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O‘Pacyer games (SrmufawL:‘dns)
- Pcs‘gnomrq[ # moves — P
- polynomiad space > PSPACE
~ wfinite Space = mJechaMe

CIS)'M%LIS Game of Life: [me/aj 19'?0)
— cellufar avtomato
- Qe cell fves & exad“@ L or 3 five me(rjl,\bors
— dead cell Lecomes live © exacfg7 3 fve me(rjt\lnors
- PSPACE'CW\P-Q6+Q n Ghife board
- Turu/y machine SImquﬂlidh (PauQ Rendell 2000]
(pushdown auitomaton with & stacks)
~ undecidoble n wfiife board (dead gifside iwput)
= grouing Twn‘vy machine (Faud Rendell QOO(Z}
= Q‘Couv\'hw machine =/Vl7ns(<(y chl«mef'/e;(moﬁzn!
[Conway, Beclekamp, Guy ~ Winnis Woys 19327
— wive . Terminaor. Tuen. o?eﬁag,
- s‘r\hff: V“QWJ oﬁ%@‘(‘; Cause (jﬁo(er a(es‘fruc‘ficn
— AND & OR gdtes
— kickback = thinning = crossover
— split & NoT (ComF,Qchﬂ‘eo@
— courter registers., tesh create, push/pull 9
— Precise gQroler (Dosrﬁchwg AWay from uns
- Seﬁ('—cﬂes'fmcjﬁo»\ Via 6oovne,rav;35




Dedexmpstic. Constravit ng_r_g_‘- (el
— edges cam also e active or inaclive
G yust Tipped
— Veﬁex &_Cﬁ/_.e T( ifs ac‘hve iv\cam‘:v(\j e(ﬂge,s‘ we}gld 22
—in each \’Dut«cﬁ :
— reverse inactive edyes poiitg T active vertices
& everse adive e@es Pov Whvg 1o inactive \/ev’ﬁces
- +‘/\e,se ave —H,\e new octhive e&ées

— PSPACE - conmplofe even for planar AMIAR araphs
- guamm“v,e gaz@g?)‘ 'mpu]LS F]Z\relfse af tEOg(r:foV )
- am‘!n(('ur gac@d‘s use uwew “swﬁd\“

erJree'& vertices o coitod timing
~ CNF formufa uses AND'.OR', split’ gadyets
which take inpufe & vefurn acknowdedsments
(fixes timng & “Mow-back D
—tvick o _guorastee fivst inpyt of AND’
activites before second Gf They both do)
— émove &gﬁree« J. Vertices
- e,cﬂge - L"POCH/\ X« emove re&-«eof \ler'ﬁ‘ce_s
~ emove bl blua vertices
- emove ved-blug vertices (ﬁm.‘vy 'S 0{(3
~ chossover gadget



/V\qut‘uonyer 9omes:
— typical question: given a game position.,
Cam HQ/X+—PQ0;76r"{b‘m0V€ {ovce o win®
— n WorsT case, afher anyers collude cya‘ams?L you,
% e%cfrve@ acting as ong ployer
Q-P(zoge'r Joames: -
— call Pﬁageﬁ‘ s white & “black” (s i Chess, Go.--)
- Pogy nomiod # moves —> € PSPACE:
3 move : V Vésponses - 4 move * V\reSpanses: .
(Yuﬂes & T win, n 3CAF) = Q3SAT

SAT games: [ Schaefer - JCSS 1978]
~ QSAT 15 a 3-player game " G (CAF)
— PQOﬂQr 1 c(«ooses X1 PQ%QW Al CL‘OOS@,S X34
- PQO&JQM l Wins & ‘6%(490, 50:‘?56’6(,0

- '\V_V,\Par‘h‘oQ gamesl (both anyers have same vr\O\IeQ
— on turn, ploger sefs amy wnassigned variable

~ pactizan games: (iffevent moves for players)
— white vaviables & black varidoles (50/50%)

— On +Mer, PQﬂgQ/( 56+5 w/lassy(/le(ﬂ Vax. O{SQMQ COQOY

at end

~ default game: player 1 wins & foomlo sahsitied
— seek game: win if first 4 safisty Remda %W’L

wina SSin

—avoid game: lose if first f sabisfy Grmulaesg



— PSPACE-ComPQeJ‘e: > 11-CNF
- iw\pMJWGQ 9ame Posn‘ive, 11-SAT
- impartral game positive 11-DNF SAT
—partizan game CAF SAT
— impartiod /povtizan avoid positive 2-DNF SAT
— impartiol /pavtizan seek positive 3-DNF SAT
— impactial / partizan avoid posifive CNF SAT
- ImParJﬁa.a/pa\(‘fizah seek FoSﬂ‘ive CNF SAT

KQJQL;S_ s (o zwﬂep. set) ESc\z\ae@r - JCSs l‘?‘?gj
- ‘\W\Pav‘h‘ag) node KGJQ@S"
— on turn, player odds node o ndependest sot
— fose i can+ moue
'(Farﬁzwvb bipav‘fi'/‘e node Kq:, fos:
— white vs. anclc nocﬂes s the E‘.f’ar‘hﬁm

6‘_6_0 Q}_\ '. (e,v\e,mgfza‘hdw b‘![woroo gaw@ (%Qmja'fpdt\)
Z 31\29\3 (oqiregc:le@ gcaph & start node for foken
— Onh 'h,«r Na P,Qagex moves ‘|‘o‘cev\ OlQO'h‘? (Jimc‘fe@ c%e,
— node gesgraphy: cant evisit nodes
— divected PSPACE-complefe [Lcktenste & Sipser 1180]
= LU’l(QETQCM cP [F\raenlceﬁ. Scheinerman, Ulman 1993}
— edbe sesqraphy: can't revisit edges
pf%ireg‘e PS’:’A(ZE%MPQG(‘G | [Soha;%er -J¢s5 197 %}
- un&i rec“e& PSPA'CE'CéMPﬂQjE [Fm@mlceg, Scl\eimermam,
— bipoytite €P Ullman —TCs 1993



Reversi /Othe ll: [« 1883
-mave= @Q00B => 99D H%

— ceverse in hetweesnn 1 R 8 divections

~ PSPACE - compllefe  (Twata & Kasa; = TCS 1994]
= PdéMGm?aQ # meves: imove Consumes boofca
= mcﬂuc‘ffdv\ \%m COI\fec"chd wo&e geotyfaplﬂéj

n b‘npor‘hfe vnqx«c:ae(gl’ee—3 3m(>L\

— vioklword chains ave Hhedls b(ybgqck‘-
Wock tokes o<, Hthun oo’ Hhos corner,
o A of botonm %em‘fbg > win

— whife wins € black canmt move

— dejme-l ue,rJU cest ==

—dl%me-i‘o vertices: }(’)—)—&e{ﬁ;

o dmble wistd bk ar
o, \i\t(«ife U:)r lgdaclisz/ﬁns whife cheoses



ASIOE:
Baunded ANICL:  AIP-complete
— each eége, com e (eversed once
— NP-chdee_ for plamar constiramt (Qraphs
thf\ AND, SPLIT. OR, CHOTCE vertices
difter n mitiod "edse otievtations I m&exﬁ\“ﬁ(‘fh
T ’PQOMOM Via <CveSsover new \Lype of &

~ similar o proof of Constvaint Graph Salisfaction

Bouhcﬂeca - Q&ﬁex Consteauit Lojrc (D.CL\
— each ) ei‘“\ﬁr wkfe oN Q)Qack
- @CG% e can be eversed mv@y once
— 900l:
= each player has fagel ede
- Pﬂager uable o move Loses
- PsbAcE -comPQe}f‘e for @lamar constrant grapl\s
with white AND, SPLET. OR. CHoTCE
& VARTABLE yerfex ===
- (‘QA)LLChGh ’Qow\ iW\Po\\r“fa,Q Jamo, Posi'fi\fe/ CNF SAT
- Pfa(yers take turns sefting variabfes
— Posi e = wl«i{é w0m+5 ‘{'me,, anck wam‘fs ﬂse
= black com't win (edse irreversible)
= (,JL\] fe wins & ﬁrmafa Sawlrsﬁécf
— crassover gadget (0ly use of CHoICE)
— Cam make OR (Jm‘fed“aco using free ec!lg_e_
no constyand at deﬁ@e—l end O




MIT OpenCourseWare
http://ocw.mit.edu

6.890 Algorithmic Lower Bounds: Fun with Hardness Proofs
Fall 2014

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu
http://ocw.mit.edu/terms



