3anavya obntTaemMocTn B CuCcTeMax TUMOB

HN3KOIro paHra
Cuctema Ay,

KancmH Nnba Cepreesuny
Hay4HbIN pykKoBoaAuTeNb: MockBUH [eHnc Hukonaesunu

HWY BLL>3 CN6

7 vitoHA 2019 .
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BBeneHmne: HacennéHHOCTb

TepMbl Tun
1,-120, 14 Int
true, false Bool

f(x:Int): x>0 Int — Bool

? A— (B—A)
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BBeneHmne: HacennéHHOCTb

N3omopdunsm Kappu-lroeapaa

@ Tunbl — BbICKa3blBaHNSA
@ TepMbl — OgoKa3aTesibCTBa

@ MpoBepkKa TUMNM3aLUUM — NpoBepKa
[lOKa3aTesbCTBa

@ HaceneHue (Mouck TepMa OaHHOIro Tuna) — Nouck
JlOKa3aTeNbCTBa
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BBegoeHune: cnctembl TUMNOB

Cucrtema Tunel Tepmbl

hy = ), @
AN —, A A @
>\7]/\ _>l /\ [1] >\I @

SystemF -,V A @, A

[1] NpUCYTCTBYIOT AOMONHUTESbHbLIE NpaBKJ/ia BbIBOAA
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BBeneHue: cuctema Ay,

(Ax)

I''x:tkx:7
I''x:oFM: 71 (1)
'F(AxM):o—r71
I'-M:0—+7 T'EN:o
E
'+ (MN): 7 (E =)
I'EM:oc T'EM: 7T
'EM:oAT (In)

I'EM:oAT
I'-M: o (EA)

' (Ax.Mx): o
'-M:o (n)

MocnepgHue oBa nNpaBujla MOXHO 3aMeHUTb Ha () [2]

[2] Hindley, “The simple semantics for Coppo-Dezani-Sallé types
1982.
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BBepneHune: cuctema A ¢

(Ax)

I'x:oFM: 71 (1)
'-(AxM):o—r1
'FM:0g—-7 I'EN:o

E
I'F(MN): 7 E-=)
I'FM:0 T'HEM: 7
'EM:oAT (In)
I'FM:0c o<
I'EM: T (<)
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BeeneHue: paHr tuna

PaHr Tuna

MakcumanbHas rnybuHa BNOXXeHHOCTU A (nnn V) B
KayecTBe N1eBOro anninkaHga —

rank(ov — 3) =0
rank(a A ) =1
rank(av — (BA7)) =1
rank((a A B) =) =2
rank((a A B) = (YA ) =2

Kancun . C. HaceneHvie TUNOB B A p 42



BBeneHue: n3BecTHble pe3yibTaThl

Cucrtema PesynbTaT
F oo [3]
Fy
A/\n (0. ¢] [4]
\ k> 2:00[5]
Nk k < 2 : EXPSPACE [6]
)\/\nk

[3] Urzyczyn, “Inhabitation in Typed Lambda-Calculi (A Syntactic
Approach),” 1997.

[4] Urzyczyn, “The Emptiness Problem for Intersection Types,”
1999.

[5] Urzyczyn, “Inhabitation of Low-Rank Intersection Types,” 2009.
[6] Kusmierek, “The Inhabitation Problem for Rank Two
Intersection Types,” 2007.
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OTnn4uma A, n Ay,

YTBepXaeHne Tunu3aumm x: a — SAyEx:a — 5 BEPHO
B Any, HO HEBEPHO B A\,

TN 6 A (= BA7y) = 0 A (o — B) HACENEH B Apy, HO I'IyCTJ
B A
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Llenn n 3apgayn

NccnepoBaTb r|p06neMy obnTaeMoCcTn B CUCTEMAX C
rnepece4eHnamMmm n orpaHN4YeHNAMmM paHra

@ Peanusauunsa anroputmMa ong Ane, NpuBegEHHOro B
cTaTtbe [7]

@ M3yyeHune \,,2: ajantaums aaroputMa
@ [loKa3aTeNlbCTBO CBOWCTB KOPPEKTHOCTMU

@ llccnepoBaHue noocucTem SystemFs:
vV ~ 6ecKoHe4YHOoe nepecevyeHune

[7] Kusmierek, “The Inhabitation Problem for Rank Two
Intersection Types,” 2007.

Kawncun W. C. HaceneHvie TUNOB B A p 42



AnNropnTt™m onsa A,

OcHOBHasa nges

PelwaTb HECKONIbBKO 3a4a4 HaceneHus napasniesnbHo:
HacenTb ¢ A = HAUTU TepM, UMEIOLLUIA
OOHOBPEMEHHO TUM ¢ U ¥

ThEXem o, ThkEX:om)

© Ecnu ecTb TUN-NnepeceyvyeHmne, pa3buTb ero Ha
3aja4n
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AnNropnTt™m onsa A,

OcHOBHasa nges

PelwaTb HECKONIbBKO 3a4a4 HaceneHus napasniesnbHo:
HacenTb ¢ A = HAUTU TepM, UMEIOLLUIA
OOHOBPEMEHHO TUM ¢ U ¥

ThEXem o, ThkEX:om)

© Ecnu ecTb TUN-NnepeceyvyeHmne, pa3buTb ero Ha
3aja4n

© Ecnu Bce TUNbI CTPESIOYHbIE, TO pe3ynbTaT — 3TO
naména
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AnNropnTt™m onsa A,

OcHOBHasa nges

PelwaTb HECKONIbBKO 3a4a4 HaceneHus napasniesnbHo:
HacenTb ¢ A = HAUTU TepM, UMEIOLLUIA
OOHOBPEMEHHO TUM ¢ U ¥

ThEXem o, ThkEX:om)

© Ecnu ecTb TUN-NnepeceyvyeHmne, pa3buTb ero Ha
3aja4n

© Ecnu Bce TUNbI CTPESIOYHbIE, TO pe3ynbTaT — 3TO
naména

© Ecnn xoTs 6bl 0fHa 13 3a4ay — TuUMNoBas
nepemMeHHas, Hy>KHO HalTU B KOHTEKCTE, KakK eé
NONYYMUTb, NMPY 3TOM TUMN AOJDKEH MOAXOAUTL U
ApYyrum 3agadvyam
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AnropuT™m ons A,,: war 3

Ecnu i-9 3agava — NMNOoNYy4HnTb 73, TO HY>KHO HaNTN Takme
x Nk, 4TO
Fil—x:pil—%--—)p%‘—)ﬂ

Oka3blBaeTCs, 3TO SKBMBAJIEHTHO:

FiBXZQOQ/\(p_il—)(,01/\(p_i2—>g02/\...(p¥—>7_1)...))

(7 — HapTUN, ¢ — NOATWNM)

Torna pelwieHne — X = xz' ... 7k,
roe Zk — pewenwue [Ty FZk: pk ... Ty kZk: pk].
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ANropnTM: CBOMCTBA

ANropuT™M OENCTBUTENbLHO BbIAAET obuTaTenen

CnepyeT 13 NOCTPOEHMUA

Completeness

Ecnu obuTaTenn cywecTByoT, a/irOPUTM UX HakngeT

Ecnm M — peweHune 3agaum I F X: 7i];, M =xM;y ... My,

ToliFx:al = —af =
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ANropnTM: CBOMCTBA

Termination

Ona TMnoB paHra < 2 airopuT™M 3aBepLuaeTcs 3a
KOHEe4yHoe BpeMs

TuNbl B KOHTEKCTAX UMEIT paHr < 1, Mo3ToMy
KONIMYECTBO «A» B MPaBbIX YaCTHAX «» He
yBeInynBaeTcs

Mpwn paboTe anropmT™M Ucnosb3lyeT NamMaTb (He bonee
4YeM) 3KCMOHEHLMaNbHOro pasmepa
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Cuctema PesynbTaT
F o0
Fy
A 00
A\ k>2:00
Nk k < 2 : EXPSPACE
>\/\77k
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Cuctema PesynbTaT
F o0
Fy
A s
Ak k>2:00
k < 2: EXPSPACE
Ank k < 2: EXPSPACE
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NTorm

Pe3ynbTaThl

@ YCTpaHeHbl HegoCcTaTKM cTaTbn Kusmierek, “The
Inhabitation Problem for Rank Two Intersection Types,”
2007

@ PaspaboTaH afiroputm ans Ay,

@ [loKa3aHbl KOPPEKTHOCTb, NOJIHOTA U
3aBepLIaeMOCTb aifOPUTMa, YTO BNEYET
pa3spelwnmocTb NnpobnemMbl 0b6MTaemMocTn B cucteme

@ ANIrOpUTMbI AS11 A\ U Ay, PEAJIN30BAHbI U
npoTtecTmpoBaHbl Ha Haskell

JanbHenwwne nnaHbl

MpoaHanm3npoBaTb SystemFy 1 €€ NOACUCTEMBI
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