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&RJQLWLRQ�/RRS�'LDJUDP
Environment
Observation

Scenario
Synthesizing

Case-based
Decision
Making

Link Configure
Optimization

Performance
Estimation

Link condition

User/policy

Radio hardware

Case identified

WSGA
Initialization
Objectives
Constraints

Knowledge Base

Reasoning

Strategy instruction

Apply experience

Radio

Success memorized

Case report

Bad trail overwritten



5DGLR�GRPDLQ�&RJQLWLRQ

5DGLR�GRPDLQ�UHFRJQLWLRQ
�5DGLR�HQYLURQPHQW
�5DGLR�SODWIRUP
�1HWZRUN

5DGLR�GRPDLQ�SUDFWLFH
�6PDUW�5)
�2SWLPL]DWLRQ�DOJRULWKP
�)XQFWLRQDO�YHULILFDWLRQ

• /HDUQLQJ�F\FOH
• 0RGHOLQJ��0DUNRY�0RGHO��1HXUDO�1HWZRUN
• 'HFLVLRQ��)X]]\�ORJLF��FDVH�EDVHG�UHDVRQLQJ
• 3UDFWLFH��*HQHWLF�DOJRULWKP��*$���)X]]\�GHFLVLRQ
• 9HULILFDWLRQ��"



:K\�8VH�*$�IRU�&RJQLWLYH�5DGLR"
• :LUHOHVV�V\VWHP�PXOWL�REMHFWLYH�SHUIRUPDQFH
• 1RQ�PDWKHPDWLFDO��QRQ�FORVH�IRUP�FRQVWUDLQWV
• *OREDO��PXOWL�REMHFWLYH��FRQVWUDLQHG�RSWLPL]DWLRQ



*HQHWLF�$OJRULWKP��*$�
• *HQHWLF�DOJRULWKP�EDFNJURXQG
• $Q�RSWLPL]DWLRQ�YLHZ�RI�*$
• 6ROXWLRQ�VSDFH�DQG�ILWQHVV�VSDFH
• $GDSWLYH�*$��$*$�
• 3DUDOOHO�LPSOHPHQWDWLRQ�RI�*$



(YROXWLRQ
• 7KH�WDXWRORJ\�RI�“VXUYLYDO�RI�WKH�ILWWHVW”
• 7KH�XOWLPDWH�FRXSOHG�LPSHUDWLYHV�

VHOI�UHSOLFDWLRQ DQG�QDWXUDO�VHOHFWLRQ
'LYHUVLW\�LV�DFKLHYHG�WKURXJK

LQQRYDWLRQ�LQ�HQJLQHHULQJ�RI�WKH�RUJDQLVP�
DQG�LWV�DVVRFLDWHG�ILWQHVV�LV�HPERGLHG

WKURXJK�WKH�QDWXUDO�VHOHFWLRQ�



• (YROXWLRQDU\�$OJRULWKP��($�
• *HQRW\SH�VSDFH�– LQGLYLGXDO�VSDFH
• )LWQHVV�VSDFH�– QDWXUDO�VHOHFWLRQ�

• (YROXWLRQDU\�SURJUDPPLQJ��(3�
• (YROXWLRQDU\�VWUDWHJ\��(6�
• *HQHWLF�$OJRULWKP��*$�

• (PSKDVLV�RQ�JHQHV
• 5HFRPELQDWLRQ�DQG�PXWDWLRQ
• *HQRW\SH�RI�FKURPRVRPH

(YROXWLRQ�LQ�$OJRULWKP�

$UH�ZH�IURP�*HQH�/RWWHU\"



*$�RU�$*�– $OJRULWKP�RI�*HQHV
• &KURPRVRPH�RI�JHQHV
• 3RSXODWLRQ�IRU�SDUDOOHOLVP
• *HQH�RSHUDWLRQV

• 5HFRPELQDWLRQ�
• 0XWDWLRQ

• *HQH�FRPSHWLWLRQ
• )LWQHVV�RI�JHQRW\SHV
• 6HOHFWLRQ�VFKHPH

• *HQH�VXUYLYRUV
• 3DUHWR�IURQW
• 6ROXWLRQ�H[WUDFWLRQ



• *HQHWLF�RSHUDWLRQ�YV��HYROYLQJ�
SURFHVV

• *HQHWLF�RSHUDWLRQV
• 5HFRPELQDWLRQ
• 0XWDWLRQ

• (YROYLQJ�3URFHVV
• 6HOHFWLRQ

• 7HUPLQDWLRQ�FULWHULRQ
• 6ROXWLRQ�H[WUDFWLRQ

$Q�2SWLPL]DWLRQ�9LHZ�RI�*$�



*HQHWLF�2SHUDWLRQ�
YV��(YROYLQJ�3URFHVV

HQYLURQPHQW�GHILQHG��VHOI�GHWHUPLQHG5XOHV
QHZ�JHQRW\SHV
JHQH�UHVKXIIOH
IRU�GLYHUVLW\

LQ�FKURPRVRPH
LQWHUQDO�JHQH�EHKDYLRU
*HQHWLF�RSHUDWLRQ

7KH\�DUH�&RXSOHG�LQ�HDFK�DOJRULWKP�LWHUDWLRQ�
)LWQHVV��RQ�JHQRW\SH��ELQGV�WKHP�WRJHWKHU��

WKH�ILWWHVW�VXUYLYHV5HVXOW
LQGLYLGXDO�FRPSHWLWLRQ%HKDYLRU

IRU�WUHQG*RDO
RYHU�SRSXODWLRQ5HJLPH

H[WHUQDO�VHOHFWLRQ�IRUFH'RPDLQ
(YROYLQJ�SURFHVV

*HQHWLF�2SHUDWLRQ�LWVHOI LV�127�UHODWHG�WR�RSWLPL]DWLRQ�1RWH



0RWKHU

2IIVSULQJ
)DWKHU

1DWXUDO�%LQDU\�5HFRPELQDWLRQ��
• %LQDU\��FURVVRYHU�DV�VKRZQ�LQ�QDWXUH
• ,GHDO�IRU�FRPSXWHU�LPSOHPHQWDWLRQ

I�
I�

IBR�
IBR�

P�
P�

PBR�
PBR�

IBR�

PBR�

3DUHQW
S�
S�

R�
R� RIIVSULQJ

6LPSOLILHG�DV�WKHUH’V�QR�GLIIHUHQFH�EHWZHHQ�IDWKHU�DQG�PRWKHU�
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Parent 1

Parent 2

Offspring 1
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Offspring 2

Crossover – 2 parents cross genes to build 2 offspring

��%��%�� �%��%��%��%��$��$��$��$��$��$��$��$��$��

Offspring 2

Mutation – offspring 2 has 3 genes randomly mutated

&URVVRYHU�DQG�0XWDWLRQ��



3RSXODWLRQ�,QLWLDOL]DWLRQ�DQG�
0XWDWLRQ
• 'LYHUVLW\�ELDV�DQG�FRQWURO

• 3RSXODWLRQ�VL]H�DQG�GLVWULEXWLRQ
• 0XWDWLRQ�VFKHPHV

• 3URMHFWLRQ�LQ�ILWQHVV�VSDFH
• 5DGLR�GRPDLQ�NQRZOHGJH�GHSHQGHQF\

,QLWLDO�SRSXODWLRQ�VL]H

�LWHUDWLRQ &RQYHUJH�
(TXLYDOHQW�SRSXODWLRQ�VL]H�

� GLYHUVLW\



)LWQHVV�/DQGVFDSH�
• 6ROXWLRQ�VSDFH�Î ILWQHVV�VSDFH
• +XPDQ�YV��WDUJHW�SUREOHP�

• +XPDQ��DOOHOH�LQGHSHQGHQWO\�GHWHUPLQHV�JHQRW\SHV
• 7DUJHW�SUREOHP��HTXDWLRQ�PL[HV�SDUDPHWHUV

• 3DUDPHWHU�GHSHQGHQF\�FRPSOLFDWHV�WKH�SUHGLFWLRQ
• *HQHWLF�RSHUDWLRQV�VFDWWHU�WKH�SRSXODWLRQ�RQWR�WKH�
ILWQHVV ODQGVFDSH�LQ�DQ�DPRUSKRXV�PDQQHU

• *$�VHDUFKHV�RSWLPXP�GLUHFWO\�RQ ILWQHVV�ODQGVFDSH
• SURMHFWLRQ�SUHGLFWLRQ�EDVHG�RQ�ILWQHVV�FDOFXODWLRQ
• SGI VKDSLQJ�SUHGLFWLRQ



7DUJHW�3UREOHP�LV�5DQGRP�DQG�
7LPH�YDULDQW

• &RPPXQLFDWLRQ�VLJQDOV�DUH�UDQGRP
• :LUHOHVV�FKDQQHOV�DUH�WLPH�YDULDQW
• %RWK�VROXWLRQ�VSDFH�DQG�ILWQHVV�VSDFH�DUH������
QRQ�VWDWLF

• 2EMHFWLYH�IXQFWLRQ�DQG�RSWLPDO�FULWHULD�DUH�
DGDSWLYH

• &ODVVLF�*$�LV�D�VWDWLVWLFDO�VHDUFK�E\�QDWXUH
• &ODVVLF�*$�LV�VWDWLF�E\�QDWXUH�
• &ODVVLF�*$�LV�PHPRU\�OHVV�E\�QDWXUH



$GYDQFHG�*$�'HVLJQ
• +LJKO\�DGDSWLYH
• /HDUQLQJ�DQG�VHOI�HYROXWLRQ

• $UWLILFLDO�QHXUDO�QHWZRUN
• 'LVWULEXWHG�LPSOHPHQWDWLRQ

• 0LJUDWLRQ�DSSURDFK
• +\EULG�*$�GHVLJQ

• :LWK�ORFDO�DQQHDOLQJ�PHWKRGV�
• :LWK FDVH�EDVHG�GHFLVLRQ�PDNHU



+LJKO\�DGDSWLYH�*$�'HVLJQ
• $GDSWLYH�WR�HQYLURQPHQW�DQG�WDUJHW�SUREOHP

• (IILFLHQF\�GULYHQ�RU�DFFXUDF\�GULYHQ�– VHDUFKLQJ�WDFWLFV
• &DOFXODWLRQ�EDVHG�RU�SUHGLFWLRQ�EDVHG�– PHPRU\�HIIHFWV

• $GDSWLYH�WR�LWVHOI
• ,WHUDWLRQ�EDVHG�DGDSWDWLRQ�
• 3RSXODWLRQ�EDVHG�DGDSWDWLRQ

• ([SORLW�WKH�LQIRUPDWLRQ�RI�WKH�FXUUHQW�SRSXODWLRQ
• *HQRW\SH��VROXWLRQV��GLVWULEXWLRQ
• 3KHQRW\SH��ILWQHVV��GLVWULEXWLRQ

• $GDSW�*$�RSHUDWLRQ�DFFRUGLQJ�WR�WKH�VWDWXV�RI�FXUUHQW�
LWHUDWLRQ�DV�ZHOO�DV�SUHYLRXV�LWHUDWLRQV



:KDW�WR�$GDSW
• 6ROXWLRQ�VSDFH�HQFRGLQJ
• )LWQHVV�VSDFH�VFDOLQJ
• *HQHWLF�RSHUDWLRQ�DQG�SDUDPHWHUV
• 6HOHFWLRQ�VFKHPH�DQG�SDUDPHWHUV



*HQHUDWLRQDO�$GDSWDWLRQ�'HVLJQ
• ([SORUDWLYH�SUHVVXUH�DGDSWDWLRQ

• &URVVRYHU�GHSWK
• 0XWDWLRQ�SUREDELOLW\�DQG�GHYLDWLRQ
• 7RXUQDPHQW�VHOHFWLRQ�

• ([SORLWDWLYH�SUHVVXUH�DGDSWDWLRQ
• &URVVRYHU�LQWHUSRODWLRQ�VFDOLQJ
• 6WDWLVWLFDO�FRQWURO�RI�PXWDWLRQ
• 3URSRUWLRQDO�VHOHFWLRQ

• &RQYHUJHQFH�YV��DFFXUDF\
• 3RSXODWLRQ�VL]H�“EUHDWKLQJ”
• /RRS�WHUPLQDWLRQ FULWHULRQ�FRQWURO



,QGLYLGXDO�$GDSWDWLRQ�'HVLJQ
• 3URWHFWLRQ�RQ�WKH�VXSHULRUV

• /HVV�FURVVRYHU�DQG�HOLWH�FRXSOLQJ
• 'LWKHULQJ�PXWDWLRQ�IRU�ORFDO�DQQHDOLQJ
• 0RGHUDWH�VHOHFWLRQ�SUHVVXUH�RQ�VXE�JURXS

• 3XQLVKPHQW�RQ�WKH�LQIHULRUV�
• 0RUH�FURVVRYHU�DQG�XQEDODQFHG�FRXSOLQJ
• :LOG�PXWDWLRQ�IRU�RXWUHDFK
• 6WULFW VHOHFWLRQ�SUHVVXUH�RQ�VXE�JURXS

• 6XE�JURXS�SURFHVVLQJ�IDYRUV�GLVWULEXWHG�
SURFHVVLQJ



3DUDOOHO�,PSOHPHQWDWLRQ�RI�*$

&KURPRVRPH�3RRO

,VODQG�� …,VODQG�� ,VODQG�0

,VODQG�� …,VODQG�� ,VODQG�1

,VODQG�1…

,VODQG��
6ROXWLRQ

$QQHDOLQJ�LVODQG�DSSURDFK

• &RPSXWDWLRQ�GLVWULEXWLRQ
• ,VODQG�WKHRU\�� FKURPRVRPH�PLJUDWLRQ



7KDQN�\RX�
Nature, to be commanded, must be obeyed.

� )UDQFLV�%DFRQ��LQ�1RYXP�5RJDQXP�������

Any questions? Well, wait for our paper! 


