SAPI Universal Phone Set

Introduction

The SAPI Universal Phone Set (UPS) is a machine-readable phone set that is based on the International Phonetic Alphabet (IPA). Our plan is to provide UPS as an additional SAPI Phone Converter object in future versions of SAPI for Windows XP SP1 and the dotNET Speech SDK, and as a merge module that vendors can distribute with their SAPI 5.x compliant applications and engines.  To build a new SR engine for a new language not covered by phone sets in the SAPI 5.1 SDK, an engine can use the universal phone set and be SAPI compliant. SAPI lexicons and grammars can be written using a subset of the UPS. There advantages to this are

· Microsoft can now provide one phone set that can be used for any new language.

· Engine vendors are no longer dependent on Microsoft to produce individual phone sets for new desired languages, so this should facilitate language coverage of SAPI engines.

· The IPA is used by linguists world-wide and is accepted as a standard. 

· The SAPI Phone IDs of the Universal Phone Set are the IPA Unicode values. Looking up the IPA Unicode description gives a full phonetic description of the phoneme.

· Mapping via IPA gives readily understandable mappings between UPS and other machine-readable alphabets such as X-SAMPA, SAMPA or ASCII-IPA.

· This Universal SAPI phone set should be powerful enough to describe any phonetic distinctions that an engine vendor may wish to model in a language. 

The Universal phone set contains a full set of IPA phones; however these are only intended to allow phonemic distinctions required by a language, or a phonetic distinction that an SR engine requires. 

UPS Design Principals

The following design principles were used to select SAPI labels and phone Ids for the UPS.

UPS covers the IPA 1993 Unicode character set, plus some extra SAPI phones including some supra-segmental labels that are used in speech synthesis markup but are not found in IPA. 
UPS pronunciations consist of a string of UPS phones, each separated by whitespace. SAPI makes no distinction between diacritics, suprasegmentals and tones, and so these must also be separated by whitespace like any other SAPI phone.

The UPS phone labels are not restricted to use the SAPI phone labels from US English, Spanish French, German, Japanese, or Chinese, however if possible, existing SAPI labels were re-used. Two sets of guidelines were used in creating the phone label names. (1) 
The UPS phone set reflects orthography where possible but is not biased too heavily towards English, and (2) phone labels adhere to labeling conventions that apply across phonetic classes (e.g., lax vowels are use the character ‘H’ as in ‘IH’, ‘UH’ and ‘AH’)

The UPS phone set is case-sensitive like all SAPI phone sets. UPS phone labels are all defined using ASCII 

· 
character strings. 
Segmental phones (consonants, vowels, clicks) are represented by upper case alphabetic symbols. These may vary in length, from 1 to 3 characters. In general, shorter symbols are used for more frequent phones. 
Diacritics are represented by 3-character lower case alphabetic symbols. 
Suprasegmentals and tones may vary in length and contain non-alphabetic characters.


In most cases there is a one to one mapping between UPS and IPA, and so the SAPI Phone ID can simply use the IPA hex Unicode value. In some cases UPS is a superset of IPA, for example UPS includes some unique phone labels for 
commonly used sounds such as diphthongs, and nasalized vowels, that IPA treats as compounds. These 
compounds are represented using the compounding symbol “+”. This is treated just like any other phone, and so must be space delimited in a lexicon – so the compound of A and B is written A + B, not AB or A+B. The SAPI Phone Ids of such compounds are formed from the sequence of phone IDs making up the compound.



· 
· 
Language Coverage

SAPI Phone Converters specify the languages they support in terms of a list of Language Identifiers. These are composed from the Primary Language Identifier and the Secondary Language Identifier. A full list of currently supported languages can be found in 

http://msdn.microsoft.com/library/default.asp?url=/library/en-us/intl/nls_238z.asp
The universal phone set should be used for all Microsoft-supported languages except the 6 languages currently supported by SAPI. 

	LangId
	Language

	404
	Chinese (Taiwan)

	804
	Chinese (PRC)

	409
	English (United States)

	40c
	French (Standard)

	407
	German (Standard)

	411
	Japanese

	40a
	Spanish (Spain, Traditional Sort)


Table 1. Languages NOT supported by Universal Phone Set

The UPS Phone Converter registry key contains an attribute “Language” whose value lists all the LangIds of the supported languages.

HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\Speech\

PhoneConverters\Tokens\Universal\

Attributes\Language
436;41c;401;801;c01;1001;1401;1801;1c01;2001;2401;2801;2c01;3001;3401;3801;3c01;4001;42b;42c;82c;42d;423;402;455;403;c04;1004;1404;41a;405;406;465;413;813;809;c09;1009;1409;1809;1c09;2009;2409;2809;2c09;3009;3409;425;438;429;40b;80c;c0c;100c;140c;180c;456;437;807;c07;1007;1407;408;447;40d;439;40e;40f;421;410;810;44b;457;412;812;440;426;427;827;42f;43e;83e;44e;450;414;814;415;416;816;446;418;419;44f;c1a;81a;41b;424;80a;c0a;100a;140a;180a;1c0a;200a;240a;280a;2c0a;300a;340a;380a;3c0a;400a;440a;480a;4c0a;500a;430;441;41d;81d;45a;449;444;44a;41e;41f;422;420;820;443;843;42a;

The full table of supported languages is given in Appendix B.

Compound Tying Symbol

UPS provides unique phone labels for common compound sounds such as affricates and nasal vowels. However less frequent compound sounds may also exist in some languages and need to be represented in SAPI lexicons. The Universal phone set provides a compounding or tying symbol + that can be used to describe composite sounds from any two phones.

The German affricate PF, Diphthong AI, and nasal vowel AN exist as unique phones in UPS; however they could also be represented as compounds. This example shows how PF and P + F are equivalent and are distinct from the phone sequence P F. 


Unique Phone
Compound

PF

P + F

AI

A + I



Nasal vowel AN can be described as the A vowel with a nasal diacritic. All diacritics must follow a segmental phone, so A nas and A + nas are equivalent. The former is preferred, though SAPI does not enforce any particular use of ‘+’ or diacritics.

Unique Phone
Compound

AN 

A nas

AN 

A + nas



SR engines must interpret compound sounds found in SAPI phone strings and map them to their SR internal phone set. For example one SR engine may have an acoustic model ‘pf’, in this case SAPI phone string ‘P + F’ or ‘PF’ would be mapped to SR phone ‘pf’. Another engine may not model ‘pf’ but only has models for ‘p’ and ‘f’. In this case both the SAPI compound phone would be split into its component parts ‘p’ ‘f’ by the SR engine. 

Such mappings are provided by the SR engine’s Phone Converter object within the engine Locale Handler. It is up to the engine developer to write this mapping code and to parse any incoming SAPI phone strings. Parsing Guidelines are given at the end of the document.
Phoneme Tables

The following sections describe the Universal Phone Set by means of tables.

The tables are divided as follows.

· Consonants and Vowels
· Diacritics

· Suprasegmentals

· Clicks and Ejectives

· Tone

· Other Symbols

Consonant Labels

Consonant symbols are either 1, 2 or 3 characters in length. Single character labels are used for highly frequent, language-universal consonants. In general the first character signifies place plus voicing, and the second signifies manner. Labeling conventions carry across phonetic classes in the following ways.

Conventions for place/voicing labeling are: 

1. Dentals and Alveloars use D for voiced and T for voiceless

2. Alveolars use N for nasal and R for approximant

3. Labiodentals use V for voiced and F for voiceless

4. Velars use G for voiced and K for voiceless, NG for nasal

5. Bilabials use B for voiced and P for voiceless stops, M for nasal

6. Laterals use L
7. Uvulars use Q
8. Pharyngeals use H
9. Palatals use X for voiceless Y for voiced

Conventions for manner of articulation labeling are:

1. Single character labels have manner encapsulated in choice of symbol: e.g. M is nasal

2. Trills double up the first symbol

3. Fricatives use H
4. Approximants use X
5. Retroflex uses R.

Using these conventions for example, BB is a bilabial trill, LR is a retroflex lateral, PH is a voiceless bilabial fricative.

In the following phone tables yellow rows indicate are sounds that are covered by one of the Microsoft‘s priority languages, English, French, Spanish, German, Japanese and Chinese.  Phones marked in orange text do exist in the IPA Unicode extension character set, but are not listed in the 1993 IPA tables. The UPS does not include these explicitly but they can be described using UPS compounds. They are listed in the tables for completeness.

The table columns contain the following information: 

UPS 


The SAPI phone label

IPA 


The IPS phone label 

Unicode

The Unicode IPA value 

SAPI ID

The SAPI phone ID, which in most cases is the Unicode value. 

IPA Description
The IPA feature description is composed from the feature set in Appendix A.
ipaASCII 

Equivalent phone in ipaASCII phone set for reference

X-SAMPA

Equivalent phone in X-SAMPA for reference

Examples are provided for each phone of the higher priority languages.

	UPS
	IPA
	Unicode
	SAPI ID
	IPA Description
	ipaASCII
	X-SAMPA
	Example
	Language

	P
	p
	U+0070
	0070
	{blb,stp,vls}
	P
	P
	put
	English

	B
	b
	U+0062
	0062
	{blb,stp,vcd}
	B
	B
	big
	English

	M
	m
	U+006D
	006D
	{blb,nas}
	M
	M
	mat
	English

	BB
	ʙ
	U+0299
	0299
	{blb,trl,vcd}
	B<trl> 
	B\
	
	

	PH
	ɸ
	U+0278
	0278
	{blb,frc,vls}
	P
	p\
	
	

	BH
	β
	U+03B2
	03B2
	{blb,frc,vcd}
	B
	B
	cabra
	Spanish

	MF
	ɱ
	U+0271
	0271
	{lbd,nas}
	M
	F
	
	

	F
	f
	U+0066
	0066
	{lbd,frc,vls}
	F
	F
	fork
	English

	V
	v
	U+0076
	0076
	{lbd,frc,vcd}
	V
	V
	vat
	English

	VA
	ʋ
	U+028B
	028B
	{lbd,apr,vcd}
	R<lbd>  
	V\
	
	

	TH
	θ
	U+03B8
	03B8
	{dnt,frc,vls}
	T
	T
	thin
	English

	DH
	ð
	U+00F0
	00F0
	{dnt,frc,vcd}
	D
	D
	then
	English

	T
	t
	U+0074
	0074
	{alv,stp,vls}
	T
	T
	talk
	English

	D
	d
	U+0064
	0064
	{alv,stp,vcd}
	D
	D
	dig
	English

	N
	n
	U+006E
	006E
	{alv,nas}
	N
	N
	no
	English

	RR
	r
	U+0072
	0072
	{alv,trl,vcd}
	R<trl>
	 
	torre, rojo
	Spanish

	DX
	ɾ
	U+027E
	027E
	{alv,flp,vcd}
	*
	4
	butter
	US English

	S
	s
	U+0073
	0073
	{alv,frc,vls}
	S
	S
	sit
	US English

	Z
	z
	U+007A
	007A
	{alv,frc,vcd}
	z
	Z
	zap
	US English

	LSH
	ɬ
	U+026C
	026C
	{alv,lat,frc,vls}
	
	K
	
	

	LH
	ɮ
	U+026E
	026E
	{alv,lat,frc,vcd}
	z<lat>
	K\
	caballo
	Spanish/Zulu

	RA
	ɹ
	U+0279
	0279
	{alv,apr}
	r
	r\
	puro
	Spanish

	L
	l
	U+006C
	006C
	{alv,lat,apr,vcd}
	l
	L
	lid
	US English

	L vel
	ɫ
	U+026B
	006C 02E0
	{alv,lat,apr,vcd} vel
	
	
	
	

	SH
	ʃ
	U+0283
	0283
	{pla,frc,vls}
	S
	S
	she
	US English

	SH pal
	ʆ
	U+0286
	0283 02B2
	{pla,frc,vls} pal
	
	
	
	

	ZH
	ʒ
	U+0292
	0292
	{pla,frc,vcd}
	Z
	Z
	pleasure
	US English

	ZH pal
	ʓ
	U+0293
	0292 02B2
	{pla,frc,vcd} pal
	
	
	
	

	TR
	ʈ
	U+0288
	0288
	{rfx,stp,vls}
	t.
	t` 
	
	

	DR
	ɖ
	U+0256
	0256
	{rfx,stp,vcd}
	d.
	D`
	
	

	NR
	ɳ
	U+0273
	0273
	{rfx,nas,vcd}
	n.
	N` 
	
	

	DXR
	ɽ
	U+027D
	027D
	{rfx,flp,vcd}
	*.
	r` 
	
	

	SR
	ʂ
	U+0282
	0282
	{rfx,frc,vls}
	s.
	S` 
	
	

	ZR
	ʐ
	U+0290
	0290
	{rfx,frc,vcd}
	z.
	Z` 
	
	

	R
	ɻ
	U+027B
	027B
	{rfx,apr,vcd}
	r.
	R
	red
	US English

	LR
	ɭ
	U+026D
	026D
	{rfx,lat,vcd}
	l.
	l` 
	
	

	RR rho
	ɼ
	U+027C
	0072 02DE
	{rfx,trl}
	
	
	
	

	CT
	c
	U+0063
	0063
	{pal,stp,vls}
	c
	C
	
	

	JD
	ɟ
	U+025F
	025F
	{pal,stp,vcd}
	J
	J\
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NJ
	ɲ
	U+0272
	0272
	{pal,nas,vcd}
	 
	J
	oignon
	French

	C
	ç
	U+00E7
	00E7
	{pal,frc,vls}
	C
	C
	sicher
	German

	CJ
	ʝ
	U+029D
	029D
	{pal,frc,vcd}
	C<vcd>
	j\ 
	
	

	J
	j
	U+006A
	006A
	{pal,apr,vcd}
	j
	J
	yard
	US English

	LJ
	ʎ
	U+028E
	028E
	{pal,lat,apr,vcd}
	l^
	L
	gli
	Italian

	W
	w
	U+0077
	0077
	{lbv,apr,vcd}
	w
	W
	with
	US English

	K
	k
	U+006B
	006B
	{vel,stp,vls}
	k
	K
	cut
	US English

	G
	g
	U+0067
	0067
	{vel,stp,vcd}
	g
	G
	gut
	US English

	NG
	ŋ
	U+014B
	014B
	{vel,nas}
	N
	N
	sing
	US English

	X
	x
	U+0078
	0078
	{vel,frc,vls}
	x
	X
	mujer
	Spanish

	GH
	ɣ
	U+0263
	0263
	{vel,frc,vcd}
	Q
	7
	luego
	Spanish

	GA
	ɰ
	U+0270
	0270
	{vel,apr,vcd}
	j<vel> 
	M\
	
	

	GL
	ʟ
	U+029F
	029F
	{vel,lat,vcd}
	L
	L\
	
	

	QT
	q
	U+0071
	0071
	{uvl,stp,vls}
	q
	Q
	
	

	QD
	ɢ
	U+0262
	0262
	{uvl,stp,vcd}
	G
	G\
	
	

	QN
	ɴ
	U+0274
	0274
	{uvl,nas,vcd}
	n"   
	N\
	
	

	QQ
	ʀ
	U+0280
	0280
	{uvl,trl,vcd}
	-
	R\
	
	

	QH
	χ
	U+03C7
	03C7
	{uvl,frc,vls}
	X
	X
	
	

	RH
	ʁ
	U+0281
	0281
	{uvl,frc,vcd}
	g"   
	R
	rond
	French

	HH
	ħ
	U+0127
	0127
	{phr,frc,vls}
	H
	X\
	
	

	HG
	ʕ
	U+0295
	0295
	{phr,frc,vcd}
	H<vcd> 
	?\ 
	
	

	GT
	ʔ
	U+0294
	0294
	{glt,stp,vls}
	?
	?
	
	

	H
	h
	U+0068
	0068
	{glt,frc,vls}
	h
	H
	help
	US English

	WJ
	ɥ
	U+0265
	0265
	{lbp,apr,vcd}
	j<rnd> 
	H
	huit;juin
	French


Table 2. UPS Consonant Table

The SAPI UPS includes explicit phones for the most frequent affricates in the Microsoft priority 1 languages. The IPA Unicode specification includes some of these phones, though not all of them. Therefore to be consistent, the SAPI phone IDs for affricates do not use the IPA Unicode values but instead concatenates the phone IDs of the component phones. Each SAPI phone id is four characters long.  For example JH 006A0361006A is equivalent to D + ZH 006A 0361 006A

This approach maintains the semantic equivalence of compounds and their constituents. It has been used to generate the phone IDs of all compound phones in the UPS. This allows an SR engine to easily decompose the compound phone into its constituent phones, which may be required if the engine doesn’t model one of these compounds.

	UPS
	Compnd
	IPA
	Unicode
	SAPI ID
	IPA Features
	Example
	Language

	PF
	P + F 
	p.f
	 
	007003610066
	{lbd,aff,vls}
	Pfahl
	German

	TS
	T + S
	t.s / ʦ
	U+02A6
	007403610073
	{den,aff,vls}
	Zahl
	German

	CH
	T + SH 
	t.ʃ / ʧ
	U+02A7
	007403610283
	{pla,aff,vls}
	chin
	English

	JH
	D + ZH
	d.ʒ / ʤ
	U+02A4
	006403610292
	{pla,aff,vcd}
	joy
	English

	JJ
	J + J
	j.j
	 
	006A0361006A
	{pal,aff,vcd}
	hielo
	Spanish

	DZ
	D + Z
	d.z / ʣ
	U+02A3
	00640361007A
	{den,aff,vcd}
	zona
	Italian

	CC
	T + SC
	t.ɕ / ʨ
	U+02A8
	007403610255
	{pla,aff,vls}
	 
	Mandarin

	TSR
	T + SR
	t.ʂ
	 
	007403610282
	{rfx,aff,vls}
	 
	Mandarin

	JC
	D + ZC
	d.ʑ / ʥ
	U+02A5
	006403610291
	{pla,aff,vcd}
	
	


Table 3. UPS Affricate Table

Many other affricates or compound consonants exist and may be required by other languages. For example there are about 20 Italian geminate consonants (double-consonants). UPS does not include dedicated phones for these, but allows them to be defined using the + symbol, or the length diacritic ‘lng’ in the case of geminates or double consonants. For more details see the section on parsing guidelines at the end of the document.

Vowel Symbols

The UPS labeling conventions for vowels were designed to make the phones more intuitive, and maintain phonetic similarity across each class. The labels follow these conventions:

1. Cardinal or main vowels use single character labels

2. Non-cardinal vowels and common diphthongs use two characters

3. Maximum label length is three characters.

1. Centralized vowel labels use X, as in AX IX UX.

2. Checked vowel labels use H, as in IH UH. 

3. U or O signifies lip rounding, as in AU, AO, EU.

The vowel chart below was taken after the 1993 IPA vowel chart and displays each IPA vowel followed by its UPS equivalent. The cardinal vowels are marked in red, the checked vowels in blue, and the centralized vowels down the middle in green. 
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	UPS
	IPA
	Unicode
	SAPI ID
	IPA Description
	IpaASCII
	X-SAMPA
	Example
	Language

	I
	i
	U+0069
	0069
	{hgh,fnt,unr,vwl}
	I
	i
	feel
	English

	Y
	y
	U+0079
	0079
	{hgh,fnt,rnd,vwl}
	Y
	y
	du
	French

	IX
	ɨ
	U+0268
	0268
	{hgh,cnt,unr,vwl}
	i"   
	1
	
	

	YX
	ʉ
	U+0289
	0289
	{hgh,cnt,rnd,vwl}
	U"   
	}
	
	

	UU
	ɯ
	U+026F
	026F
	{hgh,bck,unr,vwl}
	u-
	M
	
	

	U
	u
	U+0075
	0075
	{hgh,bck,rnd,vwl}
	u
	u
	too
	English

	IH
	ɪ
	U+026A
	026A
	{smh,fnt,unr,vwl}
	I
	I
	fill
	English

	YH
	ʏ
	U+028F
	028F
	{smh,fnt,rnd,vwl}
	I.
	Y
	hübsch
	German

	UH
	ʊ
	U+028A
	028A
	{smh,bck,rnd,vwl}
	U
	U
	book
	English

	E
	e
	U+0065
	0065
	{umd,fnt,urd,vwl}
	e
	e
	ses
	French

	EU
	ø
	U+00F8
	00F8
	{umd,fnt,rnd,vwl}
	Y
	2
	blöd
	German

	EX
	ɘ
	U+0258
	0258
	{umd,cnt,urd,vwl}
	@<umd>
	@\
	
	

	OX
	ɵ
	U+0275
	0275
	{umd,cnt,rnd,vwl}
	
	8
	
	

	OU
	ɤ
	U+0264
	0264
	{umd,bck,urd,vwl}
	o-
	7
	
	

	O
	o
	U+006F
	006F
	{umd,bck,rnd,vwl}
	o
	o
	go
	English

	AX
	ə
	U+0259
	0259
	{mid,cnt,unr,vwl}
	@
	@
	ago
	English

	AX rho
	ɚ
	U+025A
	0259 02DE
	{mid,cnt,rho,vwl} 
	R
	 
	forensic
	English

	EH
	ɛ
	U+025B
	025B
	{lmd,fnt,unr,vwl}
	E
	E
	pet
	English

	OE
	œ
	U+0153
	0153
	{lmd,fnt,rnd,vwl}
	W
	9
	plötzlich
	German

	ER
	ɜ
	U+025C
	025C
	{lmd,cnt,unr,vwl}
	V"
	3
	bird
	UK English

	ER rho
	ɝ
	U+025D
	025C 02DE
	{lmd,cnt,unr,rho,vwl}
	@.
	
	bird
	US English

	UR
	ɞ
	U+025E
	025E
	{lmd,cnt,rnd,vwl}
	O" 
	3\
	
	

	AH
	ʌ
	U+028C
	028C
	{lmd,bck,unr,vwl}
	V
	V
	cut
	English

	AO
	ɔ
	U+0254
	0254
	{lmd,bck,rnd,vwl}
	O
	O
	dog
	English

	AE
	æ
	U+00E6
	00E6
	{sml,fnt,unr,vwl}
	&
	{
	cat
	English

	AEX
	ɐ
	U+0250
	0250
	{sml,cnt,unr,vwl}
	 
	6
	besser
	German

	A
	a
	U+0061
	0061
	{low,fnt,unr,vwl}
	a
	a
	valle
	Spanish

	AOE
	ɶ
	U+0276
	0276
	{low,fnt,rnd,vwl}
	&.
	&
	
	

	AA
	ɑ
	U+0251
	0251
	{low,bck,unr,vwl}
	A
	A
	father
	English

	Q
	ɒ
	U+0252
	0252
	{low,bck,rnd,vwl}
	A.
	Q
	hot
	English


Table 4. UPS Monophthong Vowel Table

In addition to monophthongs, many languages contain diphthongs or even triphthongs. These can all be represented as vowel compounds using the + symbol. However to make lexicons more readable, UPS also contains phones for some common diphthongs. German diphthongs centralize to AEX whereas English diphthongs centralize to AX. 
	Compound
	UPS
	IPA
	SAPI ID
	X-SAMPA
	Example
	Language
	Example
	Language

	E + I
	EI
	e.ɪ
	006503610069
	eI
	late
	English
	
	

	A + UH
	AU
	ɑ.ʊ
	00610361028A
	aU
	foul
	English
	Haus
	German

	AO + I
	OI
	ɔ.ɪ
	025403610069
	OI
	toy
	English
	Kreuz
	German

	A + I
	AI
	ɑ.ɪ
	006103610069
	ai
	bite
	English
	Eis
	German

	I + AX
	IYX
	i.ə
	006903610259
	i:6
	fear
	English
	
	

	EH + AX
	EHX
	ɛ.ə
	025B03610259
	E6
	stairs
	English
	
	

	U + AX
	UWX
	u.ə
	007503610259
	u:6
	lure
	English
	
	

	O + AX
	OWX
	o.ə
	006F03610259
	o:6
	boa
	English
	
	

	AO + AX
	AOX
	ɔ.ə
	025403610259
	O6
	four
	English
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Table 5. UPS Diphthong Vowel Table

German has several more centering diphthongs that must be represented as SAPI phone compounds and do not have explicit UPS phones designated to them. The ‘lng’ diacritic is included for phonetic completeness.

	UPS Compound
	IPA
	SAPI ID
	X-SAMPA
	Example
	Language

	I + AEX
	i.ə
	0069 0361 0250
	i:6
	Tier
	German

	Y + AEX
	y.ə
	0079 0361 0250
	y:6
	Tür
	German

	EH + AEX
	ɛ.ə
	025B 0361 0250
	E6
	Berg
	German

	U + AEX
	u.ə
	0075 0361 0250
	u:6
	Kur
	German

	O + AEX
	o.ə
	006F 0361 0250
	o:6
	Ohr
	German

	AO + AEX
	ɔ.ə
	0254 0361 0250
	O6
	dort
	German

	IH + AEX
	ɪ.ə
	026A 0361 0250
	I6
	Wirt
	German

	YH + AEX
	ʏ.ə
	028F 0361 0250
	Y6
	Türke
	German

	E lng + AEX
	e.ə
	0065 02D0 0361 0250
	e:6
	schwer
	German

	EH lng + AEX
	ɛ:.ə
	025B 02D0 0361 0250
	E:6
	Bär
	German

	EU lng + AEX
	ø.ə
	00F8 02D0 0361 0250
	2:6
	Föhr
	German

	OE + AEX
	œ.ə
	0153 0361 0250
	96
	Wörter
	German

	A lng + AEX
	a.ə
	0061 02D0 0361 0250
	a:6
	Haar
	German

	A + AEX
	a.ə
	0061 0361 0250
	a6
	hart
	German

	UH + AEX
	ʊ.ə
	028A 0361 0250
	U6
	kurz
	German


Table 6. German Diphthong represented by compounds

UPS contains phones for four nasal vowels. These are shown in Table 7 with French examples. The SAPI phone ID for these phones is formed from the phone IDs of the primary vowel and the nasality diacritic. The UPS phone is therefore equivalent to the compound shown in the first column.

	Compound
	UPS
	SAPI ID
	X-SAMPA
	Example
	Language

	E nas
	EN
	00650303
	e~
	vin
	French

	A nas
	AN
	00610303
	a~
	vent
	French

	O nas
	ON
	006F0303
	o~
	bon
	French

	OE nas
	OEN
	01530303
	9~
	brun
	French


Table 7. UPS Nasal Vowel Table


Click and Ejective Symbols

IPA uses an ejective diacritic, but has specific phones for clicks and implosives. Even though this seems a little inconsistent, the UPS follows IPA directly here in order to maintain consistency between SAPI phone Ids and the IPA Unicode values.

IPA Unicode extensions include the Unicode character U+02A0 for a voiceless uvular implosive. This does not appear on the 1993 IPA chart, and so was not included in the UPS. If a language requires it, it can be treated as a compound QIM vls.

	UPS
	IPA
	Unicode
	SAPI ID
	IPA Description
	X-SAMPA

	PCK
	ʘ
	U+0298
	0298
	blb,clk
	O\

	TCK
	ǀ
	U+01C0
	01C0
	dnt,clk
	|\

	NCK
	!
	U+0021
	0021
	alv,clk
	!\

	CCK
	ǂ
	U+01C2
	01C2
	pla,clk
	=\

	LCK
	ǁ
	U+01C1
	01C1
	alv,lat,clk
	|\|\

	BIM
	ɓ
	U+0253
	0253
	blb,imp,vcd
	b_<

	DIM
	ɗ
	U+0257
	0257
	dnt-alv,imp,vcd
	d_<

	QIM
	ʛ
	U+029B
	029B
	uvl,imp,vcd
	

	QIM vls
	ʠ
	U+02A0
	029B 030A
	uvl,imp,vls
	

	GIM
	ɠ
	U+0260
	0260
	vel,imp,vcd
	g_<

	JIM
	ʄ
	U+0284
	0284
	pal,imp,vcd
	

	P ejc
	pʼ
	0070 02BC
	0070 02BC
	blb,ej
	b_>

	T ejc
	tʼ
	0074 02BC
	0074 02BC
	dnt-alv, ej
	t_>

	K ejc
	kʼ
	006B 02BC
	006B 02BC
	vel ej
	g_>

	S ejc
	sʼ
	0073 02BC
	0073 02BC
	alv fric ej
	s_>

	QT ejc
	qʼ
	0071 02BC
	0071 02BC
	uvl,ej
	


Table 8. UPS Clicks and Ejectives Table

Diacritic Symbols
The UPS contains the full set of IPA diacritics, shown in Table 9. 
Diacritics are used to modify segmental phones (vowels consonants clicks and ejectives) with additional phonetic detail. They are represented by three character lower case alphabetic labels. As the segmental labels are upper case this should facilitate the parsing of UPS phone strings and make SAPI UPS lexicons more readable.

	UPS
	IPA
	Unicode
	SAPI ID
	IPA Description
	IPA-ASCII
	X-SAMPA

	vls
	n̊
	U+030A
	030A
	Voiceless
	
	_0

	vcd
	s̬
	U+032C
	032C
	Voiced
	
	_v

	bvd
	b̤
	U+0324
	0324
	Breathy voiced
	
	_t

	cvd
	b̰
	U+0330
	0330
	creaky voiced
	
	_k

	asp
	tʰ
	U+02B0
	02B0
	Aspirated
	<h> {asp}
	_h

	mrd
	o̹
	U+0339
	0339
	more rounded
	
	_O

	lrd
	o̜
	U+031C
	031C
	less rounded
	
	_c

	adv
	o̟
	U+031F
	031F
	Advanced
	
	_+

	ret
	o̱
	U+0331
	0331
	Retracted
	
	_-

	cen
	ë
	U+0308
	0308
	Centralized
	
	_"

	mcn
	e̽
	U+033D
	033D
	mid-centralized
	
	

	syl
	n̩
	U+0329
	0329
	Syllabic
	{syl}
	=   / _=

	nsy
	n̯
	U+032F
	032F
	non-syllabic
	
	_^

	rho
	ə˞
	U+02DE
	02DE
	Rhoticity
	
	`

	lla
	n̼
	U+033C
	033C
	Linguolabial
	
	_N

	lab
	tʷ
	U+02B7
	02B7
	Labialised
	<w> {lzd}
	_w

	pal
	tʲ
	U+02B2
	02B2
	Palatalized
	; / {pzd}
	'

	vel
	tˠ
	U+02E0
	02E0
	Velarized
	{vzd}
	_G

	phr
	nˤ
	U+02E4
	02E4
	pharyngealized
	
	_?\

	vph
	l̴
	U+0334
	0334
	velarized or pharyngealized
	{fzd}
	_e

	rai
	e̝
	U+031D
	031D
	Raised
	
	_r

	low
	e̞
	U+031E
	031E
	Lowered
	
	_o

	atr
	e̘
	U+0318
	0318
	advanced tongue root
	
	_A

	rtr
	e̙
	U+0319
	0319
	retracted tongue root
	
	_q

	atr
	e̘
	U+0318
	0318
	advanced tongue root
	
	_A

	rtr
	e̙
	U+0319
	0319
	retracted tongue root
	
	_q

	den
	t̪
	U+032A
	032A
	Dental
	[ / {dnt}
	_d

	api
	t̺
	U+033A
	033A
	Apical
	
	_a

	lam
	t̻
	U+033B
	033B
	Laminal
	
	_m

	nas
	ñ
	U+0303
	0303
	Nasalized
	~ / <nzd>
	~ / _~

	nsr
	oⁿ
	U+207F
	207F
	nasal release
	
	_n

	lar
	dˡ
	U+02E1
	02E1
	lateral release
	
	_l

	nar
	d̚
	U+031A
	031A
	no audible release
	
	_}

	ejc
	pʼ
	U+02BC
	02BC
	Ejective
	{ejc}
	_>

	+
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	U+0361
	0361
	tie bar
	
	


Table 9. UPS Diacritics Table

Suprasegmental Symbols

The first set of suprasegmental symbols up to and including linking map directly to the IPA suprasegmental set and therefore have the IPA Unicode value as the SAPI phone ID. This set includes length diacritics for long, half-long and extra-short. Length is often used phonemically, so length markers could also belong in the diacritics table. For this reason they are given the lower case label format of a diacritic. 

The primary and secondary stress symbols are also used in other SAPI phone sets. The UPS phone set labels these as S1 and S2 where previously they were 1 and 2. The names were modified to avoid ambiguity with the level tones in Table 11.

The remaining set of suprasegmental symbols are used in SAPI for describing intonation contours in TTS markup. These UPS symbols were formed by prefixing the original SAPI labels with an underscore. This makes them more easily identifiable as a class and removes any ambiguity with other IPA symbols. For example the old SAPI symbol ‘!’ sentence terminator is the IPA symbol for an alveolar click.

The SAPI suprasegmental labels have their basis in punctuation, such as “Sentence teminator (period)”. In intonational terms this is classified as an intonational fall. The new UPS descriptions reflect this intonational meaning.

	UPS
	IPA
	Unicode
	SAPI ID
	IPA Description
	X-SAMPA
	SAPI Equivalent

	S1
	ˈ
	U+02C8
	02C8
	primary stress
	"
	1

	S2
	ˌ
	U+02CC
	02CC
	secondary stress
	%
	2

	.
	.
	U+002E
	002E
	syllable break
	
	

	_|
	|
	U+007C
	007C
	minor (foot) group
	
	

	_||
	‖
	U+2016
	2016
	major (intonation) group
	
	

	lng
	ː
	U+02D0
	02D0
	Long
	:
	

	hlg
	ˑ
	U+02D1
	02D1
	half-long
	:\
	

	xsh
	˘


	U+02D8
	02D8
	Extra-short
	_X
	

	_^
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	U+203F
	203F
	linking (absence of a break)
	-\
	

	_!
	
	
	0001
	intonation - exclamation
	
	! Sentence terminator (exclamation mark)

	_&
	
	
	0002
	intonation - continue
	
	& Word boundary

	_,
	
	
	0003
	intonation - incompletion rise
	, Sentence terminator (comma)

	_s
	
	
	0004
	Silence
	
	_ Silence (underscore)

	_.
	
	U+2198
	2198
	intonation – fall
	
	. Sentence terminator (period)

	_?
	
	U+2197
	2197
	intonation - question rise
	
	? Sentence terminator (question mark)


Table 10. UPS Suprasegmental Table

Tone Symbols

IPA contains a mixture of lexical tones and contour tones. UPS covers the five lexical tones found in IPA, plus upstep and downstep. All contour tones can be represented in UPS by compound tones. 

	UPS
	IPA
	Unicode
	SAPI ID
	IPA Description
	X-SAMPA

	T5
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	U+030B
	030B
	Extra high Level
	_T

	T4
	
	U+0301
	0301
	High Level
	_H

	T3
	
	U+0304
	0304
	Mid Level
	_M

	T2
	
	U+0300
	0300
	Low Level
	_L

	T1
	
	U+030F
	030F
	Extra Low Level
	_B

	T-
	
	U+2193
	2193
	Downstep
	!

	T+
	
	U+2191
	2191
	Upstep
	^


Table 11. UPS Tone Table

Examples of compound tones found in Mandarin are shown below, with the UPS description.

55 T5 T5

35 T3 T5

213   T2 T1 T3

UPS does not include tonal symbols for the IPA symbols shown in Table 11. Rising, Falling, High Rising, Low Rising and Rising-Falling can all be defined by tone sequences. Global Rise and Global Fall are equivalent to SAPI’s “intonation – fall” and “intonation – question rise” and are found in the UPA Suprasegmental chart, Table 10. 
	Rising

	Falling

	High Rising

	Low Rising

	Rising-Falling


Table 12. IPA tones not covered in UPS


Other Symbols

Finally, IPA has a table for some rare phones that don’t make it into the main IPA consonant table. Each of these has a UPS phone as shown in Table 13. 

	UPS
	IPA
	Unicode
	SAPI Id
	IPA Description
	IPA-ASCII
	X-SAMPA

	WH
	ʍ
	U+028D
	028D
	lbv,frc,vls
	w<vls>
	W

	ESH
	ʜ
	U+029C
	029C
	epl,frc,vls
	
	H\

	EZH
	ʢ
	U+02A2
	02A2
	epl,frc,vcd
	
	<\

	ET
	ʡ
	U+02A1
	02A1
	epl,stp
	
	>\

	SC
	ɕ
	U+0255
	0255
	pla,frc,vls
	
	s\

	ZC
	ʑ
	U+0291
	0291
	pla,frc,vcd
	
	z\

	LT
	ɺ
	U+027A
	027A
	alv,lat,flp
	*<lat>
	l\

	SHX
	ɧ
	U+0267
	0267
	simultaneous SH and X
	
	x\

	HZ
	ɦ
	U+0266
	0266
	glt,frc,vcd
	
	h\


Table 13. Other Symbols

This completes the phone set description. The following section gives some guidelines for using the UPS, and guidelines for engines that need to parse UPS phone strings.

Writing a SAPI-SR Phone Converter

If an engine vendor wishes to build a new SR engine for a new language, for which there is no specific phone converter supplied, they should use the SAPI Universal Phone Set. 

The engine vendor then needs to write a language-specific SAPI-SR phone converter for the new language. This is implemented in the SR engine’s locale handler: 

This phone converter defines the mapping between the SAPI phone set and the internal SR phone set for the particular language, which defines the acoustic models the engine uses. 

For example, the SR engine may only model broad phonemic distinctions in the language, but the application lexicon may encode a more precise phonetic description, for example through the use of diacritics. It is up to the engine to decide how to map the SAPI pronunciations.

In addition, there are no restrictions on application developers to use a particular subset of the UPS so the phone converter must do additional validity checks to ensure that the SAPI pronunciations use a valid phone subset for the language in question, and also that the phone strings are well formed according to some parsing guidelines.

Parsing guidelines are described in the next section. 

Parsing Guidelines for SAPI-SR Phone Converters

SAPI does not enforce any parsing conventions on phone strings, nor does it place any restrictions on the phonetic validity of compounds, or the correct usage of diacritics. 

Application developers need to be aware of guidelines for writing pronunciations and using the UPS phone set. In addition engine developers require some guidelines for parsing UPS phone strings.

The compound symbol 

The compound phone + is a Boolean symbol that requires a left and right context. Any two SAPI symbols can be joined by the compound symbol, including sequences of segmental symbols, tones and diacritics.

Any number of segmental symbols can be joined by +. Usually this will be limited to two in the case of affricates and diphthongs. Some sounds such as triphthongs or geminates may require three or more.

Seg = {Consonant | Vowel | Click | Ejective}

Phone = Seg (+ Seg)* 

PhoneString = Phone*

These are all valid phone strings, shown with the parsed meaning

Phone string



Parsed Phone String

A B C




A B C

A + B




AB

A B + C



A BC

A + B + C



ABC

Parsing Affricates Diphthongs and Nasal vowels. 

When the UPS contains a specific phone for a compound sound such as nasal vowels or affricates, the SAPI phone ID of the phone provides the information required to split it up into its constituent phones, including the + marker. 

For example UPS contains phones for the affricate PF and the nasal vowel AN. If the SR engine does not model such sounds and would prefer to split them up, it is possible by parsing the SAPI phone ID. Each SAPI phone ID is a fixed length of 4 integers as can be seen below where the phone ID for PF breaks down to three individual phones, P + and F. 



SAPI Phone ID

PF

007003610066
P + F

0070 0361 0066
AN

00610303
A nas

0061 0303
Diacritics 

A diacritic can not stand-alone. Diacritics must modify the preceding segmental phone. The compound marker is not required to bind diacritics. If the preceding phone is a + this should be ignored by the SR engine.

Any number of diacritics can follow a segmental symbol. Diacritics may use the three-letter symbol or the symbolic form if there is one.

Seg = {Consonant | Vowel | Click | Ejective}

Dia = {Diacritic}

Phone = Seg Dia*

These are valid phones with diacritics

Phone



Parsed Phone

A lng



Alng

A vls lng


Avlslng

The SR engine should also parse the following in the same way by ignoring the + marker.

A vls + lng


Avlslng

Tones

Lexical tones can follow a vowel or syllabic consonant. They can be made up of simple levels, on a universal scale which has a maximum of five level contrasts, or they can be contours composed of sequences of tones. A sequence of three tones should be sufficient to describe any tone contour.  This is represented by the following rule. 

Seg = { }

Tone = {T1 | T2 | T3 | T4 | T5}
LexTone = tone | tone (+) tone | tone (+) tone (+) tone
Phone = Seg (LexTone)

Phone String


Parsed Phone String

M + A T3 T5


MA35

M + A + T3 + T5

MA35

M A + T3 + T5

M A35

The first example defines a syllabic unit MA through the use of the compound + marker, with a 
high rising 35 tone contour

The second example attaches the tone to the vowel only. It would be up to the SR engine to map 
the M A to a syllable MA depending on the internal acoustic modeling. The compound symbols
 between tones is redundant here.  

Geminate consonants 

Italian geminates are sometimes described as long consonants, and they could be described using the length diacritic, or using the + symbol. The following table shows some alternative phone strings that would have equivalent meaning. 

	Compounds
	IPA
	Example
	Language

	TS lng
	T lng + S
	TS + TS
	t:.s
	Bozza
	Italian

	DZ lng
	D lng + Z
	DZ + DZ
	d:.z
	Mezzo
	Italian

	CH lng
	T lng + SH
	CH + CH
	t:.ʃ
	braccio
	Italian

	JH lng
	 D lng + ZH
	JH + JH
	d:.ʒ
	oggi
	Italian

	M lng
	M + M
	M + M
	m.m
	mamma
	Italian


Table 14. UPS Geminates
The preferred method is to use the length diacritic. To be safe, the engine developer should anticipate that any of these cases could be encountered in Italian SAPI lexicons or grammars.

Diphthongs 

Diphthongs are represented by placing a + marker between two vowels (
example: EY + EU)
German contains several examples of centering diphthongs for which there is no single labels in the UPS. Table 6 shows how they would be represented using UPS compounds. 
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Note that due to the length diacritic there are two ways in which the vowel in Bär could be represented. This first example attaches the length correctly to the EH vowel.

EH lng + AEX
025B 02D0 0361 0250
However it is possible that people could choose to attach the length to the schwa, or second vowel, such as in these two examples. 

EH + AEX lng
025B 0361 0250 02D0
The SR engine should expect to handle this kind of ambiguity in the SAPI to SR phone conversions.

Appendix A: 
IPA feature Symbols

These features are used to describe the sounds in the Universal Phonetic Alphabet.

	oral
	Orl

	approximant
	Apr

	vowel
	Vwl

	lateral
	Lat

	central
	Ctl

	trill
	Trl

	flap
	Flp

	click
	Clk

	ejective
	Ejc

	implosive
	Imp

	high
	Hgh

	semi-high
	smh

	semi-low
	sml

	upper-mid
	umd

	mid
	mid

	lower-mid
	lmd

	low
	low

	front
	fnt

	center
	cnt

	back
	bck

	unrounded
	unr

	rounded
	rnd

	aspirated
	asp

	unexploded
	unx

	syllabic
	syl

	murmurmed
	mrm

	long
	lng

	velarized
	vzd

	labialized
	lzd

	palatalized
	pzd

	rhoticized
	rzd

	nasalized
	nzd

	pharyngealized
	fzd


Appendix B: Languages Supported by Universal Phone Set

	LangId
	Language 
	LangId
	Language 

	
	
	2409
	English (Caribbean)

	436
	Afrikaans
	2809
	English (Belize)

	41c
	Albanian
	2c09
	English (Trinidad)

	401
	Arabic (Saudi Arabia)
	3009
	Windows 98/Me, Windows 2000/XP: English (Zimbabwe)

	801
	Arabic (Iraq)
	3409
	Windows 98/Me, Windows 2000/XP: English (Philippines)

	c01
	Arabic (Egypt)
	425
	Estonian

	1001
	Arabic (Libya)
	438
	Faeroese

	1401
	Arabic (Algeria)
	429
	Farsi

	1801
	Arabic (Morocco)
	40b
	Finnish

	1c01
	Arabic (Tunisia)
	80c
	French (Belgian)

	2001
	Arabic (Oman)
	c0c
	French (Canadian)

	2401
	Arabic (Yemen)
	100c
	French (Switzerland)

	2801
	Arabic (Syria)
	140c
	French (Luxembourg)

	2c01
	Arabic (Jordan)
	180c
	Windows 98/Me, Windows 2000/XP: French (Monaco)

	3001
	Arabic (Lebanon)
	456
	Windows XP: Galician

	3401
	Arabic (Kuwait)
	437
	Windows 2000/XP: Georgian. This is Unicode only.

	3801
	Arabic (U.A.E.)
	807
	German (Switzerland)

	3c01
	Arabic (Bahrain)
	c07
	German (Austria)

	4001
	Arabic (Qatar)
	1007
	German (Luxembourg)

	42b
	Windows 2000/XP: Armenian. This is Unicode only.
	1407
	German (Liechtenstein)

	42c
	Azeri (Latin)
	408
	Greek

	82c
	Azeri (Cyrillic)
	447
	Windows XP: Gujarati. This is Unicode only.

	42d
	Basque
	40d
	Hebrew

	423
	Belarusian
	439
	Windows 2000/XP: Hindi. This is Unicode only.

	402
	Bulgarian
	40e
	Hungarian

	455
	Burmese
	40f
	Icelandic

	403
	Catalan
	421
	Indonesian

	c04
	Chinese (Hong Kong SAR, PRC)
	410
	Italian (Standard)

	1004
	Chinese (Singapore)
	810
	Italian (Switzerland)

	1404
	Windows 98/Me, Windows 2000/XP: Chinese (Macau SAR)
	44b
	Windows XP: Kannada. This is Unicode only.

	41a
	Croatian
	457
	Windows 2000/XP: Konkani. This is Unicode only.

	405
	Czech
	412
	Korean

	406
	Danish
	812
	Windows 95, Windows NT 4.0 only: Korean (Johab)

	465
	Windows XP: Divehi. This is Unicode only.
	440
	Windows XP: Kyrgyz.

	413
	Dutch (Netherlands)
	426
	Latvian

	813
	Dutch (Belgium)
	427
	Lithuanian

	809
	English (United Kingdom)
	827
	Windows 98 only: Lithuanian (Classic)

	c09
	English (Australian)
	42f
	FYRO Macedonian

	1009
	English (Canadian)
	43e
	Malay (Malaysian)

	1409
	English (New Zealand)
	83e
	Malay (Brunei Darussalam)

	1809
	English (Ireland)
	44e
	Windows 2000/XP: Marathi. This is Unicode only.

	1c09
	English (South Africa)
	450
	Windows XP: Mongolian

	2009
	English (Jamaica)
	414
	Norwegian (Bokmal)

	418
	Romanian
	814
	Norwegian (Nynorsk)

	419
	Russian
	415
	Polish

	44f
	Windows 2000/XP: Sanskrit. This is Unicode only.
	416
	Portuguese (Brazil)

	c1a
	Serbian (Cyrillic)
	816
	Portuguese (Portugal)

	81a
	Serbian (Latin)
	446
	Windows XP: Punjabi. This is Unicode only.

	41b
	Slovak
	444
	Tatar (Tatarstan)

	424
	Slovenian
	44a
	Windows XP: Telugu. This is Unicode only.

	80a
	Spanish (Mexican)
	41e
	Thai

	c0a
	Spanish (Spain, Modern Sort)
	41f
	Turkish

	100a
	Spanish (Guatemala)
	422
	Ukrainian

	140a
	Spanish (Costa Rica)
	420
	Windows 98/Me, Windows 2000/XP: Urdu (Pakistan)

	180a
	Spanish (Panama)
	820
	Urdu (India)

	1c0a
	Spanish (Dominican Republic)
	443
	Uzbek (Latin)

	200a
	Spanish (Venezuela)
	843
	Uzbek (Cyrillic)

	240a
	Spanish (Colombia)
	42a
	Windows 98/Me, Windows NT 4.0 and later: Vietnamese

	280a
	Spanish (Peru)
	
	

	2c0a
	Spanish (Argentina)
	
	

	300a
	Spanish (Ecuador)
	
	

	340a
	Spanish (Chile)
	
	

	380a
	Spanish (Uruguay)
	
	

	3c0a
	Spanish (Paraguay)
	
	

	400a
	Spanish (Bolivia)
	
	

	440a
	Spanish (El Salvador)
	
	

	480a
	Spanish (Honduras)
	
	

	4c0a
	Spanish (Nicaragua)
	
	

	500a
	Spanish (Puerto Rico)
	
	

	430
	Sutu
	
	

	441
	Swahili (Kenya)
	
	

	41d
	Swedish
	
	

	81d
	Swedish (Finland)
	
	

	45a
	Windows XP: Syriac. This is Unicode only.
	
	

	449
	Windows 2000/XP: Tamil. This is Unicode only.
	
	


Appendix C: UPS Registered PhoneMap
The registered universal phone converter lists each SAPI phone label with its SAPI phone Id.
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 References

Two forms of the IPA have already been converted to ASCII, X-SAMPA and ASCII IPA. X-SAMPA is an extended version of SAMPA, produced by John Wells at UCL. 

ASCII IPA was produced so that Usenet members could discuss linguistic or language related ideas using ascii representations of IPA. – for example alt.usage.English.

The main differences between these seem to be that ASCII IPA is a smaller set of labels, as it tends to use some more diacritics rather than producing unitary labels for all IPA symbols. X-SAMPA has a direct mapping between all IPA symbols.

Below are some useful links to IPA, Unicode standard, X-SAMPA and ASCII IPA.

· Intro to Unicode standard http://www.unicode.org/unicode/standard/principles.html
· Unicode Standard: http://www.unicode.org/unicode/uni2book/u2.html
· Unicode IPA extensions http://www.unicode.org/charts/PDF/U0250.pdf
· IPA Unicode (John Wells) http://www.phon.ucl.ac.uk/home/wells/ipaunicode.htm#numbers
· IPA Charts http://www2.arts.gla.ac.uk/IPA/ipachart.html
· X-SAMPA (John Wells) http://www.phon.ucl.ac.uk/home/sampa/x-sampa.htm
· SAMPA multi-languages http://www.phon.ucl.ac.uk/home/sampa/home.htm
· ASCII-IPA  http://www.hpl.hp.com/personal/Evan_Kirshenbaum/IPA/faq.html 
· SAPI Phone Sets – in SAPI SDK help
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Close		i I	y Y		ɨ IX	ʉ UX		ɯ UU	u U





			       ɪ IH  ʏ YH		           ʊ UH





Close-mid	e E	ø EU		ɘ EX	ɵ OX		ɤ OU	o O





					      ə AX





Open-mid	ɛ EH	œ OE		ɜ ER	ɞ UR		ʌ AH	ɔ AO








		Æ AE			      ɐ AEX			





Open		a A	ɶ AOE					ɑ AA	ɒ Q








Figure � SEQ Figure \* ARABIC �1�. Chart showing IPA and UPS vowels








PAGE  
5

[image: image7.png]


[image: image8.png]


[image: image9.png]


[image: image10.png]


