbe-valid)

(power-strength 7pos =(+ ?7pos 30) 5000 6000 ?vpw-5000-6000)

(CF (voiced-stop-vowel-power-ratio-0-1000-5000-6000 =(- ?vpw-0-1000 ?vpw-5000-6000))

?CFvpr-0-1000-5000-6000&: mi ghtbe-valid)

=>

(retract ?x)

(assert (applied ?segment sg-voiced-stop-right-vowel-1))

(assert (prop ?segment (following~vowel-start-time ?pos)))

(assert (CF (right-context ?segment vowel)

=(CFand (CFcomb ?CFright-vowel
(CFweight ?tstrong-evidence* ?CFvoiced-stop-burst)
(CFweight ?*weak-evidencex ?CFvspw-0-500)
(CFweight ?*weak-evidencex ?CFvspw-500-3500)
(CFweight ?*evidencex ?CFvspr-0-500~500-3500)
(CFweight ?*weak-evidence* ?CFvpw-0-1000)
(CFweight ?*weak-evidencex ?7CFvpw-1000-6000)
(CFweight ?xevidencet* ?CFvpr~0-1000-5000-6000))
7CFvoiced-stop-burst))))

(defrule sg-voiced-stop-right-vowel-2

"Find time the following burst starts.”
(declare (salience ?#*right-segmentation%))
(segment-status ?segment segmentation)
(category ?7segment voiced-stop)
(right-context ?segment vowel)
?7x{-(CF (right-context ?segment vowel) ?CFright-vowel)
(not (applied ?segment sg-voiced-stop-right-vowel-1}))
(prop ?segment (candidate-loc ?from ?7to)) )
(prop 7segment (phoneme-pos-in-word ?head-or-mi d&~no-buzz-head))

;33 search segmenetation posision. of right vowel

(voiced-stop-burst-exists ?7pos
. ?voiced-stop-burst-end
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?voiced-stop-burst-freq

after =(- ?to 10) 100
?7xvoiced-stop-burst-freg-mink
?7xvoiced-stop-burst-freg-max*
?CFvoiced-stop-burst&: mightbe-valid)

(not (Voiced-stop—burst-exists 7?7?77

after =(- ?to 10) 100

?*voiced-stop~burst-freq-min*

?*voiced-stop~burst-freqg-maxx

?another-bursté&: (CFgreaterp ?another-burst ?CFvoiced-stop-burst)))

(power-increase (?pos-incé& (or (eq ?pos-inc *NONE) (< ?pos-inc ?pos)) ?change-increase)

after =(- ?pos 10) 40

[

power-strength =(- ?pos 30) ?pos O

check charasteristics of voiced-stop

0 500 (11 15) 0.0)

500 ?vspw-0-500)

CF (voiced-stop-0-500-power ?vspw-0-500) ?CFvspw-0-500&: mightbe-valid)

3500 ?vspw-500-3500)

CF (voiced-stop-500-3500-power 7vspw-500-3500) ?CFvspw-500- 3500&.m1ghtbe valid)
CF (voiced-stop-power-ratio-0-500-500-3500 =(- ?vspw-0-500 ?vspw-500-3500))
?CFvspr-0-500-500-3500&: mi ghtbe~valid)

(
(
(power-strength =(- ?pos 30) ?7pos 500
(
(

e
¥

; check charasterictics of right burst
(power-strength ?pos =(+ ?pos 30) 0 1000 ?vpw-0-1000)

(CF (vowel-by-voiced-stop 0-1000~-power ?vpw-0-1000) ?CFvpw-0-1000&: mightbe-valid)

(power-strength ?pos =(+ ?pos 30) 1000 6000 ?vpw-1000-5000)

(CF (vowel-by-voiced-stop 1000-6000-power ?vpw-1000-6000) ?CFvpw-1000-60008&: mi ghtbe-valid)

(power-strength ?pos =(+ ?pos 30) 5000 6000 ?vpw-5000-6000)

(CF (voiced-stop-vowel-power-ratio-0~1000-5000~6000 =(~ ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000-5000-860008&: mi ghtbe~valid)

=>
(retract 7x)

(assert (applied ?segment sg-voiced-stop-right-voweli-1))
(assert (prop ?segment (following-vowel-start-time ?pos)))
(assert (CF (right-context ?segment vowel)

=(CFand (CFcomb ?CFright-vowel

( CFweight
( CFweight
( CFweight
( CFweight
(CFweight
(CFweight
(CFweight

?xstrong-evidencex ?7CFvoiced-stop-burst)
?xweak-evidencex ?CFvspw-0-500)
7xweak-evidencex ?CFvspw-500-3500)
?xevidencex ?CFvspr-0-500-500-3500)
?xweak-evidencex ?CFvpw-0-1000)
?*weak-evidencex ?CFvpw-1000~6000)
?xevidencex ?CFvpr-0~1000-5000-6000))

?CFvoiced-stop-burst))))

(defcontradiction 1st-or-2nd-pos-voiced-
(prop ?segment (following~vowel~start-
(prop 7segment (following-vowel-start-

stop-right "*"
time 7?pos))
time ~7pos)))

(defruie sg-voiced-stop-right-vowel-done-1

(deciare (salience ?*right-segmentationx))

(segment-status ?segment segmentation)

(category ?segment voiced-stop)

(CF (category ?segment voiced-stop) ?CF-category&: mightbe-valid)

(right-context ?segment vowel)

(CF (right-context ?segment vowel) ?CF-context&: mightbe-valid)

(not (applied ?segment sg-voiced-stop-
(prop 7segment (following-vowel-start-

right-vowel-done-1))
time ?pos))

(prop ?segment (phoneme-pos-in-word ?head-or-mid& no-buzz-head))

=>

(assert (applied ?segment sg-voiced-stop-right-vowsl-done-1))

(hypothesize
(assert (end-time ?segment 7pos))

(assert (CF (end-time ?segment ?pos) =(CFvalue ?CF-context)))))
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;13 -%~ Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -x-
;; check middle voiced-stop isnot R by duration time
defruie sg-mid-voiced-stop~isnot-R-duration-time
[N}
(declare (salience (+ ?*xend-segmentationx 2)))
(not (applied ?segment sg-mid-voiced-stop-isnot-R-duration-time))
(prop ?segment (phoneme-pos-in-word middle))
(CF (prop ?segment (phoneme-pos-in-word middle)) ?CFmidd)e&: (CFequal ?CFmiddie 1.0))
(join
(category ?7segment voiced-stop)
?7x<{-(CF (category 7segment ?voiced-stop) ?CFcategory&: mightbe-valid))
(join
(start-time ?segment ?start)
(explicit (CF (start-time ?segment ?start) ?CFstart)))
(join
(end-time ?segment ?end)
(explicit (CF (end-time ?segment ?end) 7CFend)))
33 not-R-duration-time
(power-decrease (?vowel-end&-NONE 7change-decreaseé&: ( 7change-decrease >= 0.5))
after =(~ ?start 10) =(- ?end (- 7?start 10)) 1000 4000 (11 11)
(?7*vowel-end-min-change-before-voiced-stop* ~65))
(power-increase (?vowel-start&-NONE ?change-increase&: (?7change-increase >= 0.5))
before =(+ ?end 10) =(- (+ ?end 10) ?start) 1000 4000 (11 11)
(?*vowel-start-min-change-after-voiced-stop* ~65))
(CF (voiced-stop-not-R-duration-time =(- ?end ?start)) ?CFnot-R-duration)
=>
(retract 7x)
(assert (applied ?segment sg-mid-voiced-stop-isnot-R-duration-time))
(assert (CF (category ?7segment voiced-stop)
=(CFand (CFcomb ?CFcategory
(CFweight ?*strong-evidence¥ ?7CFnot-R-duration)
?CFnot-R~duration)))))

s Me we we we we we

; check voiced-stop duration time
defrule sg-voiced-stop~duration-time
[N}

(declare (salience (+ ?7*end-segmentation* 1)))
(not (applied 7?segment sg-voiced-stop-duration-time))
(join

(category ?segment voiced-stop)

?7x{~(CF (category ?segment ?voiced-stop) ?CFcategory & mightbe-valid))
(join

(start-time ?segment ?start)

(exp11c1t (CF (start-time ?segment ?start) ?CFstart)))
(join

(end-time ?segment ?7end)

(explicit (CF (end-time ?segment ?end) ?CFend)))
(CF (voiced-stop~duration-time =(- ?end 7start)) ?CFduration)
=>
(retract 7x)
(assert (applied ?segment sg-voiced~stop-duration-time))
(assert (CF (category 7segment voiced-stop)

=(CFand (CFcomb ?CFcategory
(CFweight ?7fevidencetx ?7CFduration)
?CFduration)))))

’

(4
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533 -%¥- Mode: LISP; Syntax: Common-1isp; Package: ART~USER; Base: 10 -*-
(defun get-nasal-peak-candidates ()
(1et ((nasal-peak-candidates (cddr (USER::call-speechfunc
(1ist "POWER-RATIO-PEAKS"

0 2000
0 500
5000 6000
10 2.5
; 15 1NN
Al 15)))))

(1oop for peak in nasal-peak-candidates
collect peak)))
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:;;-%¥~ Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -x*-
(defrule sg-nasal-0
"Finds a candidate of nasal.*®
(declare (salience ?xfind~candidatex))
{ segmenting nasal)
(nasal-peak-candidate ?peak-loc ?peak-value)
(CF (nasal-peak-candidate 7peak-value) ?7CFnasal-peak& mightbe-valid)
(nasal-region~-candidate ?from 7to&: (?from <= 7peak-loc)&: (?7peak-Toc <= 7to))
(BB 78B)
=>
(bind ?7segment (gensym “SEG-"))
(at 7BB
(assert (nasal-candidate ?peak-loc 7peak-1oc))
(assert (schema ?segment (instance-of phoneme-segment)))
(hypothesize
(assert (category 7segment nasal)) .
(assert (prop ?segment (candidate-loc ?7peak-loc 7peak-loc))
( segment-status ?segment segmentation)
(CF (category ?segment nasal)
=(CFand (CFcomb (CFunknown)
(CFweight ?*strong-evidencex ?CFnasal-peak))
7CFnasal-peak))))))

(defrule get-nasal-peak~candidates
(declare (salience 7*top-downt))
(goal (nasal-peak-candidate ?peak-10c&?? ?peak-value&??))
(explicit (not (nasal-peak-candidate 7peak-loc ?7peak-value)))
=>
(bind ?nasal~peak-candidates
(get-nasal-peak-candidates))
(for peak in ?nasal-peak-candidates
do (assert =(seq$ (cons ’*nasal-peak-candidate peak)))))

(defrule get-nasal-region-candidates

(declare (salience ?*top-down¥))

(goal (nasal-region-candidate ?from&?? ?t0&??))
(explicit (not (nasal~region-candidate ?from ?to)))

(bind ?nasal-region-candidates

(get-nasal-region-candidates))

(for region in ?nasal-region-candidates

do (assert =(seg¥ (cons ’nasal-region-candidate region)))))

»
)
3
?
;o=
b
?
El
’
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;33 -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -%*-

(defrule sg-nasal-pos-in-word
"Hypothesizes position phoneme in word."
(declare (salience ?tstart-segmentationx))
(segment-status ?segment segmentation)
(category ?segment nasal)
(not (applied ?segment sg-nasal-pos-in-word))
=>
(assert (applied ?segment sg-nasal-pos-in-word))
(conflicting-alternatives
(hypothesize ) :
(assert {prop ?segment (phoneme-pos-in-word head)))
(assert (CF (prop ?segment (phoneme-pos-in-word head)) =(CFunknown))))
(hypothesize
(assert (prop ?segment (phoneme-pos-in-word middle))) .
(assert (CF (prop ?segment (phoneme-pos-in-word middle)) =(CFunknown))))))

(defrule nasal-pos~head-in-word
(]}
(declare (salience 7¥start-segmentation%))
(segment-status ?segment segmentation)
(category ?segment nasal)
(not (applied ?segment nasal-pos-head-in-word))
(prop 7segment (candidate-loc ?7from 7to))
(prop 7segment (phoneme-pos-in-word head))
?x <- (CF (prop ?segment (phoneme-pos-in-word head)) ?)

(power-start ?power-start&-NONE&: (>= 100 (- ?from ?power-start))
after 0 2000 0 500 ?*silence~-powsr-upperk)
(power-strength =(- ?power-start 50) ?power-start 0 6000 ?pw-0-6000)
(CF (nasal-power-is-silence ?pw-0-6000) ?CFpw-0-6000&: mightbe-valid)

(power-increase (?vowel-start&-NONE ?change-increase)
after =(- ?to 10) 200 5000 6000 (11 11)
T¥vowel-start-min-change-after-nasals)
(power-decrease (?vowel-end&: (eg ?vowel-end >NONE) ?change-decrease)
before ?vowel-start =(- 7vowel-~start 7power-start)
5000 6000 (11 11) (?*vowel-end-min-change-before-nasalx -60))
=>
(retract 7x)
(assert (applied ?segment nasal-pos-head-in-word))
(assert (CF (prop 7segment (phoneme~pos-in-word head)) =(CFcomb (CFunknown) 1.0))))

(defrule nasal-pos~middle=-in-word
[IR1}

(declare (salience ?*start-segmentationx))

(segment-status ?segment segmentation)

(category ?segment nasal)

(not (applied ?7segment nasal-pos-middle-in-word))

(prop ?7segment (candidate-loc ?from ?to))

(prop ?segment (phoneme-pos-in-word middle))

?x <- (CF {(prop ?segment {phoneme-pos-in-word middle)) ?)

(power-increase (?vowel-start&-NONE ?change-increase)
after ?from 200 5000 6000 (11 11)
?xvowel-start-min-change-after-nasalx)

(power-decrease (?vowel-end&-NONE ?change-decrease)
before ?to 200 5000 6000 (11 11)
?xvowel -end-min-change-~before-nasal*)

=>

(retract 7x) .

(assert (applied 7segment nasal-pos-middle-in-word))

(assert (CF (prop ?segment (phoneme-pos-in-word middle)) =(CFcomb (CFunknown) 1.0))))
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553 —-%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -x*-

y 3

(defrule sg-nasal-left
inu
(declare (salience ?7*jeft-segmentationx))
(segment-status ?7segment segmentation)
(category 7segment nasal)
(CF (category 7segment nasal) ?CF-category&: mightbe-valid)
(not (appiied 7segment sg-nasal-left))
(not (start-time 7segment 7))
(assert-(applied ?segment sg-nasal-left))
(confiicting-alternatives
(hypothesize
(assert (Jleft-context ?segment silence))
(assert (CF (left-context ?segment silence) =(CFunknown))))
(hypothesize
(assert (left-context ?segment vowel))
(assert (CF (left-context ?7segment vowel) =(CFunknown))))))
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(defrule sg-head-nasal-left-silence-1
"Find time of the silence-nasal transition."
(declare (salience ?7*left-segmentationx))
(segment-status ?segment segmentation)
(category ?segment nasal) .
(prop ?segment (phoneme-pos-in-word head))
(1eft-context ?segment silence)
(not (applied ?segment sg-head-nasal-left-silence-1))
(prop ?segment (candidate-loc ?from ?to))
(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead&: (CFequal 7CFhead 1.0))

;;; sSearch segmenetation posision of left silence
(power-start ?power-start&~NONE after 0 2000 0 500 7*silence-power-uppers)
;  (power-start ?power-start&~NONE before ?from 100 0 500 7%silence-power-uppers)

;33 check charasterictics of left silence
(power-strength =(- ?power-start 50) ?power-start 0 6000 ?spw-0-6000)
(CF (nasal-power-is-silence 7?spw-0-6000) ?CFspw-0-6000&: mightbe-valid)

;i3 check charasteritics of nasal

(power-strength ?power-start =(+ ?power-start 30) 0 500 ?npw-0-500)

(CF (head-nasal-0-500~power ?npw-0-500) ?CFnpw-0-500&: mightbe-valid)

(power-strength ?power-start =(+ ?power-start 30) 500 1000 ?npw-500-1000)

(CF (head~nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000&: mightbe-valid)

(CF (nasal-power-ratio-0-500-500-1000 =(- ?npw-0-500 ?npw-500-1000))

?7CFnpr-0-500-500-1000&: mightbe-valid)

7%x{-(CF (left~context ?segment silence) ?CFleft-silence)

=>

(retract ?x)

(assert (applied ?segment sg-head-nasal-left-silence-1))

(assert (prop ?segment (proceding-silence-end-time ?power-start)))

(assert (CF (left-context ?segment silence)

=(CFand (CFcomb <?CFleft-silence
(CFweight ?xweak-evidencex 7CFspw-0-6000)
(CFweight ?fweak~-evidence* ?CFnpw-0-500)
(CFweight ?*weak-evidencex ?CFnpw-500-1000)
(CFweight ?f*weak-evidence* ?CFnpr-0-500-500~1000))
?CFspw-0-8000))))

(defrule sg-head-nasal-left-silence-done-1
s
(declare (salience 7*left-segmentation-end*))
(segment-status ?segment segmentation)
(category ?segment nasal)
(CF (category ?segment nasal) ?CF-categoryé&: mightbe-valid)
(prop ?segment (phoneme-pos-in-word head))
(Teft-context ?segment silence)
(CF (left-context ?segment silence) ?CF-context&: mightbe-valid)
(not (applied ?segment sg~head-nasal-left-silence-done-1))
(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead&: (CFequal 7CFhead 1.0))
(prop ?segment (proceding-silence-end-time ?pos))
=>
(assert (applied ?segment sg-head-nasal-left-silence-done-1))
(hypothesize
(assert (start-time ?segment ?pos)) .
(assert (CF (start-time ?segment ?pos) =(CFvalue ?CF-context)))))
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(defrule sg-mid-nasal-left-vowel-1

"Find time the proceding vowel starts."
(declare (salience (+ ?xleft-segmentationx 1)))
(segment-status ?segment segmentation)
(category 7segment nasal)
(prop 7segment (phoneme-pos-in-word middle))
(1eft-context 7segment vowel)
?7x{-{ CF (left-context ?segment vowel) ?CFleft-vowel)
(not (applied ?segment sg-mid-nasal-left-vowel-1))
(prop ?segment (candidate-loc ?from ?to))
(CF (prop ?segment (phoneme-pos-in-word middle)) ?CFmiddle&: (CFequal ?CFmiddie 1.0))

;3; search segmenetation posision of left vowel
(power-decrease (7?vowel-end&-NONE ?change-decrease)
before ?from 100
5000 6000 (11 11) ?*vowel-end-min-change-before-nasal*)
(spectral-change (7pos&~NONE ?value)
before ?from 100
0 6000 ( 8 5) 7.5 0.0 0.1 2.8)
(pouer—increase {?7pw-inc-pos ?change-increase)
after =(~ ?pos 20) 30 1000 4000 {11 11) 0.5)
(CF (mid-nasal-increase-near-seg-pos ?change-increase) ?CFchange-increase&: mightbe-valid)
(CF (mid-nasal-spectral-change-left ?value) ?CFsp-change&: mightbe-valid)

; check charasteristics of nasal

(power-strength ?pos =(+ ?pos 30) 0 500 ?npw-0-500)

(CF {(mid-nasal-0-500-power ?npw-0-500) ?CFnpw-0-500&: mightbe-valid)

(power-strength ?pos =(+ ?pos 30) 500 1000 ?npw-500-1000)

(CF (mid-nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000&: mightbe-valid)

(CF {nasal-power-ratio-0-~500-500-1000 =(~ ?npw-0-500 ?npw-500-1000))
?CFnpr-0-500-500-1000&: mi ghtbe-valid)

;33 check charasterictics of left vowel
(power-strength =(- ?pos 20) ?pos 0 1000 ?vpw-0-1000)
(CF (vowel-by-nasal 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000&: mightbe-valid)
(power-strength =(~ 7pos 20) ?pos 1000 6000 ?vpw-1000-6000)
(CF (vowel-by-nasal 1000~6000-power ?vpw-1000-6000) ?CFvpw-1000-6000&: mightbe-valid)
(power-strength =(- ?pos 20) ?pos 5000 6000 ?vpw-5000-6000)
(CF (nasal-vowel-power-ratio-0-1000-5000~-6000 =(- ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000-5000-6000& mightbe-valid)
=>
(assert (applied 7segment sg-mid-nasal-left-vowel-1))
(hypothesize
(assert (prop ?segment (proceding-vowel-end-time ?pos)))
(retract 7x)
(assert (CF (left-context 7segment vowel)
=(CFand (CFcomb ?CFleft-vowel
(CFweight 7xstrong-evidencex ?7CFsp-change)
(CFweight ?*xevidencex ?CFchange-increase)
(CFweight ?*weak-evidence* ?CFnpw-0-500)
(CFweight ?*weak-evidencex ?CFnpw-500-1000)
(CFweight ?*evidence* ?CFnpr-0-500-500-1000)
(CFweight ?xweak-evidencex ?CFvpw-0-1000)
(CFweight 7*weak-evidencex 7CFvpw-1000-6000)
(CFWeight ?7*evidencex ?CFvpr-0-1000-5000-6000))
?CFsp-change
?CFchange-increase

IDRDD!

(defrule sg-mid-nasal-left-vowel-2

"Find time the proceding vowel starts."
(declare (salience (+ ?*left-segmentationx 1)))
(segment-status ?segment segmentation)
(category ?segment nasal)
(prop ?segment (phoneme-pos-in-word middie))
(left~context ?segment vowel)
7%{~(CF (left-context ?segment vowel) ?CFleft-vowel)
(not (applied 7segment sg-mid-nasal-left-vowel-2))
(prop 7segment (candidate-loc ?from ?to))
(CF (prop ?segment {phoneme~pos-in-word middle)) ?CFmiddie&: (CFequal ?CFmiddle 1.0))

;55 Search segmenetation posision of left vowel
(power-decrease (7vowel-end&-NONE ?change-decrease)
before ?from 100
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5000 6000 (11 11) 7?*vowel-end-min-change-before-nasal*)

(spectral-change (?7pos0&~NONE 7value0)
before ?7from 100

0 6000 ( 8 5) 7.5 0.

(spectral-change (7posi&~NONE ?valuet)
before 7pos0 40

0 6000 ( 8 3) 7.5 0.

;33 first spectral-peak backword

0 0.1 2.8)
;33 second spectral-peak backword

0 0.1 2.8)

(power-increase (?7pw-inc-pos 7change-increase)

after =(- ?posi 20) 30 1000 4000 (11 11) 0.5)
(CF (mid-nasal-increase-near-seg-pos ?change-increase) ?7CFchange-increase&: mightbe-valid)
(CF (mid-nasal-spectral-change-left ?valuel) ?CFsp-change&: mightbe-valid)

;;; check charasteristics of nasal
(power-strength ?posi =(+ ?post 30) 0

500 ?npw-0-500)

(CF (mid-nasal-0-500-power ?npw-0-500) ?CFnpw-0-500& mightbe-valid)

(power-strength ?posi =(+ ?posl 30) 500

1000 ?7npw-500-1000)

(CF (mid-nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000&: mightbe-valid)
(CF (nasal-power-ratio-0-500-500~1000 =(- ?npw-0-500 ?npw-500-1000))
?CFnpr-0~500-500-1000&: mi ghtbe-valid)

;33 check charasterictics of 1eft vowel

(power-strength =(- 7posl 20) ?posi 0 1000 ?vpw-0-1000)

(CF (vowel-by-nasal 0-1000~power ?vpw-0-

1000) ?CFvpw-0-10008&: mi ghtbe~valid)

(power-strength =(~- ?pos1 20) ?posi 1000 6000 ?7vpw-1000-6000)

(CF (vowel-by-nasal 1000-6000-power 7vpw-1000-6000) ?CFvpw-1000-6000& mightbe-valid)

(power-strength =(- ?posi 20) ?posl 5000 6000 ?vpw-5000-6000)

(CF (nasal-vowel-power-ratio-0-1000-5000-6000 =(~- ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000-5000~-6000&: mightbe-valid)

=>

(assert (applied ?segment sg-mid-nasal-left-vowel-2))

(hypothesize

(assert (prop ?segment (proceding-vowel-end-time ?posi)))

(retract 7x)

(assert (CF (left-context ?segment vowel)
‘=(CFand (CFcomb 7CFleft-vowel

(CFweight
(CFweight
(CFweight
(CFweight
(CFweight
(CFweight
(CFweight
(CFweight
?7CFsp-change

?7CFchange~increase

2))))

?7xstrong-evidencex ?CFsp-change)
?7xevidence* ?CFchange-increase)
?7xweak-evidencex 7CFnpw-0-500)
7xweak~-evidencex ?CFnpw-500-1000)
?xevidencex ?CFnpr-0-500-500-1000)
7%weak-evidence* ?CFvpw-0-1000)
7xweak-evidencex ?CFvpw-1000-6000)
?xevidencex ?7CFvpr-0-1000-5000-6000))

(defcontradict%on i1st-or-2nd-peaks-mid-nasal-ieft ""

(prop 7segment (proceding-vowel-end-time

?7pos))

(prop ?segment (proceding-vowel-end-time ~?pos)))

(defrule sg-mid-nasal-left-vowel-done-1
nH

(deciare (salience ?*left-segmentation-endx*))

(segment-status 7segment segmentation)
(category ?segment nasal)

(CF (category ?segment nasal) ?CF-category& mightbe-valid)
(prop ?segment (phoneme-pos-in-word middie))

(CF (prop ?segment (phoneme-pos-in-word
(1eft-context ?segment vowel)

middle)) ?CFmiddleé&: (CFequal ?CFmiddie 1.0))

(CF (1eft-context 7segment vowel) 7CF-contexté&: mightbe-valid)
(not (applied ?segment sg-mid-nasal-left-vowel-done-1))
(prop ?segment (proceding-vowel-end-time ?pos))

=>

(assert (applied ?segment sg-mid-nasal-left-vowel-done-1))

(hypothesize
(assert (start-time 7segment ?pos))

(assert (CF (start-time ?segment ?pos) =(CFvalue ?7CF-context)))))
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;33 -%¥- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN : NORMAL) -%-
(defrule sg-nasal-right
"Hypothesizes right phoneme."
(declare (salience ?*right-segmentationx))
(viewpoint 7v
(segment-status ?segment segmentation)
(category 7segment nasal)
(CF (category 7segment nasal) ?7CF-categoryé&: mightbe-valid))
(viewpoint ?
(exists (start-time 7segment 7)))
(not (applied ?segment sg-nasal-right))
(not (end-time ?segment 7))
=>
(at ?7v
(assert (applied 7segment sg-nasal-right))
(conflicting-alternatives
{(hypothesize
(assert (right-context ?segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown)))))))
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(defrule sg-mid-nasal-right-vowel-1
"Find time the following vowel starts."

(declare (salience ?#right-segmentationx))
(segment-status ?segment segmentation)
(category 7segment nasal)
(prop ?segment (phoneme-pos-in-word middle))
(right-context 7?segment vowel)
?x<{-(CF (right-context ?segment vowel) ?CFright-vowel)
_(not (applied ?segment sg-mid~nasal-right- vowel-1))
" (prop ?segment (candidate-loc ?from ?to))
(CF (prop ?segment (phoneme-pos-in-word middle)) ?7CFmiddle&: (CFequal ?CFmiddle 1.0))

323

search segmenetation posision of right vowel

(power-increase (7?vowel-~start&-NONE ?change-increase)
after =(- ?to 10) 100

6000 (11 11) ?7*xvowel-start-min- change after-nasalx)

(spectra1 change (7pos&~NONE ?value)
after =(- ?7to 10) 100

5000

0

6000 ( 9 5) 7.5 0.

0 0.1 2.4)

( power-decrease (?pw-dec-pos& (eq ?pw-dec-pos ’'NONE) ?change-decrease)
after =(~ ?pos 15) 30 1000 4000 (11 11) 0.5)
(CF (mid-nasal-spectral-change-right ?value) ?CFsp-change&: mightbe-valid)

;33 check charasteristics of nasal

(power-strength =(~- ?pos 30) ?pos

0 500 ?npw-0-500)

(CF (mid-nasal-0-500-power ?npw-0-500) ?CFnpw-0-500&: mightbe-valid)

(power-strength =(~- ?pos . 30) ?pos 500 1000 ?npw-500-1000)

(CF (mid-nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000&: mi ghtbe~valid)

(CF (nasal-power-ratio-0-500-500-1000 =(~ ?npw-0-500 ?npw-500-~1000))
?CFnpr-0~500-500~1000&: mi ghtbe-valid)

E]

; check charasterictics of right vowel .
(power-strength 7pos =(+ ?pos 20) 0 1000 ?vpw-0-1000)

(CF (vowel-by-nasal 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000&: mightbe-valid)

(power-strength ?pos =(+ ?pos 20) 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-nasal 1000-6000~power ?7vpw-1000-8000) ?CFvpw-1000-6000&: mightbe-valid)

(power-strength 7?pos =(+ ?7pos 20) 5000 6000 ?vpw-5000-6000)

(CF (nasal=-vowel-power-ratio-0-1000-5000~6000 =(- ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000~-5000-6000&: mightbe-valid)

=>

(hypothesize

(assert (applied ?segment sg-mid-nasal-right-vowel-1))

(assert {prop ?segment (following-vowel-start-time ?pos)))

(retract 7x)

(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFright-vowel

( CFweight
(CFweight
(CFweight
(CFweight
(CFweight
( CFweight
(CFweight
?CFsp~change
)

(defrule sg-mid-nasal-right-vowel-2
"Find time the following vowel starts.”
(declare (salience ?#right-segmentationx))
( segment-status ?segment segmentation)
(category ?segment nasal)
(prop ?segment (phoneme-pos-in-word middle))
(right-context ?segment vowel)
?x{-(CF (right-context 7segment vowel) ?7CFright-vowel)
(not (applied ?segment sg-mid-nasal-right-vowel-2))
(prop ?7segment (candidate-loc ?from ?to))
(CF (prop ?segment (phoneme-pos-in-word middle)) 2CFmi ddl e&: (CFequal ?CFmiddie 1.0))
;53 search segmenetation posision of right vowel
(power-increase (?vowel-start&NONE ?change-increase)
after =(- ?to 10) 100
6000 (11 11) ?xvowel-start-min-change-after-nasalx)
(spectral-change (?pos0&~NONE ?value0)
after =(- ?to 10) 100
6000 ( 9 5) 7.5 0.0 0.1 2.4)

5000

0

?xstrong-evidence*x ?CFsp-~change)
?*weak-evidencex 7CFnpw-0-500)
?xweak-evidence* ?CFnpw-500-1000)
?xevidence*x ?CFnpr-0-500-500-1000)
?*xweak-~evidencex ?7CFvpw-0-1000)
?*weak-evidencex ?CFvpw-31000-6000)
?7%evidence* ?CFvpr-0-1000-5000-6000))
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( spectral-change (?pos1&~NONE ?valuel) ;;; second spectral-peak forword
after ?pos0 70
0 6000 ( 8 3) 7.5 0.0 0.1 3.0)

( power-decrease (7pw-dec-posé&: (eq 7pw-dec-pos >NONE) 7change-decrease)
after =(- ?posi 15) 30 1000 4000 (11 11) 0.5)

(CF (mid-nasal-spectral-change-right ?valuel) ?CFsp-change&: mightbe-valid)

;33 check charasteristics of nasal
(power-strength =(- ?posi 30) ?posi 0 500 ?npw-0-500)
(CF (mid~nasal-0-500-power 7npw-0-500) ?CFnpw-0-500&: mightbe-valid)
(power-strength =(~ ?posi 30) ?posi 500 1000 ?npw-500-1000)
(CF (mid-nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000&: mightbe-valid)
(CF (nasal-power-ratio-0-500-500-1000 =(~ ?npw-0-500 ?npw-500-1000))
7CFnpr-0-500-500-1000&: mightbe-valid)

; check charasterictics of right vowel

(power-strength ?post =(+ ?post 20} 0 1000 ?vpw-0-1000)

(CF (vowel-by-nasal 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000& mightbe-valid)

(power-strength ?posi =(+ ?posi 20) 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-nasal 1000-6000-power ?vpw-1000-6000) ?CFvpw-1000-6000&: mi ghtbe~-valid)

(power-strength ?posi =(+ ?posi 20) 5000 6000 ?vpw-5000-6000)

(CF (nasal-vowel-power-ratio-0-1000~-5000~-6000 =(~ ?vpw-0-1000 ?vpw-5000-6000))
?CFvpr-0-1000~5000-6000&: mi ghtbe~valid)

=>
(assert (applied 7segment sg-mid-nasal-right-vowel-~2))
(hypothesize '
(assert (prop ?segment (following-vowel-start-time ?posi)))
(retract 7x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFright-vowel
(CFweight 7*strong-evidencex ?CFsp~change)
(CFweight ?*weak-evidence* ?CFnpw-0-500)
(CFweight ?7*weak-evidence* ?CFnpw-500~1000)
(CFweight ?*evidencex ?CFnpr-0-500-500-1000)
(CFweight ?7*weak-evidence* ?CFvpw-0-1000)
(CFweight ?*weak-evidencex ?CFvpw-1000-6000)
(CFweight ?*evidencex ?CFvpr-0-1000-5000-6000))
?CFsp-change
NN

(defcontradiction 1st-or-2nd-peaks-mid-nasal-right ""
(prop 7segment (following-vowel-start-time ?pos))
(prop 7segment (following-vowel-start-time ~?pos)))

(defrule sg-mid-nasal-right-vowel-done-1
nu

(declare (salience ?*right-segmentationx))
(segment-status ?segment segmentation)
(category 7segment nasal)
(CF (category ?segment nasal) ?CF-category&: mightbe-valid)
(prop 7segment (phoneme-pos-in~word middlie))
(CF (prop 7segment (phoneme-pos-in-word middle)) ?CFmiddle&: (CFegual ?CFmiddle 1.0))
(right-context ?segment vowel)
(CF (right-context 7segment vowel) 7CF-context&: mightbe-valid)
(not (applied ?segment sg-mid-nasal-right-vowel-done-1))
(prop 7segment (following-vowsl-start-time ?pos))
=>
(assert (applied ?7segment sg-mid-nasal-right~vowel-done~1))
(hypothesi ze

(assert (end-time ?segment ?pos))

(assert (CF (end-time ?segment ?pos) =(CFvalue ?7CF-context)))))

Page 5
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(defrule sg-head-nasal-right-vowel-1

i

H

-

(

H

"Find time the folilowing vowel starts.”
(declare (salience 7*¥right-segmentation¥*))
(segment-status 7segment segmentation)
(category ?segment nasal)
(prop ?segment (phoneme-pos-in-word head))
(right-context ?segment vowel)
?x¢-(CF (right-context ?segment vowel) ?CFright-vowel)
(not (applied ?segment sg-head-nasal-right-vowel-1))
(prop ?segment (candidate-loc ?from ?7to))
(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead&: (CFequal ?CFhead 1.0))

;; search segmenetation posision of right vowel
(power-increase (7vowel-start&~NONE ?change-increase)
after =(- ?to 10) 100
5000 6000 (11 11) ?xvowel-start-min-change-after-nasalx)
(spectral-change (?pos&~NONE ?value)
after =(- ?to 10) 100
0 6000 ( 9 5) 7.5 0.0 0.1 3.2)
(power-decrease (7?pw-dec-pos& (eq ?pw-dec-pos 'NONE) ?change-decrease)
after =(- ?pos 15) 30 1000 4000 (11 11) 0.5)

(CF (head-nasal-spectral-change-right ?value) ?CFsp-change&: mightbe-valid)

;33 check charasteristics of nasal

(power-strength =(- ?pos 30) ?pos 0 500 ?npw-0-500)

(CF (head-nasal-0-500~power ?npw-0-500) ?CFnpw-0-500&: mightbe-valid)

(power-strength =(- ?pos 30) ?pos 500 1000 ?npw-500-1000)

(CF (head-nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000&: mi ghtbe~valid)

(CF (nasal-power-ratio-0-500-500-1000 =(~ ?npw-0-500 ?npw-500-1000))
?CFnpr-0-500-500-1000&: mightbe~valid)

;3 check charasterictics of right vowel
(power-strength ?pos =(+ ?pos 20) 0 1000 ?vpw-0-1000)
(CF (vowel-by-nasal 0-1000-power ?vpw-0-1000) ?CFvpw-0-10008: mightbe-valid)
(power-strength ?pos =(+ ?pos 20) 1000 6000 ?vpw-1000-6000)
(CF (vowel-by-nasal 1000-6000-power ?vpw-1000~6000) ?CFvpw-1000-6000&: mi ghtbe-valid)
(power-strength ?pos =(+ ?pos 20) 5000 6000 ?vpw-5000~6000)
(CF (nasal-vowel-power-ratio-0-1000-5000-6000 =(- ?vpw-0-1000 ?vpw-5000~6000))
?CFvpr-0~1000-5000-6000&: mi ghtbe-valid)
=>
(assert (applied ?segment sg-head-nasal-right~vowel- 1))
(hypothesize
(assert (prop ?segment (following-vowel~start-time ?pos)))
(retract 7x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFright-vowel
(CFweight ?7#strong-evidence* ?CFsp-change)
(CFweight ?*weak-evidence* ?CFnpw-0-500)
(CFweight 7*weak-evidence*. ?CFnpw-500-1000)
(CFweight 7*evidencex ?CFnpr-0-500-500-1000)
(CFweight ?7#*weak-evidence* ?CFvpw-0-1000)
(CFweight ?*weak-evidence* ?CFvpw-1000-6000)
(CFweight ?*evidencex ?CFvpr-0-1000-5000-6000))
?CFsp-change
)

defrule sg-head-nasal-right-vowel-2
"Find time the following vowel starts."

(declare (salience ?*right-segmentationx))

( segment-status ?segment segmentation)

(category ?segment nasal)

(prop ?segment (phoneme-pos-in-word head))
(right-context 7?segment vowel)

?x<{-(CF (right-context ?segment vowel) ?CFright-vowel)
(not (applied ?segment sg-head-nasal-right-vowel-2))
(prop 7segment (candidate-loc ?from ?to))

(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead&: (CFequal ?CFhead 1.0))

;53 Search segmenetation posision of right vowel

(power-increase (?vowel-start&-NONE ?change-increase)

after =(- 7to 10) 100

5000 6000 (11 11) ?*vowel-start-min-change-after-nasalx)
(spectral-change (7pos0&~NONE ?value0)
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after =(~ ?to 10) 100
0 6000 ( 8 5) 7.5 0.0 0.1 3.2)

(spectral-change (7pos1&~NONE ?valuel) ;;; second spectral-peak forword
after ?pos0 70
0 6000 ( 8 3) 7.5 0.0 0.1 3.2)

(power-decrease (7pw-dec-pos&: (eq 7Tpw-dec-pos >NONE) ?change-decrease)
after =(- ?post 15) 30 1000 4000 (11 11) 0.5)

(CF (head-nasal-spectral-change-right ?valuel) ?CFsp-change&: mightbe-valid)

;3; check charasteristics of nasal

(power-strength =(- ?posi 30) ?posi 0 500 ?npw-0-500)

(CF (head-nasal-~0-500-power ?npw-0-500) ?CFnpw-0-500&: mightbe-valid)

(power-strength =(- ?posl 30) ?7pos1 500 1000 ?npw-500-1000)

(CF (head-nasal-500-1000-power 7npw-500-1000) ?CFnpw-500-1000&: mightbe-valid)

(CF (nasal-power-ratio-0-500-500-1000 =(- ?npw-0-500 ?npw-500~1000))
?CFnpr-0-500-500-1000&: mi ghtbe~valid)

; check charasterictics of right vowel

(power-strength ?postl =(+ ?post 20) 0 1000 ?vpw-0-1000)

(CF (vowel-by-nasal 0-1000-power ?vpw-0-1000) ?CFvpw-0-1000& mightbe-valid)

(power-strength ?posi =(+ ?post 20) 1000 6000 ?vpw-1000-6000)

(CF (vowel-by-nasal 1000-~6000-power ?vpw-1000-6000) ?CFvpw~-1000-6000&: mightbe-valid)

(power-strength ?post =(+ ?post 20) 5000 6000 ?vpw-5000-6000)

(CF (nasal-vowel-power-ratio-0-1000-5000-6000 =(- ?vpw-0-1000 ?vpw-5000-6000))
?7CFvpr-0-1000-5000-6000&: mi ghtbe-valid)

>

=>
(assert (applied ?segment sg-head-nasal-right-vowel-2))
(hypothesize
(assert (prop ?segment (following-vowel-start-time ?posi)))
(retract 7x)
(assert (CF (right-context ?segment vowel)
=(CFand (CFcomb ?CFright-vowel
(CFweight ?*strong-evidence* ?CFsp-change)
(CFweight ?*weak-evidence* 7CFnpw-0-500)
(CFweight ?*weak-evidencex ?CFnpw-500-1000)
(CFweight ?*xevidence* ?CFnpr-0-500-500-1000)
(CFweight ?*weak-evidencex ?7CFvpw-0~1000)
(CFweight ?tweak-evidence* ?CFvpw-1000-8000)
(CFweight ?xevidencex ?CFvpr-0-1000-5000-6000))
?CFsp-change
YN

(defrule sg-head-nasal-right-vowel-done-1
nn

(declare (salience ?7*right-segmentations))
(segment-status ?segment segmentation)
(category ?segment nasal)
(CF (category ?segment nasal) ?CF-category& mightbe-valid)
(prop ?segment (phoneme-pos-in-word head))
(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead&: (CFequal ?CFhead 1.0))
(right-context 7segment vowel)
(CF (right-context ?segment vowel) ?CF-~context& mightbe-valid)
(not (applied ?segment sg-head-nasal-right-vowel-done-1))
(prop 7segment (following-vowel-start-time ?pos))
=>
(assert (applied ?segment sg-head-nasal-rijght-vowel-done-1))
(hypothesize

(assert (end-time ?segment ?pos))

(assert (CF (end-time ?segment ?pos) =(CFvalue 7CF-~context)))))
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;33 -%- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -*-
;; check middle nasal isnot R by duration time
defrule sg-mid-nasal-isnot-R-duration-time
na
(declare (salience (+ ?*end-segmentation* 2)))
(not (applied ?segment sg-mid-nasal-isnot-R-duration-time))
(prop ?segment (phoneme-pos-in-word middle))
(CF (prop ?segment (phoneme-pos-in~word middle)) ?CFmiddle&: (CFequal ?CFmiddle 1.0))
(join .
(category ?segment nasal)
7x<{~-(CF (category ?segment 7nasal) ?CFcategory&: mightbe-valid))
(join :
(start-time ?segment ?start)
(explicit (CF (start-time ?segment ?start) ?CFstart)))
(join
(end-time ?segment ?end)
(explicit (CF (end-time ?segment ?end) ?CFend)))
;3: not-R-duration-time i
(power-decrease (7vowel-end&~NONE ?change-decrease&: ( ?change-decrease >= 0.5))
after =(~ ?start 10) =(~- ?end (-~ ?start 10)) 1000 4000 (11 11)
(?7*vowel-end-min-change-before-nasal* -g5))
(power-increase (7vowel -start&NONE&: (>= (- ?start ?vowel-end) 40)
?change-increase&: (?7change-increase >= 0.5))
before =(+ ?end 10) =(- (+ ?end 10) ?start) 1000 4000 (11 11)
(?xvowel -start-min~change-after-nasal* -65))
(CF (not-R-duration-time =(- ?vowel-start ?vowel-end)) ?CFnot-R-duration)
=>
(retract 7x)
(assert (applied ?segment sg-mid-nasal-isnot-R-duration~-time))
(assert (CF (category ?segment nasal)
=(CFand (CFcomb ?CFcategory
(CFweight ?*xstrong-evidence* ?CFnot-R-duration))
?CFnot-R-duration))))

(defrule sg-mid-nasal-duration-time
it i

(declare (salience (+ 7*end-segmentation* 2)))
(not (applied ?segment sg-mid-nasal-isnot-R-duration-time))
(prop ?segment (phoneme-pos-in-word middle))
(CF (prop ?segment (phrzneme-pos-in-word middle)) 7CFmiddle&: (CFequal ?CFmiddie 1.0))
(join

(category 7segment nasal)

?x{~(CF (category ?segment ?nasal) ?CFcategory&: mightbe~valid))
(join

(start-time ?segment ?start)

(explicit (CF (start-time ?segment ?start) ?CFstart)))
(join

(end-time 7segment ?end)

(explicit (CF (end-time 7segment 7end) ?CFend)))
(CF (mid-nasal-duration-time =(- ?end ?start)) ?CFnasal-duration)
=>
(retract 7x)
(assert (applied ?segment sg-mid-nasal-isnot-R-duration-time))
(assert (CF (category ?segment nasal)

=(CFand (CFcomb ?CFcategory
(CFweight ?*strong-evidence* 7CFnasal-duration))
?CFnasal-duration))))

(defrule sg-mid-nasal-isnot-nasal-segment
ot

(declare (salience (+ ?*end-segmentationx 2)))
(not (applied 7?segment sg~mid-nasal-isnot-nasal-segment))
(prop ?segment (phoneme-pos-in-word middle))
(CF (prop ?segment (phoneme~pos-in-word middle)) ?CFmiddle&: (CFequal ?CFmiddie 1.0))
(join

(category 7?segment nasal)

?7x{-(CF (category ?segment ?nasal) 7CFcategory& mightbe-valid))
(join

(start-time 7segment ?start)

(explicit (CF (start-time 7segment ?start) ?CFstart)))
(join

(end-time ?segment 7end)

(explicit (CF (end-time 7?segment ?end) ?CFend)))

(power-decrease (?vowel-end&~NONE ?change-decrease&: (?change-decrease >= (.5))
after =(+ 7start 10) =(- ?end (+ ?start 10)) 1000 4000 (11 11)
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(?7*vowel ~end-min-change-before-nasal* -65))
=>
(bind ?7CFnew-category 0.0)
(retract ?x)
(assert (applied ?segment sg-mid-nasal-isnot-nasal-segment))
(assert (CF (category ?segment nasal)
=(CFand (CFcomb ?CFnew-category)))))

+3; check nasal duration time
; (defrule sg-nasal-duration-time

LIg]]

“e e

(declare (salience (+ 7*end-segmentation* 1)))
(not (applied ?segment sg-nasal-duration-time))
(join
(category ?segment nasal)
7x¢{~(CF {category ?segment ?nasal) ?CFcategory& mightbe-valid))
(join :
(start-time ?segment ?start)
(explicit (CF (start-time ?segment ?start) ?CFstart)))
(join
(end-time 7?segment 7end)
(explicit (CF (end-time ?segment 7end) ?CFend)))
(CF (nasal-duration-time =(~ 7end ?7start)) ?CFduration)
=>
(retract 7x)
(assert (applied ?segment sg-nasal-duration-time))
(assert (CF (category ?segment nasal)
=(CFand (CFcomb ?CFcategory
(CFweight ?7*strong-evidence* ?CFduration)
?CFduration)))))

Mt Me e WE ws e WE Me WA e ws we WE wh We we we e we

(defrule sg-head-nasal-end-1
nwn

komori 1888.10.28 (FRI) insert CF into segmentation

(declare (salience (+ ?*¥end-segmentationx 1)))
(applied ?segment sg-nasal-duration-time )
(not (applied ?segment sg-head-nasal-end-1))
(prop ?segment (phoneme-pos-in-word head))
(CF (prop ?segment (phoneme-pos-in-word head)) ?CFhead&: (CFequal ?CFhead 1.0))
(join .
(category ?segment nasal)
?x¢-(CF {category ?segment ?nasal) ?CFcategory&: mightbe-valid))
(join
(start-time 7segment ?start)
(explicit (CF (start-time ?segment 7start) ?CFstart)))
(join
(end-time ?segment ?end)
(explicit (CF (end-time 7?segment ?7end) ?CFend)))
; low frequence characteristics of nasal
(power-strength ?start ?end 0 500 7npw-0-~500) .
(CF (head-nasal-0-500-powar ?npw-0-500) ?CFnpw-0-500)
(power-strength ?start ?end 500 1000 ?npw-500-1000)
(CF (head-nasal-500-1000-power ?npw-500-1000) ?CFnpw-500-1000)
(CF (nasal-power-ratio-0-500-500-1000 =(- ?npw-0-500 ?npw-500-1000)) ?CFnpr-0-500-500-1000)
; high freguency characteristics of nasal
(power-strength ?start ?end 4000 6000 ?npw-4000-6000)
(CF (nasal-4000-8000-power ?npw-4000-6000) ?CFnpw-4000-6000)
;33 characteristics of nasal
( power-strength ?start 7end 0 6000 ?npw-0-6000)
(CF (nasal-0-6000-power ?npw-0-6000) ?CFnpw-0-6000)
=>
(retract ?x)
(assert (applied ?segment sg-head-nasal-end-1))
(assert (CF (category ?segment nasal)
=( CFand
(CFcomb ?7CFcategory
(CFweight ?xevidence* ?CFnpr-0-500-~500-1000)
(CFweight ?xweak-evidencex ?CFnpw-0-500)
(CFweight ?*weak-evidencex ?CFnpw-500-1000)
(CFweight ?xweak-evidencex ?CFnpw-4000-6000)
(CFweight ?*weak-evidencex ?CFnpw-0-6000))
?7CFnpr-0-500-500-1000
?7CFnpw-0-500
?7CFnpw-500-1000
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?7CFnpw-4000-6000
?CFnpw-0-6000))))

we Me e wa

; (defrule sg-mid-nasal-end-1

HH

’

declare (salience (+ ?*end-segmentation* 1)))
(applied ?segment sg-nasal-duration-time )
(not (applied ?segment sg-mid-nasai-end-1))
(prop ?segment (phoneme~pos-in-word middle))

.
I
.
’
I

(join
(category ?segment nasal)

(join )
(start-time 7segment 7?start)

(join .

(end-time ?segment ?end)

(explicit (CF (end-time ?7segment ?7end) ?CFend)))
: low frequence characteristics of nasal
(power-strength ?start ?end 0 500 ?npw-0-500)
(CF (mid-nasal-0-500-power ?npw-0-500) ?CFnpw-0-500)
(power-strength ?start ?end 500 1000 ?npw-500-1000)

-
-

;; high freguence characteristics of nasal
(power-strength ?start ?end 4000 6000 ?npw-4000-6000)

; characteristics of nasal
(power-strength ?start ?end 0 6000 7npw-0-6000)
(CF (nasal-0-8000~power ?npw-0-6000) ?CFnpw-0-6000)
=>
(retract ?x)
(assert (applied ?segment sg-mid-nasal-end-1))
(assert (CF (category ?segment nasal)
=(CFand (CFcomb ?CFcategory
(CFweight ?tevidencex
(CFweight ?*weak-evidencex
(CFweight ?7*weak-evidences
(CFweight ?7xweak-evidencesx
(CFweight 7*weak-evidencex
?CFnpr-0~500-500-1000
?CFnpw-0-500
?7CFnpw-500~1000
?CFnpw-4000-6000
?7CFnpw-0~6000))))

WO ME ME We Vr wo M Me WE WE MT M Ve ME We e W WE MO VD NS WD WA ME WO ME WS WA MR we WE ws we M we wa e ws wa wr we we s ws we ws e
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komori 1888.10.28 (FRI) insert CF into segmentation

1/25/89 20:49:14 Page 3

(CF (prop 7segment {phoneme-pos-in-word middie)) ?7CFmiddle& (CFequal ?CFmiddle 1.0))
?7x<{~(CF (category 7segment ?nasal) ?CFcategory&: mightbe-valid))

(explicit (CF (start-time ?segment ?start) 7CFstart)))

(CF (mid-nasal-500-1000-power 7npw-500-1000) ?CFnpw-500~1000)
(CF (nasal-power-ratio-0-500-500~1000 =(~ ?npw-0-500 ?npw-500-1000)) ?CFnpr-0-500-500-1000)

(CF (nasal-4000-6000-power ?npw-4000-6000) 7CFnpw-4000-6000)

?CFnpr-0-500-500-1000)
?CFnpw-0-500)
?CFnpw-500~1000)
?CFnpw-4000-6000)
?7CFnpw-0-6000))
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;33 ~%¥- Mode: LISP; Syntax: Common-1lisp; Package: ART-USER; Base: 10 -x-
(defun get-mid-1iguid-region-candidates()
(letx ((start-time 1)
(end-time 2000)
sectioni
section2
section3)

(setq sectionl (loop for i from start-time to end-time by 2.5
with liguid-start-time and 1iguid-end-time
while (and (/= 0 (setq i (find-liguid-start-candidate i end-time)))
(/= 0 (setq liquid-end-time (find-1iquid-end-candidate 1 end-time)))
(setg liguid-start-time i)) _
when (< (- liquid-end~time 1iquid-start-time) 40)
collect (1ist liguid-start-time Tiquid-end-time)))

(setq section2
(cddr (USER::call-speechfunc (1ist "POWER-RATIO-ISLAND" 0 2000

0 500
1000 6000
2 998
11 9)))
(setq section3
(cddr (USER::call-speechfunc (1ist "POWER-RATIO-ISLAND" 0 2000
0 500
4000 6000
5 888
11 8

(loop for region in (intersected-regions (1ist sectionl sectionZ section3))
coliect region)

)

(defun find-1iquid-start-candidate (start~time end-time )
(caar (cddr (USER::call-speechfunc
(11st "POWER-CHANGE"

start-time end-time
1000 4000
2 21
; 5 5 s3; MAU_B_0038
5 3 - 533 MAU_B_0050
0.5 =70 )))))
(defun find-1iquid~end-candidate (start-time end-time)
(caar (cddr (USER::call-speechfunc
(1ist "POWER-~CHANGE"
- start-time end-time
1000 4000
1 21
; 5 5 . (
5 3 ;33 MAU_B_0050 :
0.5 =70 )3)))



LM17: >hatazakidsre>seg-liquid>seg-liquid. art. 10

For: Kaichiro Hatazaki

Printed on: LGP8-J ON ATR-LMO1
Number of copies: 1

Data created at: 1/25/83 20:49:10
Queued at: 3/28/89 11:10:49




LM17:>hatazaki>sre>seg-liquid>seg-liquid.art.10 1/25/89 20:49:10 Page 1

;33 -*¥~ Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -*-

[T

(defrule sg~-mid-1iquid-0
"Finds a candidate of 1iquid /R/."
(declare (salience ?*find-candidatex))
(segmenting 1iquid) )
(mid-11quid-region-candidate ?from 7to) -
(power-strength 7from ?7to 1000 6000 ?1pw-1000-6000)
(power-strength ?from ?to 4000 6000 ?1pw-4000-6000)
(power~-strength ?from 7to 0 500 71pw-0-500)
(CF (mid-1iquid-0-500-4000-6000-power-ratio =(- 71pw-0-500 71pw-4000-6000))
?CF1pr-0-500-4000~6000&: mightbe~valid)
(CF (mid-11quid-0~500-1000-6000-power-ratio =(- 71pw-0-500 71pw-1000-6000))
?7CF1pr-0-500-1000-6000&: mightbe~-vaiid)
(BB 7BB)
=>
(bind ?segment (gensym "SEG-"))
(at 7BB
’ (assert (liquid-candidate ?from 7to))
(assert (schema 7segment (instance-of phoneme-segment)))
(hypothesize
(assert (category 7segment liguid))
(assert (prop ?segment (candidate-loc ?from 7to))
( segment-status ?segment segmentation)
(CF (category ?segment liquid)
=(CFand (CFcomb
( CFunknown)
(CFweight ?xevidencex ?CF1pr-0-500-1000~6000)
(CFweight ?*evidencex ?CF1pr-0-500~4000~6000))
7CF1pr-0-500-1000-6000
?CF1pr-0-~500-4000-6000))))))

(defrule get-mid-11iguid-region-candidates
(declare (salience 7*top-downt))
(goal (mid-liquid-region-candidate ?from&?? ?to0&?7))
(explicit (not (mid-1iquid-region-candidate ?from 7to0)))
=>
(bind ?mid-1iquid-region-candidates
(get-mid-1iquid-region-candidates))
(for region in ?mid-11iquid-region-candidates
do (assert =(seq¥ (cons ’'mid-~1iguid-region-candidate region)))))
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.+ -%x- Mode: ART; Package: art-user; Base:10; Default-character~style: (:FIX :ROMAN : NORMAL) -%-

(defrule sg-mid-liquid-left
nu

(declare (salience ?*left-~segmentation%*))
( segment-status 7segment segmentation)
(category ?segment 1iguid)
(CF (category 7segment liquid) ?7CF-category&: mightbe-valid)
(not (applied ?segment sg~liguid-ieft))
(not (start-time 7segment 7))
=>
(assert (applied ?7segment sg-liquid-left))
(conflicting-alternatives
(hypothesize
(assert (left-context ?segment vowel))
(assert (CF (left-context 7segment vowel) =(CFunknown))))))



|
|
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(defrule sg-mid-1iquid-left-vowel-1

“Find time the proceding vowel starts.”
(declare (salience (+ ?*left-segmentationx 1)))
(segment-status ?segment segmentation)
(category ?segment 1igquid)
(1eft-context ?segment vowel)
?x<{-(CF (left-context ?segment vowel) ?CFleft-vowel)
(not (applied ?segment sg-mid-1iquid-left-vowel-1))
(prop ?segment (candidate-loc ?from ?to))

;33 search segmenetation posision of left vowel
(power-decrease (7pos&~NONE ?value)
before 7to 50 1000 4000 (5 3)
?¥vowel -end-min-change-before-11iquids)
(CF (mid-1iquid-1eft-power-change ?value) ?CFmid-1iquid-left-power-changed: mightbe-valid)

;3; check charasterictics of left vowel
(power-strength =(- ?pos 20) 7pos 0 1000 ?vpw-0-1000)
(CF (vowel-by-1iquid 0-1000~power ?vpw-0-1000) ?CFvpw-0-1000&: mightbe-valid)
(power-strength =(- ?pos 20) ?pos 1000 5000 ?vpw-1000-6000)
(CF (vowel-by-1iquid 1000-5000-power ?vpw-1000-5000) ?CFvpw-1000-6000&: mightbe-valid)
(power-strength =(- ?pos 20) ?pos 5000 5000 ?7vpw-5000-6000)
(CF (11quid-vowel-power-ratio-0~1000-5000-6000 =(- ?vpw-0-1000 ?vpw-5000~6000))
?CFvpr-0-1000-5000-6000&: mi ghtbe-valid)
=>
(assert (applied ?segment sg-mid-11quid-left-vowel-1))
(hypothesize
(assert (prop 7segment (mid-1iquid-start-time 7pos)))
(retract 7x)
(assert (CF (left-context ?segment vowel)
=( CFand
(CFcomb 7CFleft-vowel
(CFweight ?*strong-evidence* ?7CFmid-1iquid-left-power-change)
(CFweight ?*weak-evidence* ?CFvpw-0-1000)
(CFweight ?xweak-evidence* ?CFvpw-1000-6000)
(CFweight ?*evidence* ?CFvpr-0-1000~5000-6000))
?CFmid-1iquid-left-power-change
)

(defrule sg-mid-1iquid-left-vowel-done-1
EIR 1

(declare (salience ?*left-segmentation-end%*))
(segment-status ?segment segmentation)
(category ?segment 1iquid)
(CF (category ?segment liguid) ?CF-category&: mightbe-valid)
(1eft-context ?segment vowel)
(CF (left-context ?7segment vowel) ?7CF-context&: mightbe-valid)
(not (applied 7segment sg-mid-liquid-left-vowel-done-1))
(prop ?segment (mid-liquid-start-time ?pos))
=>
(assert (app11ed ?segment sg-mid-liquid-left- vowe1 ~done~-1))
(hypothesize

(assert (start-time ?7segment ?pos))

(assert (CF (start-time ?segment ?pos) =(CFvalue 7CF-context)))))
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;33 -%¥- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX :ROMAN :NORMAL) -x-
(defrule sg~mid~liquid-right
"Hypothesizes right phoneme.”
(declare (salience ?*right-segmentationx))
(viewpoint ?v
(segment-status ?segment segmentation)
(category ?segment 1iquid)
(CF (category ?segment liquid) ?CF-category&: mightbe-valid))
(viewpoint 7
(exists (start-time 7?segment 7)))

(not (applied ?segment sg~mid-ligquid-right))
(not (end~time 7segment 7))
=>
(at ?v
(assert (applied ?7segment sg-mid-liquid-right))
(conflicting-alternatives
(hypothesize
(assert (right-context ?segment vowel))
(assert (CF (right-context ?segment vowel) =(CFunknown)))))))
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(defrule sg-mid-1iquid-right-vowel-1
"Find time the following vowel starts."

(declare (salience ?*right-segmentationx))
(segment-status 7segment segmentation)
(category ?7segment liquid)
(right-context ?segment vowel)
?7x<-(CF (right-context ?segment vowel) ?CFright-vowel)
(not (applied ?segment sg-mid-1iquid-right-vowel-1))
(prop ?segment (candidate-loc ?from ?to))

;3; search segmenetation posision of right vowel
(power-increase (?7pos&-NONE 7value)
after ?from 50 1000 4000 (5 3)
?¥vowel-start-min-change-after-11quids)

(CF (mid-1igquid-right-power-change ?value) 7CFmid-1iquid-right-power-change&: mightbe-valid)

;3; check charasterictics of right vowel
(power-strength ?pos =(+ ?pos 20) 0 1000 ?vpw-0-1000)
(CF (vowel-by-1iquid 0-1000-power ?vpw-0-1000) ?7CFvpw-0-1000&: mightbe-valid)
(power-strength ?pos =(+ ?pos 20) 1000 6000 ?vpw-1000-6000)
(CF (vowel-by-T1iquid 1000-6000-power ?vpw-1000~6000) ?CFvpw-1000-6000&: mi ghtbe-valid)
(power-strength ?pos =(+ ?pos 20) 5000 6000 ?vpw-5000-6000)
(CF (11qguid-vowel-power-ratio-0~1000~5000-6000 =(- ?vpw-0-1000 ?vpw-5000- 6000))
?7CFvpr-0-1000-5000~6000&: mi ghtbe-valid)
=>
(assert (applied 7segment sg-mid-1igquid-right-vowel-1))
(hypothesize
(assert (prop 7segment (mid-1iquid-end-time ?pos)))
(retract 7x)
(assert (CF (right-context 7segment vowel)
=( CFand
(CFcomb ?CFright-vowel
(CFweight ?xstrong-evidence* ?7CFmid-11quid-right-power-change)
(CFweight ?*weak-evidencex 7CFvpw-0-1000)
(CFweight ?xweak-evidence¥ ?CFvpw-1000-6000)
(CFweight ?xevidence* ?CFvpr-0~1000-5000-6000))
?CFmid~11iquid-right-power-change
)N

(defrule sg-mid-1iquid-right-vowel-done-1
HOE

(declare (salience ?*right-segmentationx))
( segment-status ?segment segmentation)
(category ?segment liquid)
(CF (category ?segment liquid) 7CF-categoryé: mi ghtbe-valid)
(right-context ?segment vowel)
(CF (right-context ?segment vowel) ?7CF~context&: mightbe~valid)
(not (applied ?segment sg-mid-1iquid-right-vowel-done-1))
(prop ?segment (mid-liguid-end-time ?pos))
=>
(assert (applied ?segment sg- m1d 1iquid-right-vowel-done-1))
(hypothesize

(assert (end-time ?segment ?7pos))

(assert (CF (end-time ?segment ?pos) =(CFvalue ?CF-context)))))
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;53 -%¥- Mode: ART; Package: art-user; Base:10; Default-character-style: (:FIX : ROMAN : NORMAL) -x-
;33 check liquid duration time
(defrule sg-mid-1iquid-~duration-time
nu
(declare (salience (+ ?*end-segmentation* 1)))
(not (applied ?segment sg-mid-11iquid-duration-time))
(join
(category ?segment 1iquid)
?7x{~(CF (category 7segment ?1iquid) ?CFcategory))
(join
(start-time ?segment ?start)
(explicit (CF (start-time ?segment ?start) ?7CFstart)))
(join
(end-time ?segment ?end)
(explicit (CF (end-time ?segment 7end) ?CFend)))
(CF (mid-1iquid-segmenting-duration-time =(~- 7end ?start)) ?CFduration)
(power~-decrease (7s~-pos&~NONE ?s-value)
before ?7to 50 1000 4000 (5 3)
?7xvowel ~end-min-change~before-11quids)
(power-increase (?7e-pos&~NONE ?e-value)
after ?from 50 1000 4000 (5 3)
7*vowel ~start-min-change-after-11quidx)
(CF (mid-1iquid-inc-dec-value =(+ ?s-value ?e-value)} ?CFinc-dec-value)
=>
(retract 7x)
(assert (applied ?7segment sg-mid-liquid-~duration-time))
(assert (CF (category 7segment 1iquid)
=(CFand (CFcomb ?CFcategory
(CFweight 7xstrong-evidencex ?CFduration)
(CFweight ?*strong-evidence* ?7CFinc-dec-value))
?CFduration

13D
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;;;~%¥- Mode: ART; Package: art-user; Base:10; Default-character~style: (:FIX :ROMAN : NORMAL) -x-

? 2

; (defrule sg-end-1

“.

’

7
..
1

[hatazaki 121] Checks that there is another boundaries which has 1arger CF value.

-

‘-

7

(declare (salience 7*end-segmentation#))
?7x <- (segment-status ?segment segmentation)
;;(not (applied ?7segment sg-end-1))
(viewpoint ?v

(start-time ?segment 7start)

-

(explicit (CF (start-time ?segment ?7start) ?CFstart&: (?CFstart >= 0.2))) 1
(end-time ?segment ?end) . -
(explicit (CF (end-time ?segment 7end) ?CFend& (?CFend >= 0.2)))) ¥
(viewpoint ? »

(not (exists (start-time 7segment ?another-start)
(explicit (CF (start-time ?7segment ?ancther-start)
?CFanother-start&: (?CFanother-start > 7CFstart))))))
(viewpoint ?
(not (exists (end-~-time ?segment ?another-end)
(explicit (CF (end~time ?segment 7another-end)
?7CFanother-end&: (7CFanother-end > ?CFend))))))
=>
(at 7v
(assert (applied ?segment sg-end-1))
(retract 7x)
(assert (segment-status ?segment segmentation-ended))))

WA WU M Ma WE WO ME ME M WA ME WE M WS ME Ve NS s Ve W we ws WY ws W

(defrule sg~end-1

ni

;7 [hatazaki 143) CF of (segment-result ?segment (?start ?end)),
' =(CFcomb ?CFstart ?CFend) -->
=(CFcomb (CFweight ?Xevidence¥ ?CFcategory)

{ CFweight ?*evidence* ?CFstart)

(CFweight ?*evidence¥ ?CFend))

;7 komori 1888. 10.28 (FRI) insert CF into segmentation

eclare (salience ?*end-segmentation*))
:;(not (applied ?segment sg-end-1))
(join
(category ?segment ?category)
(CF (category ?segment ?category) ?7CFcategory&: mightbe-valid))
(join
(start-time ?7segment ?start)
(explicit (CF (start-time ?segment ?start) ?CFstarté& mightbe-valid)))
(join
(end-time ?segment ?end)
(explicit (CF (end-time ?segment ?end) ?CFend&: mightbe~valid))) : e
(test (> ?end 7start))
(not (segment-result ?segment 7))
= > :
(assert (applied ?segment sg-end-1))
(assert (segment-result ?7segment (7start 7end)))

Ir
r
7
IR
rs
1
I
1
1
(d

1%
;; [hatazaki 168]

I =(CFcomb (CFunknown)
Iy (CFweight ?*strong-evidence¥ ?CFcategory)
FH (CFwei ght ?Xevidence* ?CFstart)
¥ (CFweight ?*¥evidence¥ ?CFend)) N
ARG =(CFcomb (CFunknown) Y
HH (CFwei ght ?Xevidence¥ ?CFcategory) 5y
: (CFweight ?*weak-evidence* ?CFstart)

( CFwei ght ?*weak-evidence* ?CFend)) i

(assert (CF (segment-result ?segment (?start ?end))

=( CFcomb (CFunknown)
(CFweight ?7xstrong-evidence* ?CFcategory)
(CFweight 7*evidence* ?CFstart)
(CFweight ?*evidencex ?CFend)))))

(defrule sg-end-2
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maximum CF segmentation

(declare (salience (- 7*end-segmentationx 1)))
(viewpoint ?7v
(segment-result ?segment 7)
(CF (segment-result 7segment 7) ?CF)
7% {- (segment-status ?segment segmentation)
(not (applied 7segment sg-end-2)))

i (viewpoint 7
i (not (exists (segment-result ?7segment ?7)
i (explicit (CF (segment-result ?segment ?)
?CFanotheré&: (CFgreaterp ?CFanother ?7CF))))))

=>
(at v

(assert (applied 7segment sg-end-2))

(retract 7x)

(assert (segment-status 7segment segmentation-ended))))

(defrelation conf11ct1ng—sé§ments (7segmentt ?segment2))

(defrule sg-end-3
"Select best result.”

;7 Uses "fviewpoint .." not to merge the viewpoints,

;s and asserts “(conflicting-segments ...” in each viewpoint.

;; conflicting-segments is not a symmetric relation.

;¢ OLD ... (defrelation conflicting-segments (?segmentl ?segment2) symmetric)

Ve
rr

;;[hatazaki 149] Newly defined to select the best result among more than one results for

KA ) ;i[hatazaki 178] Rule sg-end-3;
!
i ;: same location.

i
(declare (salience ?*finish-segmentationt))

(viewpoint 7vi ;[hatazaki 178]
(segment-status 7segmentl segmentation-ended)
(join

(segment-result 7segmentl (?starti ?endi))
(CF (segment-result ?segmenti (?starti ?endi)) ?CFsegmenti)))

(viewpoint ?v2 . : ; [hatazaki 178]
(segment-status ?segment2&~7segmenti segmentation-ended)
(not (conflicting-segments ?segment2 ?segmentt))
(join
(segment~result ?7segment2 (?start2 ?7end2))
(CF (segment-result ?7segment2 (7start2 ?end2)) ?CFsegment2)))

(\') ;;(not (conflicting-segments ?segment? ?segmenti))

(test (or (and (< ?startl (/ (+ ?start2 ?end2) 2))
’ (< (/ (+ ?start2 7end2) 2) 7endl))

(and (< ?start2 (/ (+ ?starti ?endl) 2))

(< (/ (+ ?startl 7endl) 2) ?7end2))))

=>

;3 (assert (conflicting-segments ?segmenti ?segment2))

(at 7vi ‘ . ;[hatazaki 178]
(assert (conflicting-segments ?segmentl ?segment2)))

(at ?7v2 ;[hatazaki 178]
(assert (conflicting-segments 7segment2 ?segmentil))))

(defrule sg-end-4

wa

(declare (salience (- ?*finish-segmentationt 1)))

(viewpoint ?v
7% <{- (segment-status ?segmenti segmentation-ended)
(CF (segment-result ?segmenti (?starti ?endi)) ?CFsegmenti))

(viewpoint ?
(not (exists (conflicting-segments ?segment?2 ?segmenti)
(CF (segment-result ?7segment? (?start2 ?end2))
?CFsegment?2&: (CFgreaterp ?CFsegment2 ?CFsegmenti)))))



LM17:>hatazaki>sre>rule>seg-end.art.16

=>
(at ?v
(retract 7x)

(assert (segment-status 7segmenti segmentation-result)))
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