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Recallf: (L13)

Boundled Q- »Qayer Consteamt Loﬁrc (QCL\
— each IS eiﬂ\e( WL\}{‘Q o\ QQacl(
~ each e cam be eversed m\@y once
— 900f: each playec has fargel ede
& wing rg‘ they, reverse it

- PSPACE -complete for elamar consteant gmpLs
with white AND, SPLEZT, OR. CHozcE
& VARTABLE yerfex ——d=e=t=
- ("QAUL‘hGh ‘E’ow\ imPav“TaQ Jame, Posfh\!e CNF SAT
- pfq(yers fake furns setting variables
— posifive = whife wamts frue, black wasits Blse
= black com't win (edoe irreversitle)
— whife wins & bmda sdtisted
— CrosSsover jac%ef’ (zm@ use of CHOICEB
— Cam make OR Prsfeaﬁz& using free g&_e_
no constraud af deg@e-1 end 3




AW\a?}or\S: [bdaﬁer 2aw\l<aus kas 1983}
- C‘MQQ/VIS‘ on d«essbcourc()
~ move = GUeem moeve + queen §£o_‘('ﬁ
destray boavd posifion at queen-reachable Qscation
= last player o move wins

— PSPACE-complete [Heam &6053
- P%V\SW\?QQ meves: S(l\0+ consumes L)OOY‘J

— veduction from Bounded ACL



Konone (Hawaii — ancient Hawaiian Pobynesians]
(decumorted by Captoin Jomes Cock i 1778)
~ move = jump your piece over 1 or more
QPPomemjl' pi€ces 1h @ ,S'(VD@H' QMQ,:
O&, @, &7
= \(emoJe CO\P’fUFch oppovum'/' pieces
— (st pﬁa‘yer o move wWins

— PSPACE - complete  [Hearn 2005]
— pynomial # moves: move consumes > 1 piece
= veduction tom Bounded 2L
— conditiona] (9&&6‘(’ for AND, SPLIT, 5L\I(¥ :
— can traverse put 2 output—a
oy affer input 1> citput 1 (el capfum@
— jgnore ayfput 1 = AAD
— pame input & = SPLIT
— bt = Purig shid?




Q oss Pur poses- [/V\rclnaeﬂ Albect 900‘4]
— block stenes = 1x1x2 +owers
- White stones = fallesn pwers
- V’_%,VQ.C:Q @ = OO0 (w‘g/t\’r)
~ Vertical player cam move  up/doun
- Hori26k+aq ?Qay(’)(‘ Com c‘i"oﬁ% move /A rgk('

~ Jast plawer fo move wins

- PS‘PACE-Cm»\PQg‘fe (Hearn 65
— pelynamiol # moves: move consumes bllack Stone
"‘('ecgudfcm trom Bcuchch ACL
~H feed fo help ' affer variobfe séffings
~ p¢ Q"‘e c'(‘Qoq O (2( Frea, @cl;e\ ‘(7) a\/orﬂ
secand activation feemi vxa:ﬁy Qeav‘ug, H s move

S‘toCL\O\Sh“C 9AMES * [Papacﬂim?fn‘ou — J¢Ss 19%5]
- ol P@&’ 60{95 PQOgS YOMJOM% ur\q‘/’ar@l’
— PSPACE - mpdefe o win with probaéifiﬁj > 1/
(\/l‘ a am p.Qi ﬁca'ffmm>
- SSAT: 3x.  Ax Ixg i Axg: - Be{F3>Ys
—[OPEN - real oomes ?




UV\bGuV\oQ&cp ‘6rmuQa games: EXPTIME-cmeéfé
[Sfockm%yer & Chandi — SLcome 197‘_7]
~ start with acbitragy varioble assinmendt
— Cam sd Va‘(TQMes ‘{'D O ovl mom ‘ﬁ‘mes (uugimifeob
— ol portizan: black & white variables, =t

Plus possibly, “tum variable” € = 1% {f’ gag’éﬁ 1

Gyt move = set ol vavciobles O‘F(your color y
& set Gommon) fum variable € = 52 it S@Z?
ﬁ_cls_g it you sati 567 (conman) 4DAJF formula
1e. move must satisty comman HNF frmula
G‘;-' move = sef one variable of sur Coflor
(cam eass ‘o(y ne clr\anyivy H’)
Win if Yol SaJrTSTg your 13DAIF formuda @ of #‘e@
63‘ move = dfp one Voriable o(gow color (no PaSSS
fose i you Sa'h‘s@ your 1ADNF formuda Q@ of the.)
@q‘ move = sef ond Va\n‘abae of gour color (can f’qSSB
win if you satisty (common) 13DAF formula
(Gs = G¢ but withowt CAFF canstraat)
§6: move = Sd' ond Va‘(ia'oae 01(‘ Jouvr cofor (COM PQSSB
Mlayer 1 wins if awyora sotisties (single) CNF formula

Feck: stock of plates with hofess 1 fixed plate:
(64)  black & while onJLes have 2 states. in & sut

— move = manipulste one plate  (can pass)
— win if hole ol Ha way Hisugh



Membership 1 EXPTIME = APSPACE. [Chondru A Steckneser,
offernating V.3 guesses & Korew— FOCS 1976 |
— bwld set o€ “mote in k” staes for k=0,1.--n "
#moves & = stafes 3
UMBG\MQQJ 9raph_gomes: EXPTIME-compléte
[Sfockmegyer &O’\OA«oqm — SLComp 1"/?‘_7]

e Srechd groph
— given simple undivected g
- %,O\CL\ 9498 BQack oV uJL‘ﬂLe Pg( in or ouf
~ move = Toggle in/oit of an edpe of your cofor
- ange\r 1 wins if in ecﬁges form (o passrgb
a Hamiltonion %ch (affer omy move)
= Tecgucﬁdh {om G@

BLock:
= given 3 graphs o fhe sSame verfex set
- eodn player has tokens o ther color
on some of the \rtices (1 Hoken per vertex)
— mové = move 1 tokem of Your co,aor aﬂcmy
a poth m o of the 3 _graphs
such that ‘(’age'f& witermediale vertices
L\a\/e, no +ol<ems
- PQ‘{‘j@( L wins if they ﬁej o foken 10 a \Ieﬁéxewz
— veduction from G
— voviable & C,Qomse j&cﬂj@f




Mga/w\e_,s Het ave EXP -compllote: =>¢P!
— “Checlexg  [Robsan —STComp 1931

- edluction from G3 where gbaut f Lose
a(%r e,v@g ﬂurm /&

= witiddly players odjust kiygs' befween T/F

~ then player” mounts am affack: move A or B
6@9 spporent to follow pothy, fock as desired

—if ol aftack wars. sef & no defense vars. sel”
1e. DNF clouse satisted then get x free moves

- with x free moves cam ﬁr[yger suler SFimf
— lf\l/ge moa‘e/r:‘qQ ao(vau‘f@e

— ‘H«é’/h om 1€rm Picl(e{' QM&S > Si?é((‘m'&(m‘dr\

= Win [Fraenked, Gureg, Johnsan, Schaeter, Yesha —FOCS 17?3]

— Chess (Fraenkel & Licktenstein —3ICTA 1381]

— Go with Jo\q?ame/se ko vule (Robsen- TEIP 1983 ]



<UML>G\Av\olecJD ACL:
— each edse 1s either whife o biack

— 900l each player has fagel edbe
& wing T?LL ﬂ'\eg revevse it
— E)(PTI/V\E'@APQQJL e enen for FQamar (9\@‘01/\5
- ‘fe&udm fvom 6'6
— PQ evs @t‘o Vo io\QQG/S
—hca%vvvaq saﬁg(fe&: white CPQ%M'Q
Wil Qock an \faﬁau% Xarwn ormulo
— Qock = veverse 4w or false edse
— block must respm\cf A (e B, C, D)
'kb pr@,\/@m‘lt w[/\]TQ ﬁw« tast win vio F
= \lock mmobilized duving Qocks
— block's slow win is 1 move Qanger Hron
formulo. salisaction = white can't Lip
its variables affer amy roku/y (no ime)
— white sflower win prevedts black from Lipp ing
A ear @‘ eg. Msfeacg o'F (E‘Pp/‘vg a VQV‘TOLQIQ
‘1%(w\u9a uses Po»’rfz\ e%aQrZer So QM
SofisfYing assigments foke Same fime
— NCL cvassover



No-repest vule: [Robson — mFcs 198Y ]
Yose if ever repeat a past game configuration
= Gy~ Gy~ G5 becoma EXPSPACE'CGYHPQQ/+€
os do Chess £ Checkers
—[OFEN] is Go with su‘oerko (Wobm€w+> )
EX@SPACE- Ccsw\pﬁe)‘e? (as in USAQ Ching)

C&\c&iﬁ(moiﬁ no-Yepest ade:  [Robson —mecs 198Y)
— fwo speciol vaviobles x Xy
- QOSQ if evey TQ@DQQJF a post gome con€i umf?om
Q ot mosT 1 of x Y hove cJAowy Since
= Gy becsmes &EXPTIME~Cme@+e

Private - isemattion games (Reif- JCsS 1934]
on Com See sone but net oMl of Oﬁpaheu‘f(s Stk
> Gy SDNF, Gy DWVF become. QEXPTIME- complete
O version of Peek With L\O.Q'( of

Wihning hofes visible fo encls Fﬁoger

Blind games: (Resf- JCsS 1984]
prayex 1's entire STate s houem fon. ()QagerQ
= G5 DNF becomes EXPSPACE - complete
G Vevrsion 0'( Pe@k above

[OPEN): Consfraut Logic 1 ol Fhese seffings




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



