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Objectives
How to model and develop teammate agents (robots) performing 

trustful interaction with humans?

• Deciding and acting in autonomous fashion 

• Modelling and representing agents’ knowledge 

• Explainability -> Trustworthiness
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Human-Robot Teaming Interaction
• improve the level of trust from humans to robots in a collaborative 

task 

• manage collaborative tasks 

• manage shared knowledge on environment and objectives 

• decision making on the base of the other actions  

• explainability and trustfulness 
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A twofold approach
• Methodological and implementation  

• design abstractions for being trustful and explainable 

• design abstractions for decision process, anticipation and 
knowledge 

• Implementation 

• the question is: which are the paradigms or technical issues 
allowing to pass from the design to the code and the working 
system?

8



Methodological 
Perspective
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Going towards the implementation
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x

11

Self-Modeling 
Trustful interaction

VTFGVM GPS JUT FYFDVUJPO BOE JT DPNQVUFE CZ B GVODUJPOઈ ަ KVTUJGZ	ഭઠ ഭઠ
 	�


*O UIJT XBZ UIF SPCPU DSFBUFT BOE NBJOUBJOT B NPEFM PG ۢJUTFMGۣ BOE DBO KVTUJGZ UIF SFTVMUT
PG JUT BDUJPOT� +VTUJशDBUJPO JT B LFZ PVUDPNF PG UIF BQQMJDBUJPO PG TFMG�NPEFMJOH DBQBCJMJUJFT BT
XFMM BT B VTFGVM NFBOT PG JNQSPWJOH USVTU JOUFSBDUJPOT� *U UBLFT QMBDF JO UIF FYFDVUJPO QIBTF J�F�
BU UIF CFHJOOJOH PG UIF KVTUJशDBUJPO DZDMF B +BTPO BHFOU VQEBUFT BMM JUT CFMJFGT BOE JOUFOUJPOT
EFUFSNJOFT JUT EFTJSFT BOE TFMFDUT TPNF PG UIFN UIBU CFDPNF JOUFOUJPOT UP XIJDI JU BTTJHOT B
QMBO 	MJOF � UP MJOF � JO 'JHVSF �
� "ॎFS UIBU UIF BHFOU VTVBMMZ QSPDFTTFT UIF TUBDL PG BDUJPOT UP
EFDJEF XIJDI POFT UP FYFDVUF� "U UIJT QPJOU XF IBWF BEEFE B OFX GVODUJPOછ ަ BDUJPO	ഭઠ  ઁઙધ
 	�


UIBU BMMPXT VT UP BTTPDJBUF QBSU PG UIF CFMJFG CBTF XJUI UIF DBQBCJMJUJFT PG UIF SPCPU XIJDI JO
UIJT XBZ JT BCMF UP KVTUJGZ JUT BDUJPOT UISPVHI UIF GVODUJPO +�
5IF JEFB XF BSF OPX QSPQPTJOH JT UP FYUFOE UIJT FWFO GVSUIFS BOE HJWF UIF BHFOU UIF BCJMJUZ

UP BDUJWBUF XIBU JT DBMMFE JOOFS TQFFDI UIF BCJMJUZ UP TQFBL UP POFTFMG CZ NBLJOH POFTFMG UIF
PCKFDU PG UIPVHIU� 5IF JNQMFNFOUBUJPO JT SFBMJ[JOH VTJOH UIF JOTUSVNFOU PG TQFFDI BDUT UIF CBTJD
UIFPSZ PG XIJDI JT QFSGFDUMZ DPOTJTUFOU XJUI UIF QTZDIPMPHJDBM UIFPSZ PG JOOFS TQFFDI� 5P PVS
LOPXMFEHF UIFSF JT OP BQQSPBDI JO UIF MJUFSBUVSF FTQFDJBMMZ JO UIF शFME PG BHFOUT BOE SPCPUJDT
UIBU DPNCJOFT JOOFS TQFFDI XJUI TQFFDI BDUT CPUI DPODFQUVBMMZ BOE JO UFSNT PG JNQMFNFOUBUJPO�

�� *OOFS 4QFFDI

5IF UFSN JOOFS TQFFDI IBT TFWFSBM DPOOPUBUJPOT JO UIF MJUFSBUVSF� 'JSTU JU JT B DPODFQU EFWFMPQFE
BOE VTFE JO QTZDIPMPHZ� *U JT PॎFO BTTPDJBUFE XJUI UIF DPODFQU PG TFMG�BXBSFOFTT BOE TFMG�
DPOTDJPVTOFTT <�� ��>� 4FMG�BXBSFOFTT JT ۢUIF BCJMJUZ UP CFDPNF UIF PCKFDU PG POF۟T BUUFOUJPOۣ
<��> BOE UBLFT JOUP BDDPVOU UISFF QPTTJCMF FMFNFOUT� UIF TPDJBM FOWJSPONFOU UIF QIZTJDBM XPSME
BOE UIF TFMG� 4FMG�BXBSFOFTT BMTP JODMVEFT UIF BCJMJUZ UP EJSFDU BUUFOUJPO UP POF۟T NFOUBM TUBUF
J�F� QFSDFQUJPOT GFFMJOHT BUUJUVEFT JOUFOUJPOT FNPUJPOT FUD� .PSJO XBT UIF शSTU JO <��> UP MJOL
UIF DPODFQU PG JOOFS TQFFDI UP UIF BCJMJUZ UP UIJOL BCPVU POFTFMG�
*OOFS TQFFDI JT B DPODFQU VTFE NBJOMZ JO DPHOJUJWF EFWFMPQNFOU BOE FYFDVUJWF GVODUJPO

UIFPSZ� *U JT B XBZ PG SFषFDUJOH PO POF۟T PXO FYQFSJFODFT� 1FPQMF HFOFSBMMZ SFषFDU PO UIFJS PXO
FYQFSJFODFT JO EJवFSFOU XBZT <��>� *OOFS TQFFDI QMBZT BO JNQPSUBOU SPMF JO TFMG�SFHVMBUJPO PG
DPHOJUJPO BOE CFIBWJPS TP JU JT VTFE JO QFPQMF GPS CPUI EBUB DPMMFDUJPO BOE CFIBWJPS SFHVMBUJPO
BOE JT BMTP DPOTJEFSFE B NPUJWBUJPOBM UPPM�
" EFशOJUJPO PG JOOFS TQFFDI JT WFSZ DPNQMFY� 4PNF BVUIPST EFशOF JOOFS TQFFDI BT UIF

TVCKFDUJWF FYQFSJFODF PG MBOHVBHF JO SFMBUJPO UP POF۟T BDUJPOT GFFMJOHT BOE FYQFSJFODFT� *U JT
PॎFO VTFE BT B TZOPOZN GPS UIJOLJOH� .PTU BVUIPST JO UIF MJUFSBUVSF TUBUF UIBU JU JT CFUUFS UP VTF
UIF UFSN NFOUBM QSPDFTT JOTUFBE� *O B OVNCFS PG TFNJOBM TUVEJFT JOOFS TQFFDI JT BTTPDJBUFE XJUI
DPHOJUJPO BOE CFIBWJPS PS FWFO UP SFIFBSTBM BOE XPSLJOH NFNPSZ� *O FBDI DBTF JOOFS TQFFDI JT
SFDPHOJ[FE BT B GFBUVSF PG UIF EFWFMPQNFOUBM QSPDFTT� 5IVT JU QSPWJEFT UIF PVUQVU UP BDUJWBUF B
EFWFMPQNFOUBM QSPDFTT� "DDPSEJOH UP .PSJO JOOFS TQFFDI JT UIF BDUJWJUZ PG TJMFOU TFMG�UBML� 5IFSF

VTFGVM GPS JUT FYFDVUJPO BOE JT DPNQVUFE CZ B GVODUJPOઈ ަ KVTUJGZ	ഭઠ ഭઠ
 	�


*O UIJT XBZ UIF SPCPU DSFBUFT BOE NBJOUBJOT B NPEFM PG ۢJUTFMGۣ BOE DBO KVTUJGZ UIF SFTVMUT
PG JUT BDUJPOT� +VTUJशDBUJPO JT B LFZ PVUDPNF PG UIF BQQMJDBUJPO PG TFMG�NPEFMJOH DBQBCJMJUJFT BT
XFMM BT B VTFGVM NFBOT PG JNQSPWJOH USVTU JOUFSBDUJPOT� *U UBLFT QMBDF JO UIF FYFDVUJPO QIBTF J�F�
BU UIF CFHJOOJOH PG UIF KVTUJशDBUJPO DZDMF B +BTPO BHFOU VQEBUFT BMM JUT CFMJFGT BOE JOUFOUJPOT
EFUFSNJOFT JUT EFTJSFT BOE TFMFDUT TPNF PG UIFN UIBU CFDPNF JOUFOUJPOT UP XIJDI JU BTTJHOT B
QMBO 	MJOF � UP MJOF � JO 'JHVSF �
� "ॎFS UIBU UIF BHFOU VTVBMMZ QSPDFTTFT UIF TUBDL PG BDUJPOT UP
EFDJEF XIJDI POFT UP FYFDVUF� "U UIJT QPJOU XF IBWF BEEFE B OFX GVODUJPOછ ަ BDUJPO	ഭઠ  ઁઙધ
 	�


UIBU BMMPXT VT UP BTTPDJBUF QBSU PG UIF CFMJFG CBTF XJUI UIF DBQBCJMJUJFT PG UIF SPCPU XIJDI JO
UIJT XBZ JT BCMF UP KVTUJGZ JUT BDUJPOT UISPVHI UIF GVODUJPO +�
5IF JEFB XF BSF OPX QSPQPTJOH JT UP FYUFOE UIJT FWFO GVSUIFS BOE HJWF UIF BHFOU UIF BCJMJUZ

UP BDUJWBUF XIBU JT DBMMFE JOOFS TQFFDI UIF BCJMJUZ UP TQFBL UP POFTFMG CZ NBLJOH POFTFMG UIF
PCKFDU PG UIPVHIU� 5IF JNQMFNFOUBUJPO JT SFBMJ[JOH VTJOH UIF JOTUSVNFOU PG TQFFDI BDUT UIF CBTJD
UIFPSZ PG XIJDI JT QFSGFDUMZ DPOTJTUFOU XJUI UIF QTZDIPMPHJDBM UIFPSZ PG JOOFS TQFFDI� 5P PVS
LOPXMFEHF UIFSF JT OP BQQSPBDI JO UIF MJUFSBUVSF FTQFDJBMMZ JO UIF शFME PG BHFOUT BOE SPCPUJDT
UIBU DPNCJOFT JOOFS TQFFDI XJUI TQFFDI BDUT CPUI DPODFQUVBMMZ BOE JO UFSNT PG JNQMFNFOUBUJPO�

�� *OOFS 4QFFDI

5IF UFSN JOOFS TQFFDI IBT TFWFSBM DPOOPUBUJPOT JO UIF MJUFSBUVSF� 'JSTU JU JT B DPODFQU EFWFMPQFE
BOE VTFE JO QTZDIPMPHZ� *U JT PॎFO BTTPDJBUFE XJUI UIF DPODFQU PG TFMG�BXBSFOFTT BOE TFMG�
DPOTDJPVTOFTT <�� ��>� 4FMG�BXBSFOFTT JT ۢUIF BCJMJUZ UP CFDPNF UIF PCKFDU PG POF۟T BUUFOUJPOۣ
<��> BOE UBLFT JOUP BDDPVOU UISFF QPTTJCMF FMFNFOUT� UIF TPDJBM FOWJSPONFOU UIF QIZTJDBM XPSME
BOE UIF TFMG� 4FMG�BXBSFOFTT BMTP JODMVEFT UIF BCJMJUZ UP EJSFDU BUUFOUJPO UP POF۟T NFOUBM TUBUF
J�F� QFSDFQUJPOT GFFMJOHT BUUJUVEFT JOUFOUJPOT FNPUJPOT FUD� .PSJO XBT UIF शSTU JO <��> UP MJOL
UIF DPODFQU PG JOOFS TQFFDI UP UIF BCJMJUZ UP UIJOL BCPVU POFTFMG�
*OOFS TQFFDI JT B DPODFQU VTFE NBJOMZ JO DPHOJUJWF EFWFMPQNFOU BOE FYFDVUJWF GVODUJPO

UIFPSZ� *U JT B XBZ PG SFषFDUJOH PO POF۟T PXO FYQFSJFODFT� 1FPQMF HFOFSBMMZ SFषFDU PO UIFJS PXO
FYQFSJFODFT JO EJवFSFOU XBZT <��>� *OOFS TQFFDI QMBZT BO JNQPSUBOU SPMF JO TFMG�SFHVMBUJPO PG
DPHOJUJPO BOE CFIBWJPS TP JU JT VTFE JO QFPQMF GPS CPUI EBUB DPMMFDUJPO BOE CFIBWJPS SFHVMBUJPO
BOE JT BMTP DPOTJEFSFE B NPUJWBUJPOBM UPPM�
" EFशOJUJPO PG JOOFS TQFFDI JT WFSZ DPNQMFY� 4PNF BVUIPST EFशOF JOOFS TQFFDI BT UIF

TVCKFDUJWF FYQFSJFODF PG MBOHVBHF JO SFMBUJPO UP POF۟T BDUJPOT GFFMJOHT BOE FYQFSJFODFT� *U JT
PॎFO VTFE BT B TZOPOZN GPS UIJOLJOH� .PTU BVUIPST JO UIF MJUFSBUVSF TUBUF UIBU JU JT CFUUFS UP VTF
UIF UFSN NFOUBM QSPDFTT JOTUFBE� *O B OVNCFS PG TFNJOBM TUVEJFT JOOFS TQFFDI JT BTTPDJBUFE XJUI
DPHOJUJPO BOE CFIBWJPS PS FWFO UP SFIFBSTBM BOE XPSLJOH NFNPSZ� *O FBDI DBTF JOOFS TQFFDI JT
SFDPHOJ[FE BT B GFBUVSF PG UIF EFWFMPQNFOUBM QSPDFTT� 5IVT JU QSPWJEFT UIF PVUQVU UP BDUJWBUF B
EFWFMPQNFOUBM QSPDFTT� "DDPSEJOH UP .PSJO JOOFS TQFFDI JT UIF BDUJWJUZ PG TJMFOU TFMG�UBML� 5IFSF

VTFGVM GPS JUT FYFDVUJPO BOE JT DPNQVUFE CZ B GVODUJPOઝભઙણબઙફઝ	ഭઠ
 	�


*O UIJT XBZ UIF SPCPU DSFBUFT BOE NBJOUBJOT B NPEFM PG ۢJUTFMGۣ BOE DBO KVTUJGZ UIF SFTVMUT
PG JUT BDUJPOT� +VTUJशDBUJPO JT B LFZ PVUDPNF PG UIF BQQMJDBUJPO PG TFMG�NPEFMJOH DBQBCJMJUJFT BT
XFMM BT B VTFGVM NFBOT PG JNQSPWJOH USVTU JOUFSBDUJPOT� *U UBLFT QMBDF JO UIF FYFDVUJPO QIBTF J�F�
BU UIF CFHJOOJOH PG UIF KVTUJशDBUJPO DZDMF B +BTPO BHFOU VQEBUFT BMM JUT CFMJFGT BOE JOUFOUJPOT
EFUFSNJOFT JUT EFTJSFT BOE TFMFDUT TPNF PG UIFN UIBU CFDPNF JOUFOUJPOT UP XIJDI JU BTTJHOT B
QMBO 	MJOF � UP MJOF � JO 'JHVSF �
� "ॎFS UIBU UIF BHFOU VTVBMMZ QSPDFTTFT UIF TUBDL PG BDUJPOT UP
EFDJEF XIJDI POFT UP FYFDVUF� "U UIJT QPJOU XF IBWF BEEFE B OFX GVODUJPOછ ަ BDUJPO	ഭઠ  ઁઙધ
 	�


UIBU BMMPXT VT UP BTTPDJBUF QBSU PG UIF CFMJFG CBTF XJUI UIF DBQBCJMJUJFT PG UIF SPCPU XIJDI JO
UIJT XBZ JT BCMF UP KVTUJGZ JUT BDUJPOT UISPVHI UIF GVODUJPO +�
5IF JEFB XF BSF OPX QSPQPTJOH JT UP FYUFOE UIJT FWFO GVSUIFS BOE HJWF UIF BHFOU UIF BCJMJUZ

UP BDUJWBUF XIBU JT DBMMFE JOOFS TQFFDI UIF BCJMJUZ UP TQFBL UP POFTFMG CZ NBLJOH POFTFMG UIF
PCKFDU PG UIPVHIU� 5IF JNQMFNFOUBUJPO JT SFBMJ[JOH VTJOH UIF JOTUSVNFOU PG TQFFDI BDUT UIF CBTJD
UIFPSZ PG XIJDI JT QFSGFDUMZ DPOTJTUFOU XJUI UIF QTZDIPMPHJDBM UIFPSZ PG JOOFS TQFFDI� 5P PVS
LOPXMFEHF UIFSF JT OP BQQSPBDI JO UIF MJUFSBUVSF FTQFDJBMMZ JO UIF शFME PG BHFOUT BOE SPCPUJDT
UIBU DPNCJOFT JOOFS TQFFDI XJUI TQFFDI BDUT CPUI DPODFQUVBMMZ BOE JO UFSNT PG JNQMFNFOUBUJPO�

�� *OOFS 4QFFDI

5IF UFSN JOOFS TQFFDI IBT TFWFSBM DPOOPUBUJPOT JO UIF MJUFSBUVSF� 'JSTU JU JT B DPODFQU EFWFMPQFE
BOE VTFE JO QTZDIPMPHZ� *U JT PॎFO BTTPDJBUFE XJUI UIF DPODFQU PG TFMG�BXBSFOFTT BOE TFMG�
DPOTDJPVTOFTT <�� ��>� 4FMG�BXBSFOFTT JT ۢUIF BCJMJUZ UP CFDPNF UIF PCKFDU PG POF۟T BUUFOUJPOۣ
<��> BOE UBLFT JOUP BDDPVOU UISFF QPTTJCMF FMFNFOUT� UIF TPDJBM FOWJSPONFOU UIF QIZTJDBM XPSME
BOE UIF TFMG� 4FMG�BXBSFOFTT BMTP JODMVEFT UIF BCJMJUZ UP EJSFDU BUUFOUJPO UP POF۟T NFOUBM TUBUF
J�F� QFSDFQUJPOT GFFMJOHT BUUJUVEFT JOUFOUJPOT FNPUJPOT FUD� .PSJO XBT UIF शSTU JO <��> UP MJOL
UIF DPODFQU PG JOOFS TQFFDI UP UIF BCJMJUZ UP UIJOL BCPVU POFTFMG�
*OOFS TQFFDI JT B DPODFQU VTFE NBJOMZ JO DPHOJUJWF EFWFMPQNFOU BOE FYFDVUJWF GVODUJPO

UIFPSZ� *U JT B XBZ PG SFषFDUJOH PO POF۟T PXO FYQFSJFODFT� 1FPQMF HFOFSBMMZ SFषFDU PO UIFJS PXO
FYQFSJFODFT JO EJवFSFOU XBZT <��>� *OOFS TQFFDI QMBZT BO JNQPSUBOU SPMF JO TFMG�SFHVMBUJPO PG
DPHOJUJPO BOE CFIBWJPS TP JU JT VTFE JO QFPQMF GPS CPUI EBUB DPMMFDUJPO BOE CFIBWJPS SFHVMBUJPO
BOE JT BMTP DPOTJEFSFE B NPUJWBUJPOBM UPPM�
" EFशOJUJPO PG JOOFS TQFFDI JT WFSZ DPNQMFY� 4PNF BVUIPST EFशOF JOOFS TQFFDI BT UIF

TVCKFDUJWF FYQFSJFODF PG MBOHVBHF JO SFMBUJPO UP POF۟T BDUJPOT GFFMJOHT BOE FYQFSJFODFT� *U JT
PॎFO VTFE BT B TZOPOZN GPS UIJOLJOH� .PTU BVUIPST JO UIF MJUFSBUVSF TUBUF UIBU JU JT CFUUFS UP VTF
UIF UFSN NFOUBM QSPDFTT JOTUFBE� *O B OVNCFS PG TFNJOBM TUVEJFT JOOFS TQFFDI JT BTTPDJBUFE XJUI
DPHOJUJPO BOE CFIBWJPS PS FWFO UP SFIFBSTBM BOE XPSLJOH NFNPSZ� *O FBDI DBTF JOOFS TQFFDI JT
SFDPHOJ[FE BT B GFBUVSF PG UIF EFWFMPQNFOUBM QSPDFTT� 5IVT JU QSPWJEFT UIF PVUQVU UP BDUJWBUF B
EFWFMPQNFOUBM QSPDFTT� "DDPSEJOH UP .PSJO JOOFS TQFFDI JT UIF BDUJWJUZ PG TJMFOU TFMG�UBML� 5IFSF
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Towards the implementation - a proposal
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5IF JEFB XF IBE JT TJNQMF GSPN UIF UIFPSFUJDBM QPJOU PG WJFX BOE शOET JUT OBUVSBM JNQMFNFO�
UBUJPO JO TQFFDI BDUT� *O BO BHFOU TZTUFN DPNNVOJDBUJPO JT CBTFE PO UIF UIFPSZ PG TQFFDI BDUT
<��> CSJFषZ EFTDSJCFE JO UIF TFDUJPO �� 4JODF JOOFS TQFFDI JT B XBZ PG UIJOLJOH BCPVU POFTFMG XF
DMBJN UIBU VOEFS DFSUBJO DPOEJUJPOT B TQFFDI BDU DBO BEESFTT UIF BHFOU IJNTFMG� 8F BTTVNF UIBU
FBDI BHFOU JO FBDI QMBO JO BEEJUJPO UP UBLJOH BDUJPOT UP BDIJFWF UFBN HPBMT IBT UIF QPTTJCJMJUZ
PG TFOEJOH B NFTTBHF UP JUTFMG BJNFE BU DIBOHJOH JUT CFMJFGT PS HPBMT XIJMF NBLJOH UIJT NFTTBHF
BWBJMBCMF UP UIF PVUTJEF XPSME� *O UIF XPSL XF QSPQPTF JO UIJT QBQFS UIF DPNNVOJDBUJPO XJUI
UIF PVUTJEF XPSME JT EPOF UISPVHI UIF DPOTPMF� JO UIF OFBS GVUVSF B SFBM EJBMPHVF CFUXFFO BHFOU
BOE IVNBO XJMM CF JNQMFNFOUFE�
5IF FMFNFOUT JO 'JHVSF � TIPX XIBU JT EFTDSJCFE BCPWF BOE UIF SBUJPOBMF GPS USBOTMBUJOH

UPXBSET UIF JOOFS TQFFDI JNQMFNFOUBUJPO QIBTF UISPVHI +BTPO BHFOUT�
5IF PQFSBUJOH FOWJSPONFOU XIFUIFS JOUFSOBM PS FYUFSOBM DBO CF SFQSFTFOUFE CZ UIF BHFOU۟T

CFMJFGT� 5IF FOWJSPONFOU JT HPWFSOFE CZ OPSNT XIJDI BSF BMTP SFQSFTFOUFE CZ CFMJFGT� #FMJFGT
BSF UIF NBJO FMFNFOUT UIBU NBLF VQ B QMBO BMPOH XJUI BDUJPOT BOE HPBMT� 5IF MFॎ QBSU PG UIF
शHVSF TIPXT UIF FMFNFOUT UIBU BMMPX VT UP JOTUBOUJBUF UIF NPOJUPSJOH BOE TUPSBHF NPEVMFT
PG UIF BCTUSBDU BSDIJUFDUVSF� 0O UIF SJHIU TJEF PO UIF PUIFS IBOE XF DBO JOTUBOUJBUF UIF
SFBTPOJOH NPEVMF XIJDI JT CBTFE PO UIF MPHJDBM GPVOEBUJPO PG UIF #%* QBSBEJHN BOE QSBDUJDBM
SFBTPOJOH� *G XF IBE VTFE B EJवFSFOU QBSBEJHN UIFTF FMFNFOUT XPVME MPPL EJवFSFOU CVU UIF
MPHJDBM CBTJT XPVME OPU DIBOHF� 5IF BEWBOUBHF XF IBWF HBJOFE GSPN PVS DIPJDF JT UIBU XF
DBO FBTJMZ DPOOFDU UIF UIFPSFUJDBM NPEFM XJUI JUT QSBDUJDBM JNQMFNFOUBUJPO CZ VTJOH UIF +BTPO
JOUFSQSFUFS۟T SFBTPOJOH DZDMF�

5ISPVHI CFMJFGT XF DBO MJOL BDUJPOT UP UIF FOWJSPONFOU BOE UIVT IBWF PS NBJOUBJO LOPXMFEHF
BCPVU XIBU BDUJPOT DBO PS DBOOPU CF QFSGPSNFE BOE PO XIBU PCKFDUT UIJT DBO PDDVS�

'PS FYBNQMF JG XF IBWF BO PCKFDU BQQMF BO BDUJPO FBUJOH BOE UIF SFMBUJPO CFUXFFO UIFN
SFBMJ[FT B OPSN PG ۢOPU ۣ UIFO XF DBO IBWF UIF BHFOU JOGFS UIBU JU DBOOPU FBU UIF BQQMF� *G XF
NBLF UIF SFQSFTFOUBUJPO NPSF DPNQMFUF XF DBO PCUBJO UIF BHFOU TBZJOH UIBU JU DBOOPU FBU UIF
BQQMF CFDBVTF JU JT BO BHFOU 	PS CFDBVTF JU JT OPU B IVNBO
 PS PUIFS NPSF DPNQMFY JU XPVME
EFQFOET POMZ PO IPX NVDI DPNQMFUF JT UIF BHFOUT۟ LOPXMFEHF BOE JUT SFQSFTFOUBUJPO�
$PODSFUFMZ UIFO XF DBO DIBOHF UIF QSBDUJDBM SFBTPOJOH DZDMF JO 'JHVSF � CZ UIF GPMMPXJOH

BDUJPOT XIJDI SFQMBDF MJOFT �� BOE ���
'PS FBDI BDUJPO UIF BHFOU FWBMVBUFT UIF QSF� BOE QPTU�DPOEJUJPOT BOE UIFO B GVODUJPO XF DBMM

SFIFBSTBM JT JNQMFNFOUFE UP SFBTPO BCPVU BDUJPOT CFMJFGT BOE HPBMT J�F� EFTJSFT JO UIF DBTF PG
#%* BHFOUT� 8JUI UIF SFTVMU PG UIF SFषFDUJPOT UIF BHFOU VQEBUFT UIF LOPXMFEHF CBTF BOE UIFO
KVTUJशFT JUT BDUJPOT�
*O UIF OFYU TFDUJPO XF HJWF B TJNQMF FYBNQMF XJUI B TQFFDI BDU JO B XFMM�LOPXO TDFOBSJP

EFWFMPQFE JO UIF +BTPO POMJOF UVUPSJBM� 5IJT FYBNQMF JT VTFE UP WBMJEBUF UIF UIFPSFUJDBM BQQSPBDI
BOE WFSJGZ UIF VTF PG TQFFDI BDUT GPS NFTTBHF SFUVSO BOE FYUFSOBM DPNNVOJDBUJPO�

Extending practical reasoning with emergent inner speech

GPSFBDI ഭઠ EP
FWBMVBUF	ഭઠ
�ઐ ަ SFIFBSTBM	ഭઠഭઠ %
�બધજઙફઝ	#%
�ઈ ަ KVTUJGZ	ഭઠഭઠ
�

FOE
"MHPSJUIN �� 5IF BMHPSJUIN GPS FYUFOEJOH UIF QSBDUJDBM SFBTPOJOH XJUI UIF JOOFS TQFFDI�

�� *NQMFNFOUJOH *OOFS 4QFFDI XJUI B #%* &YBNQMF

*O UIF FYBNQMF B DPMMBCPSBUJWF UBTL CFUXFFO BHFOUT JT QSPQPTFE BOE OP IVNBO JT QSFTFOU�
)PXFWFS UIJT EPFT OPU BवFDU UIF WBMJEBUJPO TJODF XF XBOU UP DIFDL IFSF UIF QPTTJCJMJUZ UIBU BO
BHFOU BDUJWBUFT JUT JOOFS TQFFDI� 5IF FYBNQMF XBT UBLFO GSPN UIF FYBNQMFT PO +BTPO۟T SFGFSFODF
QBHF��

5IF TDFOBSJP BEBQUFE GPS PVS QVSQPTFT JOWPMWFT DPMMBCPSBUJPO BOE DPNNVOJDBUJPO CFUXFFO
GPVS BHFOUT UP DPNQMFUF B DPOTUSVDUJPO� 5IF NBJO QVSQPTF JT UP शOE SFTPVSDFT PG EJवFSFOU UZQFT
PO UIF NBQ NJOF UIFN BOE CSJOH UIFN UP UIF BHFOU JO DIBSHF PG UIF DPOTUSVDUJPO DBMMFE UIF
#VJMEFS� 5IF #VJMEFS BHFOU OFFET UISFF UZQFT PG SFTPVSDFT UP BDIJFWF JUT HPBM BOE XPSLT XJUI
UISFF $PMMFDUPS BHFOUT UP EP TP� &BDI $PMMFDUPS TFBSDIFT GPS B SFTPVSDF BOE DBO CSJOH JU BMPOH�
8IFOFWFS B $PMMFDUPS BHFOU शOET B SFTPVSDF UIBU UIF #VJMEFS OFFET JU QJDLT JU VQ BOE CSJOHT JU
UP IJN� 8IFO B QBSUJDVMBS UZQF PG SFTPVSDF JT OP MPOHFS OFFEFE PS XIFO UIF DPOTUSVDUJPOT IBWF
शOJTIFE UIF CVJMEFS JOGPSNT UIF DPMMFDUPST� 5IF FOWJSPONFOU JT SFQSFTFOUFE UISPVHI B TJNQMF
HSJE SFQSFTFOUBUJPO BOE DPMMFDUPST BSF BCMF UP QFSDFJWF XIFUIFS PS OPU B SFTPVSDF JT QSFTFOU JO B
DFMM�
5IF #VJMEFS BHFOU TQFDJशFT UIF SFTPVSDF UP TFBSDI GPS XIJDI FYJTUT JO BU NPTU शWF QFS UZQF�

5IF $PMMFDUPS BHFOUT TUBSU TFBSDIJOH GPS UIF शSTU SFTPVSDF BOE TUPQ XIFO UIFZ IBWF GPVOE शWF�
*O UIF PSJHJOBM FYBNQMF UIJT DPOUSPM JT DFOUSBMJ[FE UP UIF #VJMEFS BHFOU BOE UIF $PMMFDUPST EP
OPUIJOH CVU FYFDVUF XIBU JT SFRVFTUFE CZ UIF #VJMEFS� 5P WBMJEBUF UIF JOOFS MBOHVBHF NPEVMF
XF NBEF TPNF DIBOHFT JO UIJT FYBNQMF BOE NPWFE UIF SFTPVSDF DPOUSPM UP UIF $PMMFDUPST� *O
UIJT XBZ XF DBO JOTFSU UIF SFIFBSTBM GVODUJPO BU UIF NPNFOU UIF DPMMFDUPS BHFOU शOET B SFTPVSDF
UIBU JT OPU PG UIF UZQF SFRVFTUFE CZ UIF CVJMEFS PS JT OP MPOHFS OFFEFE�
*O UIF GPMMPXJOH BMHPSJUINT XF TIPX BO FYDFSQU PG UIF JNQMFNFOUFE DPEF GPS UIF $PMMFDUPS

BHFOU�
5IF शSTU QPSUJPO PG UIF DPEF DPODFSOT UIF TFBSDI GPS SFTPVSDFT BOE GPVS EJवFSFOU DBTFT NBZ

PDDVS� *O UIF शSTU UXP DBTFT UIF BHFOU LFFQT NPWJOH TJODF JU IBT OPU ZFU GPVOE BOZ SFTPVSDFT PS
IBT GPVOE B SFTPVSDF UZQF UIBU JT OPU SFRVJSFE� *O UIF TFDPOE DBTF UIF BHFOU शOET B SFTPVSDF
UIBU JU CFMJFWFT JT OFFEFE 	CFDBVTF UIF DPMMFDUFE RVBOUJUZ JT OPU ZFU TVसDJFOU
� 5IF TJNQMFTU DBTF
JT TFFO JO MJOF � XIFSF UIF BHFOU FWBMVBUFT UIF USJHHFSJOH FWFOU BOE UIFO DIBOHFT JUT CFMJFGT CZ
B TQFFDI BDU EJSFDUFE UP JUTFMG� 5IF SFTVMU PG UIF FYFDVUJPO DBO CF TFFO JO 'JHVSF � XIFSF UIF
DPOTPMF DPOUBJOT B NFTTBHF UIBU SFGFST UP UIBU TQFDJशD CFMJFG�

�IUUQ���KBTPO�TPVSDFGPSHF�OFU�XQ�FYBNQMFT� UIJT FYBNQMF XBT PSJHJOBMMZ XSJUUFO CZ 3PC $MBSLF BOE "OEZ #VDL
BT �OE DPVSTFXPSL GPS UIF .VMUJ�"HFOU 4ZTUFNT .PEVMF SVO JO ��������� BU UIF 6OJWFSTJUZ PG %VSIBN 6�,�  MBUFS
FEJUFE CZ 3BGBFM #PSEJOJ�
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Inner Speech
• A concept used and developed in psychology  

• Self-awareness and self-consciousness 

• the ability to become the object of one’s attention 

• mental states 

• The subjective experience of language in relation to one’s action feeling 
and experiences 

• Important role in self-regulation, self-direction, problem solving, planning 
and memory
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Technological Perspective
• BDI paradigm and JASON - the obvious implementation counterpart 

• JaCaMo 

• At runtime a BDI agent 

• Belief, Plan, Intention, Event, Action 

• Selection Functions: SE, SO, SI 

• The idea is to link internal events with speech acts to generate 
explanation
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• In MASs communication is based on the theory of speech acts 

• Inner speech is a way of thinking about oneself -> under certain 
condition a speech act can address the agent itself 

• Plan 

• actions to achieve team goals 

• message for changing beliefs or goals  

• making the message available outside
16

Extending practical reasoning with inner speech
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Speech act and setting a table
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• video da Angelo
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Conclusions and Remarks
• We are working on a possible solution to endow agents (robots and intelligent 

systems) with the ability to explain its actions 

• creating agents that are reliable, explainable and believable 

• The key is the deliberation made before taking an action 

• We experimented the BDI technology and Jason/JaCa for validating our approach 

• simplicity in handling abstractions 

• significant effort to learn and use Jason for not skilled users 

• Abstractions and requirements need to be carefully analysed and transformed into 
Jason elements  
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• Need for accuracy in the agent knowledge representation 

• Our last experiment is on a very simple scenario 

• in the immediate future -> connect actions to beliefs 

• Only the part of the work related to the explainability has been 
presented 

• decision making process will use the same logic

21

Conclusions and Remarks
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• Further validating the approach in a more complex scenario and using 
more agents 

• We will refine the methodological approach 

• We will also add ethical aspects to the agents’ knowledge 

• to analyse how ethical reasoning may influence the human

22

Conclusions and Remarks



Thanks for your attention 
valeria.seidita@unipa.it


