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WHAT IS INTONATION ANYWAY?

We can all at least agree that intonation
iIncludes cues to phrasing and prominence and
sentence-type, but some of us want to describe
these In terms of strings of phonological
“events”, while others want to model them as
part of the general superpositional nature of FO.

Ladd (1995, p. 16)
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; The linearity plus text-

#1 | tune independence is

41 | what makes stretching/

+. | squishing make sense
D. Robert Ladd o '

Department of Linguistics, Edinburgh University 3 dS a Strategy.
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CONTOUR INTERACTION MODELS: MANDARIN |

1.3.7. Intonation. The question has often been raised as to how Chinese

can have sentence intonation if words have definite tones. The best answer is to
compare syllabic tone and sentence intonation with small ripples riding on large
waves (though occasionally the ripples may be “larger” than the waves). The ac-
tual result is an algebraic sum of the two kinds of waves. Where two pluses con-

cur, the result will be more plus; when a plus meets a minus, the algebraic addi-

tion will be an arithmetical subtraction. For example, in ¥R # =, ¥ li. Nii
shing Wang, woo shing Luh. ‘Your name is Wang, my name is Luh. ?, the ris-
ing intonation in the further referring clause will make the rising 2nd Tone Wang
rise higher than usual and the falling intonation on the falling 4th Tone Luh fall
lower than usual (or, in this particular instance, since a 4th Tone falls to near
the limit of the voice, the falling intonation will make it start lower and squeeze
it narrower). But in Woo shing Luh, nii shing Wang., Luh will be pitched
higher as a whole, but still with a 4th Tone contour, and Wang will be pitched
lower as a whole, but still with a 2nd Tone contour, without losing the identity
of the tones, as a foreigner sometimes does when he lets the intonation mask the
tone completely and thus seems to be saying # it j7 JARYEE , Woo shing Lu, nii

hing Wang.
shing Wang Chao (1968: p. 64)



CONTOUR INTERACTION MODELS: JAPANESE

PHRASE COMMANDS

A Gp(t
Tp A PHRIS{E) ZSZ%%ENENTS
*{ —»| CONTROL
.L MECHANISM
GLOTTAL
InFb OSCILLATION » t
Aga ACCENT COMMANDS Ga(t) MECHANISM FUNDAMENTAL
T 1 — ng FREQUENCY
— CONTOUR
— e f ——»| CONTROL
MECHANISM [ ACCENT
COMPONENTS
I
In Fy(¢)=In Fuin+ i_Z{ A Gy (t —To) . (1) The phrase commands are a set of impulses and °
J the phrase components are the response of a
+ 3V Au{Gos(t—T1;))— G, ; (¢ —T3p)}, (1) critically-damped second-order linear system to
J=1 these commands.
where (2) The accent commands are a set of stepwise
| ai2texp(—ast), fort=0, functions and the accent components are the
G, ()= | (2) | response of another critically-damped second-
. for t <0, order linear system to these commands.
and (3) The phrase and accent components are super-
. i d and produce a proportionate change
‘Min[1—(1+8,1) exp (—B;t), 0 ;mpOsec. ah
A [1—Q+p,1) exp(—f;2), O3], in the logarithm of F;.
G, ()=« forr=0, (3)
0, for t <0,

‘ Fujisaki and Hirose (1984)



EDGE TONES: THE
AUTOSEGMENTAL-METRICAL
CONTRIBUTION



LIBERMAN (1975, P. 116): BOUNDARY TONES -

embedded in larger intonational structures.
' B
Notationally, such boundary tones will be represented as .
T
For the purposes of tune-text association, it will be assumed that

corresponding boundaries exist in the’ text, and that congruence

B
requires a matching of boundary to boundary. In the ccniiguration ‘ p

the tone T is a terminal element, while the symbol B is a non-terminZl.
-. For purposes of grid alignment, the B positions are (redundantly)
weak. In order to include these boundary elements in our metrical
trees, non-boundary material will be called "content," symbolized by
the node label C.
Thus the surprise/redundancy tune with "high pre-head" would

be represented as in 2a, with its most likely parsing being that in

-

2b:
3.2.2/2a B w s w 2b R
I T B
H L HL C
/S\
W S WV

We will represent the corresponding boundary in texts with the



PITCH ACCENTS AND BOUNDARY TONES

tone located at
right boundary
of Accentual
Phrase (AP)

tone located at

stressed syllable
of AP-initial word | | *

(Labels on left brackets
omitted for space)

[[rlilmu]IAp [n(?paler]IAp... [pai'\re ni]IAp]I.p
L* Ha L* Ha L* HalL%

' ?
Khan (2008, 2014, et seq.); Hayes and Lahiri (1991) |_C0rresponding tree




WHAT IS A BOUNDARY TONE?

utterance

o accentual
phrase
W word
cly o syllable
H H /t mora
LL Y Tones defined by b tome fier
________ how they associate } __
-------- In prosodic trees. T
e —— R— phoneme

ane-no aka :
tier

Pierrehumbert & Beckman (1988)



AUTOSEGMENTAL-METRICAL ™ it s Fetener
(AM) THEORY FOUNDATIONS - =)

e Tonal association
to higher-level Gy Oy Oy O O
prosodic nodes = \._-_________________/ _

L*+H L-H%

® MUItiple tOnal a bal let a fi cio na do
association to
TBUs and higher-
level prosodic
nodes
(multidominance)

Seoul Korean
Jun (1996 et seq.)




MULTIPLE TONAL ASSOCIATION EXAMPLES

Pierrehumbert utterance
(could be helpful to & Beckman i
add some tonal (1988), p. 14 ohrase
diacritics)
yamazakura accentual
_— I phrase
L% H HL L%
ka’geboosi word
L% HL L%
, . 3 . syllable
toomo'rokosi
I O/ é? ?!77 T 97 mora
1./0 Il Irii. v v+ 2vr_-J J-_ - __-‘I\-\="-----_-- """ . ..\
moosikomi | TS/ LT/ Xx—"7mT—"—"—"—""—F———————~—
|
L% H L% tone tier
/mu rasakiiro = | e e
l ———————————————————————————————————————
L% H L% ane-no  akai se’ eta-wa do’ ko de su ka? fiz:)neme
Figure 1.2
Transcription of proposed surface tone patterns for words in figure 1.1. in
isolation.

single word In
Isolation: squished!

11



AUTOSEGMENTAL-METRICAL ™ it s Fetener
(AM) THEORY FOUNDATIONS - =)

e Tonal association
to higher-level Gy Oy Oy O O
prosodic nodes  \o-_________________/ _

L*+H L-H%

® MUItiple tOnaI a bal let a fi cio na do
association to
TBUs and higher-
level prosodic
hodes
(multidominance)

Seoul Korean
Jun (1996 et seq.)




ASSOCIATION TO TBUs vs.
HIGHER-LEVEL NODES

T ~ R

TBUs are prosodic
nodes too

Cat = {u,o,w,a,1}

But tones associated to
higher-level nodes are
peripheral, at the edge

Pierrehumbert & Beckman
(1988) stipulation

13



LINEARIZATION OF TONES

5 . level A
: level B
§ : level T
s, G, S N - L S— | S—— O - Oty S 8 NS o
¢ |
S S+ 8 tier S
left-peripheral + o-linked elements allowed :right-peripheral L O /
La elements . here only at head relements 0

Figure 5.12 | H * L |

Permissible associations between an element on a substantive tier and daughters
of the prosodic constituent to which it originally belongs.

Pierrehumbert & Beckman (1988)

14



PROBLEM FOR ASSOCIATION TO NODES

What does association to a hode imply
for sequencing of boundary tones?

Pierrehumbert & Beckman (1988, Ch. 6):
stipulate boundary tones at the periphery

But non-peripheral boundary tones In
Roermond Limburgish:

L% before lexical accent H.

Move to violable Align constraints of floating
tones rather than association to nodes

(Gussenhoven 2000, 2004 Ch. 12, 2018)

15



“INFIXATION” OF BOUNDARY TONE

HH* L% H* L%
A t2 A t1
e e Roermond Helden Venlo
Accl ’\ ’\ ’\
H* L, H* L, H* L,
S VR M A
HL, H H*LL, |[H*LL,

String-based approach

(Gussenhoven 2015)

Align (TLex, Right, Syll, Right) >>
Align (T%, Right, IntP, Right)

(Gussenhoven 2000)
O-0O-0O

16



SIRETCHING: PITCH
ACCENTS VS. EDGE TONES;
BRUCE (1277)




T SAMOAN SENTENGE TYPE

| oi

_ PaC/f/c

Declarative Y/N question
Sameoa
‘| sent Henry’s melon ‘Did you send Henry’s melon?’

e n e 1l e: L(OW) enel eIL(OW)

Orfitelli & Yu (2009), Howard (2018), Yu (to appear)
18



SAMOAN SENTENCE TYPE

Stress
position

Segments

Category Meaning

/eneley/ Final Noun Henry

Tone Tone position Category Meaning
Low Final Sentence type Declarative
Low | Final Sentence type Y/N question

——

19



Fundamental frequency (Hz)

SAMOAN STRESS POSITION ANDTONE B

Time (s)

|
Penultimate

175-

150-

L

Utterance-
final Low

125-

‘‘‘‘‘‘‘

100-

75-

Penultimate
stress

tai ja mi




Fundamental frequency (Hz)

SAMOAN STRESS POSITION AND TONE -

175+

150+

125-

100+

75-

0 | 0 . . |
Ii .HIHHHHIHiI

Time (5s)
0.6

Antepenult

Utterance-
final Low

'
10

A.ntelf,e,r,u,t
stress

tai I ja I mi




REMINDER: SAMOAN SENTENCE TYPE

[T
&D
Declarative Y/N question
‘| sent Henry’s melon.’ ‘Did you send Henry’s melon?’
e Ll e: enel e:
L(ow) L(ow)

Word-final stress on /eneIe./ means stress
| position is also utterance-final, so we can’t;

disentangle stress-position tones from]
utterance flnal sentence type tones -

_— _;22



:Jr_g SAMOAN SENTENCE TYPE

Antepenultimate Penultimate
stress siress

‘Did Diameter perceive (it)?’ ‘Did Dlameter percelve (|t)

23



:Jr_g SAMOAN SENTENCE TYPE

Antepenultimate Penultimate
stress stress

| tai.ja.'mi.taj

| tai.’ja.mi.ta

24



ldl HCuclliCy \I14)

Uuallicii

200+

150+

100+

Time (s)

‘“ml i u "

il |Ilm (e
nmmlw f p

“"""‘fmw

W 'W

'h\.ﬂnhuhﬂ

la

nac

tai

ja mi

ta

tai.'a.mi.ta

200+

Fundamental frequency (Hz)

150+

100+

25
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SAMOAN SENTENCE TYPE

Segments Category Meaning

ilRE]
oo

position

/eneley/

Jtaiamita/ 4 Antepenult,

penult

Tone Tone position Category Meaning

Stress

; Hinh (LH?) , bosition Sentence type Declarative
“Accent” Stroe
' Low (HL") § i Sentence type Y/N question
1 position
Low (Utt-) Final Pragmatics Belief

26



STRETCHING IN SWEDISH:
ROOTS OF AM THEORY
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LINEAR MODELS: SWEDISH (BRUCE 1977)

Bruce (1977, p. 38)
ACCENT | ACCENT |l
NUMMER NUNNOR
240
220
200 M/
180
l ' l /./’/A Eammmemee e ——u . ——— 1)
° 200 ms |

 NENER AGMN CONFUSE YOUR.(CDBMELS
Figure 2. The citation forms of the word accents. Fo-contours BMTZ\D\N DROMEDARY

of one accent I- and one accent II-word. Vowel seg-
ments are drawn in thick lines and consonant segments
in thin lines in the figures. Focus is indicated by
capital letters and non-focus position by small letters.

MIDDLE EAST

Skektch p\a nations

https://sketchplanations.com/bactrian-or-dromedary-camel



https://sketchplanations.com/bactrian-or-dromedary-camel

EXPERIMENTAL DESIGN

29

v

hz
2860
24

220
200

180
160

260
240

220
200

180
160

Figure 5. The effect of the placement of sentence accent.

man vil]l andmma nara lénqre NUMMER .

— = = man vill andmma nara LANGRE nimmer.
essse Man vill ANAMMA nara lanrc nummer .
—‘.‘\

man vill lémna nara lénqa NOUNNOR.
— = = man vill l&mna nara LANGA nunnor.
eeess man vill LEMNA nara lénqa nunnor.

accent I-words and another with accent Il-words. The line
of the stressed syllable in the second position.

Bruce (1977, p. 42)

ACCENT |

ACCENT 11

e
0 200 ms

Fo-contours of full sentences, one with

-up point 1is at the CV-boundary
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THE WORD ACCENT CONTRAST

FIRST POSITION

Bruce (1977, p. 48)

andmma (2 bhefore focus)

andmma (1 before focus)

— = = lamna "

- — — limna "
hz
240 |
220
200
180
THIRD FINAL POSITION
SECOND POSITION ACCENT | ACCENT |1
-————'léngre (before focus) léngre (after focus) hz NUMMER NUNNOR
- e o= 1énga " - langa " 240
240 | 220
220 N 200
/
200 / ~
_’|..4' = 180
180
| I ——
o 200 ms
THIRD FINAL POSITION Figure 2. The citation forms of the word accents. Fo-contours
, dmmer (2 after focus) of one accent I- and one accent II-word. Vowel seg-
n?mmer (1 after focus) n‘ mes ) ments are drawn in thick lines and consonant segments
= = = nunnor " = = — pnunnor in thin lines in the figures. Focus is indicated by
capital letters and non-focus position by small letters.
240
220 t
A
2
180

— ]
o 200 ms

Figure 9. The word accent distinction in non-focal position. Fo-
contours of accent I- and accent II-words in the first
and second non-final and in the third final positions.

The line-up point is at the CV-boundary of the stressed
syllable.
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THREE INDEPENDENT TONAL EVENTS

ACCENT I  ACCENT IT Accentl =HL*, Accentll = H* L (Bruce 1987)

lexical (associated to stressed syllable)

VICIVICT 'V C: [ VIC]

Figure 17. The basic contours of the two word accents. Schema-
tized Fo-contours of accent I (unbroken line) and
accent II (broken line) in pre-focal position.

TERMINAL Fa"

(Focal H, “floating”, see Bruce 1987) JUNCTURE  prosodic boundary

(and sentence type?)
ragmatic
p g SENTENCE
ACCENT —
VICI] V [ C

Figure 19. The basic contour of terminal juncture. Schematized

Fo-contour of terminal juncture in the utterance-

C v C: V]C final syllable of a non-oxytonic word.

Figure 18. The basic contour of sentence accent. Schematized

Fo-contour of sentence accent in the secondary-stress Bruce (1 977, p 64: 69! 72)

syllable of a compound in non-final position.
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ALL TONAL EVENTS SPREAD QUT

O=-0O=0O

SENTENCE
ACCENT

ACCENT 11 TERMINAL

JUNCTURE

2 0 : 3 I € m : 2 n 3 r

VICT W T C [vIC T Vv ct [v][cl v T c]
) !

Figure 20. The basic contours of accent II, sentence accent and
terminal juncture comhined in a compound\word.
Schematized Fo-contour of the compound langalemmonar.

Bruce (1977, p. 72)
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TONAL CROWDING: LINEAR SEQUENCING

SENTENCE

ACCENT 11 ACCENT

Bruce (1977, p. 93-94)

0...
$ TERMINAL
JUNCTURE

V] C 'V

o) n Y

-2

vIC
> r

Figure 25. Interplay of sentence accent and terminal juncture
for accent II. Schematized Fo-contour of a disvllabic
accent II-word. The extent of the anticipation of the
sentence accent rise, particularly the end-point of
the rise, is indicated by the arrow pointing to the
left, the undershooting of the sentence accent maxi-
mum by the arrow pointing downward, and the delay of
the terminal juncture fall by the arrow pointing to
the right. The dotted line represents contours prior
to adjustment.

SENTENCE
ACCENT I ACCENT

TERMINAL
JUNCTURE

o
<
o
<
%

[(CTV

Il a v e m a n:

Figure 26. Interplay of word accent, sentence accent and terminal
juncture for accent I. Schematized Fo-contour of an
oxXxytonic accent I-word. The anticipation of the sen-
tence accent rise, the undershooting of the sentence
accent maximum, and the delay of the terminal junc-
ture fall illustrated in figure 24 for the oxytonic
compound are all presupposed in the present figure.

=> = The extent of the undershooting of the word accent
minimum is indicated by the arrow pointing upward,
The dotted line represents contours prior to adjust-
ment.
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THE ORIGIN OF ONE HUMP VS. TWO HUMPS

THIRD FINAL POSITION

ACCENT | ACCENT I
hz NUMMER NUNNOR
240
220
200 //‘\\\.//’.\\F_,/
180
| I —
(+] 200 ms

Figure 2. The citation forms of the word accents. Fo-contours
of one accent I- and one accent II-word. Vowel seg-
ments are drawn in thick lines and consonant segments
in thin lines in the figures. Focus is indicated by
capital letters and non-focus position by small letters.

The peak for Accent |
H+L* Is so early you
don't even really see it
when the stressed
syllable is initial like in
nummer. The peak
you do see is from
sentence accentrise +
terminal juncture fall.

ACCENT |
ACCENT |
Figure 10.’

Bruce (1977, p. 50)

sentence
accent
rise

terminal
juncture
fall

V|{C v Cs v C
| | I
[

sentence |
accent . |
rise terminal
juncture
fall I

The Fo-contributions of word accent, sentence accent
and terminal juncture. Schematized contours of one
accent I- and one accent II-word. The arrows, drawn
in thick lines, indicate word accent fall, sentence
accent rise and terminal juncture fall.



PB88: WEAK LOWS IN
TOKYO JAPANESE?
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DELETION OR TWO ALLOPHONES OF La?

» Sometimes no AP-"initial" L (“traditional description”):
» No AP-initial L if AP-initial word is either accented or starts with long vowel

» Two allophones of AP-"initial" L (Pierrechumbert & Beckman 1988, Sec
2.1)

» Always have AP-initial L, but different phonological association patterns
resulting in two allophones; "weak” and “strong”.

» Note: point of confusion! PB88 seem to use L% for both the left-edge
utterance-level tone, and for right edge AP level tones.

» Note: point of confusion! | put "initial" in square quotes because the L
actually belongs to the previous AP



LOOK AT THE TREE...

utterance

intermediate
phrase

accentual
phrase

word

syllable

phoneme
tier
Pierrehumbert & Beckman (1988)

ane-no aka i se’ eta-wado’ ko de su ka?

37



8

COUNTEREVIDENCE TO AP-INITIAL L DELETION

= (0) (0 ) 7
R [4
150 \—/—\_\\_\ _ 150+ {m]l
T N
: '- ~ =
I >- —
= (&
> &
O oa - -~ H .
?'.00 G ma u me a3 mo ri ya no ma wa ri no o ma warl. |
Wl wl
- ax 100
a b -
x 3
y 'g (b)
= L (b) =
<{
3 150 3 £l
2 : /\
- "~
[T
. . -‘
100 me fiI yd no ma wa ri no y o0 z i n.o.
100
N Fi
v igure 2.2
Figure 2.1 F, contours for utterances of (a) moriya-no mawari-no oma’warisan ‘the police-
* . * * . .y
F, contours for utterances of (a) amai ume ‘sweet plum’ and (b} amai u 'ni ‘sweet man of the Forrests’ neighborhood” and (b) moriya-no mawari-no yoozi'nboo ‘the

sea-urchin’, produced by speaker OF. L watchman of the Forrests’ neighborhood’, produced by speaker OF.

FO rises for both FO rises for both

unaccented and short (oma’warisan)

accented, two APs and long vowels
Pierrehumbert & Beckman (1988, p. 27) (YOOZi , nbOO)
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PROPOSAL: ALL AP MELODIES HAVE L h...

Pierrehumbert & Beckman (1988, p. 27-28)

2 APs + preceding La single AP + preceding La

180~
/\\_\’\\

* What's the melody?

150

o
o

)
(&)
r

150
150+

FUNDAMENTAL FREQUENCY (H2)
FUNDAMENTAL FREQUENCY (Hz)

100
100 - o
a m a | u-' noi
Figure 2.1
F, contours for utterances of (a) amai ume “sweet plum’ and (b} amari u 'ni ‘swee Figure 2.3
R oy . s 2. .
sea-urchin’, produced by speaker OF. S F, contours for utterances of (a) amai ume and (b) amai u'ni, with no phrase

break before ume or u'ni, produced by speaker OF.

"Figures 2.1a and 2.1b show a typical pair of utterances involving accentual phrase boundaries where traditional accounts
would and would not posit a L tone [KY: why?]. They illustrate fO contours for the noun phrases amai ume 'sweet plum' and
amai u'ni 'sweet sea-urchin' spoken in the same larger phrasal context that has broad focus over both the adjective

nn

amai 'sweet' and the head noun ume ‘plum’ or u'ni 'sea-urchin'.” (cf. Fig 2.3, narrow focus on amai)
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WEAK VS. STRONG ACCENTUAL L

(stronger) La

(a) WLa
. (
150 {ml
N
mo ri ya no _ma wa ri no o Q' wa rl . 4.
100

| "weak" La

£jl

rM/\
. . 1
moe frfi ya no mMa wWa ri no Y ¢0 4

-initi t o _ lOng vowel —

150

(b)

150 150[’"

FUNDAMENTAL FREQUENCY (H2)
FUNDAMENTAL FREQUENCY (Hz)

100

Figure 2.1 . . , L F, contours for utterances of (a) moriya-no mawari-no oma’warisan ‘the police-
F, contours for utterances of (a) amai ume ‘sweet plum’ and (b} amai u'ni ‘sweet  man of the Forrests’ neighborhood’ and (b) moriya-no mawari-no yoozi'nboo ‘the
sea-urchin’, produced by speaker OF. NS ¥ watchman of the Forrests’ neighborhood’, produced by speaker OF.

"weak" La: shorter rise, higher FO valley/smaller drop into L
"stronger" La: longer rise, lower FO valley, bigger drop into L




MULTIPLE TONAL ASSOCIATION AND
DISTINCT PHONETIC REALIZATIONS

La associated to TBU La associated only to
and Accentual Phrase Accentual Phrase

TBU occupied
by accent
tone

La

(strong) La weak La



BRUCE 1977 AND PB88:
(LINEAR?) INTERPOLATION




43

TONAL TARGETS: BASIC RULES ~ Brecetrerm.e-1ed

8.3.5 Basic pitch rules

A basic pitch rule represents the tonal command for a prosodic
feature, when it is not influenced by other tonal commands (cf.
the basic Fo-contours, chapter 4). For each prosodic feature
(except for word accent) the basic pitch rule specifies one
tonal point - one HIGH or one LOW. For word accent (accent I
and accent II) the basic pitch rule will specify two tonal
points - one HIGH and one LOW. The tonal points prescribed by
the basic pitch rules are distributed over successive syllables.
The basic pitch rules are the following. (They are exemplifiec
in figure 36.)
ACCENT I: HIGH in the pre-stress syllable, LOW in the stressed
syllable,

ACCENT II: HIGH in the stressed syllable, LOW in the post-stress
syllable.

SENTENCE ACCENT: HIGH in the post-stress syllable.
(Accent I,
Compounds)

SENTENCE ACCENT: HIGH in the syllable following the post-stress
(Accent I1) syllable.

INITIAL JUNCTURE: LOW in the utterance-initial syllable.
TERMINAL JUNCTURE: LOW in the utterance-final syllable.

H ® ®
L o °
/A WA Y WA Vil Y
> 1 € nr e S L
+Al +AII
H ® ® ® ()
L L ] @
T V4 VA Vid | A WA VA Y
1 €& m: o nar 1 a n: are
+AT +AIT
+SA +SA
H ® [ ]
L ®
VA Vi VA v VA
21 > np: a,n & m: ET
+AIIl +SA
H L o
L ® o ®
nosral € m: 5 na r
+1J +AT +TJ

+SA



b4

CONTEXT-DEPENDENT RULES ~ Breetemme-res

8.3.6 Context-dependent pitch rules

when tonal commands occur adjacent to each other, they will
normally influence each other (cf£. the interplay, chapter 5).
This influence often involves a temporal displacement of the
tonal point of a command relative to the basic pitch rule,
depending on the particular context. The context-dependent pitch
rules replace the basic pitch rules in certain, specified con-
texts. Thus the basic pitch rules will apply to those contexts
not specified by the context-dependent. pitch rules.

The following context-dependent pitch rules are assumed to comp!
ment the basic pitch rules. (They are exemplified in figure 37.!

SENTENCE ACCENT: HIGH in the stressed syllable, if the post-

(Accent I, stress syllable has accent I or terminal junc-

Compounds) ture (LOW), or if there is no post-stress syl-
lable.

SENTENCE ACCENT: LOW in the stressed syllable, HIGH in the post-

(Accent II) stress syllable, if the following syllable has

accent I or terminal juncture (LOW), or if
there is no following syllable.
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Figure 37.

:he effeqt of pasic and context-dependent pitch rules.
onal points with reference to two pitch levels -
HIGH gH) and LOW (L) - with indications about their
relative temporal locations.



HIGH will be specified as Fo-level:

4

LOW will be specified as Fo-level:

1

for word accent, when it directly follows HIGH for sentence

accent

for sentence accent

for word accent

for sentence accent, when it occurs in the same syllable
as LOW for terminal juncture

for word accent, when it directly follows LOW for word

accent after focus

for word accent
for initial juncture

for terminal juncture

for word accent, when it directly precedes HIGH for sen-

tence accent

for word accent, when it directly follows HIGH for sen-
tence accent plus HIGH for word accent and directly pre-
cedes HIGH for word accent
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Bruce (1977, p. 138-9)
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Figure 38. The effect of Fo-rules. Fo-points with reference to

4 Fo-levels with indications about their relative

temporal locations.



FO TRANSITIONS!
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Bruce (1977, p. 140-1)

8.5

Join rules

In order to receive a continuous Fo-contour of an utterance the

Fo-points defined by the pitch rules and the Fo-rules have to

be interconnected. This is taken care of by the join rules.
these rules the rises,

By
falls, plateaus and troughs of the Fo-

contours will be filled out. The following join rules will be

used. (The

Copy rule:

Join rule:

output of the join rules is exemplified in figure 39.)
Copy the Fo-level of a syllable on to the following
syllable, if nothing else is indicated.

Connect the Fo-points by a linear interpolation.

The copy rule will provide certain Fo-turning-points, which

are not defined by the pitch rules or the Fo-rules. The join

rule will then simply connect the Fo-points by a basically

linear interpolation. There seems to be no apparent constancy
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Figure 39. The effect of join rules. Fo-contours (dotted) con-
taining Fo-points with reference to 4 Fo-levels with
indications about their relative temporal locations.,
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man vill ld@mna nara langa NUMMER.

stress + + +
word accent + + + Bruce (1 977, P- 142)
accent II + +
sentence accent +
initial juncture +
terminal juncture +
PITCH RULES {}
H L ) [ °
L
ma¥v il & mna nosral 5 p:an & m: € r
Fo-RULES {}
4 )
3 ° [ °
2 )
1 ® [ ] ® L
VA
ma?v i) é mna nar al 5 n: a n & m: € r

JOIN RULES {}
4 oo
3 .- .. S !
2 ..o . . ) ..o o.‘ . ..0 ‘.o 0'.
1 see@eccacgs .°o.ooooo.oooo o’ .‘... .'.oooon

OUTPUT

mavVil & mna nsral 5 n:a n & m: € r

Figure 40. Derivation of the sentence man vill ldmna néra_léggg
NUMMER according to the model.




8

PB88: SPREADING OR UNDERSPECIFICATION?

» H tone spreading (Fig 2.7)

H-tone spreading
» The Ha or H* spreads rightward to j
the La at the end of the AP

ma’|lwarisan

Q

mo |l y2a no ma wa ri no

» Prediction: (i) high fO plateau —
rightwards from Ha/H*, or (ii)
declination of H, with constant

slope across AP regardless of AP
length

» Underspecification

boundary for declination

N V't

» No tones are specified between the _
Figure 2.7

Ha/H* and the La at the end of the AP A declinaticn-based analysis of downtrend in the sentence fragment shown in
figure 2.2a.

» Prediction: interpolation between
Ha/H* and La targets, with
downward slope across AP
varying by AP length

“We define declination as a downtrend that is not
phonologically triggered but instead lowers the pitch
range gradually through time without regard to what
tones may be present.” (p. 35)
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EXPERIMENTAL DESIGN (PB88, P. 37)

{a)
{

N

1
—

100 F

) . 1
mo ri ya N mMa wa r1 no o ma warl . J§.

(b)

150+
£l
{
3

FUNDAMENTAL FREQUENCY (Hz)

100k

mo ri ya no ma wa ri no y oo z i n.l.

Figure 2.2

F, contours for utterances of (a) moriya-no mawari-no oma’warisan ‘the police-
man of the Forrests’ neighborhood’ and (b) moriya-no mawari-no yoozi'nboo ‘the

watchman of the Forrests’ neighborhood’, produced by speaker OF.

"We interpret fO patterns at places not occupied by the
indicated tones as arising from the phonetic transitions
between the assigned target values for these tones. We
reject tone spreading as a means of providing an
interpretation for the realization of pitch in the regions
between these few specified tones." (p. 14-15)

NP
/NP\
N N N
moriya-no  mawari-no qu’warisa’n
‘Forrests’  ‘neighborhood’ ‘policeman

Figure 2.6

Syntactic structure for sentence fragment shown in figure 2.2a.

» Distance between f0 peaks (vary length of AP1), 3-8 syllables

» Accentedness of AP1: Accented or not

» AP2 initial syllable length: long or short (controls whether weak or
strong La present between the two APs)
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Figure 1.3
Unaccented phrases with 3, 4, 5, 7, and 8 morae before accentual-phrase

boundaries with two different allophones of L%. The dashed line in each panel

is a regression line fitted to all f, values between the peak for the phrasal

upper right-hand corner is the slope of the regression line. Here and in sub-

‘AssQciated La,, | RoatingLa[weak)

¥ Figure 2.10
¥ Schematic representation of f, contour slopes in a linear interpolation model of

; ] _;_L;\ijg_\_\“" _____

b2 3|

:ﬁ downtrend within unaccented accentual phrases of various lengths.

oma’warisan

e ~enn | La aH?H?

Steeper slope

Cslope=1/1=1
slope = 1/2 =0.5

slope = 1/3 = 0.333

=

slope = 1/4 = 0.25
/slope =1/5=0.2

|5

- BN ~ _ _ -

Slope of H in AP1 to La in AP2

yoozi’nboo

La aH H*

Shallower slope

Pierrehumbert & Beckman (1988,

Hin p. 15,38, 41; Fig1.3onp. 15

the first phrase and the minimum for the interphrasal L%. The number in the

sequent figures a right corner in the transcription indicates the location of an

accent.

repeated as Fig 2.8 on p. 38)



UNLIKE TONES AND
SAUISHING: GUSSENHOVEN
(2014) ON TOKYQ JAPANESE




LEFT VS. RIGHT EDGE?

52

» Alternative 1 (Pierrehumbert and Beckman 1988):

» Initial L% (Lv), La at right edge of AP, IntP/Utt has no right
edge tone for declarative, but an H% if interrogative

» Alternative 2 (Gussenhoven 2004, 2014)

» No initial L% (Lv), La Ha at left edge of AP, IntP ends in L%
(declarative) or H% (interrogative)

(1) 1 ) ) )}
L1 Ho Lo Ha Lo Ha La (H%)

2) { ( ) ( ) ( )
LoaHao LoHa LoHa L% or H%
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EVIDENCE BEARING ON EDGE TONE ANALYSIS

Gussenhoven (2014, p. 58-59)

250 250

a b
200+ b | 2004 |
150 - , 1504 — ' =
5 . TN Declarative
5 1001 st | 100 L N S
A& 50 S : : 501 :
0 0
g afr a s (uldl a |'m a om a w a |Ir|1 S a n
0 1 0 1
Time (s)
250 250
v d
200 | - 200{ BEC —
_1s0{ s isof ST S =
& —~" LA [ Interrogative
<1001 el : 100 =T - .
o |
A 501 ‘ 501
0 0
gara s udam a om aw a ri| s a n
0 1 0 1
Time (s)

Figure 1. Pitch contours of garasudama ‘glass beads’ (panels a and ¢) and omadwar-
isan ‘policeman’ (panels b and d) in declarative (panels a and b) and interrogative
(panels ¢ and d) intonation; speaker SK

woanssl® L C ) Co) )

24y » Gussenhoven (2004, p. 203) §

L1 Ha Lo Ha Lo Ha La (H%)

o ((drmssome) - LCEmER o) L ) () ()

N RN
lote Mo et LaHo  LoHa — LoHa L% or HY
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PHONOLOGICAL ANALYSIS OF ACCENT?

» Alternative 1 (Pierrehumbert and Beckman 1988):

» H* associates to first mora of accented syllable, trailing L
(floating) has target timed at fixed distance following H*

» Alternative 2 (Gussenhoven 2004, 2014)

» H* associates to first mora of accented syllable, trailing L
associates to next mora (not floating)
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EVIDENCE BEARING ON ACCENT ANALYSIS

Declarative

Interrogative

a. J b. J
| () (ay |
LoHoa H% LoHo H*

‘day/sun?’ ‘fire?’

_/
{(Slafit)} {(slafli)}

. LaHaH% LaHa H*L H% |

{(hlz')} | {(hli)}

LoHa L% LoHo H{(DL%
‘day/sun’ ‘fire’

N

{(Sr"i)}

LaHoL%
‘three’

“...any nonperipheral tone that lacks an
association line is deleted.”

Gussenhoven (2014, p. 60-61)



MORE SQUISHING:
ARVANITI ET AL. (2017) ON
POLISH CALLING MELODIES




TWO POLISH CALLING CONTOURS

Frequency (Hz)

Frequency (Hz)

5,000

4,000 -
3,000 -

2,000 1 |

1,000 -

0

5,000

4,000 -
3,000 -
2,000 -
1,000 -

7.5
- 6.9
- 6.3
- 5.7
- 5.1
4.5

na

7.5
- 6.9
- 6.3
- 5.7
'+ 51
4.5

ma

na

0.807

ERB

ERB

Routine

How are these
different?

Urgent

Figure 2 from Arvaniti et al.
(2017, p. 340)



THE EFFECT OF TONAL CROWDING
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Frequency (Hz)

Frequency (Hz)

5,000

4,000 -
3,000
2,000
1,000

O 4

5,000

4,000
3,000 |
2,000 ;
1,000 -

0 0.605
Time (s)
|
jae
0 0.6538
Time (s)

"

6.0
- 34
4.8
- 4.2
- 3.6
3.0

Irja

nna

Time (s)

0.7005

AN *H
\ v

7.0
- 6.1
- 5.2
- 4.3

2.5

ma

ja

nna

0

Time (s)

0.9021

ERB

Routine

c ERB

rgent

Fig. 1. Illustration of the routine call (a) and the urgent call (b) in monosyllabic words [pjotr] and
[Jac], and a three-syllable word [ma rjanna] exhibiting different degrees of tonal crowding.

Figure from Arvaniti et al. (2017, p. 340)



Z0OMING IN: EFFECT OF TONAL CROWDING
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Earlier peak
High 3 syllables alignment

ERB



Z0OMING IN: EFFECT OF TONAL CROWDING
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1 syllable

Time (s) Time (s)
LH* 1H-H% H* L-L%
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Z0OMING IN: EFFECT OF TONAL CROWDING

1 syllable, even less sonorant material

5,000
4,000 |
3,000 4SRN

0 0.4640 0.5481

Time (s) Time (s)
LH* 'H-H% H* L-L%



OTHER CROWDING EFFECTS: LENGTHENING

< 5000 6.0
I 4,000 - ,. N - 34
? 3,000 - . - 4.8 o0
@ 2,000 | 42 w
g 1,000 - ] - 3.6
L 0- 3.0
ma Irja nna
0 0.605 0 0.7005
a Time (s) Time (s)
— 5,000 > : 7.0
L 4,000 | - 6.1
g 3,000, | svape | [52 @
o 2,000 | Lk i LN - 4.3 W
S 1,000 ; - 3.4
o 01 2.5
jag ma 'rja nna
0 0.6538 0 0.9021
b Time (s) Time (s) Time (s)

Fig. 1. Illustration of the routine call (a) and the urgent call (b) in monosyllabic words [pjotr] and
[Jac], and a three-syllable word [ma rjanna] exhibiting different degrees of tonal crowding.
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TRUNCATION VS. COMPRESSION

Compression Truncation

3

>

I ‘ long word | I-long word \

Time Time

Fundamental frequency

Figure 1. Schematic representation of fundamental frequency compression (left)
and truncation (right) on words of different length.

Figure from Grabe (1998), p. 131
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TRUNCATION VS. COMPRESSION

English German
3
% Hz Sheafer  Sheaf Shift Hz Schiefer Schief  Schiff
:—“3 "\ ’\
B 300 1 \ \ 300 + P
= —
§200 - N \ \ 200 o I T\
= R B BN B B | U R I S S R IR O I N |
5
[T Time (s) Time (s)

Fig. 1.7 Representative F, traces of falls in British English and German on a pre-final
syllable, on a final syllable with a long vowel, and a final syllable with a short vowel
followed by an obstruent. The shaded area indicates the stress vowel of a disyllabic
word. German truncates falls on final rhymes like -iff, but English does not (cf. shift).
From Grabe (1997: 163).

Figure from Gussenhoven (2004), p. 10



TRUNCATION: (TARGET UNDERSHOOT)

< 5000 6.0
I 4,000 - ,. N - 34
? 3,000 - . - 4.8 o0
@ 2,000 | 42 w
g 1,000 - ] - 3.6
L 0- 3.0
ma Irja nna
0 0.605 0 0.7005
a Time (s) Time (s)
— 5,000 > : 7.0
L 4,000 | - 6.1
g 3,000, | svape | [52 @
o 2,000 | Lk i LN - 4.3 W
S 1,000 ; - 3.4
o 01 2.5
jag ma 'rja nna
0 0.6538 0 0.9021
b Time (s) Time (s) Time (s)

Fig. 1. Illustration of the routine call (a) and the urgent call (b) in monosyllabic words [pjotr] and
[Jac], and a three-syllable word [ma rjanna] exhibiting different degrees of tonal crowding.



TRUNCATION VS. COMPRESSION IN POLISH?

Frequency (Hz)

Frequency (Hz)

5,000

4,000 -
3,000
2,000 -
1,000

O 4

pjotr

0.5481

N

6.0
- 34
- 4.8 «q
- 42 w
- 3.6
3.0

Ima

0

Irja

nna

Time (s)

0.7005

LH* 'H-H%

jae

7.0
- 6.1
- 5.2
- 4.3
- 3.4
2.5

ERB

ma

0

ja

nna

0.6538 0

0.9021

b Time (s) Time (s) Time (s)

HY L-L%

Fig. 1. Illustration of the routine call (a) and the urgent call (b) in monosyllabic words [pjotr] and
[Jac], and a three-syllable word [ma rjanna] exhibiting different degrees of tonal crowding.




