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STATEMENT

INITIATION RESPONSE
Is the utterance a command, statement, Does the response contribute task/domain

PREPARATION

INSTRUCT

COMMAND

COMMUNICATIONIs the person who is transferring information
QUESTION

Does the question ask for confirmation of

inferred, given the dialogue context?

asking a question in an attempt to get evidence
that the transfer was successful, so they can
move on?

or question? information, or does it only show evidence
that communication has been successful?

material which the speaker believes might be

NOYES AMPLIFIED

COMPLEX

QUERY-YN

YES-NO

CHECK

YES NO

Does the question ask for a yes-no
answer, or something more complex?

REPLY-W

NO

REPLY-Y REPLY-N

COMPLEX

ALIGN CLARIFY

ACKNOWLEDGEMENT

READY

EXPLAIN

QUERY-W

YES

INFO REQUESTED

INFORMATION
Does the response contain just
the information requested, or is
it amplified?

Does the response mean yes, no,
or something more complex?

Is the utterance an initiation, response, or preparation?
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:��P8����$1$7Eo$-4^+��#�6!T$-4b$&L�����/0)-+]!;��$-%���s�'&�*)&�"% +F!Rl75O�?$-4b<�$�)-� � D,��� � B�( � ��2X�*!;�N!;�>�
� � �c� !#/#�"����sg!;���"/#��+-/��[!R2\$F<��"!#��$1E��,$-4x$&L7!J+-�8%���%�'H!#�����,P8��
-�"P��8��$7$1E ( ������z�/#��!K����!#$
!;/;+:��%q$&% +��#�6![!;�A+:!��A+-�[� t 9A+-PS%19><�LM�"/#�[$-4b<�$�)-��� ( �����?�#�" �$&%�E ��%I)-$&P8)-���[E��8)1�8E���%�'
!;���Y$&9>!#5�9>!�$-4b!;��� � ��� LIlq!;���Y5�/���$&/T5�/�$&LA+-L>��P��*!Rlo$-4^!#���a<=$.)&�"��s\ k+-P8 �9�P�+:!;�"EN4G/#$&<
!;����!#/;+-�8%���%�'V�#�"! DG�#�"��� t 9A+:!;�8$&% 1 ( 4 B ( �����T�#�" �$&%>Ep<��"!#��$7E
5>/#$1E�9� ��"�,�#P��8'&�I!;P*lBLO�"!�!;�"/
/#����9�P8!#�V+:%�E !#$7$ 
p4G�"2\��/=!#/;+-�8%���%>'o 6l1 �P��"� ( �����a/#�"�#9�P*!;��/#�"5M$&/0!;�"Ev��% �#�" "!#��$&% 1 (�� +-/��
$&L>!J+:��%��"Ea9>�#��%>'�!#�����x!#�� J��%�� t 9�� (

� P�P�5A+:!�!;��/�%��,+-/���5�/����#�"%I!;��Eo$&%� "����%�+V/;+-%>E�$&< $&/#E��"/�E�9>/#��%>'H$&%���!#/;+-�8%���%>'= 6l7 "P�� (

�)-��/0l i6H  6l7 "P��"��!;���?%��6!T���{!;�"��!;�"E $&%N!;���=)-+:P���E�+:!;�8$&%p���"!�+-%>En!;���?��9�< $-4b� t 9A+-/���E
��/#/�$&/#��D =9= 
 B ���� k+:P� �9>P}+:!#��E ( �  J���" (
V�8��5O��/04G$&/#<���EV+-%�E�!;/;+:��%��8%�',���`!;��/�<=�8%A+:!#��E��84D!#�����
=9= 
 4Q+-P8P���LO��P�$.2 1 � H ( �������K+-P8P�$.2X��$&%��[!;$a<=$-%��8!#$&/�4G$&/,$.)&�"/�!;/#+-��%>��%�' ( �����=%��"!R2\$&/�

+- J�����6)&�"EF$&5>!#��<�9><  �P�+-�#���8zA �+:!;�8$&%?/;+]!;�{+:4m!;�"/ 6 H  "l1 �P8��� (
�b��9�/#+-Ph%��"!R2\$&/ 
1��+-/#���6_D�" "!#�8)&�K+:!b �P�+-�#���8zA �+:!;�8$&%?'&�*)&��%B+TP}+-/�'&�Z4G�k+]!;9�/��,)-�� 6!;$&/ ( �g$

��%A+-L>P���+�%>�"!R2\$&/�
{!;$ZE�$^!;���8�c�8!c��%I)&�"%I!;��%��62 4G��+:!;9>/#���c9��#�8%�'�!;�>�x����E>E���%TP�+.l-��/�$-4 %�$1E���� (
�^%>4G$&/0!;9�%�+:!;�"P8l&s1�8!\���`)&�"/�lV�A+-/#E�!;$��8%I!;��/�5�/#�6!S!#��������4G�k+:!#9�/#�"� ( �b%�P�� 
-�X!;���Z "P}+-���#�*zA k+:!#��$&%
!;/#�"���"s��8!H���H%�$:!?5M$-�#�#�8L�P��B!;$qP�$1$ 

	��8%��#�8E����N!#���
%���9>/;+-PZ%>�"! ( �����($&%�P*lv<��"!#��$1E $-4
�"):+-P�9�+:!;�8$&%?+k):+-��P�+-L�P��X�8�S!;$TP8$7$ 
�+:!S!;���Z<�$.)&��/��� �$-'&%��8!#��$&%H+- � "9�/;+- 6lH/����#9>P8!;�\2X���� J�a+-/��
'&�8)-��%a��%?!;���,/����#9>P8!;�X���� "!#��$&% 1 (
�)(
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 J�A+-/;+: "!;�"/#�8��!;�8 ��H$:4{!#����9>!�!;�"/;+-%� "�-sX4G$&/V�KJ>+-<=5>P��
+k)&�"/;+-'-� � H sb+-<�5�P��*!;9�E>�-sx9>!�!;�"/;+-%� "�
zA%A+-P � H �LJ7 �9�/��#�8$&% �6!; ( �����6lqE�$(%�$-![/��k+-P8P8lo<=$1E��"P\!;�>�?�#� t 9��"%� ��B$-4X!;���?E>�8_M��/#�"%I!
!Rl75O���B$-4K��%I!;$&%�+:!;�8$&% �")-��%I!;�"s{E>��5��8 "!;�"E LIl #����"/#/����@9�<�LO��/0! D i.j � H B $&/ �g+:E�Ew� �Yz�%��8!#�
��!J+]!;��%��6!R2S$-/�
 D ��+-E�Ews i.j&j 1 B E��8�# �9>�#�#�"E(��%����� "!#��$&% 6)( 4 ( � ( ���������T<=$1E���P8��+:P��#$=E�$H%�$:!
+:!#!#��<�5>!Z!;$V k+-5>!#9�/#�T J��+-/;+- 6!;�"/#���0!;�8 ��Z$-4`�6)&�"%@!#�,��%�!;�>��E��8_M��/���%I!�5A+:/�!;��$-4�!;���T "$&%I!;$&9>/
DQ����+-EwsD%@9� "P��"9���sO!J+-�8P B +-�^E����� �/#�8LM�"E�LIlY!;��� �S/#�*!;����� =  J��$7$-P D�#c+-P8<=�"/�s i.j 4 4 B E>���# "9��#����E
��%Y�#�" "!;�8$&% 6)( 4 ( 4 (

�����8�c���� "!#��$&%T5>/#������%I!;��+�<��"!#��$1E�$-4O<=$1E��"P�P��8%�'�!;���"�#��E��*_D�"/#�"%@!c5A+-/0!;�~$-4A!#���x�8%@!#$&%A+ &
!;��$-%� �$-%@!#$&9�/g9��#�8%�'^!#���SE>�8_M��/#�"%I!~��!;+:!;�"�c$-4A+^���8E�E���% �F+-/�
:$.)K<�$1E���P ( E ���B�~+:/#�S5>/#$&L)&
+-L���P8���0!;�� KzA%��8!#�T��!;+:!;��%��"!R2\$&/ 
1��+-%�En+-/#��+Y �$&<�<=$-%�!;�� J�>%�� t 9��=��%o+- �$-9���!#�� #"]5���$&%��6!;�8 
<=$1E���P8P��8%�'F�8% +:9>!;$&<=+:!#�� H��5M�"�� J�v/��� "$&'&%��*!;��$-% +-%�E 5A+-/0! &R$:4 &R�#5O���" J� !;+-'&'&�8%�' ( � L>/#���64
$�)-��/0)7�8�"2 $:4M!#����!;���"$&/�lTLO���>��%�E[���8E�E���% �F+:/�
-$.)[<�$7E>��P��c����'&�*)&��%�+-P8$&%�'Z2X�*!;��+�E����� �9���&
�#��$-%
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 ( � ��E>���# "9��#����E
��%
�#�" "!#��$&% 6)( 4 ( �>sD!#��������%>�"!R2\$&/�
@�{ k+-%
LO�T9��#�"E
!;$?<�$7E��"P�!#����zA%��*!;�����"!,$-4��#� t 9���%� "���
$-4���%I!#$&%A+:!#��$&% �")-��%I!;� ( ����'&9�/���1 ( A '&�*)&���=+p��9�<�<V+-/0lq$-4Z!#������� � = �^� ( ����'&9�/���1 ( A +
�#��$.2X� #����"/#/#�"�@9�<�LO��/�!�� �\��%I!;$-%A+:!;�8$&%�'&/;+-<�<=+-/�'&�8)1�8%�'�+:P�PA!;���^P��"'I+-P�!;$-%������ t 9���%> �����4G$&/

`%>'&P��8�#� D�#�����/�/#�"�19><�LM�"/�!�s i.j � H B ( �c��'&9>/#�21 ( A LV�#�>$�2X�x!#�����#+-<��^�8%>4G$&/#<=+:!#��$&%[L�9>!\2X�8!#�
E����� �/#�85>!;�*)&�S):+-/��}+-L>P�����+-���#$1 ��}+]!;��EK2X�8!;����!J+]!;����2X���� J�T�"<=�*!�!#$&%����c$-4�!;�>�x5A+-/0!;�� "9�P}+:/�!Rl15O�
DQ� ( ' ( !#���[5��8!# J�n+- " ��"%@!K��!;+:!;�[�"<=�*!;��+-P8Pc!;�>��5>�8!; J�p+- " ���%I!,!Rl15M�"� B�( �c�8'&9�/�� 1 ( A  �����$.2X�
�g+:E�Ew� �x+-<���%�E>��EV)-��/#����$&% D i.j-j 1 B 2X����/��Z%@9� �P8�k+-/\+- " ���%I!#��+-/#�X!;/��k+:!#��E=E��8_M��/���%I!;P*lT4G/#$&<
5�/#��&R%@9� �P8�k+-/=+- " ���%I!#� ( �c��'-9�/#� 1 ( A E �#��$.2X�=!#��� �S/#�*!;����� =  J��$7$-Pb�0l1��!;�"< $-4�5�/�� &R�>�k+-Ews
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 � � ��� � � 
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+-%�EH��5M�" ��84ml[!#���ZP�� 
-�"P����>$7$1ET$-4w!#�A+:!x�0!J+:!#���"<=�*!#!;�8%�',$&%��^$-4h!;���^�")-��%I!;�X+-���#$1 ���+:!;�"EV2X�8!#�
�8! ( � $-/x�LJ>+-<�5�P��:s7!#���Z5��*!; J�a+- � "��%I!X��!;+:!;���8%VzA'&9>/#� 1 ( A L?<���'&�I!\�A+k)&�{+�����'-�H J�A+-%� "�,$-4
��<��8!#!#��%�',+{ �$&<�<�$&%�+- � "��%I!S��9� J�?+-� E�� +-%�EV+{<�9� J�VP8$�2\��/` J�A+:%� ��^$-4w�"<=�*!#!;�8%�',+,/;+-/��
+- � "��%I!T�#9> J� +:� E � � � ( �����H<�$1E���P8��+-/�� 
@%�$.2X% +-� �1� ���1C�� �F+-/ 
-$.)p<=$1E���P8��+:�K!;�>�
�#� t 9��"%� ��K$-4���!J+]!;��!;/#+-%��#�*!;�8$&%��x�8��%�$-!XE��8/#�� 6!;P*lHE��"/#�8):+-L>P���4G/�$&<�!#���,$&L��#�"/�)-��EF��� t 9��"%� ��
$-4~+: � ��"%I!;� (
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a12 a23

State 1                             State 2                             State 3

     

    a11 a22 a33

b1(o1)            b1(o2)                         b2(o3)                                      b3(o4)

Observation Sequence a                  a                           a                                      b

Observation vectors

�c��'-9�/#� 1 ( 6 U � !#��/#�"�{�0!J+:!#�-sAP8�"4m! & !;$%&W/#�8'&�I! E ���

d	� d	� � � � ) % &�%'& + %�' �	� 
�� ��
��

������zA/#�0!,��!;+-'&���8%�!;/;+:��%��8%�'=!#��� E ���B������!#$?E���/��8)-�T+H�#� t 9>��%� "�=$-4�$&L>�#��/0):+:!;�8$&%���4G$&/
�k+- J�(9>!�!;��/#+-%� "� ( ���������[$&L��#�"/�):+:!#��$&%��Z+-/#���8%I!;$&%A+]!;��$-%F�")-��%I!;��2X���8 J�
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�#9� J�p+-��!#����!;�8P8!^5A+-/;+:<=�6!;��/��ZE��"�# �/���LO��E(��%F�#�� 6!;�8$&% 6)( 4 (��)( ���>�TP}+:!�!;��/^���Z J�>$&�#�"%o4G$&/�+
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9>!#!#��/;+:%� ���� ( �A$&9�/b!;��P*!Z5A+:/;+-<��"!#��/#�GDQE��"�# �/���LO��E(��%F�#�� 6!;�8$&% 6)( 4 (���B +-/#��9>�#��Eo+-�Z!#���T$&L)&
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