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KomyHikalliiiHa CKJIaIHICTh B TEOPETUYHIN 1H(OPMATHIIL
Komynikauiiina ckaaduicime — ogHa 3 HAMIIKaBIINX MOZEJIEi OOUNCIICHHS:




KomyHikalliiiHa CKJIaIHICTh B TEOPETUYHIN 1H(OPMATHIIL
Komynixauiiina ckaadnicms — OgHa 3 HANIIKaBIIMX MOJENEN 0O0UNCIIEHHS:
@ 3 oiHOTrO OOKY, IIe OJJHA 3 HAMCUJIbHIIINX MOJEJIeH, ie MU BXe BMIEMO

JIOBOJIUTH (@ HE JIUIIIe MPUILYCKATH) 8UCOKY CKAAOHICb (IBHUX)
00YHCITIOBAHMX 33124 — TOOTO IEMOHCTPYBATU O€3YMOGHY GLOCYMHICHb
epexmusHUxX piutets.




KomyHikalliiiHa CKJIaIHICTh B TEOPETUYHIN 1H(OPMATHIIL
Komynikauiiina ckaaduicime — ogHa 3 HAMIIKaBIINX MOZEJIEi OOUNCIICHHS:
@ 3 ofHOrO OOKY, I1e OJJHA 3 HANCUJIbHIIINX MOJEJIeH, Jie M BXe BMiEMO

JOBOJIUTH (2 HE JIMILE NPUITYCKATH) GUCOKY CKAAOHICHb (SIBHUX)
00YHMCITIOBAHUX 33]1a4 — TOOTO JIEMOHCTPYBATU O€3YMOBHY GI0CYMHICHb

epeKxmusHUxX piuiets.
@ 3 iHIoro OOKY, Iie OfiHa 3 HalCIaOKIMMX MoJIesiel, e HaM BiIoMi
JOCTaTHHO HETPUBIAJIbHI AJITOPUTMU — KOMYHIKAUILIHI NPOMOKONU.




KomyHikalliiiHa CKJIaIHICTh B TEOPETUYHIN 1H(OPMATHIIL
Komynixauiiina ckaadnicms — OgHa 3 HANIIKaBIIMX MOJENEN 0O0UNCIIEHHS:
@ 3 ofHOrO OOKY, I1e OJJHA 3 HANCUJIbHIIINX MOJEJIeH, Jie M BXe BMiEMO

JOBOJUTH (2 HE JIUIIIE IPUITYCKATH) BUCOKY CKAAOHICHb (SIBHUX)
00YHMCITIOBAHUX 33]1a4 — TOOTO JIEMOHCTPYBATU O€3YMOBHY GI0CYMHICHb

epeKxmusHUxX piuiets.

@ 3 iHImoro 60Ky, IIe OfIHA 3 HAaWCTA0KIIMUX MOJIEIeH, Ie HaM BigoMi
JOCTAaTHHO HETPUBiaJbHI AJTTOPUTMH —

o Orxe, KOMyHIKalilfiHa CKJIaJHICTh € Ha CbOTO/IHI OJHIEIO 3 (He6araTLox)
00YKCITIOBATILHUX MOJIEJIE, 1€ iICHYIOTh SIK UiKAGI eheKMUBHT A.nz0pUmmu
8 OOHUX BUNAOKAX, MAK [ QOKA3U HEMONCAUBOCMI IX ICHYBAHHS 8 IHULUX.



KomyHikalliiiHa CKJIaIHICTh B TEOPETUYHIN 1H(OPMATHIIL
Komynikauiiina ckaaduicime — ogHa 3 HAMIIKaBIINX MOZEJIEi OOUNCIICHHS:
@ 3 ofHOrO OOKY, I1e OJJHA 3 HANCUJIbHIIINX MOJEJIeH, Jie M BXe BMiEMO

JOBOJUTH (2 HE JIUIIIE IPUITYCKATH) BUCOKY CKAAOHICHb (SIBHUX)
00YHMCITIOBAHUX 33]1a4 — TOOTO JIEMOHCTPYBATU O€3YMOBHY GI0CYMHICHb

epeKxmusHUxX piuiets.

@ 3 iHImoro 60Ky, IIe OfIHA 3 HAaWCTA0KIIMUX MOJIEIeH, Ie HaM BigoMi
JOCTaTHBO HETPHBIAJIbHI AJITOPUTMHU —

o Orxe, KOMYHIKalliliiHa CKJIAJIHICTh € HA CbOT'OJIHI OJTHI€IO 3 (HeoaraTbox)
00YHMCITIOBAILHUX MOJIEJICH, Jie ICHYIOTb SIK YIKAGI eheKMUBHT AN20pUmmu
8 OOHUX BUNAOKAX, MAK | OOKA3U HEMONCAUBOCMI IX ICHYBAHHSL 8 THULUX.

o [HOmi MU 3HAXOAUMO 33124y, 11O € ‘3aHAaTO BAXKOI~ ISl OTHOTO PEXUMY
KOMYHIKaIlii, ajie “Jerkoio’” IJIsl iHIIOTO: e € PO30LAeHH M PEKUAMIB (UM
MoJieJieil), Y TaKuii CIIoCciO MU MOPIBHIOEMO X “CHITy” Ta MOKa3yeMO, 110
OIIUH € SKICHO CUAbHIWIM 32 THIMAHN (TPUHARMHI Y IeSIKUX BUITAIKAX).



KomyHikalliiiHa CKJIaIHICTh B TEOPETUYHIN 1H(OPMATHIIL
Komynikauiiina ckaaduicime — ogHa 3 HAMIIKaBIINX MOZEJIEi OOUNCIICHHS:

@ 3 ofHOrO OOKY, I1e OJJHA 3 HANCUJIbHIIINX MOJEJIeH, Jie M BXe BMiEMO
JIOBOJIMTH (@ He JIUIIIe MPUITYCKATH) BUCOKY CKAAOHICMb (SIBHUX)
00YHMCITIOBAHUX 33]1a4 — TOOTO JIEMOHCTPYBATU O€3YMOBHY GI0CYMHICHb
eheKmusHUX piuletn.

@ 3 iHImoro 60Ky, IIe OfIHA 3 HAaWCTA0KIIMUX MOJIEIeH, Ie HaM BigoMi
JOCTaTHHO HETPUBiaJIbHI aJTOPUTMH —

o Orxe, KOMYHIKalliliiHa CKJIAJIHICTh € HA CbOT'OJIHI OJTHI€IO 3 (HeGaraTbox)
00YHCITIOBATILHUX MOJIEJIEH, e iICHYIOTh 5K YiKa8l eqheKmusHi anzopummu
8 OOHUX UNAOKAX, MAK [ OOKA3U HEMONCAUBOCI IX ICHYBAHHS 8 THULUX.

o [Homi MM 3HAXOOUMO 3224y, IO € “3aHAJITO BAXKKOK ™~ [IJI51 OTHOTO PEXKUMY
KOMYHiKallii, aje ‘“JIerkow’ s 1HIIOoro: 11€ € pPEXUMIB (YU
MoOJIeJieil), Y TaKuii CIIociO MU MOPIBHIOEMO X “‘CHITy” Ta MOKa3yEMO, 10
OJIUH € AKICHO CUNbHIWIM 32 THIIUHA (MPUHAAMHI y IeSIKUX BUIAJKaX).

@ 3oKpeMa Iieil Mmiaxix MoXe JeMOHCTPYBATH 0e3YMO8HY SAKICHY nepesazy
KB8AHMO0801 KOMYHIKAUIL HA0 KAACUUHOIO.

Jani My po3MISIHEMO [EKiJIbKa MPUKJIaliB TAKUX PO3ALICHb.



OAHOCTOPOHHS KOMYHIKAIIis




OAHOCTOPOHHS KOMYHIKAIIis

@ Arica orpumye BXig X, o6 otpumye BXxizg Y.



OAHOCTOPOHHS KOMYHIKAIIis

Auica orpumye Bxig X, Bod otpumye BxXing Y.

@ Aunica Hancuinae BoOoBi 0iHE MOBIIOMIIEHHA.



OAHOCTOPOHHS KOMYHIKAIIis

X

Auica orpumye Bxig X, Bod otpumye BxXing Y.

Aujtica Hagcuiae BoOoOBi o1HE MOBiHOMIIEHHS.

@ Bo0 BuIa€e BiMOBIIb, 0 Ma€ MOromxyBatucs 3 Bxogom (X, Y).



OAHOCTOPOHHS KOMYHIKAIIis

Auica orpumye Bxig X, Bod otpumye BxXing Y.

Aujtica Hagcuiae BoOoOBi o1HE MOBiHOMIIEHHS.
Bo6 Buae BiAmoBiap, 110 Mae noropxysarucs 3 Bxogom (X, Y).

Hanpukiaj, sKIo miumo € 00uucieHns (GyHKIi 180X aprymenris f (-, -), T0
BiiMOBiA M0 Mae OyTu 3HavyeHHs 1 (X, Y).



JIBOCTOPOHHSI KOMYHIKaIlis




JIBOCTOPOHHSI KOMYHIKaIlis

@ Autica otpumye Bxin X, Bo6 otpumye Bxin Y.



JIBOCTOPOHHSI KOMYHIKaIlis

Aumica orpumye Bxig X, Bob otpumye Bxig Y.

@ Bonu crijIkyoThC.



JIBOCTOPOHHSI KOMYHIKaIlis

Aumica orpumye Bxig X, Bob otpumye Bxig Y.
Bonu crinkyoThcsl.

@ Bo06 Bujae BiamOBib, 10 Ma€ MOrofxysarucs 3 Bxoaom (X, Y).



OnHOYaCHI MOBIIOMJIEHHS




Beryn ESHGUL passing, SMP

OnHOYaCHI MOBIIOMJIEHHS

@ Autica otpumye Bxin X, Bo6 otpumye Bxin Y.



Beryn [T passing, SMP

OnHOYaCHI MOBIIOMJIEHHS

X

Aumica orpumye Bxig X, Bob otpumye Bxig Y.

@ Auiica Ta B06 mocunaTk Mo OIHOMY MOBiIOMJICHHIO 110 pedepi.



Beryn ESHGUL ing, SMP

OnHOYaCHI MOBIIOMJIEHHS

X

Aumica orpumye Bxig X, Bob otpumye Bxig Y.
Adica Ta Bo6 mocmiaiTh 1Mo 0IHOMY MOBiIOMJICHHIO 10 pedepi.

e Pecepi Buae BiAmoBi/p, 10 Mae noromxysarucs 3 Bxogom (X, Y).



Turnu Ta CKJIaJHICTh KOMYHIKAI[IHHUX TPOTOKOJIIB

o KomyHikauifiHi IpOTOKOIX MOXYTb UM OyTH Jemepminosanumi, Ui
BXMBATH GUNAOKOGICHL — TOOTO OYTH IMOGIPHICHUMIL.
Mouenb € nocunera nodiaenorw sunadixogicmio Ko Amica ta Boo
MOXYTb “0€3KOIITOBHO” BUKOPUCTOBYBATH C71i.1bHi BUIMAIKOBI OITH.




Tunm Ta CKJIAAHICTh KOMYHIKALIIHUX TPOTOKOJIIB

o KomyHiKaIiiiHi MPOTOKOJIX MOXKYTb Y1 OyTH , un
BKUBATH 6UNAOKOGICIbG — TOOTO OYTH .
Mogens € nocunena gakmo Aica ta Boo

374

MOXYTb ‘“O€3KOIITOBHO” BUKOPUCTOBYBATH CNINbHI BUTIAJIKOBI O1TH.
o [IpoTokonu MOXYTb OyTH Kearmosumu, 94/Ta OyTH MOCUIIEH] 10JLAEHOIO
K@anmogoio 3anaymanicnio (€ CAIBHIIIOI 32 TIOiIEHy BHIIAKOBICTB).




Tunm Ta CKJIAAHICTh KOMYHIKALIIHUX TPOTOKOJIIB

o KomyHiKarliiiHi IPOTOKOJIM MOXYTb YU OyTH , un
BKUBATH 6UNAOKOGICIbG — TOOTO OYTH .
Mogens € nocunena gakmo Aica ta Boo
MOXYTb ‘“O€3KOIITOBHO” BUKOPUCTOBYBATH CNINbHI BUTIAJIKOBI O1TH.

o [Iporokomau MOXyTh OyTH , ui/Ta OyTH MOCHJIeH]

(€ CUJIBHILIOK 32 NOAIEHY BUIIAJKOBICTB).

o Craaduicms KOMYHIKAUIIH020 NPOMOKoAY TOPIBHIOE 3arajbHil KiJTbKOCT1
0iTiB 4K KyOiTiB, HaJICJTAHUX yCiMa yYaCHUKAMHU.
Edbexmusrum BBaXKaEThCS TAKUI MPOTOKOJI, 1[0 HOTO CKJIAJHICTh He
nepesuye noni-n02apu¢dmiury Bill JOBKUHHA BXOLY /.




Tunm Ta CKJIAAHICTh KOMYHIKALIIHUX TPOTOKOJIIB

o KomyHiKarliiiHi IPOTOKOJIM MOXYTb YU OyTH , un

BKUBATH 6UNAOKOGICIbG — TOOTO OYTH .
Mogens € nocunena gakmo Aica ta Boo
MOXYTb ‘“O€3KOIITOBHO” BUKOPUCTOBYBATH CNINbHI BUTIAJIKOBI O1TH.
o [Iporokonu MOXYTh OyTH , 4n/Ta OyTH MOCHIIeH]
(€ CUJIBHILIOK 32 NOALIEHY BUIIAJKOBICTD).
° JOPIBHIOE 3araJibHii KiJIbKOCTI
0iTiB UM KyOiTiB, HaHiCJIaHUX yCiMa yYIaCHUKAMHU.
BBAKAETHCS TAKUI MPOTOKOJI, [0 HOTO CKIATHICTD He
nepesUUY€e NoNi-102apu¢miuHy Bill JOBKUHA BXOLY N.
@ CraadHicmb KomyHIiKayiliHol 3a0avi (B 3a1aHiil KOMyHIKaIiiHIA MOJIei)
JOPIBHIOE MiHIMaJIbHOT CKJIAIHOCT1 TAKOTO MPOTOKOIY, 10 3HAXOAUTh
MIPABIJIBHY BiJIIOBiIb 3 BUCOKOIO BipOT1IHICTIO.




Tunm Ta CKJIAAHICTh KOMYHIKALIIHUX TPOTOKOJIIB

(*]

KomyHikarliiiHi mpoTOKOIX MOXYTb YU Oy TH , un
BKUBATH 6UNAOKOGICIbG — TOOTO OYTH .
Mogens € nocunena gakmo Aica ta Boo
MOXYTb ‘“O€3KOIITOBHO” BUKOPUCTOBYBATH CNINbHI BUTIAJIKOBI O1TH.
[MpoTokoar MOXyTh OyTH , ur/Ta OyTH TIOCHJICHI
(€ CUJIBHILIOK 32 NOALIEHY BUIIAJKOBICTD).
JOPIBHIOE 3arajbHiil KiJIbKOCTI
0iTiB UM KyOiTiB, HaHiCJIaHUX yCiMa yYIaCHUKAMHU.
BBAKAETHCS TAKUI MPOTOKOJI, [0 HOTO CKIATHICTD He
nepesUUY€e NoNi-102apu¢miuHy Bill JOBKUHA BXOLY N.
(B 3a/1aHIi KOMYHIKaI[iAHIA MOJIEeTi)
JOPIBHIOE MiHIMAJIbHOT CKJIAJHOCTI TAKOTO MPOTOKOIY, 110 3HAXOAUTh
IIPaBWJIbHY BIJIIOB1/[Ib 3 BUCOKOI BipOTI1JHICTIO.
AOGH IOBECTH SKICHY nepesazy KAHMOBUX MoOenell Hao IX KAACUUHUMU
ananozamu, MA pO3AUISEMO BiIMOBIIHI KOMYHiKaIliidHI pexXuMHA (TOOTO
MOJIeJIi): IEMOHCTPYEMO TaKy 3aJady, 110 Ma€ e(peKTUBHE PillIeHHs Y
KBaHTOBIM MOJE, ajle HE Ma€ B KJIACUYHIM.



Bcronn/yacTkoBO BU3HAYEHI (DYHKIIIT; BITHOIIICHHS

o IIpumyctumo, Amica orpumye Bxin X € A ta bo6 orpumye Bxin Y € B.
Aximo mis koxHoi mapu (x, y) € A X B icHye pisro oona npasunvia
810n06i0b, TOMI 151 KOMYHIKaIliifHa 3a1a4a € 6crodu gusraueroio (BB)
ynruyiero (BimHOCHO obyacTi A X B).

SIKTIO 1J1s1 KOKHOT MapH iICHYE U{OHALIDLNbLULE 0OHA NPABUNBLHA BIONOGIOb,
ToHl 4 3aaya € yacmxogo susnauerorw (4B) pynkuiero.

S0 muist (BCiX UM I€SIKMX) Map TO3BONSIIOTECS 0CKLAbKA NPAGUNHUX
gionosioeii, ToOl 114 3a1ada € gIOHOULCHHSM.




Bciogn/yacTkoBO BU3Ha4eH1 (DYHKIIIT; Bl THOIIIEHHS

o [Ipumyctumo, Amnica otpumye Bxig X € A ta bo6 otpumye Bxin Y € B.
ko st koxHoi apu (x, y) € A x B icHye pieHo oona npasunvia
8i0n08i0b, TOJI1 1151 KOMYyHIKalllliHa 3a/1a4a €

(BigHOCHO OOJIacTi A X B).
SKIo my1s KOXKHOI apy ICHYE woHaioiavue 00HA NPAsUNbHA 8i0N08IOb,
TOMI I 3a7a4a €
Ko 1 (BCIX UM IesKUX) Nap J03BOJSIOTHCS 0€KINbKA NPAGUNLHUX
8ionoegioeli, TOAl 1A 3aJ1a4a € .

o Po3minieHHs ABOX KOMYHIKAIIHHUX Mojiesiel 3a qomomoroio BB dyHKIIii €
“HalMepeKOHIMBIMNKMM JOKA30M Pi3HHII MiX HUIMH Y OOUYMCITIOBAIbHIA
CWIi; pO3MiIeHHs 32 gjonoMoro UB yHKIIT € gemo ciadKinmm;
PO3JIiJIEHHS 32 JOTIOMOTOI0 BiJHOIICHHS € HAWCIA0IIIM.



Bciogn/yacTkoBO BU3Ha4eH1 (DYHKIIIT; Bl THOIIIEHHS

o [Ipumyctumo, Amnica otpumye Bxig X € A ta bo6 otpumye Bxin Y € B.
ko mis koxHoi mapu (x, y) € A X B icHye pisHo 00na npasunvia
8i0n08i0b, TOJI1 1151 KOMYyHIKalllliHa 3a/1a4a €

(BimHOCHO 0oOyacTi A X B).
SKIo my1s KOXKHOI apy ICHYE woHaioiavue 00HA NPAsUNbHA 8i0N08IOb,
TO/I s 3a/1a49a €
Ko 1 (BCIX UM IesKUX) Nap J03BOJSIOTHCS 0€KINbKA NPAGUNLHUX
8ionoegioeli, TOAl 1A 3aJ1a4a € .

o Po3mineHHs ABOX KOMYHIKAIIHHUX Mojiesel 3a nonomoroio BB dyHkItii €
“HalMEepeKOHMBIIMAM TOKA30M PIi3HUII MiXK HUMH y OOUYHCITIOBAIbHIN
CWJIi; PO3MiIeHHs 32 jonoMoro UB (yHKIIIT € aemo ciadKinmm;
PO3IUIEHHS 32 JOTIOMOTOI0 BiJHOIICHHST € HANCIAOITIM.

o Jliis nesKux map KBaHTOBOI Ta KJIAaCUYHOI KOMYHIKAIIHAX Mojesieil Ham
BiJIOMi pO3IIIJICHHS 32 JOIIOMOTOIO BiTHOIIEHb, TOMI K PO3MIIJICHHS 32
ponomoroio (UB uu BB) dyHk1ii — HeMoxuBe.

B inmmx Bumagkax BioMuMm € po3aineHHss UB ¢yHKIli€0, Todl SK
MOJKJIUBICTb po31UIeHHs] BB (pyHKIIi€10 3a/IMIIA€THCS HE3PO3YMIIOI0.



[Tpuknaay nepesarv KBAaHTOBOI KOMYHIKalli Ha/i KJIACUYHOIO

N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).

@ O vs.R:¥ 1998 poui Buhrman, Cleve Ta Wigderson 3Haiinum 9B pyrx-
yiro, OISl SIKOi € e(peKTUBHUI KBAHTOBUH Oe3nomunkosuii (3 MOXKIJIABICTIO
BiJIMOBH BiJIITOBIAATH) JBOCTOPOHHIN MIPOTOKOJ, ajie HEMa€ KJIACHYHOTO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCW9IS] —

@ Ovs. R:V 1999 poui Raz 3uaiimos YB ¢pynkuiro, 1 sKoi € eheK THBHHIA
KBaHTOBHI IBOCTOPOHHIN MPOTOKOJI, ajile HEMA€ KJIaCHYHOTO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCW9IS] —
: [Raz99] —

e Ol vs. RII: 'y 2001 portti Buhrman, Cleve, Watrous Ta de Wolf 3naiinum BB
pynruito, I AKOI icHye eeKTUBHUA KBAHTOBHI OTHOYACHHIA TIPOTOKOJ
0e3 To/IiJIeHOT BUIIAIKOBOCTI, ajie He ICHY€E KJIaCUIHOTO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCW9IS] —
: [Raz99] —
: [BCWdWOI] -

o O'vs. R':Y 2004 poui Bar-Yossef, Jayram ta Kerenidis 3Haitrm 6ioro-
wenris, Mo Ma€ e(heKTUBHMIA KBAHTOBUI OJTHOCTOPOHHI# MPOTOKOJI, aJie He
Ma€ KJIACUYHOTO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCW9S] —
: [Raz99] —
: [BCWdAWOI] —
: [BJKO4] —

e Olvs.R1: Y 2007 pori y cmiBmpaii 3 Kempe, Kerenidis, Raz Ta de Wolf
Te kK came OyJI0 JOCATHYTO 3a JAOMOMOrol0 4B chyrkiyii.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCW9IS] —
: [Raz99] —
: [BCWdWOI] -
: [BJKO4] —
: [GKKRAWO7] —

e O'vs.R: VY 2008 poui 6yn0 3HAlAEHO GioHOUeH s, U AKOTO iCHYE
e(eKTUBHUI OMHOCTOPOHHIM KBAHTOBHI MPOTOKOJI, ajie HeMa€ (HaBiTh)
JBOCTOPOHHBOTO KJIACUYHOTO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCWIS] —
: [Raz99] —
: [BCWdWO1] —
: [BJKO4] —
: [GKKRAWO7] —
: [2008] -
o O vs.R:V 2010 poui Klartag Ta Regev IpogeMOHCTpyBaIM TaKe came
PO3MiJIeHHS 3a 0MOMOToI0 YB hyriryir.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCWIS] —
: [Raz99] —
: [BCWdWO1] —
: [BJKO4] —
: [GKKRAWO7] —
: [2008] -
: [KRI10] —
o Ollentys R: ¥V 2016 poui 6yno 3HaiineHo YB pynkuio, aka Mae edek-

TUBHUI OHOYACHWI KBAHTOBHI MPOTOKOJI 3 3aILTy TAHICTIO, aJie He Ma€
(HaBiTb) ABOCTOPOHHBOT'O KJIACUYHOTO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCWIS] —
: [Raz99] —
: [BCWAWOI] —
: [BJK04] -
: [GKKRAWO7] —
: [2008] -
: [KRI10] —
: [2016] -

o Ollvs. RIIPub: ¥ 2018 poui Gyno 3maiineno YB ghynxuiio, aka mae edek-
TUBHUI OTHOYACHWIA KBAHTOBHIA IPOTOKOJI O€3 MOiIeHOT BUITaJKOBOCTI,
ajie He Ma€ OJHOYACHOTO KJIACHYHOTO (HaBiTh) 3 MOIIJICHOIO BUIIAKOBICTIO.



[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO
N.B. Yci ABOCTOpPOHHI MOJIEJIi € CHJIBHIIII, HiXk iX OJTHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cribHimm 32 SMP (oxHOYaCHI IOBi JOMIIEHHST).
: [BCWIS] —
: [Raz99] —
: [BCWAWOI] —
: [BJK04] -
: [GKKRAWO7] —
: [2008] -
: [KRI10] —
: [2016] -
: [2018] -

o Ollvs. R:V 2020 poui 6y10 3HaiiieHO ¢idnouenr s, ANs SKOTO icHye edek-
TUBHUI OJHOYACHUI KBAHTOBHIA POTOKOJI (0€3 MOIiJIeHOT 3arlTy TAaHOCTI
YU BUINAJKOBOCTI), aJle HeMa€ (HaBiTh) ABOCTOPOHHBOIO KJIACUYHOTO.



IlepeBara KBaHTOBOI KOMyHiKaIii

[Ipukyianu nepeBaru KBAaHTOBOI KOMYHIKallli HaJ KJJACUYHOIO

Yci IBOCTOPOHHI MOJIENi € CHIIBbHIII, Hi’K 1X OJHOCTOPOHHI aHAJIOTH, KOTPi,
y CBOIO Yepry, cuibHiln 3a SMP (ogHOYacHI OBIJOMJICHHS]).

o : [BCWIS] — )

° : [Raz99] —

» Ol vs. RII: [BCWdWOI] - BB pynxuis
° - [BJK0O4] —

° : [GKKRAWO7] —

° - [2008] -

° - [KRI0] -

» Olentys R: [2016] - UB ¢pynxuis
» Ollys. RIPub: [20]18] — UB pynxuis
» Ollvs. R: [2020] — sionowenms
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Ollvs. R: The Gap Hamming Relation (GHR)

o Let nbe a power of 2 and {71, ..., 7,} C {1}" be an orthogonal set of
vectors (corresponding to a Fourier basis for {0, 1}'°8" — {+1}).
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e For j € [n], let o denote the j'th cyclic shift of an n-bit string.
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o Let nbe a power of 2 and {71, ..., 7,} C {1}" be an orthogonal set of
vectors (corresponding to a Fourier basis for {0, 1}'°8" — {+1}).

e For j € [n], let o; denote the j'th cyclic shift of an n-bit string.

e For x € {0,1}" and j, s € [n], denote: p; s(x) e 0j(Ts ® x), where @ is
an element-wise operation defined vial @ a = aand —1 @ a = —a.
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Ollvs. R: The Gap Hamming Relation (GHR)

(*]

Let nbe a power of 2 and {11, ..., 7,} C {£1}" be an orthogonal set of
vectors (corresponding to a Fourier basis for {0, 118" — {+1}).
For j € [n], let o denote the j’th cyclic shift of an n-bit string.

For x € {0,1}" and j, s € [n], denote: o 0j(Ts ® x), where & is

an element-wise operation defined vial ® a = aand —1 @ a = —a.
The input to the Gap Hamming Relation (GHR) is a pair (x, y) of n-bit
strings, and the output is a sequence (j1, 51), - - ., (j|Og n Slog n)-

Such a sequence is a valid answer to GHR(x, y) if at least half of the
corresponding transformations pj, ;; map the value of x either somewhat
close to or somewhat far from the value of y in terms of the Hamming
distance.
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Ol vs. R: The Gap Hamming Relation (GHR)

o Let nbe a power of 2 and {71, ..., 7,} C {1}" be an orthogonal set of
vectors (corresponding to a Fourier basis for {0, 118" — {+1}).
o For j € [n], let o} denote the j 'th cyclic shift of an n-bit string.

o For x € {0,1}" and j, s € [n], denote: o 0j(Ts ® x), where & is

an element-wise operation defined vial ® a = aand —1 @ a = —a.
@ The input to the is a pair of n-bit
strings, and the output is a sequence
Such a sequence is a valid answer to GHR(x, y) if at least halfofthe
corresponding transformations pj, s, map the value of x either somewhat
close to or somewhat far from the value of y in terms of the Hamming
distance.
e Formally, ((j1,51), - .., (Jiogn: Siog n)) is a valid answer to GHR(x, y) if
{7 lps(x Y@y, ¢ 3-5.5+ 9]} =82 ifx(x.y)
T otherwise,

where ®(X', V) is certain predicate that is satisfied almost always for
uniformly-random (X, )).




Bianomennsi GHR mae npocTe pilneHHsi B KBaHTOBOoMY SMP
GHR is easy for quantum SMP

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n: Slog n)) 18
avalid answer to GHR(x, y) if, assuming R(x, y),

i lest) @yl 2 [ - L5+ fm S logn
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GHR is easy for quantum SMP

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),
. n n n n |
{7 o) @ vy 2 [2 - 2.5+ 2] }| 2 5=

There is a natural quantum procedure that “favours” correct answers:
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GHR is easy for quantum SMP

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),
. n n n n |
{7 o) @ vy 2 [2 - 2.5+ 2] }| 2 5=

There is a natural quantum procedure that “favours” correct answers:

@ Let|1),...,|n) be an orthonormal basis for the space R" of log n qubits.



IlepeBara ‘““ancroro” kBanrooro SMP Hag R Bianomennsi GHR mae npocTe pilneHHsi B KBaHTOBOoMY SMP

GHR is easy for quantum SMP

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),
i lens @yl ¢ [5- 5 5+ 2]} = g2

There is a natural quantum procedure that “
o Let|l),...

‘favours” correct answers:
, |n) be an orthonormal basis for the space R” of log n qubits
: def o
o Let Alice and Bob send to the referee v, < \1[ > i.(—=1)%-]i)and
def . .
- \/iﬁ -3 14 (=1)% - i), respectively.
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GHR is easy for quantum SMP

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

(i lonstr@nl, ¢ [ 2.3+ 4]} 2 e

There is a natural quantum procedure that “favours” correct answers:

@ Let |1),...,|n) be an orthonormal basis for the space R" of log n qubits.
o Let Alice and Bob send to the referee or, = \% -3 (1) ]i) and
&t % ST 1 (=1)Y - |i), respectively.
TsliHl 3
@ Denote for j, s € [n]: u? 1. Sri(=1)"z - )e|oj(i)) (€ R™),

;7
where o;(/) ef it J mod n (the “new position” of the bit x; after oj(x)).
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GHR is easy for quantum SMP

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

(i lonstr@nl, ¢ [ 2.3+ 4]} 2 e

There is a natural quantum procedure that “favours” correct answers:

@ Let |1),...,|n) be an orthonormal basis for the space R" of log n qubits.
o Let Alice and Bob send to the referee or, = \% -3 (1) ]i) and
def 7

= > & 1(=1)Y i), respectively.
Sf 5|7t
@ Denote for j, s € [n]: & % -y a(-1) el |®lej(i)) (e R™),

where (/) & +j mod n (the “new position” of the bit x; after o;(x)).
o Then (uf); se(q is an orthonormal basis for the space R™ of 2 log n qubits:
(ufll)* . uj522 =0if Ul 75_/2] or [jl :j2 and 51 7& 52].

That is, { uf(u? )*} is a full set of pairwise-orthogonal projections in
T ) seln)

2 o o 9 o
R™, corresponding to a complete projective measurement of 2 log n qubits.
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GHR is easy for quantum SMP (continued)

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

{i:|pj,-,5,( )@Y|H {E_L 7+f}}

There is a natural quantum procedure that “favours” correct answers

@ Alice and Bob send to the referee log n-qubit states
def 1

ax = -2 g (=1)% - |i) and B, = e 1 Y1 (—1)Y - |i), respectively.
|,
o Forj, s € [n] and u? = % Y (1)

log n
> logn,

-|i)®|oj(i)), the family

{ujs(uf)* } 1S a complete projective measurement of 2 log n qubits
Jis
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GHR 1is easy for quantum SMP (continued)

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),
{1l @yly ¢ [3-2.5+%]}

22

log n
> logn,

There is a natural quantum procedure that “favours” correct answers:
o Alice and Bob send to the referee log n-qubit states

£ L1 i) and By o T (<1 -] respectively.
75| gArL
@ Forj,s € [n] and uvf = % > (=12

- |®|oj(i)), the family
{ } ~is a complete projective measurement of 2 log n qubits.
J

,S
o The referee applies it to the received a, ® B, and the probability of the
outcome “(j,s)” is

2
(@) uf

~(|aj(x@ Ts) EB)’|H - 5)2 = (|Pj,S(X) 69)’|H - g)z



Bianomennsi GHR mae npocTe pilneHHsi B KBaHTOBOoMY SMP
GHR is easy for quantum SMP (continued)

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

{i s (X) @ yly & [g - §’ it é}}

There is a natural quantum procedure that “favours” correct answers:

log n
> logn,

o Alice and Bob send to the referee log n-qubit states

lef n L lef n L .
= ﬁ S0 (—1)%-|iyand B, = ﬁ - 7 4(=1) i), respectively.

Tsli+l . .
@ Forj,s € [n] and u7 = % ST (1) - |iY®lo;(i)), the family
{ } _ is a complete projective measurement of 2 log n qubits.
§/os]
o The referee applies it to the received , and the probability of the

outcome “(j, s)” is proportional to .
@ That is, our measurement “favours” the outcomes “(j, s)” that correspond
to “more biased” p;s(x) @ y with respect to the Hamming weight.



Bianomennsi GHR mae npocTe pilneHHsi B KBaHTOBOoMY SMP
GHR is easy for quantum SMP (continued)

Recall: x,y € {0,1}", pj; s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n+ Siog n)) 18
avalid answer to GHR(x, y) if, assuming R(x, y),

(1 a0y (s~ 2.2+ 2])

There is a natural quantum procedure that “favours” correct answers:

log n
> logn,

o Alice and Bob send to the referee log n-qubit states
fef 7 e fef .
= ﬁ S0 (—1)5-|iyand B, = \1/ > =1 (=1)Y i), respectively.

"'s‘i 1 . . o .
o Forj,s € [n] and uf = % YT (-1) = |i)®|a;(i)), the family
{ } _ is a complete projective measurement of 2 log n qubits.
j,s

o The referee applies it to the received , and the probability of the
outcome “(j, s)” is proportional to

o That is, our measurement “favours” the outcomes “(j, s)” that correspond
to “more biased” p;s(x) @ y with respect to the Hamming weight.

@ Repeating it log n times gives a Q' -protocol for GHR of cost O(Iog2 n).



GHR € BaKKHM 15 KJIACHYHOI JBOCTOPOHHBOI KOMYHIKaIii
GHR is hard for classical two-way (R ) — the proof idea

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

[ lmnstr@nt, ¢ [3- 2.3+ 4]} 2 e
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GHR is hard for classical two-way (R ) — the proof idea

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

[ lmnstr@nt, ¢ [3- 2.3+ 4]} 2 e

o Itis known (and intuitively clear) that approximating |X & Y|, for
uniformly-random X and Y with accuracy @(ﬁ) is hard for R.
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GHR is hard for classical two-way (R ) — the proof idea

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, Uiog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

[ lmnstr@nt, ¢ [3- 2.3+ 4]} 2 e

o It is known (and intuitively clear) that for
uniformly-random X and Y with accuracy @(ﬁ) is hard for R.

@ We sharpen this statement and show that if TT is an efficient protocol in R,
then the distribution of |pjs(X) @ Y|, is very similar in the cases when
the distribution of (X,Y) is uniform and when it is conditioned on a
“typpical” transcript of T (and this holds for each j and s).
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Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

[ lmnstr@nt, ¢ [3- 2.3+ 4]} 2 e

o It is known (and intuitively clear) that for
uniformly-random X and Y with accuracy @(ﬁ) is hard for R.

o We sharpen this statement and show that if TT is an efficient protocol in R,
then is very similar in the cases when
the distribution of (X, Y) is uniform and when it is conditioned on a
“typpical” transcript of TI (and this holds for each j and s).

@ This suffices to show that the R-complexity of GHR is .Q(nl/3).
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GHR is hard for classical two-way (R) — the proof idea

Recall: x,y € {0,1}", pj s(x) = 0j(7s ® x) and ((j1, 51), - - -, (iog n: Slog n)) 18
a valid answer to GHR(x, y) if, assuming R(x, y),

[ lmnstr@nt, ¢ [3- 2.3+ 4]} 2 e

o It is known (and intuitively clear) that for
uniformly-random X and Y with accuracy @(ﬁ) is hard for R.

o We sharpen this statement and show that if TT is an efficient protocol in R,
then is very similar in the cases when
the distribution of (X, Y) is uniform and when it is conditioned on a
“typpical” transcript of TI (and this holds for each j and s).

@ This suffices to show that the R-complexity of GHR is .Q(nl/ 3).

That is, GHR is easy for Q! (complexity O(Iog2 n)) but hard for R
(complexity 2 (nl/ ).



Biakpuri npodaemn

BingkpuTi npob6siemu

BaMIIaeThCsa 6araTo MiKaBuX MATaHb CTOCOBHO KBAHTOBOI KOMYHIKaIliAHOT
CKJIQ/IHOCTi, HATIPUKJIAI;



Biakpuri npodaemn

BingkpuTi npob6siemu

BaMIIaeThCsa 6araTo MiKaBuX MATaHb CTOCOBHO KBAHTOBOI KOMYHIKaIliAHOT
CKJIQ/IHOCTi, HATIPUKJIAI;

@ Yu Moxe B3arajii KBaHTOBA KOMYHIKalliliHa MOJIeJb MaTH SIKICHY IepeBary
HaJ CBOIM KJIACMYHUM aHaJOTrOM (CUJIBHIIIKMM 3a R”) BIJTHOCHO 6Cro0u
susHaueni (BB) pynxuii?

[HakIe KaxXy4u, HACKINbKIU CUNBHI 3PA3KU Nepesdzy KBAHTOBOI KOMYHIKAITi1
MOXKE JATH el “‘HalloOMeXKeHIMiA~ TUII 3a1ay4?



Biakpuri npod.iemn

BingkpuTi npob6siemu

3aJMIIAEThC 0araTo MiKaBUX MATaHb CTOCOBHO KBAHTOBOI KOMYHIKAIIHOT
CKJIAJHOCTI, HATIPUKJIAJ:

o Yy Moxe B3araji KBaHTOBa KOMYHiKalliiiHa MOZIeJIb MaTH SKiCHY IepeBary
HaJ CBOIM KJIACUUYHMM aHAJIOTOM (CHJIBHIIINM 3a RH) BIJTHOCHO 8Cro0uU
susHaueni (BB) cpynrxuii?

[HakIe KaxXydu, HACKINbKU CUALHI 3PpA3KU Nepesdzy KBAHTOBOT KOMYHIKAITi1
MOXKE ATy e “HailoOMe KeHImmin™” i 3a1a4?

o Yu moxe Qll Gytu sixicHo cumbHiIO0 32 R y BUMAAKY (hyrkuii (xoua 6
UB)?

IHakme Kaxyun, “HacKinbKku HeoOMedHceHUM ™ Mae OYymu mum KOMYHIKa-
yiinoi 3adaui, MO NEMOHCTPYE HANCWIBHIIIMKA 3 BiIOMUX Ha ChOTOJHI
MIPUKJIA]] AKiICHOIO IepeBaru KBAaHTOBOI KOMYHiKaItii?
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