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m T(w) = 6,1 éxer n MT oty tawvior Tng 6ty Tehedoet Tov
urohoyloué e eloodo w, T(w) € {0, 1}*
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(IMpoamoutovyeva: unyovée Turing)
m L(M)={we (0,1} | M(w) |}, bmov M(w) | n unyovy M
ATOOEYETAL TN W
m T(w) = 6,1 éxer n MT oty tawvior Tng 6ty Tehedoet Tov
urohoyloué e eloodo w, T(w) € {0, 1}*
Mrnopotue va Solue tic MT we¢ queries: ypewalbpaote
xwdwornoinon and Sopés (e 6,TL vor ‘vou VOC) o€ Buadixég
cuufohocelpéc
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Ac clvar A = ({0, 1,...,n— 1},Rf',
doun Tou T

bin, : STRUC[r] — STRUC[rs], 75 = (S1>

Rﬂ

el s

Cly...,C s> OLATETAYUEVT)
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bin, : STRUC[r] — STRUC[rs], 75 = (S')

Ac elvon A = <{O, 1,...,n— 1},qu, . ,R;ﬂ,cl, .. .,cs> OLATETAYUEVT)
doun Tou T
m [ oyéon R C | A1, opiloupe bin™(R;) binary string ufxoug
n‘, 6mou povdda oTtn Véor j onuaivel 6TL To j-00To tuple
avixer otn R
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bin, : STRUC[r] — STRUC[rs], 75 = (S')

Ac elvon A = <{O, 1,...,n— 1},qu, . ,R;ﬂ,cl, .. .,cs> OLATETAYUEVT)
doun Tou T
m [ oyéon R C | A1, opiloupe bin™(R;) binary string ufxoug
n‘, 6mou povdda oTtn Véor j onuaivel 6TL To j-00To tuple
: A
avixer ot R;
m [ otod C?q € |Al, opiCouue binﬂ(cj) TN BUABLXT] AVATTOE. TOU
cj, uhxoug logn]
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Ac elvon A = <{O, 1,...,n— 1},qu, . ,R;ﬂ,cl, .. .,cs> OLATETAYUEVT)
doun Tou T
m [ oyéon R C | A1, opiloupe bin™(R;) binary string ufxoug
n‘, 6mou povdda oTtn Véor j onuaivel 6TL To j-00To tuple
: A
avixer ot R;
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bin, : STRUC[r] — STRUC[rs], 75 = (S')

Ac ebvar A = <{0, 1,...,n— 1},R]ﬂ, . ,R;ﬂ,cl, .. .,cs> OLATETAYUEVT)
doun Tou T
m [ oyéon R C | A1, opiloupe bin™(R;) binary string ufxoug
n‘, 6mou povdda oTtn Véor j onuaivel 6TL To j-00To tuple
avixer otn R
m [ otod c?q € |Al, opiCouue binﬂ(cj) TN BUABLXT] AVATTOE. TOU
cj, uhxoug logn]
Tehxd, bin(A) = bin™(R)) - - - bin(R,) bin"(c;) - - - bin(cy) 0
concatenation twv emPEPOUC CUVLCTWOMOV.
Mrnxog iy = |lbin 7(A)|| = n® + n* + --- + n* + s[logn]
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Ac elvan

m |bin (S

ﬂ:({O,l,Z},Sl =1{0,2},R? = {(0, 1),(1,2)},c‘ﬂ=2),n=3

=n% = 3! %o bin(S1) = 1°0'12
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Hopdderyuo xwdxonolnong

Ag elvou

<{0 1,2},8' =1{0,2},R*> = {(0,1),(1,2)},cM = 2>,n =

= |bin (S! )| =n =31 you bin (") = 190112

m |bin (R?)| = n® =32 =9, xu
binT(RZ) — 000101002010011112020021022
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Ag elvou

<{0 1,2},8' =1{0,2},R*> = {(0,1),(1,2)},cM = 2>,n =

= |bin (S! )| =n =31 you bin (") = 190112
= |binc(R?)| = n® =32 =9, xau

binT(RZ) — 000101002010011112020021022
m bin(c) = 10
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Hopdderyuo xwdxonolnong

Ag elvou

<{0 1,2},8' =1{0,2},R*> = {(0,1),(1,2)},cM = 2>,n =

= |bin (S! )| =n =31 you bin (") = 190112
= |binc(R?)| = n® =32 =9, xau

binT(RZ) — 000101002010011112020021022
m bin(c) = 10
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Hopdderyuo xwdxonolnong

Ac elbvan
A= <{0 1,2},8' ={0,2},R?> = {(0,1),(1,2)},c :2>,n:3
= |bin (S! )| =n =31 you bin (") = 190112
m |bin (R?)| = n® =32 =9, xu
binT(RZ) — 000101002010011112020021022
m bin(c) = 10

Telxd,
bin(A) = 101 010001000 10
—_———— ——
RA §A cA

Tumxd,

bin,(A) = ({o, 1,2,...,13},8! = {0,2,4,8, 12}> € STRUC|[s]
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Edw nep., ool

Av «t = 0» opilouye bin(A) = 0! Gbote [[bin(A)|| > ||A]

Ateuxpivioeic

CT DC
o | ueY. €l0600L | pey. input
&N W structure || A||
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Edw nep., ool

Av «t = 0» opilouye bin(A) = 0! Gbote [[bin(A)|| > ||A]

Ateuxpivioeic

CT DC
o | ueY. €l0600L | pey. input
&N W structure || A||

‘Otay evandxeiton xdmola dout| va eloayvel o MT, tote To rjxog
™NC €L0000L ebvan Air, it
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Edw nep., ool

Av «t = 0» opilouye bin(A) = 0! Gbote [[bin(A)|| > ||A]
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CT DC
o | ueY. €l0600L | pey. input
&N W structure || A||

‘Otay evandxeiton xdmola dout| va eloayvel o MT, tote To rjxog
™NC €L0000L ebvan Air, it
Aox: bin, bin™! eivar FO Queries (opilovtos pe timouc)
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Edw nep., ool
Av «t = 0» opilouye bin(A) = 0! Gbote [[bin(A)|| > ||A]

Ateuxpivioeic

CT DC
o | ueY. €l0600L | pey. input
&N W structure || A||

‘Otay evandxeiton xdmola dout| va eloayvel o MT, tote To rjxog
™NC €L0000L ebvan Air, it
Aox: bin, bin™! eivar FO Queries (opilovtos pe timouc)
Lyoha yioo xwdixomolnor - anoxwdxonolnon:
m [lpémel va elvon umohoyloTnd eUXOAN
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o 000000 000

Edw nep., ool
Av «t = 0» opilouye bin(A) = 0! Gbote [[bin(A)|| > ||A]

Ateuxpivioeic

CT DC
o | ueY. €l0600L | pey. input
&N W structure || A||

‘Otay evandxeiton xdmola dout| va eloayvel o MT, tote To rjxog
™NC €L0000L ebvan Air, it
Aox: bin, bin™! eivar FO Queries (opilovtos pe timouc)
Lyoha yioo xwdixomolnor - anoxwdxonolnon:
m [lpémel va elvon umohoyloTnd eUXOAN

m [lpémel va 'vou yopixd anodotixn
AAMA
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
YA € STRUC[o] : T(bin(A)) = bin(I(A)),
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
VA € STRUC[o] : T(bin(A)) = bin(I/(A)), Aye 6Tt «n T uvnoroyilel
70 I».
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
VA € STRUC[o] : T(bin(A)) = bin(I/(A)), Aye 6Tt «n T uvnoroyilel
70 I».

Complexity Classes

= DTIME(«(n)) =
{ boolean queries | unoA. ané NTET nolutoawy MT ypbvouO (t(n))}
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
VA € STRUC[o] : T(bin(A)) = bin(I/(A)), Aye 6Tt «n T uvnoroyilel
70 I».

Complexity Classes

= DTIME(«(n)) =
{ boolean queries | unoA. ané NTET nolutoawy MT ypbvouO (t(n))}

= NTIME
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
VA € STRUC[o] : T(bin(A)) = bin(I/(A)), Aye 6Tt «n T uvnoroyilel
70 I».

Complexity Classes

= DTIME(«(n)) =
{ boolean queries | unoA. ané NTET nolutoawy MT ypbvouO (t(n))}

= NTIME
m DSPACE, NSPACE
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
VA € STRUC[o] : T(bin(A)) = bin(I/(A)), Aye 6Tt «n T uvnoroyilel
70 I».

Complexity Classes

= DTIME(«(n)) =
{ boolean queries | unoA. ané NTET nolutoawy MT ypbvouO (t(n))}

= NTIME
m DSPACE, NSPACE
m L = DSPACE(log n), NL = NSPACE(log n)
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Query calculation

Ac etvan 1 : STRUC[o] — STRUC][7] query xan T unyTur:
VA € STRUC[o] : T(bin(A)) = bin(I/(A)), Aye 6Tt «n T uvnoroyilel
70 I».

Complexity Classes

m DTIME(t(n)) =

{ boolean queries | unoA. ané NTET nolutoawy MT ypbvouO (t(n))}
NTIME

DSPACE, NSPACE

L = DSPACE(log 1), NL = NSPACE(log )

m P = U; DTIME r¥, NP = U; NTIME(r*)
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EewtAuorta, enextdoeic

Il yenowonototue boolean queries;

Eneid) otoug oplopoic €youue mpofAfuato andQaong, o onola
exEAlovTon 1¢ UTONOYIOUO! YUPaXTNEIGTIXTS CUVARTNONG - WIS
ocuvdptnorng e exova {0, 1}, 6nwe ta boolean queries.
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EewtAuorta, enextdoeic

Il yenowonototue boolean queries;

Eneid) otoug oplopoic €youue mpofAfuato andQaong, o onola
exEAlovTon 1¢ UTONOYIOUO! YUPaXTNEIGTIXTS CUVARTNONG - WIS
ocuvdptnorng e exova {0, 1}, 6nwe ta boolean queries.

Compl Class & Queries

[ xhdon mohumh. C opilouue Q(C) To chvoho Twv queries mou
umoh. TNy xAdorn C
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EewtAuorta, enextdoeic

Il yenowonototue boolean queries;

Eneid) otoug oplopoic €youue mpofAfuato andQaong, o onola
exEAlovTon 1¢ UTONOYIOUO! YUPaXTNEIGTIXTS CUVARTNONG - WIS
ocuvdptnorng e exova {0, 1}, 6nwe ta boolean queries.

Compl Class & Queries
[ xhdon mohumh. C opilouue Q(C) To chvoho Twv queries mou
umoh. TNy xAdorn C

Aqgobl n xhdon C éyel ubvo boolean queries, tog unopolue va
ToVue 6Tt éva general query utohoyiletau oto C;
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EewtAuorta, enextdoeic

Il yenowonototue boolean queries;

Eneid) otoug oplopoic €youue mpofAfuato andQaong, o onola
exEAlovTon 1¢ UTONOYIOUO! YUPaXTNEIGTIXTS CUVARTNONG - WIS
ocuvdptnorng e exova {0, 1}, 6nwe ta boolean queries.

Compl Class & Queries

[ xhdon mohumh. C opilouue Q(C) To chvoho Twv queries mou
umoh. TNy xAdorn C

Aqgobl n xhdon C éyel ubvo boolean queries, tog unopolue va
ToVue 6Tt éva general query utohoyiletau oto C;
Apxel pe eicodo bin(A), xdie bit Tou bin(I(A)) va etvon

ouotduoppa utohoylowo oto C
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Tumxoe op.

Ac givau I : STRUC[o] — STRUC[7] query.
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Tumxoe op.

Ac etvon 1 : STRUC[o] — STRUC[7] query. Aéue 6T t0 [ elvon
unohoylowo oto C avv I, € C, pe

I, ={(A,i,a)| to i-octd bit Touvbin(I(A)) slvar a}
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Tumxoe op.

Ac etvon 1 : STRUC[o] — STRUC[7] query. Aéue 6T t0 [ elvon
unohoylowo oto C avv I, € C, pe

I, ={(A,i,a)| to i-octd bit Touvbin(I(A)) slvar a}

I[Méov, QC)=CU{I]| I, € C}
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Time - space constr func

s : N — N eivou space constructible (resp. time constr.) avv
undpyet viet MT yopou O (s(n)) (resp. ypdvou O (s(n))) t.0.

m e eioodo 0"
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Time - space constr func

s : N — N eivou space constructible (resp. time constr.) avv
undpyet viet MT yopou O (s(n)) (resp. ypdvou O (s(n))) t.0.

m e eioodo 0"

m unoloyilel s(n) oc binary
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Time - space constr func

s : N — N eivou space constructible (resp. time constr.) avv
undpyet viet MT yopou O (s(n)) (resp. ypdvou O (s(n))) t.0.

m e eioodo 0"

m unoloyilel s(n) oc binary

ABouxditog AAMA

Bdoeic - TToAunhoxdtnta



Basics Query - TM - Classes Baowxd dewpfiuata  Reductions Completeness  Alternating TM  Simul. Resources Classes
0000 000 ° 000000 000 0000000

Time - space constr func
s : N — N eivou space constructible (resp. time constr.) avv
undpyet viet MT yopou O (s(n)) (resp. ypdvou O (s(n))) t.0.
m e eioodo 0"
m unoloyilel s(n) oc binary

IoodUvaya, avv s € QIDSPACE[s(n)])), resp.s” € QDTIME]s(n)])
omou s’ 1 ouv. Tou unoloyilel Ty s(n) pe eicodo 0"
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Time - space constr func
s : N — N eivou space constructible (resp. time constr.) avv
undpyet viet MT yopou O (s(n)) (resp. ypdvou O (s(n))) t.0.
m e eioodo 0"
m unoloyilel s(n) oc binary

IoodUvaya, avv s € QIDSPACE[s(n)])), resp.s” € QDTIME]s(n)])
omou s’ 1 ouv. Tou unoloyilel Ty s(n) pe eicodo 0"

Space Hierarchy Theorem

3
|
8

[o xde ¢, s space constr cuvapthoelg pe (t/s)(n) — 0, tote
DSPACE([#(n)] € DSPACE][s(n)]

ABouxditog AAMA
Bdoeic - TToAunhoxdtnta



Basics Query - TM - Classes Boccw.oc Yewprpator  Reductions Completeness  Alternating TM ~ Simul. Resources Classes
0000 000 000000 000 0000000

Time - space constr func
s : N — N eivou space constructible (resp. time constr.) avv
undpyet viet MT yopou O (s(n)) (resp. ypdvou O (s(n))) t.0.
m e eioodo 0"
m unoloyilel s(n) oc binary

IoodUvaya, avv s € QIDSPACE[s(n)])), resp.s” € QDTIME]s(n)])
omou s’ 1 ouv. Tou unoloyilel Ty s(n) pe eicodo 0"

Space Hierarchy Theorem

3
|
8

[o xde ¢, s space constr cuvapthoelg pe (t/s)(n) — 0, tote
DSPACE][#(n)] ¢ DSPACE[s(n)]

Savitch’s Theorem

DSPACE[s(n)] € NSPACE[s(n)] € DSPACE[s*(n)]

ABouxditog AAMA
Bdoeic - TToAunhoxdtnta
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‘query A eivau Turing reducible B av
A unohoy(letar ebxoha doYévtog pavteiou yia B’

Oracle Turing Machine

Etvor wia MT M pe

m €ETpa Touvia EpATNONG

ABouxditog AAMA

Bdoeic - TToAunhoxdtnta
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‘query A eivau Turing reducible B av
A unohoy(letar ebxoha doYévtog pavteiou yia B’

Oracle Turing Machine

Etvor wia MT M pe
m €ETpa Touvia EpATNONG

m Seywploty| query state

ABouxditog AAMA
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‘query A eivau Turing reducible B av
A unohoy(letar ebxoha doYévtog pavteiou yia B’

Oracle Turing Machine

Etvor wia MT M pe
m €ETpa Touvia EpATNONG

m Seywploty| query state

ABouxditog AAMA
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‘query A eivau Turing reducible B av
A unohoy(letar ebxoha doYévtog pavteiou yia B’

Oracle Turing Machine
Etvor wia MT M pe

m €ETpa Touvia EpATNONG

m Seywploty| query state
Aovievel 6mwe xhaowxh MT, udvo mou dtav unel oto query state,
uTdpyeL Yeopévn AEEN w = bin(A) oty tawvio epwTNoNG.

ABouxditog AAMA
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‘query A eivau Turing reducible B av
A unohoy(letar ebxoha doYévtog pavteiou yia B’

Oracle Turing Machine
Etvor wia MT M pe

m €ETpa Touvia EpATNONG

m CeywploTy query state
Aovievel 6mwe xhaowxh MT, udvo mou dtav unel oto query state,
uTdpyeL Yeoupévn AEEn w = bin(A) oty tawvia cpwtnone. Av
A € B, t61e epgaviCetar’ 1 oty Touvia epwT., aAAdS gugp. 0,
uno¥eTixd o €va Briua.

ABouxditog AAMA

Bdoeic - TToaunhoxdtnta
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‘query A eivau Turing reducible B av
A unohoy(letar ebxoha doYévtog pavteiou yia B’

Oracle Turing Machine
Etvor wia MT M pe

m €ETpa Touvia EpATNONG

m CeywploTy query state
Aovievel 6mwe xhaowxh MT, udvo mou dtav unel oto query state,
uTdpyeL Yeoupévn AEEn w = bin(A) oty tawvia cpwtnone. Av
A € B, t61e epgaviCetar’ 1 oty Touvia epwT., aAAdS gugp. 0,
uno¥eTixd o €va Briua.
Av 1o pavteio ebvar yio To query B, ypdpoupe MB

ABouxditog AAMA

Bdoeic - TTIoAunhoxdtnta
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B

ABouxditog AAMA
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

ABouxditog AAMA
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

IT
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

X
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

IIX:

ABouxditog AAMA
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

IIX: e Ac civou boolean query CLIQUE ndve oe douéc tou
Tk = <E2,k> mou ebvan aAndrc avy

ABouxditog AAMA
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[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

IIX: e Ac civou boolean query CLIQUE ndve oe douéc tou
Tok = <E2,k> mou ebvan ahndric avv To input structure G mepiéyel
TAYpeg umoypdep. peyédoug k

ABouxditog AAMA
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Basics Query - TM - Classes Boowxd dewphiuata  Reductions Completeness  Alternating TM  Simul. Resources Classes
0000 000 o 080000 000 0000000

[opdderypo Turing avorywyhe

C-Turing reducible

Av A, B queries xou C xA\dor mohuThoxotntoc, Aéue 6Tl T0 A elvon
C — Turing reduc. cto B, cuyf A Sg B
avy undpyer OTM M2 t.w. L(MB) = A %o M8 <péyel o C

IIX: e Ac civou boolean query CLIQUE ndve oe douéc tou
Tok = <E2,k> mou ebvan ahndric avv To input structure G mepiéyel
TAYpeg umoypdep. peyédoug k

o Ac eivar general query MAXCLIQUE ndvw oe 7, Tou
emoTEEPEL TO PEYEVOC NG UEYIOTNG XAIXOC

ABouxditog AAMA
Bdoeic - TTohunhoxdtnta
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

ABouxditog AAMA
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

INa eloodo (G, i, a):
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?

ABouxditog AAMA
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

|

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?
m Nou. (G,3n/4) € CLIQUE?

ABouxditog AAMA
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A.o.: MAXCLIQUE; <} CLIQUE

|

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?
m Nou. (G,3n/4) € CLIQUE?
m Oy (G, n/4) € CLIQUE?

ABouxditog AAMA
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A.o.: MAXCLIQUE; <} CLIQUE

|

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?
m Na. (G,3n/4) € CLIQUE?
m Oy (G, n/4) € CLIQUE?
m (s 0 tehevtaiog apiy. pe Yetnr| andvinom, uetd oné logn
EPLTHUATA)

ABouxditog AAMA
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

|

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?
m Nou. (G,3n/4) € CLIQUE?
m Oy (G, n/4) € CLIQUE?
m (s 0 tehevtaiog apiy. pe Yetnr| andvinom, uetd oné logn
EPLTHUATA)
®m Av 10 i-0076 bit Tou 5 €lvan a, amOBEYOUACTE, AANLDG
amopp(mTOuUE
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

|

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?
m Nou. (G,3n/4) € CLIQUE?
m Oy (G, n/4) € CLIQUE?
m (s 0 tehevtaiog apiy. pe Yetnr| andvinom, uetd oné logn
EPLTHUATA)
®m Av 10 i-0076 bit Tou 5 €lvan a, amOBEYOUACTE, AANLDG
amopp(mTOuUE

ABouxditog AAMA

Bdoeic - TToAunhoxdtnta



Basics Query - TM - Classes chmxoa YewprAuota  Reductions Completeness  Alternating TM ~ Simul. Resources Classes
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A.o.: MAXCLIQUE; <} CLIQUE

Treviiuon

MAXCLIQUE, =
{(G,i,a)| o i— octé bit tou bin(MC(G)) civor a}

|

INa eloodo (G, i, a):
m binary search ue pavteio tou CLIQUE, yia va Bpotue
uéyedog s yéytotne xhixac: (G,n/2) € CLIQUE?
m Nou. (G,3n/4) € CLIQUE?
m Oy (G, n/4) € CLIQUE?
m (s 0 tehevtaiog apiy. pe Yetnr| andvinom, uetd oné logn
EPLTHUATA)
®m Av 10 i-0076 bit Tou 5 €lvan a, amOBEYOUACTE, AANLDG
amopp(mTOuUE
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Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries,

ABouxditog AAMA
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Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries, xou I : STRUC[o] — STRUC[7] T.w.

1€ QC) xu (VA€ STRUC[o]) AcA e I(A)eB

ABouxditog AAMA
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Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries, xou I : STRUC[o] — STRUC[7] T.w.

1€ QC) xu (VA€ STRUC[o]) AcA e I(A)eB

To I eivon C — many-one avaywy? ané 10 A oto B., cuuf A <¢ B

ABouxditog AAMA
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Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries, xou I : STRUC[o] — STRUC[7] T.w.

I €Q(C) xan (VA € STRUC[c]) A€ A & I(A)€B
To I eivon C — many-one avaywy? ané 10 A oto B., cuuf A <¢ B

Evoiagépouoeg mepintwoeic:

ABouxditog AAMA
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Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries, xou I : STRUC[o] — STRUC[7] T.w.

I €Q(C) xan (VA € STRUC[c]) A€ A & I(A)€B
To I eivon C — many-one avaywy? ané 10 A oto B., cuuf A <¢ B

Evoiagépouoeg mepintwoeic:
m To I eivou first order query: fo-reduction, <,

ABouxditog AAMA

Bdoeic - TToAunhoxdtnta



Basics Query - TM - Classes chmxcx Yewpruata  Reductions Completeness  Alternating TM  Simul. Resources Classes
0000 000 000800 000 0000000

Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries, xou I : STRUC[o] — STRUC[7] T.w.

I €Q(C) xan (VA € STRUC[c]) A€ A & I(A)€B
To I eivon C — many-one avaywy? ané 10 A oto B., cuuf A <¢ B

Evoiagépouoeg mepintwoeic:
m To I eivou first order query: fo-reduction, <,
m To I ebvaw 670 Q(L): logspace-reductuon, <jog

ABouxditog AAMA

Bdoeic - TToAunhoxdtnta



Basics Query - TM - Classes chmxcx Yewpruata  Reductions Completeness  Alternating TM  Simul. Resources Classes
0000 000 000800 000 0000000

Many-one avorywyn

Ac etvor C xhdon mok., A € STRUC[o], B € STRUC[7] boolean
queries, xou I : STRUC[o] — STRUC[7] T.w.

I €Q(C) xan (VA € STRUC[c]) A€ A & I(A)€B
To I eivon C — many-one avaywy? ané 10 A oto B., cuuf A <¢ B

Evoiagépouoeg mepintwoeic:
m To I eivou first order query: fo-reduction, <,
m To I ebvaw 670 Q(L): logspace-reductuon, <jog
m To I ebvau oto Q(P): polynomial-time red., <p

ABouxditog AAMA
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Beelte éva fo reduction ané PARITY ce MULT,
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Hopdderyo
Beeite éva fo reduction ané PARITY ce MULT,

PARITY boolean query, ahndéc av n ouuf. €xel nepttto
A doc Yovadmy
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Hopdderyo

Beeite éva fo reduction ané PARITY ce MULT,

PARITY boolean query, ahndéc av n ouuf. €xel nepttto
A doc Yovadmy

MULT general query, 6¢yctou (ebyn boolean strings urxoug
n X0l TA TWAEL OTO YWVOUEVO TOUG UHXOUS 2n

7 = (A", B'),MULT : STRUC[7,] — STRUC[7,]
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Hopdderyo

Beeite éva fo reduction ané PARITY ce MULT,

PARITY boolean query, ahndéc av n ouuf. €xel nepttto
A doc Yovadmy

MULT general query, 6¢yctou (ebyn boolean strings urxoug
n X0l TA TWAEL OTO YWVOUEVO TOUG UHXOUS 2n

7 = (A", B'),MULT : STRUC[7,] — STRUC[7,]

MULT, bool. query o7to Tepeqd = <A1,Bl,c, d>, akniéc avv to
bit ¢ etvor d oto MULT

ABouxditog AAMA
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Oewpolye Ipy : STRUC[7,] = STRUC[7ypcql pe

walx,y) =y = max AS (x)
@B(x,y) =y = max

IPM = /lxy (true, DA, PB, <0, max) 5 <O’ 1)>
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[opdderypo - cont.

Ocewpolpe Ipy 1 STRUC[1,] = STRUC[74pcal Y

@a(x,y) =y = max AS (x)
@p(x,y) =y = max
IPM = /lxy <true9 ‘PA» ‘PB> <0’ maX> B <0’ 1>>

Ac elvar w = 701101”. Eidope A, = ({0, 1,2,3,4},{1,2,4}).

ABouxditog
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0000 [e]e]e} 00000e [e]e]e} 0000000

[opdderypo - cont.

Ocewpolpe Ipy 1 STRUC[1,] = STRUC[74pcal Y

@a(x,y) =y = max AS (x)
@p(x,y) =y = max
IPM = /lxy <true> ¢A> ‘PB» <07 maX> b <0’ 1>>

Ac elvar w = 701101”. Eidope A, = ({0, 1,2,3,4},{1,2,4}).

Yoapone, PAR(A) =1

ABouxditog
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0000 000 00000e 000 0000000

[opdderypo - cont.

Ocewpolpe Ipy 1 STRUC[1,] = STRUC[74pcal Y

@a(x,y) =y = max AS (x)
@p(x,y) =y = max
IPM = /lxy <true> ¢A> ‘PB» <07 maX> b <0’ 1>>

Ac elvar w = 701101”. Eidope A, = ({0, 1,2,3,4},{1,2,4}).
Yoapone, PAR(A) =1

/EXOU}lS IPM(?() =

<{O, 1,2,3,4)2,{(1,4),(2,4),(4,4)},{(0,4),...,(4,4)},(0,4) (0, 1)>
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Def.

o A bool. query, C xhdon ntolunhoxotnTag, <, oYEon avayOYNQ
- VOY WOYLOWUOTNTAS.
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0000 000 o 000000 @00 0000000

Def.

o A bool. query, C xhdon ntolunhoxotnTag, <, oYEon avayOYNQ
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Def.

o A bool. query, C xhdon ntolunhoxotnTag, <, oYEon avayOYNQ
- ovarywytowotntog. Aéue 6Tt to A elvon C-TAARES UECw < oVY
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m (VBeC)B<, A

IX: Usime = { M#w#" | M(w) | in r steps}
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Complete for L:

e CYCLE: Given an undirected graph, does it contain a cycle?

e REACH,: Given a directed graph, is there a deterministic path from vertex s
to vertex 1? (A deterministic path is such that for every edge (u, v) on the path,
there is only one edge in the graph from u.)

Complete for NL:

o REACH: Given a directed graph, is there a path from vertex s to vertex ?
e 2-SAT: Given a boolean formula in conjunctive normal form with only two
literals per clause, is it satisfiable?

Complete for P:

e CIRCUIT-VALUE-PROBLEM (CVP): Given an acyclic boolean circuit, with
inputs specified, does its output gate have value one?

o NETWORK-FLOW: Given a directed graph, with capacities on its edges, and
a value V, is it possible to achieve a steady-state flow of value V through the
graph?
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Complete for NP:

o SAT: Given a boolean formula, is it satisfiable?
e 3-SAT: Given a boolean formula in conjunctive normal form with only three
literals per clause, is it satisfiable?

e CLIQUE: Given an undirected graph and a value k, does the graph have a
complete subgraph with k vertices?

Complete for PSPACE:

s QSAT: Given a quantified boolean formula, is it satisfiable?
¢ HEX, GEOGRAPHY, GO: Given a position in the generalized versions of the

games hex, geography, or go, is there a forced win for the player whose move
it is?
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Evaihaocopevn MT ebvan o un-vreteppviotiey MT pe
OLUOLRAOUEVO GOVORO UN) TEQUATIXWY XATACTACEWY, GE XAVONKES

xal LToEELaXEC.
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Evaihaocopevn MT ebvan o un-vreteppviotiey MT pe
OLUOLRAOUEVO GOVORO UN) TEQUATIXWY XATACTACEWY, GE XAVONKES
xan vrop&laxéc. T Ty anodoy®:

m xade accepting teAixdc @don efvar amodexTinog
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Egetric oo MT €youv random access read-only input.
ASPACE[s(n)] =

set of bool. queries accepted by Alt TM using O (s(n)) cells
ATIME[s(n)] =

set of bool. queries accepted by Alt TM using O (s(n)) steps
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OewpruoTa

[N s(n) > logn, t(n) > n,
U | ATIME[#(n)] = U | DSPACE[#(n)]

ASPACE[s(n)] = Uy, DTIME[k*™]
Emniéov, ASPACE[logn] = P, AP = PSPACE
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Boolean circuits

boolean circuit = DAG,

C=V,E,GA,Gy,G-, I, r) € STRUC[7,]
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Boolean circuits

boolean circuit = DAG,

C=V,E,GA,Gy,G-, I, r) € STRUC[7,]

CVP (Circuit Value Problem): av xOxhwya pe root r = 1
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Boolean circuits

boolean circuit = DAG,

C=V,E,GA,Gy,G-, I, r) € STRUC[7,]

CVP (Circuit Value Problem): av xOxhwya pe root r = 1
MCVP (Monotone CVP): urocivoho CVP ywelc negation gates
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CVP amogdvoiuo oe ypauuixd ypeévo
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CVP amogdvoiuo oe ypauuixd ypeévo

m Av I(a), accept

MCVP anogdviopo o ASPACE[logn]. Akyderduoc EVAL(a)

«O» «Fr «=r «E>» DA 23/26



Basics Query - TM - Classes Boowxd dewpfjuata  Reductions Completeness  Alternating TM  Simul. Resources Classes
0000 000 o 000000 000 0000000

CVP anogdvouo oe ypauuixd yeovo
MCVP oanogdvicuo oe ASPACE[log n]. Ahyépriuoc EVAL(a):

m Av I(a), accept
m oAAC av a Oyt outgoing axuéc, reject
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CVP anogdvouo oe ypauuixd yeovo
MCVP oanogdvicuo oe ASPACE[log n]. Ahyépriuoc EVAL(a):

m Av I(a), accept
m oAAC av a Oyt outgoing axuéc, reject

m Av G,(a) t61e enélele xadohxd andyovo b tou a
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CVP anogdvouo oe ypauuixd yeovo
MCVP oanogdvicuo oe ASPACE[log n]. Ahyépriuoc EVAL(a):

m Av I(a), accept
m oAAC av a Oyt outgoing axuéc, reject

Av Ga(a) téte enéleie xadohxd andyovo b tou a

oAk enéhele Unopéloxd andyovo b tou a
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MCVP oanogdvicuo oe ASPACE[log n]. Ahyépriuoc EVAL(a):

m Av I(a), accept
m oAAC av a Oyt outgoing axuéc, reject

Av Ga(a) téte enéleie xadohxd andyovo b tou a

oAk enéhele Unopéloxd andyovo b tou a
Enéotpede EVAL(D)
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CVP anogdvouo oe ypauuixd yeovo
MCVP oanogdvicuo oe ASPACE[log n]. Ahyépriuoc EVAL(a):

m Av I(a), accept
m oAAC av a Oyt outgoing axuéc, reject

Av Ga(a) téte enéleie xadohxd andyovo b tou a
m e enéhele Umopllaxd andyovo b tou a
m Enéotpede EVAL(D)

TeéZe EVAL(r)
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Quantified SAT
QSAT = set of true formulas of the following form

U = (Q1x1)(Q2x2) - - (O X))

omou ¢ TOTOG TV OTIG X1, ..., X, xou Q; elvon ¥V % 3

ABouxditog AAMA

Bdoeic - TToAunhoxdtnta



Basics Query - TM - Classes Boowxd dewpfjuata  Reductions Completeness  Alternating TM  Simul. Resources Classes
0000 000 o 000000 000 0000000

Quantified SAT
QSAT = set of true formulas of the following form

U = (Q1x1)(Q2x2) - - (O X))
omou ¢ TOTOG TV OTIG X1, ..., X, xou Q; elvon ¥V % 3
Hopathpnote yio xde TOMO ¢ Tévew oTIC YeTABANTES Xt

¢ € SAT & (IAx)p € QSAT
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Ocwp. 2.32 oeh 38

INo s(n) > logn space constr.,

NSPACE[s(n)] € ATIME[s?(n)] € DSPACE[s*(n)]
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ASPACE-TIME][ s(n), t(n)]
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ASPACE-TIME][ s(n), t(n)]

ATIME-ALT[#(n), a(n)]
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ASPACE-TIME][ s(n), t(n)]

ATIME-ALT[#(n), a(n)]

NP = ATIME-ALT[x°"), 1]
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ASPACE-TIME([s(n), #(n)]
ATIME-ALT[#(n), a(n)]
NP = ATIME-ALT[x°"), 1]

PH = U, ATIME-ALT[#", 1]
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