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LECTURE 2

TITLE: LINGUISTIC GEOMETRY: CONSTRUCTING STRATEGIES FOR
ADVERSARIAL GAMES

LECTURER: Prof. Boris Stilman, IEEE Fellow, University of Colorado at
Denver, USA

ABSTRACT:

Linguistic Geometry (LG) is a type of game theory that serves as a foundation
for the development of multiple intelligent defense systems in the USA and abroad.
This lecture will consist of two parts:

e A brief introduction to the LG Game Construction for solving real world
defense problems (with a short movie). | will introduce participants to
the construction of the Abstract Board Games and LG Hypergames
including construction of the abstract board, abstract pieces, and relations
of reachability.

e An extensive theoretical account into the LG Game Solving. | will introduce
participants to the so-called No-Search Approach in LG. It will include step-
by-step explanation of the major result in LG, which shows that LG generates
optimal solutions for a class of opposing games without search and
demonstrates construction of those solutions. I will initiate the Terminal Set
Expansion, i.e., expansion of the subsets of terminal states into “bubbles,” the
larger sets of states. For each of the states from those bubbles | will determine
a strategy leading to the respective terminal states. Then, we will realize that
the bubbles of states permit to decompose the whole game state space into



subspaces. This decomposition will be implemented via constructing a visual
model called a State Space Chart. This Chart will serve as a strategic
“geographical map” of the state space by providing guidelines for “travel”
from state to state. Then | will utilize this Chart for constructing classes of
potential strategies for all the opposing sides and for pruning those classes that
cannot be implemented for a given problem. Subsequent application of the
non-pruned potential strategies will lead to construction of the optimal
solution — the only real strategy existing in this problem.

TEMA: JIMHI'BUCTUYHA I'EOMETPUA: Cb3JABAHE HA UT'POBU
CTPATEI'IN

JIEKTOP: npod. bopuc Crunman, |IEEE Fellow, Yausepcucrer na Konopano B
Heupbp, CAILL

PE3IOME:

JIMHTBUCTUYHATA TEOMETPHS € TUII OT TEOPUATA HA UTPUTE, KOSITO CITY>KH KaTo
OCHOBa 3a pa3zpaboTkaTa Ha MHOXECTBO oTOpanutennu cuctemu B CAILl u o cBera.
[IpencraBenaTa JIEKIUs € pa3zciicHa Ha JBE YacTH, KAaKTO CJIC/IBA:

e Kparko BBBeAcHHME B CH3JaBaHETO HA WIPOBH CTPATETHH  Ype3
JIuurBuctuunata ['eometpust (JII') 3a pemaBaHe Ha peaiqHu mpoOiieMu B
cucteMu 3a otOpana (upe3 kpatko ¢uimue). Ha ydactHuiurte e Obie
Pa3sICHEHO KaK ce Ch3JaBaT a0CTpakTHU HacToiHu urpu u JII' xunpepurpu,
YaCTHOCT HAYMHHUTE 3a Ch3/laBaHE Ha aOCTPaKTHU IbCKH, (UTypu U
OTHOIIEHUS Ha JOCTHITHOCT.

e OOmupHa TEOpEeTUYHA paBHOCMETKA 3a pemiaBaHe Ha urpu upes JII.
Vyactaumure me O0paat 3anmo3Hata ¢ T.H. NO-Search moaxom B JII'. Toit
BKJIFOYBA CTBITKA TIO CTHIIKa OOSCHEHMS Ha OCHOBHU pesynratu B JII, upes
KoeTo ce moka3Ba, 4ye JII' ch3maBa onTUManHUA pEIICHUS 3a KJIAac Ha
MIPOTHUBOIIOJIOKHN UTPU O3 ThPCEHE M JACMOHCTPHpA U3TPaKIaHe Ha TE3U
peurenus. Ille 0b1e mokasan Terminal Set expansion, T.e. pasmupasBaHe Ha
MOATPYIA OT KPaHW ChCTOSHUSA B ,,0aJIOHH', TIO-TOJIEMH MHOXKECTBA OT
dopmupoBanus (HAOOPU OT CHCTOSIHMS). 32 BCIKO €IHO ChbCTOSIHHUE, OT TE€3U
MexypyeTa IIe C€ OMpeaeNud CTpaTerus Bojela J0 ChOTBETHH KpalHU
cweetostaus. Crieqt ToBa, 11e Ob/Ie MoKa3aHo, Ye MexypueTaTa IMo3BOJIsBaT Ja Ce
Pa3IIOKH ISLTOTO UTPOBO MPOCTPAHCTBO HA CHCTOSTHUATA B TIOANPOCTPAHCTBA.
ToBa pa3zmarane 1ie ce peanu3upa 4pe3 U3rpak1aHeTo Ha BU3yaleH MOJE,
HapeueH State Space Chart. Tazu cxema 1me CIyKd KaTto CTpaTerHyecka



"reorpadpcka Kapta' Ha MPOCTPAHCTBOTO HA CHCTOSHHUSATa  4pe3
IPEJOCTaBsIHE HA HACOKH 34 ,,[IPEMUHABAHE™ OT ChbCTOSTHUE B ChCTOsAHUE. Crient
TOBa, Ta3W cXema Ie ObJe HM3MOJ3BaHa 3a KOHCTPYHMpaHE Ha KJIacoBe Ha
MNOTEHIIMAIHU CTPATETuy 332 BCHUUKHU MPOTHBOIOJOKHU CHCTOSHUS HAa W 3a
,,CBIBaHE" Ha TE3W KJIACOBE, KOMTO HE MOrar Jia ObJaT MPUIIOKEHH 32 JaJieH
npo6sieM. Cnen npuinaraHe Ha NOTEHIMAIIHUTE CTPATErny, KOUTO HE ca OWiH
,CBUTH", TO TOBa Il JIOBEJE /10 M3IPa)KIAHETO HA ONTHUMAJHO pEIICHUE -
€IMHCTBEHATa peajlHa CTpaTerus, ChIEeCTBYBAIIM JaieHaTa 3a/a4a.



