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HIJK LMLNO PNKQOJR NK MS JTLUNT NSVMVJWS WX KWT N YNZ
MKL NQVK WX M VINWOZ WX PJMUW[\N LOW QNKKJS[ ]IWKN
T MJS QWSQNOSK MON VW LOW^JPN TWPNUK WX _`abcde
fc_ MSP WX VIN OWUN WX d fghab`gi ajkf_lm facg JS
MS M[NSV nK PNUJRNOMVJWS LOW QNKKNK o p\O KZKVNT \KNK
VIN HOJSPJq JV PJMUW[\N TW^N NS[JSN VWWUYJV r ]IJQI
MKK\T NK M TWPNU WX PJMUW[\N JS ]IJQI M LMOVJQJLMSs
V nK YSW] UNP[N JK QIMOMQVNOJKNP JS VNOT K WX fcta`ule
m fac gmlmig ]IJQI MON K\Rv NQV VW ^MOJW\K YJSPK WX
\LPMVJS[ TNQIMSJKT K o

w x��A�?BG����
yS VIJK LMLNO ]N PNKQOJRN M LONUJT JSMOZ JTLUNT NSs
VMVJWS WX M zT JPPUNsUN^NU n PJMUW[\N T MSM[NTNSV KZKs
VNT o HIN YNZ VMKYK WX M PJMUW[\N T MSM[NO MON VW
{| }~�� VIN ONLONKNSVMVJWS WX PJMUW[\N WS VIN RMKJK WX
LOW QNKKNP JSL\V �[NSNOMUUZr R\V SWV N�QU\KJ^NUZr UMSs
[\M[N \VVNOMSQNK� r MSP VW }���}� ]IMV �JX MSZVIJS[ �VIN KZKVNT KIW\UP PW SN�V o HINON JK M ] JPN OMS[N WX
WL JSJWSK QWSQNOS JS[ IW] VINKN VMKYK KIW\UP R N LNOs
XWOT NP r MSP JS LMOVJQ\ UMO r IW] VIN WS[WJS[ PJMUW[\N
KVMVN KIW\UP RN ONLONKNSVNP � N o[ or MK KWT NVI JS[ ^NOZ
KLNQJ�Q VW M LMOVJQ\UMO PWTMJS r WO MQQWOPJS[ VW KWT N
TWON [NSNOMU VINWOZ WX �I\T MS WO I\TMS JSKLJONP �
PJMUW[\N LOWQNKKJS[ o �V WSN N�VONT N r KWT N KZKVNT K
ONLONKNSV WSUZ VIN �VZLJQMUUZ ^NOZ OJ[ JP� VOMSKJVJWS K
LWKKJRUN JS M LNOQNJ^NP PJMUW[\N XWO VIN [J^NS VMKY r
WXVNS \KJS[ �SJVN KVMVNK JS M VOMSKJVJWS SNV]WOY VW
ONLONKNSV VIN PJMUW[\N � N�MTLUNK WX VIJK MON KZKs
VNT K R\JUV \KJS[ �\MSQN nK � JMUW[\N�\JUPNO WO VIN
���� nK �MLJP �LLUJQMVJWS �OWVWVZL NO o HIN WVINO
N�VONTN JK VW R\JUP VIN PJMUW[\N LOW QNKKJS[ VINWOZ WS
VWL WX M X\ UU T WPNU WX OMVJWSMU M[NSQZ �N o[ or ��ONVJNO
MSP �MPNY r ������ o HIN MLLOWMQI ]N VMYN INON UJNK
JS RNV]NNS VINKN V]W N�VONT NK � ]N \KN OJQI ONLONs
KNSVMVJWSK WX JSXWOT MVJWS KVMVNK r R\V KJTLUNO r T WON
PJMUW[\NsKL NQJ� Q PNUJR NOMVJWS TNVIWPK r OMVINO VIMS
M PNP\QVJ^N ONMKWSNO ]WOYJS[ WS VIN RMKJK WX MS M�s
JWT MVJQ VINWOZ WX OMVJWSMU M[NSQZo �N KIW] JS VIJK
LMLNO VIMV VIN VINWOZ WX JSXWOT MVJWS KVMVNK ]N LOWs
LWKN QMS r SN^NOVINUNKK r R N \KNP VW [J^N M QIMOMQVNOs
JKMVJWS WX PJMUW[\N MQVK K\QI MK VIWKN LOWLWKNP RZ
VIN � JKQW\OKN �NKW\OQN yS JVJMVJ^N LONQJKN NSW\[I VW

XWOT MUJKN VIN PNUJR NOMVJWS LOW QNKK WX M PJMUW[\N T MSs
M[NO JS M QWTLUNVNUZ PNQUMOMVJ^N XMKIJWS o
p\O JTLUNT NSVMVJWS JK RMKNP WS VIN MLLOWMQI VW

PJMUW[\N PN^NUWLNP JS �HOM\T r ���� � �WNKJW MSP
HOM\T r ���� � �WNKJW MSP HOM\T r ���� � HOM\T NV MU or
����� o HIJK VINWOZr UJYN WVINO MQVJWSsRMKNP VINWOJNK
WX PJMUW[\N r ^JN] K PJMUW[\N LMOVJQJLMVJWS JS VNOT K WX
M[NSVK L NOXWOT JS[ PJMUW[\N MQVK r VIN N�NQVK WX ]IJQI
MON VW \LPMVN VIN JSXWOT MVJWS KVMVN WX VIN LMOVJQJs
LMSVK JS M PJMUW[\N o �W]N^NO r W\O ^JN] WX PJMUW[\N
MQV N�NQVK JK QUWKNO JS KWT N ONKL NQVK VW VIMV WX �� UUs
]WWP r ���� � � UU]WWP r ����� MSP ��JS[I r ����� VIMS
VW VIN R NUJNX MSP JSVNSVJWS TWPNU WX ��MPNY r ��� ��
�OWK� MSP �JPSNO r ���� � �WINS MSP �N^NK�\N r ����� o
�MOVJQ\ UMO NTLIMKJK JK LUMQNP WS VIN  ¡��~¢ QWTT JVs
T NSVK WX VIN PJMUW[\N LMOVJQJLMSVK �WRUJ[MVJWSK VW
MQV MSP QWTT JVT NSVK VW LOWLWKJVJWS K� ] JVIW\V TMYs
JS[ N�LUJQJV QUMJT K MRW\V VIN MQV\MU R NUJNXK MSP JSs
VNSVJWSK WX VIN LMOVJQJLMSVK o � UKW r INM^Z NTLIMs
KJK JK LUMQNP WS IW] PJMUW[\N LMOVJQJLMSVK KW QJMUUZ
_`abcd ��UMOY MSP � JUYNKs� JRRK r ����� VIN JSXWOs
T MVJWS N�LONKKNP JS PJMUW[\N � VIN JSXWOT MVJWS KVMVN
MKK\T NP JS VIJK VINWOZ KL NQJ�NK ]IJQI JSXWOT MVJWS JK
MKK\T NP VW RN MUONMPZ LMOV WX VIN QWTTWS [OW\SP MV
M [J^NS LWJSV r MSP ]IJQI LMOV IMK R NNS JSVOWP\QNP r
R\V SWV ZNV RNNS NKVMRUJKINP o
HIN ONKV WX VIJK LMLNO JK KVO\QV\ONP MK XWUUW] K o HIN

VINWOZ WX PJMUW[\N \SPNOUZJS[ VIN JTLUNT NSVMVJWS JK
PNKQOJRNP JS TWON PNVMJU JS �NQVJWS £ o �NQVJWS ¤ PNs
KQOJR NK VIN JTLUNTNSVMVJWS JVKNUX o �NQVJWS � KIW] K
IW] VIN KZKVNT \LPMVNK JVK JSXWOTMVJWS KVMVN ]IJUN
LMOVJQJLMVJS[ JS M XMJOUZ KJTLUN PJMUW[\N o
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pSN RMKJQ MKK\TLVJWS \SPNOUZJS[ VIJK ]WOY JK VIMV
JV JK \KNX\U VW MSMUZKN PJMUW[\NK RZ PNKQOJRJS[ VIN
ONUN^MSV zJSXWOT MVJWS n VIMV JK M^MJUMRUN VW NMQI LMOs
VJQJLMSV o HIN SWVJWS WX fcta`ulmfac gmlmi �y�� JK
VINONXWON NTLUWZNP JS PNQJPJS[ ]IMV VIN SN�V MQVJWS
KIW\UP R N r MSP VIN N�NQVK WX \VVNOMSQNK MON PNKQOJRNP
JS VNOT K WX VIN QIMS[NK VINZ ROJS[ MRW\V JS y�K o �
LMOVJQ\UMO JSKVMSVJMVJWS WX M PJMUW[\N T MSM[NO r XOWT
VIJK LWJSV WX ^JN] r QWSKJKVK WX M PN�SJVJWS WX VIN QWSs
VNSVK WX y�K LU\K M PNKQOJLVJWS WX VIN \LPMVN LOWQNKKNK



]IJQI TML XOWT y� VW y� o �LPMVNK MON VZL JQMUUZ VOJ[s
[NONP RZ zX\UU n PJMUW[\N MQVK K\QI MK MKKNOVJWSK WO
PJONQVJ^NK r© WX QW\OKN r R\V VIN VINWOZ MUUW] K LMOVK WX
\VVNOMSQNK r JS QU\PJS[ JSPJ^JP\MU ]WOPK MSP N^NS K\Rs
LMOVK WX ]WOPK r VW R N VIN VOJ[[NO o HIN \LPMVN O\ UNK
XWO PJMUW[\N MQVK VIMV ]N MKK\T N INON MON M KJTLUJs
�NP ^NOKJWS WX VIN XWOTMUJKMVJWSK LOWLWKNP JS ��WNKJW
MSP HOM\T r ���� � HOM\T NV MU or ����� �INSQNXWOVI r
�HH� o
HIN T MJS MKL NQVK WX �HH ]IJQI IM^N RNNS JT s

LUNT NSVNP QWSQNOS VIN ]MZ PJKQW\OKN WRUJ[MVJWSK MON
IMSPUNP MSP VIN T MSSNO JS ]IJQI PJMUW[\N LMOVJQs
JLMSVK JSVNOMQV VW MPP JSXWOT MVJWS VW VIN QWTTWS
[OW\SP o pRUJ[MVJWSK MON NKKNSVJMUUZ KW QJMU JS SMV\ON r
MSP PJONQVUZ QIMOMQVNOJKN KLWYNS PJMUW[\N � M VZLJQMU
N�MTLUN WX M PJKQW\OKN WR UJ[MVJWS QWSQNOSK VIN ONUMs
VJWSKIJL RNV]NNS �\NKVJWSK MSP MSK]NOK o �WNKJW MSP
HOM\T XWUUW] �HOM\T MSP � UUNS r ����� JS K\[[NKVJS[
VIMV VIN \VVNOMSQN WX M �\NKVJWS JTLWKNK MS WRUJ[Ms
VJWS WS VIN INMONO VW MPPONKK VIN �\NKVJWS �N o[ or RZ
LOW^JPJS[ MS MSK]NO� r JOONKLNQVJ^N WX JSVNSVJWSK o
� K XWO VIN LOW QNKK RZ ]IJQI QWTTWS [OW\SP JK NKs

VMRUJKINP r WO _`abcdfc_ ��UMOY MSP �QIMNXNO r ���� �
HOM\T r ����� r VIN MKK\TLVJWS JS �HH JK VIMV QUMKKJs
QMU KL NNQI MQV VINWOZ JK JSINONSVUZ VWW KJTLUJKVJQ JS
VIMV JV J[SWONK VIN XMQV VIMV QWsWLNOMVJ^N JSVNOMQVJWS
JK NKKNSVJMU JS PJKQW\OKN � VI\K r XWO JSKVMSQN r KJTLUZ MKs
KNOVJS[ KWT NVIJS[ PWNK SWV T MYN JV R NQWT N T\V\MUUZ
zYSW]S n �LMOV WX VIN QWTTWS [OW\SP� o yV JK MQV\MUUZ
SNQNKKMOZ XWO VIN INMONO VW LOW^JPN KWTN YJSP WX MQs
YSW] UNP[NT NSV VIMV VIN MKKNOVJWS IMK R NNS ONQNJ^NP r
\SPNOKVWWP WO SWV \SPNOKVWWP r MQQNLVNP WO ONv NQVNP r
MSP KW WS o �WNKJW MSP HOM\T ^JN] VIN L\RUJQ JSs
XWOT MVJWS KVMVN MK JSQU\PJS[ RWVI T MVNOJMU VIMV IMK
MUONMPZ RNNS [OW\SPNP r JSPJQMVNP RZ _cd INON r MSP
T MVNOJMU VIMV IMKS nV RNNS [OW\SPNP ZNV o HINKN QWT s
LWSNSVK WX VIN JSXWOT MVJWS KVMVN MON \LPMVNP ]INS
_`abcdfc_ lhmg K\QI MK MQYSW] UNP[NT NSV MON LNOs
XWOT NP o ªMQI SN] QWSVOJR\VJWS ONK\UVK JS M SN] dfge
hab`gi bcfm ��� � RNJS[ MPPNP VW VIN JSXWOT MVJWS
KVMVN �HOM\T r ����� MSP ONQWOPNP JS M UJKV WX z\Ss
[OW\SPNP PJKQW\OKN \SJVK n ������ � VINKN ��K QMS
VINS RN K\RKN�\NSVUZ [OW\SPNP MK VIN ONK\ UV r N o[ or WX
�JTLUJQJV WO N�LUJQJV � MQYSW] UNP[NT NSVK o
« x:¬��:�����¨ ;@@
yS VI JK KNQVJWS r ]N PNKQOJRN VIN PNVMJUK WX VIN JT s
LUNT NSVMVJWS o ­ JOKV r JS �NQVJWS ¤ o�r ]N PNKQOJR N VIN
HOJSPJq JV VWWU XWO R\JUPJS[ PJMUW[\N T MSM[NOK VIMV
]N \KNP VW R\JUP W\O KZKVNT o yS �NQVJWS ¤ o£ r ]N PNs
KQOJR N VIN JSXWOT MVJWS KVMVNK \ KNP JS VIN JTLUNT NSs
VMVJWS r MS N�VNSKJWS MSP KJTLUJ�QMVJWS WX VIN JPNMK
XOWT �HH PJKQ\KKNP JS VIN LON^JW\K KNQVJWS o HINS r
JS �NQVJWS ¤ o¤ r ]N PJKQ\KK IW] VIN JSXWOT MVJWS KVMVN
JK \LPMVNP ]INS PJMUW[\N MQVK MON WRKNO^NP o ­ JSMUUZr
®¯° ±²²³´ ° µ°¶° ·µ° ¸¹º »¼±²²½¾»±·½¿À ¿Á Â½±¼¿Ã³° ±»·²
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Control

Input Output
Selection

module module

(IS)Information State

... = 

Interpreter Generator

Dialogue Move Engine (DME)

Update

­J[\ON �� HOJSPJq JV �OQIJVNQV\ON

JS �NQVJWS ¤ o� r ]N PNKQOJR N VIN O\UNK \ KNP RZ VIN KZKs
VNT VW MPWLV JSVNSVJWSK MSP LNOXWOT JVK W]S MQVJWSK o
�S N�VNSPNP N�MTLUN WX IW] VINKN TNQIMSJKT K MON
\KNP VW VOMQY MSP LMOVJQJLMVN JS M PJMUW[\N JK LONs
KNSVNP JS �NQVJWS � o
Ï ÐÑ ÒÓÔÕÖÔ× ÔØ
HIN RMKJK XWO W\O JTLUNTNSVMVJWS JK VIN HOJSPJq JV
PJMUW[\N TW^N NS[JSN VWWUYJV JTLUNT NSVNP MK LMOV
WX VIN H�y��y LOWv NQV ��MOKKWS NV MU or ����� o HIN
VWWUYJV LOW^JPNK K\LLWOV XWO PN^NUWL JS[ PJMUW[\N KZKs
VNT K r XW Q\KJS[ WS VIN QNSVOMU PJMUW[\N T MSM[NT NSV
QWTLWSNSVK o
HIN KZKVNT MOQIJVNQV\ON MKK\TNP RZ VIN HOJSPJq JV

JK KIW]S JS ­J[\ON �o � LOWT JSNSV XNMV\ON WX VIJK MOs
QIJVNQV\ON JK VIN JSXWOT MVJWS KVMVN r ]IJQI KNO^NK MK M
QNSVOMU zR UMQYRWMOP n VIMV LOW QNKKJS[ TWP\UNK QMS N�s
MT JSN �RZ T NMSK WX PN�SNP hacdfmfacg� WO QIMS[N
�RZ TNMSK WX PN�SNP aÙi`lmfacg� o HIN KVO\QV\ON
WX VIN y� XWO M LMOVJQ\UMO PJMUW[\N KZKVNT JK PN�SNP
RZ VIN PN^NUWLNO ]IW \KNK VIN HOJSPJq JV VW R\JUP
VIMV KZKVNT r WS VIN RMKJK WX IJKÚINO W]S VINWOZ WX
PJMUW[\N LOW QNKKJS[ � SW LONPN�SNP SWVJWS WX JSXWOs
T MVJWS KVMVN JK LOW^JPNP oÛ o HIN VWWUYJV LOW^JPNK M
S\TRNO WX MRKVOMQV PMVMsVZLNK K\QI MK UJKVK r KVMQYK r
MSP ONQWOPK r MUWS[ ] JVI MKKW QJMVNP QWSPJVJWSK MSP
WLNOMVJWSK r VIMV QMS RN \KNP VW JTLUNT NSV VIN \KNO nK
VINWOZ WX JSXWOTMVJWS KVMVNK � WVINO MRKVOMQV VZL NK
QMS MUKW R N PN�SNP o yS MPPJVJWS VW VIJK Q\KVWT JKs
MR UN SWVJWS WX JSXWOT MVJWS KVMVN r HOJSPJq JV LOW^JPNK
M XN] KZKVNT ^MOJMR UNK VIMV QMS MUKW \KNP XWO JSVNOs
T WP\UN QWTT\SJQMVJWS o HINKN JSQU\PN ÜÝÞßà XWO VIN
OM] WRKNO^NP �UMS[\M[N� JSL\V r áâàãäà å æçãä ]IJQI
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QWSVMJSK VIN PJMUW[\N TW^NK WRKNO^NP JS VIN TWKV
ONQNSV V\OS r áâàãäà äÞãâðãñ r MSP Ýãòà å æçãär QWSs
VMJS JS[ VIN PJMUW[\N TW^NK VW R N LNOXWOT NP RZ VIN
KZKVNT JS VIN SN�V V\OS o
� QWTLUNVN KZKVNT JK MKK\T NP VW QWSKJKV WX KN^s

NOMU T WP\UNK JSVNOMQVJS[ ^JM VIN óô o ��NN ­J[\ON �
M[MJS o� HIN QNSVOMU QWTLWSNSV JK QMUUNP VIN d fle
ka_bi uaõi ic_fci ��öª�o HIN �öª LNOXWOT K
VIN LOW QNKKJS[ SNNPNP VW JSVN[OMVN VIN WRKNO^NP PJs
MUW[\N TW^NK ] JVI VIN óô r MSP VW KNUNQV SN] TW^NK
XWO VIN KZKVNT VW LNOXWOT o HINKN V]W X\SQVJWSK MON
NSQMLK\UMVNP JS VIN bÙdlmi MSP gikihmfac K\Rs
TWP\UNK WX VIN �öª o HIN \LPMVN MSP KNUNQV TWPs
\UNK MON KL NQJ�NP RZ TNMSK WX VZL NP O\UNK r MK ]NUU MK
KN�\NSQJS[ LOW QNP\ONK VW PNVNOT JSN ]INS VW MLLUZ
VIN O\ UNK o �N MON INON T MJSUZ QWSQNOSNP ] JVI bÙe
dlmi `bkig �ßñßáãä� r ]IJQI QWSKJKV WX XW\O LMOVK � M
SMTN r M VZL N r M UJKV WX QWSPJVJWSK VW QINQY JS VIN JSs
XWOT MVJWS KVMVN r MSP M UJKV WX WL NOMVJWSK VW LNOXWOT
WS VIN JSXWOT MVJWS KVMVN o ßñß áãä MON PNKQOJR NP JS
TWON PNVMJU RNUW] r JS �NQVJWS ¤ o¤ o HINON MON MUKW
V]W TWP\UNK W\VKJPN VIN �öª LOWLNO r R\V KVJUU QO\s
QJMU VW M QWTLUNVN KZKVNT � fcmi`Ù`imlmfac r ]IJQI
QWSK\T NK VIN JSL\V MSP LOWP\QNK M UJKV WX PJMUW[\N
MQVK JS VIN áâàãäà å æçãä ^MOJMR UN �LWVNSVJMUUZ TMYs
JS[ ONXNONSQN VW VIN Q\OONSV JSXWOTMVJWS KVMVN� r MSP
_ici`lmfac r ]IJQI LOWP\QNK �� W\VL\V XOWT VIN
PJMUW[\N MQVK JS VIN Ýãòà å æçãä ^MOJMRUN o ­ JSMUUZr
VINON JK M hacm`ak TWP\UN r VIMV [W^NOSK VIN KNs
�\NSQJS[ �WO LMOMUUNU JS^W QMVJWS � WX VIN WVINO TWPs
\UNK o yS VIJK LMLNO ]N XW Q\K WS VIN y� MSP VIN �öª �
W\O Q\OONSV JTLUNT NSVMVJWS WSUZ \KNK ^NOZ KJTLUN
JSVNOLONVMVJWS MSP [NSNOMVJWS QWTLWSNSVK o
Ï Ð÷ øÕùúÓû üØÔúÕ ýØüØþÿ ÔÕ �ÒÒ
yS VI JK KNQVJWS ]N PJKQ\KK VIN JSXWOT MVJWS KVMVN \KNP
JS VIN Q\OONSV JTLUNT NSVMVJWS o HIN T MJS PJ�NONSQN
R NV]NNS VIN JTLUNTNSVNP y� MSP VIN VINWONVJQMU LOWs
LWKMU JS ��WNKJW MSP HOM\T r ����� JK VIMV JS VIN JT s
LUNT NSVMVJWS VIN JSXWOT MVJWS KVMVN JK LMOVJVJWSNP JS
�NUPK r NMQI QWSVMJSJS[ JSXWOT MVJWS WX PJ�NONSV VZLNK r
]INONMK JS VIN VINWONVJQMU ^NOKJWS VIN JSXWOT MVJWS
KVMVN JK M KJS[UN ONLWKJVWOZ WX XMQVK �M dfghab`gi
`iÙ`igicmlmfac gm`bhmb`i� o pVINO PJ�NONSQNK
MON PJKQ\KKNP RNUW] o �S N�MTLUN y� ] JVI KWT N �NUPK
� UUNP JK KIW]S JS ­J[\ON £ � VIJK JK VIN y� ]IJQI ONK\ UVK
XOWT VIN KNQWSP \VVNOMSQN JS VIN N�MTLUN PJMUW[\N
PJKQ\KKNP JS �NQVJWS � r � �¡{�� | ¢�~ �o�
HIN y� JS ­J[\ON £ JK M ONQWOP ] JVI V]W T MJS

LMOVK r � MSP � o HIN �OKV WX VINKN ONLONKNSVK VIN
KZKVNT nK �� J�MOP� ^JN] WX IJK W]S TNSVMU KVMVN MSP
WX VIN �KNT Js�L\RUJQ JSXWOT MVJWS PJKQ\KKNP JS VIN PJs
MUW[\N � VIN KNQWSP r IJK ^JN] WX VIN \KNO nK ��MUUNO�
JSXWOT MVJWS KVMVN o HIJK KNQWSP LMOV JK SNNPNP VW
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W: 

GND: 

OBL: 
understandingAct( )W,DU3
address( )C,CA2

DH: 
CA3: C2, acknowledge( )C,DU2
CA2: C2, info_request( )W,?helpform

SCP: < >

COND: < >

UDUS: < >DU3

PDU: 
TOGND: 

OBL: < >address( )C,CA2

DH: < >CA2: C2, info_request( )W,?helpform

SCP: < >

COND: < >

ID: DU2

CDU: 
TOGND: 

OBL: < >address( )W,CA6

DH: 
CA6: C2, direct( )C,giveroute(W)
CA5: C2, answer( )C,CA2,CA4
CA4: C2, assert( )C,want(C,route)

SCP: < >scp( )C,want( )C,route

COND: < >accept( )W,CA6  -> obl( )W,giveroute(W)

ID: DU3

INT: 

info_request( )W,?start
giveroute( )W
accept( )W,CA6
acknowledge( )W,DU3

C: [ ]INT: < >getroute( )C

­J[\ON £ � �VO\QV\ON WX ySXWOTMVJWS �VMVNK

TWPNU T JK\SPNOKVMSPJS[K MOJKJS[ XOWT VIN PJMUW[\N
LMOVJQJLMSVK IM^JS[ PJ�NOJS[ ^JN] K WS ]IMV IMK R NNS
[OW\SPNP � MK ]N MON SWV QWSQNOSNP ] JVI VI JK LOWRUNT
INON r ]N ] JUU J[SWON � JS ]IMV XWUUW] K o


 QWSVMJSK JSXWOT MVJWS WS VIN [OW\SPNP T MVNs
OJMU �_cd� r WS VIN \S[OW\SPNP JSXWOT MVJWS �bdbgr
Ùdb MSP hdb� r MSP WS � nK JSVNSVJWSK �fcm� o _cd
QWSVMJSK VIN JSXWOTMVJWS VIMV IMK MUONMPZ RNNS
[OW\SPNP � VIN WVINO �NUPK QWSVMJS JSXWOT MVJWS MRW\V
VIN QWSVOJR\VJWSK KVJUU VW R N [OW\SPNP o � K SWVJQNP
MRW^N r JS �HH JV JK MKK\TNP VIMV XWO NMQI SN] \Vs
VNOMSQN r M SN] �� JK QONMVNP MSP MPPNP VW VIN y� o
HIN Q\OONSV JTLUNTNSVMVJWS PJ�NOK XOWT VIN X\UU VINs
WOZ JS VIMV WSUZ V]W ��K MON ONVMJSNP MV NMQI LWJSV �
VIN Q\OONSV �� �hdb� MSP VIN LON^JW\K �� �Ùdb� o
HIN hdb QWSVMJS K VIN JSXWOT MVJWS JS VIN UMVNKV QWSs
VOJR\VJWS r ]IJUN VIN Ùdb QWSVMJSK JSXWOT MVJWS XOWT
VIN LNS\UVJT MVN QWSVOJR\VJWS o ySXWOT MVJWS JK T W^NP
XOWT Ùdb VW _cd MK M ONK\UV WX MS ü�� �MQYSW] Us
NP[NT NSV� PJMUW[\N MQV �KNN R NUW] o�
HIN ��K MSP VIN _cd �NUP QWSVMJS XW\O �NUPK r

ONLONKNSVJS[ WR UJ[MVJWSK �ajk� r VIN PJMUW[\N IJKVWOZ
�d� � r LOWLWKJVJWSK VW ]IJQI M[NSVK MON KW QJMUUZ QWT s
T JVVNP �ghÙ� r MSP QWSPJVJWSMU \LPMVNK �hacd� o HIN
^MU\N WX ajk JK M UJKV WX MQVJWS VZLNK � MQVJWSK VIMV
M[NSVK MON WRUJ[NP VW L NOXWOT o �S MQVJWS VZLN JK
KLNQJ�NP RZ M Ù`idfhlmi r M d flka_bi Ùl`mfhfe
Ùlcm r MSP M UJKV WX l`_buicmgo HIN ^MU\N WX ghÙ
JK M UJKV WX M LMOVJQ\ UMO VZL N WX TNSVMU KVMVNK r KWs
QJMU QWTT JVT NSVK WX M[NSVK VW LOWLWKJVJWSK o� HINKN
MON KLNQJ�NP RZ M dflka_bi Ùl`mfhfÙlcm r MSP M
Ù`aÙagfm fac o ­JSMUUZr VIN NUNT NSVK JS d� MON PJMs

� 
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UW[\N MQVJWSK r ]IJQI MON JSKVMSQNK WX PJMUW[\N MQVJWS
VZLNK o � PJMUW[\N MQVJWS JK KL NQJ�NP RZ MS MQVJWS
VZLN r M PJMUW[\N MQV JP r MSP M QWS�PNSQN UN^NU hact
�VIN QWS�PNSQN VIMV MS M[NSV IMK VIMV VIMV PJMUW[\N
MQV IMK R NNS WRKNO^NP� o
HIN KJV\MVJWS JS ­J[\ON £ JK VIN ONK\UV WX \LPMVNK VW

VIN y� QM\KNP RZ \VVNOMSQN �£� JS VIN PJMUW[\N JS ��� r
]IJQI JK MKK\TNP VW [NSNOMVN M Ö ÔÓþ�Ø MQV MK ]NUU MK
MS üÿÿþÓØ MQV MSP MS üÕÿ�þÓ MQV o� HIMV \VVNOMSQN
JK MUKW MKK\T NP VW QWSVMJS MS JTLUJQJV MQYSW] UNP[Ns
T NSV WX VIN WOJ[ JSMU �\NKVJWS � VI JK \SPNOKVMSPJS[ MQV
IMK ONK\UVNP JS VIN QWSVNSVK WX ��£ RNJS[ [OW\SPNP
�MSP K\RKN�\NSVUZ T NO[NP ] JVI _cd� r MK PJKQ\KKNP
RNUW] o
_cd �ajk JS ­J[\ON £ JSQU\PNK V]W WRUJ[MVJWSK o

HIN �OKV JK MS WRUJ[MVJWS WS � VW LNOXWOT MS \SPNOs
KVMSPJS[ MQV �VIN LONPJQMVN JK �ÕÖþÓÿØüÕÖÔÕ�� �Ø r
VIN LMOVJQJLMSV JK � r MSP VINON JK v \KV WSN MO[\T NSV r
��¤ r ]IJQI JPNSVJ�NK VIN �� JS hdb RZ ONXNOOJS[ VW
JVK fd � o HIN KNQWSP WRUJ[MVJWS JK MS WRUJ[MVJWS WS �
VW üÖÖÓþÿÿ QWS^NOKMVJWSMU MQV ��£ � VIJK y� LWJSVK
VW VIN MLLOWLOJMVN ÔÕùú Óþ��þÿØ JS VIN d� UJKV RZ
T NMSK WX VIN fd S\TRNO o pRUJ[MVJWSK MON KL NQJ�NP
JS hdb MSP Ùdb r MK ]NUU o HIWKN JS Ùdb MON KJTLUZ
M K\RKNV WX VIWKN JS _cd r KJSQN MV LWJSV JS VIN \Ls
PMVN LOW QNKK KIW]S JS ­J[\ON £ VI JK �NUP QWSVMJS K
JSXWOT MVJWS VIMV IMK MUONMPZ RNNS [OW\SPNP �SWVN
VIMV ��£ JK SWV JS bdbg MSZTWON� � R\V hdb QWSs
VMJS K WRUJ[MVJWSK VIMV IM^N SWV R NNS [OW\SPNP ZNV �
JS LMOVJQ\UMO r VIN WRUJ[MVJWS WS � VW üÖÖÓþÿÿ ��� o
_cd �d� JS VI JK y� QWSVMJSK M UJKV WX PJMUW[\N MQs

VJWSK ]IWKN W QQ\OONSQN IMK MUONMPZ RNNS [OW\SPNP �
VIN ÔÕ ùú Óþ��þÿØ L NOXWOTNP RZ \VVNOMSQN �r ] JVI MOs
[\TNSV M �\NKVJWS r� MSP VIN JTLUJQJV ü��Õú�  þÖ�þ
LNOXWOTNP RZ \VVNOMSQN £ o! HIN d� �NUP JS hdb QWSs
VMJS K PJMUW[\N MQVK L NOXWOT NP RZ \VVNOMSQN £ VIMV }¡
SNNP VW R N [OW\SPNP � M PJONQVJ^N RZ � VW � VW LNOs
XWOT MS MQVJWS WX VZL N � Ô"þÓú�Øþ r MSP MS üÿÿþÓØ
RZ � WX VIN LOWLWKJVJWS �üÕØ �� r OW\VN� r RZ ]IJQI �
LOW^JPNK MS üÕÿ�þÓ VW VIN LON^JW\K ÔÕ ùú Óþ��þÿØ
��£ o
HIN hacd �NUP JS hdb QWSVMJSK M QWSPJVJWSMU \Ls

PMVN ONK\UVJS[ XOWT VIN PJONQVJ^N LNOXWOT NP RZ VIMV
\VVNOMSQN o HIN JPNM JK VIMV PJONQVJ^NK PW SWV JTTNs
PJMVNUZ UNMP VW WRUJ[MVJWSK VW L NOXWOT VIN T NSVJWSNP
MQVJWS � JSKVNMP �JS MPPJVJWS VW MS WRUJ[MVJWS VW MPs
PONKK VIN MQVJWS ] JVI KWT N KWOV WX ONKLWSKN� r VINJO NXs
XNQV JK VW MPP VW VIN QWTTWS [OW\SP VIN JSXWOT MVJWS
VIMV �# VIN PJONQVJ^N JK ü��þ$ØþÖ RZ VIN MPPONKKNN r
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�7 �8 IN WO KIN IMK VIN WRUJ[MVJWS VW LNOXWOT VIN MQs
VJWS VZLN ON�\NKVNP o �yS VIJK QMKN r VW [J^N M OW\VN VW
� o�

Ï ÐÏ 9 $ÖüØþ : � þÿ ÔÕ �ÒÒ
�N MON SW] JS M LWKJVJWS VW N�MT JSN VIN \LPMVN
T NQIMSJKT K ]IJQI MON LNOXWOT NP ]INS SN] PJMs
UW[\N MQVK MON ONQW[SJKNP o � INS M PJMUW[\N LMOs
VJQJLMSV VMYNK M V\OS MSP LOWP\QNK MS \VVNOMSQN r
VIN JSVNOLONVMVJWS TWP\UN KNVK VIN KZKVNT ^MOJMRUN
áâàãäà å æçãä VW QWSVMJS M ONLONKNSVMVJWS WX VIN PJs
MUW[\N MQVK L NOXWOTNP ] JVI VIN \VVNOMSQN o HIN \Ls
PMVJS[ LOW QNP\ON VINS \KNK \LPMVN O\UNK VW TWPJXZ
VIN y� WS VIN RMKJK WX VIN QWSVNSVK WX áâàãäà å æçãä
MSP WX VIN LON^JW\K y� o HIN RMKJQ LOW QNP\ON JK PNs
KQOJR NP JS ��� R NUW] o;

��� �o �ONMVN M SN] �� MSP L\KI JV WS VWL WX
���K o

£ o �NOXWOT \LPMVNK WS VIN RMKJK WX RMQY]MOPK
[OW\SPJS[ MQVK o

¤ o yX MSZ WVINO VZL N WX MQV JK WRKNO^NP r ONQWOP
JV JS VIN PJMUW[\N IJKVWOZ JS hdb MSP MLLUZ
VIN \LPMVN O\UNK XWO VIJK YJSP WX MQV

� o �LLUZ \LPMVN O\UNK VW MUU LMOVK WX VIN y�
]IJQI QWSVMJS SN] UZ MPPNP MQVK o

HIN �OKV KVNL JS^WU^NK TW^JS[ VIN QWSVNSVK WX hdb
VW Ùdb �UWKJS[ PJONQV MQQNKK VW VIN XWOTNO Ùdb QWSs
VNSVK� MSP L\VVJS[ JS hdb M SN] NTLVZ �� ]JVI
M SN] JPNSVJ�NO o HIN KNQWSP MSP VIJOP KVNLK PNMU
N�LUJQJVUZ ] JVI VIN QWSVNSVK WX áâàãäà å æçãär MLs
LUZJS[ WSN \O\UN �WX LWKKJRUZ M UMO[NO KNV� XWO NMQI
MQV JS áâàãäà å æçãäo HIN ONUN^MSV N�NQVK XWO NMQI
MQV MON K\TTMOJKNP JS �£� r ]INON VIN ^MOJMR UNK IM^N
VIN XWUUW] JS[ VZLNK �

y� < �JMUW[\N �QV yPNSVJ�QMVJWS �\TRNO
�� < �� yPNSVJ�QMVJWS �\TRNO
�� �JMUW[\N �MOVJQJLMSV �J oN or VIN KLNMYNO�
= � =\NKVJWS
��p� � �OWLWKJVJWS
�QV �S �QVJWS
W ���� HIN WVINO PJMUW[\N LMOVJQJLMSV
� �y� � HIN QWSVNSV WX VIN y� r M LOWLWKJVJWS
= �y� � HIN QWSVNSV WX VIN y� r M �\NKVJWS
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�£� ?@A BC DE F GHHIJK LCMFBC EN
OPO@A QRRSTU VWXY Z[ \WQ ]^ VZ ]ZXSV^_WS`
?@A BC DE F GHa LCMFCb cN
OPO@A d OeO@ Lf ghij Ff gdjk gAlmijN
OPO@A nOolpO LCb cFbCb qN
?@A BC DE F GrsII LCMFBC EN
OPO@A dktu Lvwx FyHJ LCMFz LBC ENNN
?@A BC DE F G{y|Is LCMFBC E FBC}N
OPO@A dktu Lvwx FG{y LCMF~ LBC EN Fz LBC ENNN
?@A BC DE F GyyIsK LCMFMe�MN
OPO@A dktu Lvwx FyHJ LCMFMe�MNN
OPO@A dktu Lw��� FGHHIJK L� LCM NFBC N�

yHJ L� LCM NFMe�MNN
?@A BC DcF GyyIsK LCMFMe�MN
OPO@A dktu Lw��� FGHHIJK L� LCM NFBC N�

yHJ L� LCM NFMe�MNN
?@A BC DE F H�IHa LCMFMe�MN
OPO@A dktu L��� FG��sIyy L� LCMNFBC NN
OPO@A dktu Lw��� FGrsII L� LCM NFBC N �

yHJ LCMFMe�MNN
?@A BC DE F � �sIHK LCMF�@AN
OPO@A dktu L��� FG��sIyy L� LCMNFBC NN
OPO@A dktu Lw��� FGHHIJK L� LCM NFBC N �

���L� LCMNF�@ANN
?@A BC DE F �{�� sI��IyK LCMF� N
OPO@A dktu L��� FG��sIyy L� LCMNFBC NN

HIN ü�� MQV JK VIN WS UZ RMQY]MOP [OW\SPJS[ MQV
JTLUNTNSVNP MV VIN TWTNSV o HIN T MJS N�NQV WX MS
ü�� JK VW T NO[N VIN JSXWOT MVJWS JS VIN MQYSW] UNP[NP
�� �MKK\T NP VW RN Ùdb� JSVW _cd r MUKW ONTW^JS[
VI JK �� XOWT bdbgo �SUJYN VIN WVINO MQVK PNKQOJRNP
RNUW] r ü�� MQVK MON ONQWOPNP PJONQVUZ JSVW _cd �d� r
OMVINO VIMS JSVW hdb �ma_cd �d� o
� UU WX VIN WVINO \LPMVNK MON L NOXWOTNP JS VIN VI JOP

KVNL WX VIN LOW QNP\ON JS ��� o HIN WSUZ N�NQV WX ü��
�þ$Ø MQVK JK VW NSMRUN VIN QWSPJVJWSMU O\UNK ]IJQI
MON LMOV WX VIN N�NQV WX üÿÿþÓØ MSP ÖÔÓþ�Ø r UNMPJS[
VW KW QJMU QWTT JVT NSVK MSP WRUJ[MVJWSK r ONKL NQVJ^NUZo
ü�Óþþ MQVK MUKW VOJ[[NO QWSPJVJWSMU O\UNK JSVOWP\QNP
RZ ��þ�� � JS MPPJVJWS r VINZ ONK\UV JS VIN M[NSV R Ns
JS[ KW QJMUUZ QWTT JVVNP VW VIN LOWLWKJVJWS JSVOWP\QNP
RZ VIN MQV ] JVI ]IJQI VIN M[NSV M[ONNK o �NOXWOT s
JS[ MS üÕÿ�þÓ VW �\NKVJWS y� £ RZ MKKNOVJS[ LOWLWs
KJV JWS � �y�¤� QWTT JVK VIN PJMUW[\N LMOVJQJLMSV VW
VIN LOWLWKJVJWS VIMV � �y�¤� JK JSPNNP MS MSK]NO VW
= �y� £� o
HIN V]W O\ UNK XWO üÿÿþÓØ MON ]INON VIN QWS�PNSQN

UN^NUK MON MQV\MUUZ \KNP r VW JTLUNT NSV M KJTLUN ^NOs
J�QMVJWS KVOMVN[Zo HIN JPNM JK VIMV VIN KZKVNT WSUZ
MKK\T NK VIMV VIN \KNO JK QWTT JVVNP VW VIN MKKNOVNP
LOWLWKJVJWS ]INS M QWS�PNSQN UN^NU WX £ JK WRKNO^NP r
]IJUN KWT N MKKNOVK MON MKK\T NP SWV VW IM^N RNNS
K\� QJNSVUZ ]NUU \SPNOKVWWP r MSP MON WSUZ MKKJ[SNP M
QWS�PNSQN UN^NU �o HIJK UNMPK VIN KZKVNT VW LNOXWOT
M QINQY r MK ]N ] JUU KNN KIWOVUZo
HIN SN�V VIONN \LPMVN O\ UNK r XWO ��þ�� r Ö ÔÓþ�Ø r

MSP ÔÕùú Óþ� r MUU JT LWKN MS WRUJ[MVJWS WS VIN WVINO
PJMUW[\N LMOVJQJLMSV VW MPPONKK VIN PJMUW[\N MQV o yS

MPPJVJWS r VIN Ö ÔÓþ�Ø O\UN JSVOWP\QNK M QWSPJVJWSMU
MQV � MQQNLVMSQN WX VIN PJONQVJ^N ] JUU JTLWKN MS WRUJs
[MVJWS WS VIN INMONO VW MQV WS JVK QWSVNSVK o
yS MPPJVJWS r MUU ta`
l`d lhmg� JS VIN ��y

KQINT N �� JKQW\OKN �NKW\OQN ySJVJMVJ^N r ����� JTLWKN
MS WRUJ[MVJWS VW L NOXWOT MS \SPNOKVMSPJS[ MQV �N o[ or
MS MQYSW] UNP[NT NSV� �

�¤� ?@A y� �Q r ùúÓ�üÓÖ� úú� ÔÕ��ü�Ø ��� �
OPO@A L\KI �ajk r��ü�Ø �ú ���� r��� oJP ��

HIN JSVNOSMU \O\UNK JTLUNT NSVJS[ VIN \LPMVNK JS
�£� IM^N VIN XWOTMV KIW]S JS ��� r ]IJQI JK VIN \O\UN
XWO ÔÕùú Óþ��þÿØ o
�� � ����� � ��������  ¡ ����¢£¤�¥ ¡
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�K SWVNP MRW^N r VINKN O\ UNK IM^N XW\O LMOVK � M
SMTN r M VZL N r M UJKV WX QWSPJVJWSK r MSP M UJKV WX NXs
XNQVK o HIN QWSPJVJWSK JS �� � KVMVN VIMV VINON T\KV R N
M TW^N JS áâàãäà å æçãä ]IWKN LONPJQMVN JK ÜÝ¿æñãÀ o
HIN N�NQVK©Á KVMVN VIMV VIN TW^N KIW\UP RN ONQWOPNP
JS VIN PJMUW[\N IJKVWOZ JS hdb r VIMV MS WRUJ[MVJWS VW
MPPONKK VIN ON�\NKV KIW\UP R N L\KINP JSVW ajk JS
hdb r MSP VIMV VIN ON�\JONT NSV XWO MS \SPNOKVMSPs
JS[ MQV RZ � KIW\UP RN L\KINP PJONQVUZ JSVW VIN UJKV
JS 
 �_cd o
HIN XW\OVI MSP �SMU KVNL WX VIN MU[WOJVIT QZQUNK

VIOW\[I VIN \LPMVJS[ LOW QNKK JS QMKN ONQNSVUZ MPPNP
XMQVK IM^N X\OVINO JTLUJQMVJWSK o ­WO JSKVMSQN r ]INS
MS MQVJWS IMK R NNS LNOXWOT NP VIMV TMVQINK VIN MSs
VNQNPNSV WX M O\UN JS hacd r VIN QWSKN�\NSV JK NKs
VMRUJKINP o �JYN] JKN r ]INS MS MQVJWS JK L NOXWOT NP
JV ONUNMKNK MSZ WRUJ[MVJWSK VW L NOXWOT VIMV MQVJWS o
HI\K r ü��þ$Ø r üÕÿ�þÓ r MSP ü�Óþþ MON MUU ]MZK WX
ONUNMKJS[ MS WRUJ[MVJWS VW üÖÖÓþÿÿ r KJSQN VINKN MON
MUU MLLOWLOJMVN RMQY]MOP UWWYJS[ MQVJWSK o �JT JUMOUZr
MS M[NSV ] JUU POWL JSVNSVJWSK VW L NOXWOT MQVJWSK JV
IMK MUONMPZ �K\QQNKKX\UUZ � L NOXWOTNP o
Ï ÐÂ Ã þ  ÔÄ þÓüØÔúÕ
�N MKK\T N r JS QWTTWS ] JVI ��ysMLLOWMQINK VW
M[NSQZ �N o[ or ��OMVT MS NV MU or ������ VIMV JSVNSVJWSK
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MON VIN LOJT MOZ TNSVMU MVVJV\PN UNMPJS[ VW MS M[NSs
V nK MQVJWSK o HIN T MJS JKK\NK VW N�LUMJS VINS RNQWT N
IW] K\QI JSVNSVJWSK MON MPWLVNP [J^NS VIN ONKV WX
VIN JSXWOT MVJWS KVMVN r MSP IW] MS M[NSV [NVK XOWT
JSVNSVJWSK VW MQV\MU LNOXWOT MSQN o
­WO VIN UMVVNO �\NKVJWS r ]N VMYN M XMJOUZ KJTLUJKVJQ

MLLOWMQI INON � MUU VIN JSVNSVJWSK VW LNOXWOT PJMs
UW[\N MQVK MON KJTLUZ VOMSKXNOONP VW VIN Ýãòà å æçãä
KZKVNT ^MOJMR UN r ] JVI VIN MKK\TLVJWS VIMV VIN [NSs
NOMVJWS TWP\UN QMS ONMUJKN MUU WX VINT MK M KJS[UN \Vs
VNOMSQN o � TWON KWLIJKVJQMVNP MLLOWMQI ]W\UP RN VW
]NJ[IV VIN JTLWOVMSQN WX �JTTNPJMVN� ONMUJKMVJWS WX
KNVK WX JSVNSVJWSK MSP QWTLMON VIJK VW VIN UJYNUJIWWP
VIMV LMOVJQ\UMO \VVNOMSQNK ] JUU MQIJN^N VINKN N�NQVK
MV T JSJT MU QWKV r MSP QIWWKN MQQWOPJS[UZo �N UNM^N
VI JK XWO X\V\ON ]WOY �KNN �HOM\T MSP �JUUNSRW\O[ r
����� XWO KWT N LONUJT JSMOZ JPNMK MUWS[ VINKN UJSNK� r
QWSQNSVOMVJS[ INON WS VIN �OKV JKK\N � IW] VIN KZKs
VNT MPWLVK JSVNSVJWSK VW LNOXWOT PJMUW[\N MQVK XOWT
WVINO MKL NQVK WX VIN T NSVMU KVMVN o
HIN Q\OONSV KZKVNT VMYNK VIN XWUUW] JS[ XMQVWOK JSVW

MQQW\SV �
Ø WRUJ[MVJWSK �VW L NOXWOT \SPNOKVMSPJS[ MQVK r VW
MPPONKK LON^JW\K PJMUW[\N MQVK r VW LNOXWOT WVINO
MQVJWSK�

Ø LWVNSVJMU WRUJ[MVJWSK �VIMV ]W\UP ONK\UV JX MSs
WVINO MQV ]NON L NOXWOT NP r MK ONLONKNSVNP JS VIN
hacd �NUP�

Ø JSK\� QJNSVUZ \SPNOKVWWP PJMUW[\N MQVK �] JVI M
� QWS�PNSQN UN^NU JS hdb �d� �

Ø JSVNSVJWSK VW L NOXWOT QWTLUN� MQVK
HIN Q\OONSV PNUJR NOMVJWS LOW QNKK MKK\T NK T M�Js

T MU QWWLNOMVJ^ JVZr JS VIMV VIN KZKVNT MU]MZK QIWWKNK
VW T NNV JVK WRUJ[MVJWSK ]INSN^NO LWKKJRUN r MSP MUKW
QIWWKNK VW LOW^JPN M T M�JTMUUZ INULX\U ONKLWSKN
]INS LWKKJRUN o HI\K r ]INS WRUJ[NP VW üÖÖÓþÿÿ M
LON^JW\K PJMUW[\N MQV K\QI MK M �\NKVJWS WO PJONQs
VJ^N r JV ] JUU QIWWKN VW MQV\MUUZ ONV\OS VIN MSK]NO WO
L NOXWOT VIN MQVJWS r JX L WKKJRUN r OMVINO VIMS ONv NQV WO
SN[WVJMVN K\QI M LNOXWOT MSQN r ]IJQI ]W\UP MUKW R N
MQVJS[ JS MQQWOPMSQN ] JVI VIN WRUJ[MVJWSK �KNN �qON\s
VNU r ����� WS IW] MQVK T J[IV R N ONv NQVNP � o
yS VIN Q\OONSV JTLUNT NSVMVJWS r VIN XW UUW] JS[ O\ UNK

MON \KNP VW MPWLV SN] JSVNSVJWSK �J oN or VW \LPMVN VIN
fcm �NUP� �
�Ù� �o MPP MS JSVNSVJWS VW ü��Õú�  �

þÖ�þ �� r��� �r [J^NS MS WRUJ[MVJWS VW
L NOXWOT M ��ü�Ø r JX N^NOZVIJS[ JS hdb JK
K\� QJNSVUZ \SPNOKVWWP �J oN or VW UN^NU £� �

£ o MPP MS JSVNSVJWS VW MQQNLV M PJONQVJ^N WO MSs
K]NO M �\NKVJWS MK VIN ONK\UV WX MS WRUJ[MVJWS
VW MPPONKK M PJMUW[\N MQV �

¤ o MPP MS JSVNSVJWS VW L NOXWOT MS MQVJWS JX
hacd QWSVMJSK M QWSPJVJWSMU VIMV ] JUU NKVMRs
UJKI MS WRUJ[MVJWS VW LNOXWOT VIN MQVJWS r MSP

VIN MSVNQNPNSV WX VI JK QWSPJVJWSMU JK MSWVINO
MQVJWS VIMV JK MUONMPZ JSVNSPNP o �HIJK ~8Ú
����| ~�¡�Û LUMSSJS[ MUUW] K VIN WRUJ[MVJWS VW
R N PJKQIMO[NP MV VIN KMT N VJT N JV JK JS^WYNP r
N o[ or ] JVIW\V [J^JS[ MS JSVNOT NPJMVN MQQNLs
VMSQN WX MS PJONQVJ^N o�

� o MPP MS JSVNSVJWS VW L NOXWOT M �PJMUW[\N� MQs
VJWS TWVJ^MVNP RZ VIN JSVNSVJWS VW LNOXWOT
VIN Q\OONSV VMKY o yS VIN QMKN WX VIN �\s
VWOW\VN PWT MJS r ]N IM^N V]W QMKNK � VIN KZKs
VNT TMZ PNQJPN
�M� VW ��þ�� MSZ PJMUW[\N MQVK JS hdb MV

QWS�PNSQN UN^NU � r ]IJQI QWSVMJS JSXWOs
T MVJWS SNNPNP VW PJKQIMO[N VIN JSVNSVJWS
VW [J^N M OW\VN � WO

�R � VW LNOXWOT M �\NKVJWS MKYJS[ MRW\V M SN]
LJNQN WX JSXWOT MVJWS VIMV IMK SWV R NNS NKs
VMRUJKINP �VIJK JK PNQJPNP RZ JSKL NQVJS[
_cd �ghÙ MSP hdb �ghÙ� o ­WO N�MTLUN r
JV T MZ PNQJPN VW MKY MRW\V VIN KVMOVJS[
LWJSV r VIN VJT N WX PNLMOV\ON r NVQ o

Ü ÝÞ���?�? Ý Þ�:¬��
yS VIJK KNQVJWS r ]N PJKQ\KK TWON N�MTLUNK WX IW] VIN
JSXWOT MVJWS KVMVN QIMS[NK MK M ONK\ UV WX LOW QNKKJS[
MSP LNOXWOT JS[ PJMUW[\N MQVK o yV JK \KNX\U VW PW VIJK
RZ UWWYJS[ ROJNßZ MV M VZLJQMU �\VWOW\VN PJMUW[\N r
KIW]S JS ��� o©© p\O JTLUNTNSVMVJWS QMS LOWQNKK VIJK
KWOV WX PJMUW[\N \KJS[ ^NOZ KJTLUN JSVNOLONVMVJWS MSP
[NSNOMVJWS OW\VJSNK VIMV LOW^JPN VIN PJMUW[\N MQVK
JS áâàãäà å æçãä XOWT VIN VN�V KVOJS[K r MSP LOWP\QN
� nK W\VL\V VN�V XOWT VIN PJMUW[\N MQVK ]IJQI VIN
KZKVNT LUMQNK JS Ýãòà å æçãäo
��� à ácâ D ãlf @?i B uOädåæ áEâ D � nlkAO d äO?tO

à á}â D à uOnO flkäj çlk äèéO Al tA?nAåæ áêâ D ë ?äpOni
à áìâ D hnO?A ë?äpOniåæ áíâ D îOt
à áïâ D à uOnO jl çlk f?iA Al mlåæ áðâ D ñjf èitAlfO
à áòâ D ñjf èitAlfO èi ólAAèimu?o åæ ácôâ D îOt
à áccâ D à uOi jl çlk f?iA Al äO?pOåæ ácEâ D qèõ do
à ác}â D öO?pèim ?A í d go gåæ ácêâ D îOt
à ácìâ D Cl çlk f?iA AuO ÷kè@éOtA ln AuO

tulnAOtA nlkAOåæ ácíâ D �kè@éOtA
à ácïâ D M äO?tO f?èA fuèäO çlkn nlkAO èt @?äø

@k ä?AOj g
�N MKK\T N VIMV RNXWON VIN PJMUW[\N KVMOVK r � IMK

VIN JSVNSVJWS VW MKY � ]IMV YJSP WX INUL JK ON�\JONP r
®®éµ° ½À·°¶»µ±ÀÃ°² µ±È° � °°À »¼°±À°Â ³í ·¿ ²¿´ ° °ì·°À·µ°¶° É ´ ±½À¼� �� ¶°´ ¿È ½ÀÃ í±³²°² ±ÀÂ µ°²½·±·½¿À² Î



W: 

GND: 

OBL: 
giveroute( )W
understandingAct( )W,DU5
address( )C,CA8

DH: 
CA10: C2, acknowledge( )C,DU4
CA9: C2, accept( )W,CA6
CA8: C2, info_request( )W,?start

SCP: < >

COND: < >

UDUS: < >DU5

PDU: 
TOGND: 

OBL: < >address( )C,CA8

DH: 
CA9: C2, accept( )W,CA6
CA8: C2, info_request( )W,?start

SCP: < >

COND: < >

ID: DU4

CDU: 
TOGND: 

OBL: < >

DH: 
CA12: C2, answer( )C,CA8,CA11
CA11: C1, assert( )C,start(malvern)

SCP: < >

COND: < >

ID: DU5

INT: 
check( )W,start(malvern)
acknowledge( )W,DU5
giveroute( )W

C: [ ]INT: < >getroute( )C

­J[\ON ¤ � ySXWOT MVJWS �VMVN �OWTLVJS[ �INQY JS �Ù�

MSP VIMV � IMK VIN JSVNSVJWS VW �SP M OW\VN o �N MUKW
MKK\T N VIMV � IMK VIN V\OS r MSP VIMV VIN LONKNSQN
WX VIN 7 ¡ù �~8 ú 7 �¢| JSVNSVJWS VOJ[[NOK MS \VVNOMSQNPJONQVUZo ­ J[\ON £ r LONKNSVNP MRW^N r KIW] K VIN JSs
XWOT MVJWS KVMVN MXVNO \VVNOMSQN �£� o HIN JSVNSVJWSK
JS VIMV �[\ON UNMP PJONQVUZ VW VIN KZKVNT LOWP\QJS[
\VVNOMSQN �¤ � o
�WWYJS[ M UJVVUN X\OVINO MINMP JS VIN PJMUW[\N r ­ J[s

\ON ¤ KIW] K VIN JSXWOT MVJWS KVMVN MXVNO \VVNOMSQN
�� � o©Û �NON ]N QMS KNN JS hdb �ma_cd �d� �MUWS[ ] JVI
VIN ü�� MQV �� �� r JS _cd �d� � VIN PJMUW[\N TW^NK
VIMV VIJK \VVNOMSQN IMK [NSNOMVNP o �WVN VIMV VIN MKs
KNOV r �� ��r JK WSUZ MV QWS�PNSQN UN^NU �r JSPJQMVJS[
UMQY WX K\� QJNSV QNOVMJSVZ JS VIJK JSVNOLONVMVJWS MK
VIN VW]S z�ONMV ö MU^NOS no HIJK UMQY WX QNOVMJSVZ MSP
VIN ONK\UVJS[ UMQY WX M ONUN^MSV ��� JS hdb �ma_cd
UNMP VIN PNUJR NOMVJWS OW\VJSNK VW LOWP\QN MS JSVNSs
VJWS VW QINQY VIJK LOWLWKJVJWS OMVINO VIMS VW TW^N
PJONQVUZ WS VW MSWVINO JSXWOT MVJWS ON�\NKV o HIJK
JSVNSVJWS UNMPK VW \VVNOMSQN �Ù� r ]IJQI r MXVNO JSVNOs
LONVMVJWS MSP \LPMVJS[ WS VIN SN] PJMUW[\N MQVK r
UNMPK VW VIN JSXWOTMVJWS KVMVN JS ­J[\ON � o HIN JSs
VNONKVJS[ VIJS[ INON JK VIN QWSPJVJWS ]IJQI MLLNMOK
JS hdb �ma_cd �hacd MK M ONK\UV WX VIN QINQY � VIN
JSVNOLONVMVJWS WX VIJK JK VIMV r JX � M[ONNK ] JVI VIN
QINQY r VINS � ]JUU R N QWTT JVVNP VW VIN LOWLWKJVJWS
VIMV VIN KVMOVJS[ LUMQN JK ö MU^NOS �� ]W\UP MUKW R N
QWTT JVVNP VW VIJK RZ ]MZ WX VIN PJONQV N�NQVK WX MS
M[ONN MQV� o
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°²·±� ¼½²µ°Â Â½±¼¿Ã³° ±»·² É 
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W: 

GND: 

OBL: 
understandingAct( )C,DU6
giveroute( )W

DH: 
CA13: C2, acknowledge( )W,DU5
CA12: C2, answer( )C,CA8
CA11: C1, assert( )C,start(malvern)

SCP: < >

COND: < >

UDUS: < >DU6

PDU: 
TOGND: 

OBL: < >

DH: 
CA12: C2, answer( )C,CA8,CA11
CA11: C1, assert( )C,start(malvern)

SCP: < >

COND: < >

ID: DU5

CDU: 
TOGND: 

OBL: < >address( )C,CA14

DH: < >CA14: C2, check( )W,start(malvern)

SCP: < >

COND: < >agree( )C,CA14  -> scp( )W,start(malvern)

ID: DU6

INT: < >giveroute( )W

C: [ ]INT: < >getroute( )C

­J[\ON � � ySXWOT MVJWS �VMVN ­WUUW] JS[ �INQY JS �Ù�

W: 

GND: 

OBL: 
understandingAct( )C,DU8
giveroute( )W

DH: 
CA17: C2, acknowledge( )W,DU7
CA16: C2, agree( )C,CA14

SCP: 
scp( )C,start( )malvern
scp( )W,start( )malvern

COND: < >

UDUS: < >DU8

PDU: 
TOGND: 

OBL: < >

DH: < >CA16: C2, agree( )C,CA14

SCP: < >scp( )C,start( )malvern

COND: < >

ID: DU7

CDU: 
TOGND: 

OBL: < >address( )C,CA18

DH: < >CA18: C2, info_request( )W,?dest

SCP: < >

COND: < >

ID: DU8

INT: < >giveroute( )W

C: [ ]INT: < >getroute( )C

­J[\ON Ù � ySXWOT MVJWS KVMVN XW UUW] JS[ ���

�XVNO � nK M[ONNT NSV JS ��� r VIN PNUJR NOMVJWS OW\s
VJSN JK MRUN VW TW^N LMKV PJKQ\KKJWS WX VIN KVMOVs
JS[ LWJSV r MSP MPP MS JSVNSVJWS VW MKY MRW\V VIN
SN�V LJNQN WX JSXWOT MVJWS r VIN PNKVJSMVJWS o HIJK
UNMPK VW LOWP\QJS[ \VVNOMSQN ��� r ]IJQI MUKW JTLUJQs
JVUZ MQYSW] UNP[NK ��� r MXVNO ]IJQI � nK M[ONNT NSV JK
[OW\SPNP r UNMPJS[ VW VIN y� KIW]S JS ­J[\ON Ù o
�WVN VIMV VIN UJKV JS 
 �_cd �ghÙ JS ­J[\ON Ù JSs

PJQMVNK VIMV RWVI � ~8} � MON QWTT JVVNP VW VIN
LOWLWKJVJWS VIMV VIN KVMOVJS[ LUMQN JK ö MU^NOS o

� ���G�B�����
yV IMK WSUZ R NNS LWKKJRUN INON VW JSVOWP\QN VIN RMKJQ
QWSQNOSK WX VIN �HH MQQW\SV WX PJMUW[\N TWPNUUJS[
MSP VW LJQY W\V WSN WO V]W JUU\KVOMVJ^N N�MTLUNK VW
IJ[IUJ[IV VIN JTLUNT NSVMVJWSMU MLLOWMQI ]IJQI IMK



RNNS MKK\T NP o �\OONSV MSP X\V\ON ]WOY JK PJONQVNP
VW]MOPK T NMK\OJS[ VIN VINWOZ M[MJSKV TWON QIMUUNS[s
JS[ PMVM VW VNKV JVK ^MUJPJVZ � QMKNK ]INON [OW\SPs
JS[ JK UNKK M\VWT MVJQ MON MS WR^JW\K KW\OQN WX K\QI
VNKVK r MSP ]N IM^N JPNSVJ�NP M XN] ONUN^MSV LOWRUNT
QMKNK JS VIN �\VWOW\VN PJMUW[\NK o �N PW QUMJT r IW]s
N^NO r VIMV VIN JTLUNT NSVMVJWS MK JV KVMSPK ^MUJPMVNK
M S\TRNO WX YNZ MKL NQVK WX VIN VINWOZ MSP LOW^JPNK
M [WWP RMKJK XWO X\V\ON ]WOY JS PJMUW[\N TWPNUUJS[ o
E G§��� ��?¨:����
HIN H�y��y �HMKY pOJNSVNP ySKVO\QVJWSMU � JMs
UW[\N� LOWv NQV JK K\LLWOVNP RZ VIN HNUNTMVJQK �LLUJs
QMVJWSK �OW[OMTTN r �MS[\M[N ªS[JSNNOJS[ �OWv NQV
�ª�s�¤ �� o ö MKKJTW �WNKJW JK K\LLWOVNP RZ MS ª�s
��� �P^MSQNP �NKNMOQI ­NUUW] KIJL o

� ���A��G��
� o � UU]WWP o ���� o � �8�{� ��� �¡�� {8 ��~��¡8 ~ � ���¡8 ~8} �¡¡| ��~��¡8 o �I o� o VINKJK r � 	WVNRWO[
�SJ^NOKJVZr �NLMOVT NSV WX � JS[\JKVJQK o

� o � UU]WWP o ���� o pRUJ[MVJWSK MSP WLVJWSK JS PJMs
UW[\N o 
7 �8� �{~���� ¢Û r ¤ ��� �� o

ö o ª o �OMVT MS r � o � o yKOMNU MSP ö o ª o �WUUMQY o ���� o
�UMSK MSP �NKW\OQNs�W\SPNP �OMQVJQMU �NMKWSs
JS[ o �¡�| {�~��¡8~¢ ú8 ��¢ ¢�� �8��r � �� � o

�o �ONVJNO MSP ö o � o �MPNY o ���� o � OMVJWSMU M[NSV
MK VIN YNOSNU WX M QWWLNOMVJ^N KLWYNS PJMUW[\N
KZKVNT � yTLUNTNSVJS[ M UW[JQMU VINWOZ WX JSVNOs
MQVJWS o yS � o �o ö 	\UUNO r ö o � o �WWUPOJP[N r MSP
� o � o �NSSJS[K r NPJVWOK r ú8 ��¢ ¢�� �8 � �� �8 �  úúú 

� �¡���}�8�  ¡# �7 � 
7 ��} ú8 ���8~��¡8~¢ �¡�� 7 ¡|¡8 �� �8 � 
7 �¡��� � ���7 �����{�� � ~8} �~8�{~� � �� 
�� Ú��� r �NQV\ON �WVNK JS �OVJ�QJMU ySVNUUJs
[NSQN o �LOJS[NOs�NOUM[ r �NJPNURNO[ o

� o �MUPNO o ���� o HIJKVUN � PJM[OMT PJKL UMZ NSs
[JSNK MSP NPJVWOK o HNQISJQMU �NLWOV ����ÚH�s
�� r ���� r �SJ^NOKJVZ WX ªPJSR\O[I r ªPJSR\O[I o

� o � o �UMOY MSP ª o ­ o �QIMNXNO o ���� o �WSVOJR\VJS[
VW PJKQW\OKN o �¡�8 ����� � ���8��r �¤ �£Ù�� £�� o

� o � o �UMOY MSP � o � JUYNKs� JRRK o ���� o �NXNOOJS[
MK M QWUUMRWOMVJ^N LOW QNKK o �¡�8 ���¡8 r ££ ���¤� o
� UKW MLLNMOK MK �IMLVNO � JS ��UMOY r ���£� o

� o � o �UMOY o ���£ o ���8~  ¡# �~8�{~� � � �o �SJs
^NOKJVZ WX �IJQM[W �ONKK o

�o � o �WINS MSP � o � o �N^NK�\N o ���� o �MVJWSMU JSs
VNOMQVJWS MK VIN RMKJK XWO QWTT\SJQMVJWS o yS �o � o
�WINS r � o ö WO[MS r MSP ö o ª o �WUUMQY r NPJVWOK r ú8Ú
��8 ��¡8  �8 �¡�� {8 ��~��¡8 o ö yH �ONKK o

� JKQW\OKN �NKW\OQN ySJVJMVJ^N o ���� o �VMSPMOPK XWO
PJMUW[\N QWPJS[ JS SMV\OMU UMS[\M[N LOWQNKKJS[ o
�NLWOV SW o ��� r �M[KV\IUs�NT JSMO o

� o � o �OWK� MSP � o � o �JPSNO o ���� o �UMSK XWO PJKs
QW\OKN o yS �o � o �WINS r � o ö WO[MS r MSP ö o ª o �WUs
UMQY r NPJVWOK r ú8 ��8 ��¡8  �8 �¡�� {8 ��~��¡8 o ö yH
�ONKK o

� o q ON\VNU o ���� o �S WRUJ[MVJWSsPOJ^NS QWTL\VMs
VJWSMU T WPNU XWO �\NKVJWSK MSP MKKNOVJWSK JS PJMs
UW[\N o ö MKVNO nK VINKJK r �NLMOVT NSV WX � JS[\JKVJQK r
�SJ^NOKJVZ WX ªPJSR\O[I r ªPJSR\O[I o

� o �MOKKWS r �o �WIUJS r � o �WK r MSP � o HOM\T o ���� o
HOJSPJYJV T MS\MU o HNQISJQMU �NLWOV �NUJ^NOMRUN
�£ o£ s ö MS\MU r HOJSPJ o

ö o �WNKJW r � o �WWLNO r � o �MOKKWS r � o HOM\T r MSP
� o ö MVINKWS o ���� o �SSWVMVJS[ QWS^NOKMVJWSK XWO
JSXWOT MVJWS KVMVN \LPMVN o yS � �¡���}�8�   ¡# �� Ú
 ��¢¡�{� ��� ��} �¡�� 7 ¡| ¡8 �7 � � �� ~8 ���  ~8}
� �~�� ~���  ¡# � �~¢¡�{�  �

ö o �WNKJW MSP � o � o HOM\T o ���� o �WS^NOKMVJWSMU
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