ANroOpUTMbI NPUHATUA PELLEHUN
Decision making

Ct. npen. kad. MMM MNMy4yknH Makcmm BaneHTnHOBUY



OnpepeneHunA

* Decision making — the ability of a character to decide what to do. Given a
set of knowledge, we need to generate a corresponding action from a set
of possible actions.

* MeToabl NPUHATUA PeLleHUN ANA UTPOBbIX areHTOB, KaK NpaBuIo, Ha
OCHOBE HEKOTOPOM BXOAHOM MHbopmaLumm (input);

* Mo pelieHnem NnoHMMmaem BblI6Op OAHOro 3N1eMeHTa U3 HEKOTOPOTO
KOHeYyHoro (Mnm 6ecKkoHe4YHoro?) MHOXKecTBa — MHOMeCTBa CTpaTerun,
MHOXeCTBa X0[,0B, MHOXeCTBa COCTOAHUIN U NPOM.

* Takum obpasom, popmanunsyem:
Decision : States X Input — Reactions

» States — MHOXKeCTBO BO3MOMHbIX COCTOAHWUIN areHTa, K KOTOPbIM MOYKHO
OTHECTU U ynpaBaatoLWwmMe BO34eNCTBUA OT NIaHUPOBLLUKA BEPXHETO
YPOBHS.

* Reactions — MHOXeCTBO BO3MOKHbIX peaKLMin areHTa.



[loaxoapl

* MHoro if ... then —a noyemy bbl HET?

* Decision tree — nepeBbAa NPUHATUA peLlleHnin. [JoBONbHO Nerko
CTPOATCA, MOTYT MOANPULNPOBATLCA B NpoL.ecce Urpbl. BobicoKas
3 PEKTUBHOCTD;

* Finite state machine (FSM) — KoHe4YHble aBTOMaTbl. 9PDEKTUBHDI,
Nerko peanmsyembl n moanpuLmpyembl, COOTBETCTBYIO YE/10BEYECKOM
NOTUKe.

e Expert system (Rule-based system) — «Taxkénaa aptunnepmar.
Ncnonb3yoTca peaKo — HY*KHbl « ABUKKNY», HABbIKWU, @ OTINYUA OT
FSM Ha npocCTbiX 3a4a4ax HeBe/IMKU. YMeT pacCyKa4aTb PasymMHoO.

e Artificial neural networks — cho»HO, HENOHATHO, U AO/TO CYMTAIOT.



https://en.wikipedia.org/wiki/Decision_tree
https://en.wikipedia.org/wiki/Finite-state_machine
https://en.wikipedia.org/wiki/Rule-based_system
https://en.wikipedia.org/wiki/Artificial_neural_network
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Decision trees

* JlepeBO C Ha4ya/IbHbIM Y310M — root.

* BMHapHble — B KaXKA0M y3/ie aa/HeT, HO B 06Lem caydyae MmoryT ObiTb
1 BETBALLMMMCS.

* JINCTbA — OTAENbHbIN TUMN, OTBEYAIOLLLMN 332 KOHKPETHOE peLleHue.

* PopmanbHO MOryT ObITb HE AepPEBbAMM — BONPOC ONTUMMU3ALIUY,
BNpPOYEM, NPUHLMNMUANBHO peanm3aumna He oTan4daeTcs.

* Tunbl BEPLWMH — IOTUYECKME, Nepedyncammole, ananasoHbl (OOMN Ham
B MOMOLLb).

* 3HaHWA, KaK NPaBWI0, CCbINALOTCA Ha robanbHyo 06nacTb, a BOT
cob6CcTBEHHO AepeBbA ANA KaXKA0ro areHTa CBOMW.

* HepocTaToOK — HAYMHAEM KaXKabl Pa3 OT KOPHA (HY, HE TAKOM YXK U
HeaoCTaToK).



KaK nocTpouTtb?

* Pyykamu (nnm kapaHaawamm) — obbI4HO CTPOATCA BPY4YHYtO, 61aro
CaMo npeacTaBaeHne B BUAE AepeBa NO3BONAET YMEHbLUUTb YNUC/IO
ownbOoK.

* MOXHO CTPOUTb aBTOMATUYECKN — HAaNPUMEP, KaK B UTPE
«KMBOTHbIEY», OAHAKO BO3HMKAET BONPOC YCTOMYMBOCTU K OLLMOKaM.

* Bonpocbl apdeKkTMBHOCTU — BanaHCcMpPOoBKa. [lepeBo A0/IKHO ObITb
cbanaHCMpoBaHHbIM, HO MOXHO /1M ero banaHcmpoBaTtb? MNogymaTb!

* [1pn NOCTPOEHUN NCNONb3YETCA Pa3/IMYHbIE BUAbI BEPLUUNH, YTO,
cTporo roBops, A4o6aBAAeT CI0KHOCTEN — A1 ANAaNa30HHbIX TUMOB, K
NPUMepY, HY*KHO BHOCUTb pa3bunenHuns.

* CNOXKHOCTb onpeaeneHmnsa peneBaHTHbIX MPU3HaKOB.
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Obyu4atoLan BbIbOpKa

ATpHOYTBI Ilens

IIpumep Alt Bar  Fri Hun Pat Price Rain Res Type Est WillWait
X; Yes No No Yes Some *** No Yes French 0-10 Yes
X Yes No No Yes Full * No No Thai 30-60 No
X3 No Yes No No Some * No No Burger 0-10 Yes
X Yes No Yes Yes Full * Yes No Thai 10-30 Yes
Xs Yes No Yes No Full *** No Yes French 760 No
Xs No Yes No Yes Some ** Yes Yes Italian 0-10 Yes
X5 No Yes No No None * Yes No Burger 0-10 No
Xs No No No Yes Some ** Yes Yes Thai 0-10 Yes
Xy No Yes Yes No Full * Yes No Burger 760 No
X10 Yes VYes Yes Yes Full *** No Yes Italian 10-30 No
X1 No No No No None * No No Thai 0-10 No
X1 Yes Yes Yes Yes Full * No No Burger 30-60 Yes
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Bbibop npunsHakos

[na 6BUHAPHbIX — HA OCHOBE KoanyecTBa MHPopmauum (Teopusa
LLleHHOHa 1 Yunsepa).

1(P(vy), P(13), ., P(1)) = Z _P(v;)log, P(v;) 6uT
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Ecnn ectb HEKOTOPbLIN aTPUOYT A, UMEIOLWUK V PA3NNYHbIX 3HAYEHUN, U
aenAawmnm obyyarowee mHoXxecTBo E Ha Ei..Ev. Kaxkgoe noaAMHOMKECTBO
Ei BK/IKOYAET pi NONIOXKUTE/IbHBIX MPUMEPOB, U ni OTPULUATENbHbIX.



Bbibop npunsHakos

OcTaToK MHbOopMaL MM nNocne nepexoaa no ji-my atpmnbyry:
1%
Remainder(4) = Pi -] ( Pi , : )
— Pt \pitn ppt+n

l

MpupaweHne nHpopmaLummn Nocae aHanusa i-ro aTpmbyra

p
n+pn+p

Gain(A) =1 ( ) — Remainder(A)

Takmm ob6pa3om, n3Ha4yasibHO BbibUpPaem TOT aTpuUbyT, KOTOPbIN
obecneymBaeT Hanmbonbluee npupalleHne MHPopmaLumnmn Npu
aHanuse. [lanee — aHaNoOrm4yHo.



ID3

PaccmoTpeHHbI anroputm onmncaH KymHnaHom — lterative
Dichotomizer 3. ImeeT HekOTOpble HEAOCTAaTKN — B YAaCTHOCTH,
paboTta c gmana3zoHamu (HenpepbIBHbIE NapaMeTpPbl).

bbin ynyuweH — Bepcua C4.5, CART

A notom ageno aowno n o See5/C5.0
https://www.Ishnk.me/2018/09/29/%D0%B4%D0%B5%D1%80%D0%B

5%D0%B2%D1%8C%D1%38F-
%D0%BF%D1%80%D0%B8%D0%BD%D1%8F%D1%82%D0%B8%D1%38F-
%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B9-
%D0%BD%D0%B0-c/

Ha tekywmn: ID3, CART, C4.5, C5.0, Newld, ITrule, CHAID, CN2 u
apyrue.



https://www.lshnk.me/2018/09/29/%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D1%8C%D1%8F-%D0%BF%D1%80%D0%B8%D0%BD%D1%8F%D1%82%D0%B8%D1%8F-%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B9-%D0%BD%D0%B0-c/
https://www.lshnk.me/2018/09/29/%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D1%8C%D1%8F-%D0%BF%D1%80%D0%B8%D0%BD%D1%8F%D1%82%D0%B8%D1%8F-%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B9-%D0%BD%D0%B0-c/
https://www.lshnk.me/2018/09/29/%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D1%8C%D1%8F-%D0%BF%D1%80%D0%B8%D0%BD%D1%8F%D1%82%D0%B8%D1%8F-%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B9-%D0%BD%D0%B0-c/
https://www.lshnk.me/2018/09/29/%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D1%8C%D1%8F-%D0%BF%D1%80%D0%B8%D0%BD%D1%8F%D1%82%D0%B8%D1%8F-%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B9-%D0%BD%D0%B0-c/
https://www.lshnk.me/2018/09/29/%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D1%8C%D1%8F-%D0%BF%D1%80%D0%B8%D0%BD%D1%8F%D1%82%D0%B8%D1%8F-%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B9-%D0%BD%D0%B0-c/

GINI

Ewé oanH pacnpocTtpaHEHHbIN KpuTtepuin: Gini index (Corrado Gene —
NTANIbAHCKUIN CTaTUCTUK). CunTaeTca no dopmyne:

G;=1- zpiz,k
k=1

rAe P; x — OTHOWEHWE CYLIHOCTEeN Knacca k cpean CyLuHOCTeu i-ro
y31a B obyyatoLeit BbibopKke. Hanpumep, ana 43 (13/30) umeem Gini
impurity pasHbim 1 —(13/43)22 — (30/43)72=1-0.09-0.49 = 0.42.
Ona «uncroro» ys3na nHAEKC paseH 0 —3TO 03HA4YaeT, YTO BCE INEMEHTD!
O4HOro Knacca.

kt) = —G, +—G
J(k, t;) I r

34eCb M — KOJIMYECTBO CYLWHOCTEN Npu pasgeneHmnmn, a t —nopor gns
npusHaka. MnuHmmmnsnpyem. PekypcmaHo nostopaem. CART.



[Tpobnemol

Komnpomertauma — Knaccmyeckaa npobnema obyvyeHus, Korga anroputm
yunTca He npobneme, a obyyatoulen BblbOpKe.

Overfitting — nepeobyyeHne. B npuHuUMne, BEepPHO WU ANA AepPeBbEB
pPeLIeHNN, HO BblParKaeTCs HECKONIbKO NO-APpYyromy.

HepeneBaHTHble NPU3HAKU — Hanpumep, OPOCKN MOHETKN B 3aBUCUMOCTHU
OT AHSA Heaenw.

TpebyeTtca cnocob npoBepKM 3HAYMMOCTU aTpubyToB, M OTOpPaAcCbIBaHME
HEpeneBaHTHbIX Aa)e B TOM CJiyd4ae, €C/AM OHM MOTyT BJIMATb Ha
Knaccmbukaumio. A Ona 3TOro HeobxoAMMO OLEHMBATb 3HAYMMOCTb
aTpMbyToB — Hanpumep, NO TEM e CaMblM 3HAYEeHUAM MPUPALLEHUA

MHPOPMaLUW.



Finite State Machines

Finite State Machine — abcTpakuma, umetrowaa oanH Bxoa, 1, GopmasibHO,
O4MH BbIXOA,

Yalule Bcero paccmaTtpmBatloT pPaboTy Ha CTPOKax: Ha BXO4, aBTOMATY
nogatoTcss CMMBOJbI, Ha Bbixoade dopmumpyeTca OTKAUK. B npoctenwem
c/lyyae Bbixoa, — gonyckaet (accepts) mnm ortsepraet (rejects) aBTomar

CTPOKY.
MpunoputeTHaa obnacTb UccnenoBaHNA — NAPCUHT CTPOK, CUHTAKCUYeCcKUue

U Nexkcnyeckne daHaain3atopbl ..., obnactb nccneagosaHnMA — TeOopPUA
KOHEYHbIX aBTOMATOB.

ABTOMAT B Ka)KAblh MOMEHT BPEMEHU HaxoAuTCA B OAHOM COCTOAHUU U3
MHOeCTBa BO3MOHbIX, U 3TO MHOXeCTBO KOHEYHO.

[leTepMMHUPOBAHbI — KaxJoe nepexod M3 OAHOro COCTOSAHUA B Apyroe
O[lHO3HAYHO onpeaenseTca TEKYWMM COCTOSSHMEM M MHPOpMaLMen Ha
BXOJe aBToMarTa.



OnpepenenHuve FSM

dopmanbHoe onpegeneHue:

A=(Q,90€EQAEQZLS)
(Q — (states), mHOXecTBO cocToAHMM (y3/bl rpada);
qo — (initial state), HayanbHOE cocTOAHME;
A — (accepting state), ponycKatollee COCTOAHUE;
2 — (alphabet), BxogHOW andasurT;

0:0 X X — Q — dyHKUMA nepexonos. MorKeT bbITb onpeaesieHa He Ha BCeX
fnemeHTax mHoxectBa {Q X X}, B Takom ciayyae noapasymeBaem, 4To
aBTOMaT ocTaHaBaMBaeTcAa (HenonHaa PyHKLUMA Nepexoaos).

KoHeYyHOCTb aBTOMATa — ABa YC/10BUA, HET CaMOMNPOM3BObHbIX NEPEXOA0B
MeXXay COCTOAHMAMMKU, U  YHKUMA nNepexoaoB He nogpasymeBaeT
C/IYy4anHOCTb.



[lpeacTtasneHue n ontummsaumna FSM

MpeactaBneHme MmoxetT ObiTb 334aHO  Tabauuamu, AuMarpammammu
nepexonos, UML nan rpadpamm (4to-10 TYT He TO!).

B urpoBbix cucTemax, PaBHO KaK W B OTHOCUTE/IbHO HebOoNbLUUX
KOMMNJIeKcax, npeactaB/ieHNne MOXeT ObiTb HesABHbIM — onpeaensem
MHOXeCTBO COCTOAHWUI, U Nepexoapbl.

OnTumunsauma noapasymeBaeT «ynpouweHue» aBTOMaTa — MNOCTPOeHue
MWUHUMANBbHOTO MAU peayKUuMA K MUHUMANbHOMY, 3KBMBANEHTHOMY C
TOYKN 3peHna PYHKUMOHUPOBAHMA (PYHKUMM KOHEYHOro COCTOAHMA
3KBMBANEHTHbl). MeTtoabl — anroputmbl XonkpodTta, BrKO30BCKOro wu

apyrue.
[lna moaennpoBaHUA cUcTeM NMoBedeHUs HU crnocob npeacTaBNeHUs, HU
ONTUMMU3ALMA 0COOOM POSIN HE UrpatoT.

B urposom Al cywectBeHHOM npobnemon FSA ABnAetTcA CNOXKHOCTb
obyyeHus (onAa 6onblIMHCTBA 3a4a4).



[Tpnumep
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Hierarchical FSM

HekoTopble acnekTbl NOBEAEHMA MOXET ObITb C/IOXKHO pPeanin3oBaTb — TaK
Ha3biBaemble «Alarm behaviors» ABnA0TCA HENNOXUM NPUMEPOM.

Get power Get power
(head for

trash)

Get power
(head for
compactor)

[Got item]

Head for
compactor



Hierarchical FSM

PeweHnem asnaetca peaindauma mHOroyposHeEBOIro aBTomaTta.

* FSM moryT 6biTb BNOXEHHbIMU, B HEKOTOPbIX COCTOAHUAX BO3MOKEH
nepexoa BO BNOXKeHHble FSM;

* [lonyyaem 3PPeKT «KOMOMHMPOBAHHOIO COCTOSAHUA», MPU KOTOPOM
oblwee CcoCcToAHME CUCTEMbI ABNAAETCA KOMOMHaUMEen HEeCKONbKUX
COCTOAHWUMN;

e 1N Ka)XAOro «B/IOEHHOro» COCTOAHUSA HeobxoAMMO YKa3blBaTb
HavyaNbHYIO TOYKY BXOZa — COCTOAHME, B KOTOpPOEe nonagaem U3Ha4vyanbHo,
a B JasbHeMWem TeKyllas TO4YKa MOMKeT 3anoMWHaTbCA, BO3BpaT
NPOUCXOAUT B 3TY TOUKY;

* MOXHO peasin30BbiBaTb Mepexodbl «MeXay YPOBHAMUY, NNOO TONbKO
BHYTPU MEePapXUM.



[Mpumep HFSM
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KombuHunposaHue Decision-Trees u FSM

[loBONbHO YA0OHO peanunsyeTcH

E%aise alarrj

Can see Player

the player? ?
[ Alert w »% — nearby

Defend j




Behavior Trees

[Moxo»n Ha HFSM, HO ocHOBHOWM CTpoOUTENbHbLIN 610K — 3aaaun (task).

B obwem cnyyae 3aa4a — HEKOTOPbLIXM KoA, NOaAyYalowmi onpeaenéHHoe
BPEMSA Ha CBOE BbINOJIHEHME, N NOCAE BO3BpPALUAOLWMIK CTATyC (ycnewHo
WUIN HeT).

Buabl 3a4a4 moryT 6biTb cieaytoLme:

— Conditions (ycnosua). MNMpocTto npoBepKka Ha BbINOJHEHME HEKOTOPOro
YCNOBMA, BO3MOMKHO, JOBOJIbHO CNOXHOro — 6/1M30CTb K MPOTUBHUKY,
Ha/In4Yne A oTcyTcTBme Yyero-1mbo, n Tomy nogobHoe. JIncrbA.

— Actions (nencrtsua). Jliobbie aencrBua — caenaTtb YTo-IMO0 areHTy Uau
KaK-nmbo M3MeHUTb cocToaHune mupa. JIncrbA.

— Compositions — Komno3numu, BHYTPEHHUEe BeplunHbl. Moryt umeTb
AOYEepPHUMU Apyrme BeplUuHbl Komnosmuun. Pasnuyarotca no tuny,
Hanpumep Selector n Sequence.



Behavior Trees

Door Move Move Move
open? (into room) (to door) (into room)
—> —>
Door Open Barge Door
locked? door door open?




Behavior Trees

}— L

Until fail Tidy trash... Recharge...

Trash visible?

-

Trash visible?




Blackboard architecture

ApPXUTEKTYPA «KMACcCHOM AOCKM»  (cTpaTerna peweHua  CAOXHbIX
CUCTEMHbIX 33434 C NpUBAEYEHUEM PA3HOPOAHbLIX MCTOYHUKOB 3HAHWUW,
B3aMMOJENCTBYIOLWMX Yyepes obliee MHPOPMaLMOHHOE nosie) — moaenb
YNpPaBAEeHMA, KOTopaA YCMNEewHO MPUMEHAEeTCA AN PelleHna 3TON U
APYrMx 3aaad, Tpebyrwmux KoopaAuMHAUMKM Pa3NUYHbIX MPOLLECCOB WU
MCTOYHUKOB 3HaHUA.

«KnaccHaa pocKa» —  ueHTpanbHaa rnobanbHaa 6a3a  AaHHbIX,
npeaHa3Ha4YeHHaa AAA CBA3M HEe3aBUCUMbIX aCUHXPOHHbIX MCTOYHUKOB
3HaHUMN.

Koraa BO3HMKaeT Heobxoammoctb? Cucrtema npeacraBnAeTcs Habopom

MOJYNen — areHTbl, NOACUCTEMbI, Ha6opb| NPOAYKLUWIK, CKpUNTbl, 6OTHI,
metToabl, QAna u  Boobwe BCE, YTO  YrogHo. YCTaHOBWUTL
NETEPMUHUPOBAHHbLIA  anroputm  o0bpaboTkM  MHPoOpMaUMKM  He
npeacTaBAAETCA BO3MOMKHbIM.



dNeMeHTbl

Moa cobCTBEHHO «KNACCHOM AOCKOM» MOHMMAKT eauMHOe MPOCTPaHCTBO
ana obmeHa AaHHbIMW — HEKOTOPbIMU COODLLLEEHUAMM.

Ectb Habop Knowledge source, kKotopble nybauKyOT MHOOPMAUUIO Ha
nocke B onpeaenéHHom dopmate. OnybamKkoBaHHaa uWHbOpmaUuUa
NOCTYNHa Mbo BCeM acCOUMMPOBAHHbIM MNpoueccam, KOTOpble MOTyT
YMUTaTb C «JOCKMN», NMOO NX NOAMHOXKECTBY.

MOXHO pa3aenaTtb MCTOYHWUKWU 3HAaHUM U NPOUECCbl — Hanpumep,
npoueccbl MNPeacTaBAAKOT 3KCMNepToB, KOTOPble MNOAy4YarT 3HaHUA U
«BbICKA3bIBAlOT» CBOE MHEHWEe, TO €eCTb npouecc ABYCTOPOHHUMN.
MCTOYHUKM 3HAHUW, C APYron CTOPOHbI, HE YUTAT UHPOPMAUUID C
AOCKMW.

BcA peATenbHOCTb acUMHXpPoOHHas (B obuwem), ynpaBaseTca HEKOTOPbIM
KOOPAMHATOPOM.

IKCNEePTOB MOXKHO pa3aenaTb N0 YPOBHAM.



Hearsay - Il

OaHa 13 nepBbix peannsaumm — B cucteme Hearsay-2, Ana pacno3HaBaHuA
peuun. Tpu nsmepeHunsa — Bpems, nepapxmsa U OCTOBEPHOCTb rMnoTes.

KS1 dopma BoaHbI (BpemeHHaa gnarpamma) akyCTUYECKOro CMrHana.

KS2 doHembl 1M BO3MOMKHbIE 3BYKOBbIE CErMEHTbI aKyCTUYECKOro CUrHana.
KS3 Cnoru, Kotopble moryT 6biTb cOCTaBAEHbl U3 HOHEM.

KS4 Bo3smoxHble cnoBa, pe3yabraT aHasnmn3a nepsoro KS.

KS5 BosmoskHble cnoBa, pe3ynbraT aHanusa BToporo KS (obbluHO paccmaTtpuBsatloTcs
CNOBa M3 PA3/IMYHbIX YacTen AaHHbIX).

KS6 leHepaLumna BO3MOKHbIX NOc/ieaA0BaTeIbHOCTEN C/10B.

KS7 CsasbiBaHMe nocnenosaTenbHOCTM CNOB B $hpasbl.



Hearsay - Il

h VARE ANY BY FEIGENBAUM AND FELDMA
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Hearsay - Il

Kaxkpaa rmnoTtesa HaxoAMTCA Ha AOCKE Ha OAHOM U3 YPOBHEM U HeceT
onpeaenatoLLyo MeTKy, BblIbpaHHYO U3 Habopa, noaxogAallero ANa 3Toro
ypoBHA (Hanpumep, cnoBo FLYING, cnor ING uam 3Byk NG). [MnoTtesa
COAEPXUT AOMNONIHUTENbHYIO MHPOPMALMIO, BKAKOYAA ee BpeMeHHble
KOOpAMHATbl B npeaenax npPOM3HECEHHOro0 BbICKA3bIBAHMA W PEUTUHT

|£||O CTO B e p H O CT M ¢ LEVELS KNOWLEDGE SOURCES
DATA BASE
INTERFACE ] SEMANT
PREDICT
PHRASE TPAJRSE o\ Nmp
(\ CORCAT % -
WORD-SEQ-CTL
WORD-SEQUENCE d "wonn k0 ( c’ﬁ\ O’

J \) WORD-CTL
WORD 1!&0\'{ VERIFY o N O~——rroL

SYLLABLE ] POM ) ;_0-——//
SEGMENT d "sgg J C:ﬁ
PARAMETER J O'::{

Ficure 2 The levels and knowledge sources of September 1976. KSs are indicated by vertical
arcs with the circled ends indicating the input level and the pointed ends indicating output
level.



Hearsay - Il

Blackboard

Levely KS) ).. -
) |
" ' :
KS -
Level, - )‘- i
i
1
ﬂ/ |
— I
I.'E'V'EI] :
o—— [
i
=== i
i
v v :
Blackboard Scheduling i
M°“"°’ Queves !
l
|
Fo:us-of- i
control Scheduler )— ——————— J

Database

KEY:
) Program modules ——p Data flow
Databases —~=— -9 Control flow

FiGURE 4. Schematic of the Hearsay-II architecture.



Robot operating system

Haactponka Hapg Linux, onpepensaiowan MHOPACTPYKTYPY ANA CO34aHUA
CNOXHbIX MOAY/IbHbIX CUCTEM.

[Mlo3numoHmnpyeTca Kak naatdopma ansa pa3paboTtkm coPpta ana poboTos.

m m Serer -
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ROS Computational Graph
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Robot operating system

Nodes: npouecchl, BbINOAHAOWME BblYMUCAEHMA. MCNONb3YyAa MeToAbl CBA3U
ROS, oHM moryT obuwaTtbcs Apyr ¢ APYyrom n obmeHuBaTbCA AAHHbIMMU.
OaHa u3 uenen y3noB ROS — co3paBaTb MPOCTble MNPOLLECCbl, @ He
bonbline, co Bcemm PyHKUUAMMU. Y31bl ROS nmeroT NnpocTyo CTPYKTYPY U
NIerko noaaatoTca oTnagke.

Master: aucnetdyep ROS obecneymBaeTr perncrpaumio MMeH U MNOUCK
OCTa/IbHbIX Y3/10B. Y3/1bl HE CMOTYT Haxo4uUTb ApPYr Apyra, 0bmeHMnBaTbCA
coobuleHnAMM  UAN  BbI3biBaTb  CAyKbbl 6e3 ROS Master. B
pacnpefeneHHOM CUCTeME JAucnetyep MOoXKeT (PYHKUMOHMPOBATb HaA
OZ1IHOM KOMMblOTEpE.

Parameter server: 6a3a AaHHbIX, CepBep NapameTpoB MNO3BONAET XPAHUTb
NaHHble B 0AHOM mecTe. Bce y3abl moryT 0b6palatbCca K 3TMM 3HAaYEHMAM
N n3MeHATb nx. Cepeep napameTpos ABnAeTcA YacTbto ROS Master.



Robot operating system

Messages: CTPYKTYpbl AnA nepenayvym AaHHbiX. CylecTByrOT CTaHAapTHbIE
NPUMUTUBHbIE TuUMbl (Uenble 4yucaa, 4Yucsia C MNJiaBaloWen 3ansaTomn,
nornyeckme wu 1. [1.). Jdonyckaetca onpenenatb COOCTBEHHblE TUMbI
COOOLEeHUN.

Topics: Kaxkgoe cooblieHne B ROS nepenaeTca ¢ NOMOLLbIO MMEHOBAHHbIX
WWH, Ha3blBaemMbIX Temamu. MybamKauma B Temax U nNoanmncKM Ha TeMbl.
Kaxpana Tema umeeT YHUKa/IbHOE UMSA, U NI0OOIM y3en MOXKeT NMoayYuTb
[IOCTYMN K 3TOM Teme U OTnpasB/iaTb AaHHble Yepes3 Hee, ec/In Y HUX eCTb
npaBuAbHbIA TUN COOOLEHMS.

Services: aHanorn RPC, ecnn ctaHaapTHaA cxema He paborTaer.

Logging: ROS npepoctaBnaer cuUCTemMy perncrtpaumm ana XpaHeHwuA
NAHHbIX, TaKMUX KaK JAaHHble  A3aTYMKOB, ANA  AanbHEWULWero
MCMNON1Ib30BaHUA.



Game Al. F.E.A.R.

STRIPS was developed at Stanford University in 1970, and the name is
simply an acronym for the STanford Research Institute Problem Solver.
STRIPS consists of goals and actions, where goals describe some desired
state of the world we want to reach, and actions are defined in terms of
preconditions and effects. An action may only execute if all of its

preconditions are met, and each action changes the state of the world in
some way.

Cuctema urposoro uHtennekta B F.E.A.R. Hanbonee 6nn3ka K STRIPS, u
onepupyeT ueaamm u AencTBUAMM.

CoctoaHunA (states) — HekoTopoe onucaHme mupa (B otinume ot FSM),

MOXeT paccMaTpMBaTbCA KaK nNpucBaMBaHME 3HAYEeHUN MHOMXKecTBy
nepemeHHbIX.



Game Al. F.E.A.R.

The design philosophy at Monolith is that the designer’s job is to create
interesting spaces for combat, packed with opportunities for the A.l. to
exploit. For example, spaces filled with furniture for cover, glass windows
to dive through, and multiple entries for flanking. Designers are not
responsible for scripting the behavior of individuals, other than for story
elements. This means that the A.l. need to autonomously use the
environment to satisfy their goals.

Ho ecnn npocto pasmecTuTb urposoro 60Ta B mMumpe U MNO3BOJIUTb emy
YBUOETb UTPOKA, TO HEe NPOU3ONAET HUYero —y 6oTa HeT uenen.

B WorldEdit Hy»kHO 6bl10 Ha3HauaTb Llenun (Goals), TouHee, Habopbl Lenewn
ana urposoro A.l.

ba3oBble anropuTtmbl MOUCKA COOTBETCTBYIOT TaKOBbIM B 3aJa4yax MOUCKA
(A*, Dijkstra n gpyrnm).



Game Al. F.E.A.R.

Goal Sets — Habop uener. OH moXKeT coBnagaTb Y pPa3n4YHbIX HOTOB,

HanpMmep, y accacMHa M coaaaTa, XOTA Crnocobbl AOCTUMKEHUA UENe
byayT pa3am4yaTbCs.

Bonee toro, Habop uenen GDC(Attack, Patrol), npuBogsawme K pasnnyHbim
AEeNCcTBMAM ANA CconaaTa M accacuMHa, MOryT ObiTb Ha3HAYEHbl U KPbICE,
KOTOpas MOMKeT MnaTpy/MpoBaTb, HO HE MMEET BO3MOXHOCTU HMKOro
ybunBaTb — HET COOTBETCTBYHOLLLETO Habopa AENCTBUM.

Action Sets — pocTtynHblie Habopbl AenCcTBMK, KOTOPble MNPUBOAAT K

N3MEHEHUIO MUpPa, U MOTYT PacCMaTPMBaTbCA KaK onepartopbl/ayru B
NnpoL.ecce NOUCKa peLleHus.



Game Al. F.E.A.R.

Soldier

Assassin

Rat

B Action B Action B Action
1 Al/Actions/Attack 1 Al/Actions/Attack 1 Al/Actions/Animate
2 Al/Actions/AttackCrouch 2 Al/Actions/InspectDisturbance 2 Al/Actions/Idle
3 Al/Actions/SuppressionFire 3 Al/Actions/LookAtDisturbance 3 Al/Actions/GotoNode
4 Al/Actions/SuppressionFireFromCover 4 Al/Actions/SurveyArea 4 Al/Actions/UseSmartObjectNode
5 Al/Actions/FlushOutWithGrenade S Al/Actions/AttackMeleeUncloaked | +
6 Al/Actions/AttackFromCover 6 Al/Actions/TraverseBlockedDoor
7 Al/Actions/BlindFireFromCover 7 Al/Actions/UseSmartObjectNodeMounted
8 Al/Actions/AttackGrenadeFromCover 8 Al/Actions/MountNodeUncloaked
9 Al/Actions/AttackFromView 9 Al/Actions/DismountNodeUncloaked
10 Al/Actions/DrawWeapon 10 Al/Actions/TraverselinkUncloaked
11 Al/Actions/HolsterWeapon 11 Al/Actions/AttackFromAmbush
12 Al/Actions/ReloadCrouch 12 Al/Actions/DodgeRollParanoid
13 Al/Actions/ReloadCovered 13 Al/Actions/AttackLungeUncloaked
14 Al/Actions/InspectDisturbance 14 Al/Actions/LopeToTargetUncloaked
15 Al/Actions/LookAtDisturbance +
16 Al/Actions/SurveyArea .
17 Al/Actions/DodgeRoll
18 Al/Actions/DodgeShuffle
19 Al/Actions/DodgeCovered
20 Al/Actions/Uncover
21 Al/Actions/AttackMelee
_n

Figure 4: Three different Action Sets in GDBEGit.




[1oCTOMHCTBA pa3aeneHus uenem n 4encTemum

For example, we had out of shape policemen in NOLF2 who needed to stop and catch
their breath every few seconds while chasing. Even though only one type of character
ever Three States and a Plan: The A.l. of F.E.A.R. 8 Game Developers Conference 2006
exhibited this behavior, this still required a branch in the state machine for the Chase
goal to check if the character was out of breath. With a planning system, we can give
each character their own Action Set, and in this case only the policemen would have the
action for catching their breath. This unique behavior would not add any unneeded
complexity to other characters.

The modular nature of goals and actions benefited us on F.E.A.R. when we decided to
add a new enemy type late in development. We added flying drones with a minimal
amount of effort by combining goals and actions from characters we already had. By
combining the ghost’s actions for aerial movement with the soldier’s actions for firing
weapons and using tactical positions, we were able to create a unigue new enemy type
in @ minimal amount of time, without imposing any risk on existing characters.



Game Al. F.E.A.R.

For example someone could sit down at a desk and do some work. The
problem was that only the Work goal knew that the A.l. was in a sitting
posture, interacting wit the desk. When we shot the A.l., we wanted him
to slump naturally over the desk. Instead, he would finish his work, stand
up, push in his chair, and then fall to the floor.

This was because there was no information sharing between goals, so each
goal had to exit cleanly, and get the A.l. back into some default state
where he could cleanly enter the next goal. Decoupling the goals and
actions forces them to share information through some external working
space. In a decoupled system, all goals and actions have access to
information including whether the A.l. is sitting or standing, and
interacting with a desk or some other object. We can take this knowledge
into account when we formulate a plan to satisfy the Death goal, and
slump over the desk as expected.




Game Al. F.E.A.R.

Priority: 8.0
Death Stunned iority: 100. Priority: 80.0
Priority: 100.0 Priority: 80.0
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Figure 5: NOLF2 goals as black boxes (left) and F.E.A.R. decoupled goals and actions (right).



Game Al. F.E.A.R.

Paspgenenune uenem u oencTBun AQET ropa3no bonee rubkyto n yaobHyto
CUCTEMY, KOTOPYIO Jserye moanmpuumpoBaTb M  HaAMNOAHATb HOBbIMU
NEeUCTBUAMU U LeNAMMN.

[loBegeHne cTpenka B 60O MOXKHO MOAENNPOBATb HE CKPUMTaMMK, a
NencTBMAMM  Hanopgobue YknaoHamecsa, [Ipamamecda, Ycmpausame
3acaosbl U npoyee.

TaK¥e nerko moanpuuMpoBaTb Pa3/IMYHbIE MNOBEAEHYECKUEe NnaTTepHbl,
nobaBnAa, K Npumepy, PyKOMallHYIO aTaKy, KOTopasa COMpPAXeHa C yiKe
CYLLLeCTBYIOLLMMMN LEeNAMMN.

FSM gna Takux 3aga4 TAXKenoBeCHbl, U TPOMO3AKMW.



Game Al. F.E.A.R.

InHammnyeckoe naaHUpoBaHuUe.

The third benefit of a planning system is the dynamic problem solving
ability that re-planning gives the A.l. Imagine a scenario where we have a
patrolling A.l. who walks through a door, sees the player, and starts firing.
If we run this scenario again, but this time the player physically holds the
door shut with his body, we will see the A.l. try to open the door and fail.
He then re-plans and decides to kick the door. When this fails, he re-plans
again and decides to dive through the window and ends up close enough
to use a melee attack!

BO3MOXHO nepecTtpanBaTb NAAHbl «HA NeTy»
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