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o MR CE—EH, B4 0b(C) B C FHRIES, ceC. ce 0b(C) &
T & CHHN— IR
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MIES, fcodeC cldec. feCled B f 2 CH—MM ¢
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1 Family 5 fibration, set theoretically

1.1 family 5578

AR family? IEFATEFM family of sets FFiBo — family of sets TLIEFLE
—EES, NTREX—HESENFREEX D, HITaIURA—IM&ES [ 1F
N indexo FTLL, AE—1NESR I, I B index B9— family of sets Fi2@
—ERE Ai(i € I)o Family of sets JLFRLARTE, B0, T—MEERKE,
FNEE - U —LEUEREBNRIER ¢ 7, PBALE “GPEENEE
Fix” B — family Tm(7)rerypess HP Tm(t) = {t | t:7}o

Ba, BIRZMART— family 1B? NREM A4, BESE—IEKX
B “EEFH U BBNE, B4 A € I) XA family SEAIUBR—D T — U
R, MRWFENES D, FiE A, BHE A; C D W&, B4 P(D) (D
RS ME—TEIEEN U BERR, B0, XF LEEH Tn(r),crypes BIFIF, D
BILABY Terms, £FREKN (FELBEHA. BEEEE) WES.

1.2 family 5 fibration

BLE, XT family NIARBIXERMAILUER T, AT, SHE(XEREKE
AUIESSREAS family BY, BB T, S Set, DAEEEN “FH”™ U FHY
SN RESENZENREBEASEE. MREIMNEEEXMEBEERT—
family A;(i € ), BINBEBERTE— I 5 U MK, B2 U FHER Set
FHNR, SMWMEIER U c U—FHIFIE!

PR, “GIRFENEX" XMRTEZEEERRYEN. & “FH U &5
TEEEZIN, XMRTEMTEER. FEHNE, BITTUETRRFE
HIERTRR— family: FF— family 4;(i € 1), FITATUBEN “total

”,
space’ .

> A ={(i,a) |i€I,ac A}

icl
RERRXA family BS,. total space FHE N TEZBIIIEFEETEESHN
index, PRIAFRATRILAR—PERER Sicr4; & T REUHEXA indexo LAE—1 o>
HOTATLAM 32, Ai & T HPIRERH A,

Ay ={x € Eier A | m(x) =g}

(MK, XTNESHAENRE A, ANENTERTIMFET index igo BE
NZHENH) FTLL, total space BIFAB] LAEFIZRTR— family,
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FERBNGE T —MAERAFERRT family 7%, FZ, EEH total
space @— T ER ARHNES LIS, XHARER, HITEFEM total space Fl
SNBSS MRRZIEE. ZERAFNMER, BBA total space BLERILE
HE e 5 I —MES, UR—TMEER T BIERE 7, AFRE index, BX
BELEBLETT general 7 EHA—NEM I RBERTFESX—ENX! PRI, —
MREANBAZE: 8MEMR [ BREERIABR— 1L I 79 index BY family
13?7 | b, WM. EE— X L 7 R, BITTLUET inverse image
MEE— family f, (i € I):
[Fl={eeX | fl@)=i} el
FRLL, FA1ER) T1E family IR Z A —X Tk
—1 BRER — family
fli={zeX|fx)=1}
¥ : family — BR%K
SA; = Sy A 5 T
mEEREEN, HA:
S =S fit S 1
={(i,z)|ielbve X, f(x)=i} 51
={(f(x), ) |z e X} &1
~
(EAZ);l = {CE S ZiGIAi ‘ 7T(CC) = Z}

={(i,a) | a € 4;}
~ A,

FRLL, 1 Set B, HEEBILMNERT: LU T A index B family F¥gME I BIEK
Be—— XN, FITATUA—MERE I BERE/FKRKRT family, MR
TERIFH U, M—NMEMA [ Bk ¢ & I, FFFA— fibration, TH
domain. total spce, FAMRAXPETLH fibero Fibration 5 fiber BIBLREIRT
HINE, AR TZE family, A, FEAIEA, “fbration” F=IER “E7
L7, MANEMEL. family 5 fibration BIEXZR, IEMER:

ML T A index BY family, #SRILAE—"MER I B9 fibration
(833k) KFR&
1.3 fibration 5F8H

®BE, FHEFEBREFR, BF fibration SFHEXEMHRI— family B9
SEZIEIMEER, Big U 2—MNESFHE, I D U U FH— family, X 5 A



B family XA fibration, TR ARBOEXFR—IKE R

X

&

I —25u

EXKEFHFEELTINRME » 1 A RIZHEMNMER. 7 IS index BUHE,
BXF X . 8N A4, PR, XKERSRERN. BINFEREAWTH
B

HF X PHEEN (i,a), ac A;

FRAENBEEEM A ARREES LNETFTXR, FXLE, aTLUBEE—MF%*
89 fibration /family RZREFIEMBXRR. EEX:

U=YseuS=1{(Ss)|Secl,scS}

M U B U B— projection w, BB (S,s) PHES S B, FIAX M
B9 fibration, AR AZIEEERI—NEM family BY fibration Z#E IR

I — U

XEKZIEEIRA T +AMR? BEALTE, FEIIM total space PEHTENTE
AT index i, FEE A FETERE family A;(i € 1) PHNHEE. BEG
L7E, FIIM total space FEHTENTTE o, HEMEREFMBN—1TESE
S, MERMIE S EHREE, HFXKILE commute, AEMFEREHILE
R—, S = A(i)o MMBENIEET a € A(i)—KTF total space FITEMM
B! &G, BIFE X PEEEHMZRNER, FIUBMNERLRATIRER
— pullback square, Fi&, HITFEITEEPFEHEM fibration FEHEHIY
e BX L, EEA—IEHEF, FAXENR, RITTUEX HBERNFHES

fibration.
o E—NEBEG, — “FE BRMER U U UR—NER U S U

o HAEME—EFABEFEH, FHNZHEHNERZ: M TEZFNE
A family (— I 2 1 BIBFK), EEFIRHY fibration 7F7E. RS2, 3
Feir 1L U, FETEB pullback square:

o MINR—NETK 0 —» I BEAN LEHBHER pullback square RAMIBIETk,
BAEHE U FH— fibration=family,
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TIFRESHIBIFAN, REIEX—E X, MR U B—MEEGFH (HEEE—
A%’A’E’Jﬁ'&) AT LUE U EXAE YseuS, w ZEJ.ng(m projection. ¥ F&

T A U PR /family A, FIF pullback BJLAE AR —EEFIUEY product
AOSF, BENTATUEEEE T« o - Ut

={(i,8,s) | i € I,(S,s) eU,Ali) = S}
={(:,8,8) |iel,Sel,sec S, A(i) =S}
>~ {(i,s) |iel,se A(i)}

= A(i)

icl

Hrp, MK HRME pullback square RIRAIFR Mo XFh “HEZFRH product”
HEE AR S RIET MEHBBHR pullbacke FTLL, EHIEHH family 5
fibration R SEBEHIMRIF & /fibration X HI— Mo

2 Family 5 fibration, category theoretically

giE, FHITTIETUERA index . R/ family, BITXNMIF, FHNE
2T family ~ fibration IE— M FSRVNENR. THEH, EITEZFBX
—M&EREIERERE,

2.1 BUERSA index HIES. category of elements

B, BITRIEA index WES I HRA—1EK. HtABU—ERE I 79
index BY family of sets? —NEUSERE I A index BY family, Fl@—1 I L Set
By functoro IBXMNEXERH, B, XTF I PHE object i, B—MIIAIE
& F(i)o 1SN, T T BTk i L i/, Set HE—NEREK F(f) : F(i) — F(i')o
FRLL, LUSBEEAR index BY family KENIMEFEARIE index ZIBIRVEXR, EME MU
E£E5 index BY family F—MEE,

:_FIE: BN UFGRERE, XLEHRBEN family XY fibration E’E#E"Jo

THGIF—HE, BATAIULEIRA 'cl:.' Aﬁﬂiﬁ’] “total space” HIKFIE,
’ﬁﬁ iC 1 PEVETSL, BBA T MR T — &S, Fikl, X4 “total space” (38
€ [, F) HNREANZE:

Z F(@i)={(i,a) | i € Ob(I),a € F(i)}

i€Ob(I)
BA, XA total space BIMAIRERAE index [BIRVEXRIE? 1LFKATVEFE 1 PHY
—gEsk i L
o TESet A, BEXN F(i) — F(i') I—1EKR KF(f)

o« XF (i,a) € [, F, R F(f) IUABEZEES [[F FHS—1TE
(@, F(f)(a))



FLL, T HREYETk, SN [, F A—ExRZEMNER, BITAILUE [, F EX
B—1N ek

« Ob(f; F) =3 conm F()

o [, FH, WINTTER (i,a)s (,a) ZIEBFIKE I FRO—DFIK [0 — @)
f£13 F(f)(a) =

B—MEARRRE functor 7: [, F — [0 BB (1,0) XF i, &ik f X3 f B
Ho FREL, family/fibration BVEXRIEMES index HRESEHF index f7, KA
BEMH. ER [ F RIS, TR F B category of elements, BIRZEEMR A,

EFE T, BMNEBHTFEHM fibration ZEINES), X8, M¥FRER
BY fibration, H(IREHFBILUREHEIX REY “FEH, TERE, TYTFHNZE
USU, HP U = SeeySo TTE, IB U KB Set, £EHRESHERE (RE
EE5KNHR) , BARNEEZHKIIFNL Seto EIFSEHEPHRINFEHN
EX, Set = Set BILUEM idger XML Set HE A index Y family FHRZAY
fibrationo FJH category of elements, FATRILUISE] Set BIMEIE:

. Ob(Sét) == ESesetS

o XTF set HHY (S,s) M (S, "), ENZEN—MEERE— MR F: S —
S', W f(s) =5

MFEERN F: I — Set, B TFEH pullback square:

Elt, ALK fibration/family/FHBMFIBEERIGREE T LUEHER
index BYIE/o

2.2 LUEREA index BISBES. grothendieck construction

T—FSHRE, B index WARBEMESIHESER., i, FHiTE
TR LUERS index B9—NEBER family, FHKARIREE —NENXHW
MBS, FATAIE—DLL T 5 index BISERERY family FRRAE— functor
F:I— Cat, HH cat 22 (V) SEBESENZIER functor ¥RLEVERE (&
BRES /SEHEX/NER) . AEMBIENENMIFRENIRE, FTREMN=E
& F XRZHY total spaceo

RXA total space HRFAIBIE [, Fo BZAI—H, BERFAIEFX, [[F 8
id-%ﬁjﬁiEE EieOb(I)F(i)O g—F;E) %EE\ 1 EPE’}]_/P%% f 1i =4

e 7E Cat H, f IMN— functor F(f): F(i) — F(i')



. WF [, F h— % (2 a), P(f) BFEE—MREIRR (7, F(f)(0))e
FRLA, JFE fe (i), 1 T [, F FRZEBM (i,a) B (', F(f)(a)) B
HUJ_

. BIMTE, 81 F() E%‘m%'ﬁﬂﬁ, KMNFBEZEENHPNE X WF
icl, a % d €F(i), & [, F PHNIBEM (i,a) B (i,a') BIFTK
o FRLL, [, F REEKINFER KR, BEENE, ERRHENEE—
PE—RNEXNEG. WF [, F R (i,0) M (V,d), ENZEN—
PMEERWENX I— T ZTA (f, (;5), Hep fei(i,i') & 1 PAEkK, o N
2 F@") F—1MM F(f)(a) B o 8987k, AT TEIERTMX—
EX:
i F(f)(a)
b e

. —ﬁﬁﬁ‘ﬁ'ﬂﬂﬁﬂ’%ﬁ%‘-mxmﬁﬁ%ﬁmﬁ/ﬁ% R E X BB, MF f €
I(i,i"), (f,idp )(a)) — MM (i,a) Bl (', F(f)(a)) B98T3ke XF ¢ €
F(i)(a,a’), (1d1,¢>) — MM (i,a) B (i, ) BYET L

o [, F REELEEMNEXINAT. EIE (i1, a1) RELON (iz, az) f2ib2), (i3, as)»
(f2,¢2) o (f1,¢1) BX:

(f20 f1,020 F(f2)(¢1))

F2, TSR T LEEHEA index BISEEE family B, total space FIEN . iR
/  F WHRA grothendieck constructiono

SHmmmANGIF—#, BTER, BINMNZFE “LUEHEA index KEEE" MR
B “FEH”: cat = Cato I8 ideay BIF—MLL Cat BE A index Y family, Cat
TjI:IE fCat idcato *EEXE;F: E_“'X'Tgéu

o Ob(Cat) = Yeecar Ob(c) s

o £ Cat 1, M (C c) 8l (D,d) I—1MEik@—1 2l (F,f), HA
F:C— D@ functor, f: F()—>deD':F'E'J_IFJUDL

i, HFEEN TS cat, B TEH pullback square:



2.3 M functor AR fibration?

£ “DIEE RN index WES” &, BE—PEREBY inverse image BIME, A
RIMEBMER I BIREEBE— fibration, XLERERFILL I /9 index BY family
B—— N8, AWM, 7E Cat B, X—RHA—EMKIL, EXL, HAREME
$8M I B9 functor &P fibration. EBIFMEANLUEERE I 9 index BISEHE /&R,
T2, —MEEAMREME: ML functor 7 & fibration?

XEB, BIEZEEE “LUBHER index B—H#ERE" BIER, “LUEKEA index
HW—HEE” BENRF (BEEEELEEH LM discrete category) o ZAE—
A functor p : E — I, BAZRAMEER inverse image p~! : I — Cat, HIR
EM—F I, B3R p WL B UFRRX LR, EREdER,
BRTY BERIEMRMEZIN, WEHEY p~ # grothendieck construction Bi¥FtHE—
PMEENRIFE, BTRESKEN “BAAT, XEFSMIEMIERX—
B /ZEMNYE, REAEM—15E, TEHBRZEDE p 89 inverse image:
o B, MFIHH—IMHR, EEp (i) ENHR— K. &
& LB inverse image, NHH Ob(p~1(i)) = {e € Ob(E) | p(e) =i}o FAl]
BAJLLA grothendieck construction REIEX—s: ZEFE— grothendieck
construction [, F 5 I:

i) = {z € Ob(/ F) | () = i}

I
={(i,a) | a € F(i)}
=~ Ob(F(i))

B4, p~! BY grothendieck construction NiZe F BE .

OM( [ 17") = Sic 0™ ()
={(i,e) | e € Ob(E),p(e) = i}
~ Ob(E)
FRLA, @3 EEH inverse image SREX Ob(p~1(i)) AR SIEN

o BEA pi(i) BETH, ENMIRTHRESEET Ko & e1,e0 €
Ob(p~1(3)), ENZBEINEKNZEMA? RIEA grothendieck construc-
tion RIENSIS.ERp R [, F = I NER, BBA, 8N ¢:a—d € F(i)
WM [, F FE—DEIK (idi,0), X1 [, F PRIEEAX S « X5
idje FRLL, BATRILAOLETE X p~1(i) FBEIEk:

Hom,-1(;)(e1,e2) = {¢:e1 = e2 € E | p(¢) = id;}

g, MEERTEBE I p~! BY grothendieck construction RkE F
FREIFTEETL, RARER p~1(i) ZIEBY functor EEHIRE X HFK

« HMNEKEXHTEN p~ (i) (ENMHHSTHENIIERFEREERN
%3)). K, NEFWREEp (f), f:i—i' el To ENEZE—T
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B p 1) B p~ (i) BY functore BFEEIR p~'(f) X1 functor 7 object
EREX. AT f:i—i's ecp (i), BINFERE p~1(¢') FH—1
e, R p 1 (f)le) =€ ¢ NiZZH e M f £EHEN, FFLL, —MEE
ABBNZ: e M 7 E PBBI—NFIK ¢ : e — ¢ BRRERD, M
H p(¢) = fo URHEIFRTAVIE:

1

(&
l(f) é lf

e 7/

~

B2, HELARFHN ¢ AIEeBERZ. HMBIAMXZHiEH—1&EA
B o TARRBAN ¢ IB? HNIFE ¢ sILUARTAFREEMB ¢/c W
RAFHEHMEB— ¢/, ¢ EEILUA (bla) o ¢ BIFEINRIX, A ¢ BLATL
EER— T =BANERE, BRITHEXHFENRBAN ¢ WIE weak cartesian
morphism. ERIMEBRI UARIRERTIT:

e )

¢’ P
l@\ ~ lle)(@):p(@"/)
e ----- > e i’

y
id;s

BXFRANE, BE p: £ — [« E FH—1NE e f1— T PEIETL
f:ple) =i ¢:e— e € ER— weak cartesian morphism EE:

L p(¢)=f
2. WFFAEEMBERG 1N ¢, FE—TMH—Ng@HE ¢ =goo

AJLAIERE, weak cartesian morphism d05RETE, = unique up to unique
isomorphism By, XEHKREECAETHEE—I. FTLl, EX p~1(f)(e) BT,
AREREEREIFZAREM weak cartesian morphism HEEFE—1, HHETIEE
REREQE

BET p'(f) ENRENEXG, BIIFBEZERECEFKLENEN. 4
Ev:e—e ep (i), JUARMRERLERNER:

. 0

F(7) e —— ¢ i
J(/‘) JO’ é L/‘

F (i) P (f)(e) - r () 7
U

Hoh, BE&MFAERNFEE LN, A, FE8E ¢ @XRE e I—1
weak cartesian morphism, M ¢’ ov EIFE—1KE e B morphism, ME
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p(¢' o) = p(¢/)op(y) = f (ARIE F(i) REIRBIEN p(v) = idi)o FLL,
HRHE weak cartesian morphism BIE X, TEE—PMHE—HIETL p~1(f)(e) L
pU)(E) 1T gop = ¢ op: XIERKNTEENTIEELF X!

FEFINHRT, WF-NEEH i L 7 0, MAEXHEH inverse
image p~1(f): — functore 3T fE inverse image p~! BAEXEEN
I EB— functor, HMNERTFFEN ec E 5 ple) Loier, #EHE
— cartesian morphism e % el e E, 518 p(¢) = fo WEXMEHH p
FRA— weak grothendieck fibration

ETR, TEERIE p!' HE functor MR RIFBMGENES, B
{iIF7k#BR weak cartesian morphism, FfIA R FEBEIEZFRUET AR
weak cartesian morphism B e BN B a1 BT L BP AT, 1B p_1 RIFESHERIET
BXARETEER i L L el Seecp (i), Hew er=p ' (f)(e)
es = (p7 L (f)op~t(f))(e), URENIR weak cartesian morphism BJIEEH

BN—KEH, H:
?//}1 L

g1 p
e «-2--- el =
N4
o3
l@z lf’
92 .
6/2 {-==-- €9 3"

ATEp (M op (f) =p (' of), p20¢ MiZE— weak cartesian
morphism: BUEMARIEERA p~1(f o f)(e) BOEEZ—, A, RE
o1 F ¢y HBZE cartesian morphism, BINESFR—ER weak cartesian

morphism! ZEINTHEE:

1
I

frof| 4
l 5

NTEE ¢y 0 1 BEA— weak cartesian morphism, FH{TEELEEH
go Hlt, BAVEEFA 1. ¢ EBR weak cartesian morphism HY4% R,
A, ENTRMREREERMER, BN p¢) = fof, BIFRE f BF
= f!

FRLL, AT p~! BA— functor, HNIEXR E # weak cartesian
morphism FYE SRR weak cartesian morphismo FHEXMEMHR p

FRA— grothendieck fibration (& H weak 7! ) o EX L, #—1
grothendieck fibration F, ™ weak cartesian morphism &B/#HE—1 &
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SRAYSE 1, EBE cartesian morphism (&8 weak)o X F cartesian morphism

MENX, XBEAHITIE, BEBAYEE R USZE nLab FRNAYTE

o &F, BMTRT p ! WAABEENX. &E, HITKAER grothendieck
construction RIEBFINE X, BT, BR& p= [, F 5 Lo &IE (i,a) €
[, Fei Lier, »\(f) T [; F PE—1MEBEANERE, HEARESZ%

IEEHIHE— weak cartesian morphism:

(i,a) i
fié P
% l(‘f’idﬂfxa)) = lf
. i/

(i",a") <o (@ F(f)(a))

(id,d))

id

NTIERA 7 @— grothendieck fibration, JEFEEUFEH weak cartesian
morphism BIE BKIAR weak cartesian morphismo FA_EEIREIMY carte-
sian morphism RIEBAX— = BIA], RMBAVIEE R LEHESS], &G, &
BE LR «(f) RIBED o € 71(0) ER F(f)(a), IFF 771(3)
REIETk:

(id,9)

(i,a) ————— (i,d) i
l(f,id) l(ﬁid) = lf
(@, F(f)(a) 2 (@, F(f)(a)) %

H, RHE grothendieck construction FETAEEHHIENX, ¢ = F(f)(¥)o
FrlL 7=1(f) B2 F(f), — grothendieck construction BY inverse
image YA ABIZ|E K TR functor BE

o T—®EZEI[E inverse image BY grothendieck construction, XfF E HHY
— ik e ey, @ f=p ' (p(0), BIMTHIIRE:

| . p(e)
/ l/‘ L lp(n"))
¢ e ()0 p(e!)

BT f @1 cartesian morphism, FEME—RY g, MTE [;p ' FE—

PE—IET (p(c).c) LD (p(e'), '), FTEL E SRIOETSKAD [, p=" by
Fisk R —— IR

XA REEXBXEAREKN—T T, FIUEEKNHESEE, ERITEHR—T
BT HA:

o {E— functor p: E — I, BITEXT p~1(i) MEAERE (i € Ob(I))

11
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e WFEBN fri—i el, BRINFEEXE— functor p~1(f), Ak, FK
MMESEHT p FEEHE—LMR, XL p FI—1 weak grothendieck
fibration

o ATILp ! BEMA— I — Cat BY functor, p HMBE#ME—LEMM
R, XEHEBLSMRM p MAI—1 grothendieck fibration

o FHANIEEMICIUET grothendieck construction FININIE X HHY inverse
image ;&— X BiFBVIR(E

BEMmME, HIMESE THLE functor A BRI LAE{E fibration, A SXMN—1

family!

LtENESEIESEXFEEFATEZL, BEATRMIER, XELTFR
BEZERBENIH:

o ATHEE “FANETk isomorphic” BIRR, FERIERR 2-category BY 2-cell
BXEH

o EBJA grothendieck fibration fRIET weak cartesian morphism FIE &2
weak cartesian morphism, HREE inverse image EEMEHY functors
EM1E inverse image BY, FEMIFZ cartesian morphism HIEFE—1,
B p~l(id) F—EEHNRE id, p }(fog) HERHBAR—FEENZE p1(f) o
pl(g9)e HNMAFREBELXLEE, HARRENEZEZEMIARZ uniquely
isomorphic BYs FFLEL, FEAME inverse image EXE— pseudo functor,
pseudo functor A functor & #EHFNRIE isomorphism EX _EKIL

o EI L, inverse image # grothendieck construction X% B iFAIIRERIY
£ family/fibration LREFEH, TE family [B]JIIZIR /fibration [B]HIL 1k
R EFR

o EEHIEH, BESHE, R ORIZRAU I°° — cat BY family, HEES E
EMFTEENX, B1F (weak) cartesian morphism EXFNE LA RAFTE
fZ %

3 Family 5 fibration, type theoretically I

KF, BNERTHF LHITE, AIENLRIRHEXNRAET T, HibZal, &
WpEINZ—T, AXEBZOARE:

FT4R family/fibration REXR, LUIREEFRTHHIERSNA

MEIEFATHNNS, MEX—BRAEESS K EMNE, ETROINE, U
BAFX—BREXEIL, TER dependent type EBIN A,
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3.1 M STLC %l dependent type

EERANERXITIEZHE, FHESI—TRERFESTEHIENNKR, RINEBEE
#A M Lambek Correspondence, Simply Typed Lambda Calculus (STLC) #0
Cartesian Closed Category (CCC) BFEMM. HIMELXEAFHRM context
LAEFNFW CCC FMITR, 8 substitution FFIELENEA CCC FHIFTk
Context BI#RE /product type MRZSEEEAREY product, ERERIERIITRSEHEHRY
exponential objecto SARIRRENEXERNE, WNXEFKLFAHSHIAEE, 7]
UBEFHREW #HS Simply Typed Lambda Calculus FISEEEIE Mo

A, SMAE—E dependent type FIZRE RZGENIREIFEEBEFRIE? Depen-
dent type b2 STLC s AKHIARE, BAMERB K TE: BRT F A type
B9 closed type Z4F, F&H 2 : AF B type BY open type/type family (THE
REEKBI— free variable BY type family/open term, {EiXLETE X EBATLAfE
IR E| 2 variable BY context # substitution) o FFLL, FEMNBE@IGE
F—NERMEBUWANE type family EIFEI—SEBER, BRILZSM, dependent
type A, FIET— context BEEENMNBES T :

FT ctx I'F A type
FT,z: A ctx

FrLA, SAIRTE7ERY context extension &A@ —NEEMHkEY. X—T R0 AN
IR type family FIYAEIFENX context extension NEL, BRI dependent
type SEBFIE X IR MIEZ, MIEEER, BSBI&E—LL context I', A AR,
substitution I' - o : A A T — A BIFLBER Ctxo HEH, 0 : T — A
TFo:A) BHEXRZE, o B domain A A, 0 FERNRARNFTERE I FEUFIE
HRgZERY,

3.2 2ZpEHMA family: type category 5§ CwF

B, THRARBARENMMIES: 18 type family BEIFMIER family. 7
B context T, ENZBMNHIIERNES {A | T+ A type}, iBfE Ty(D)o
B —T 5 A B substitution fEFE—TEE! A A type £BY, SBE—1
WRUEE T+ Ao typeo FIL, o EXR— Ty(A) — Ty(T) BIKEL, ALk, Ty
Z— Ctx°P? — Set BY functoro

BBA, context extension BEEALRIENE? BT Ty RREMBY, XEREREIHIE
context extension X A—MRIHAVEIE — —, FBWRT € ctx, A € Ty(D),
A ctx FEB— context I'- Ao FTHY context 5 T'- A SEAM context 28]
MEzN, FIUSIEHAT A BY weakening substitution I'' 4 — T', tBEERINIEE

BEX—RERENXHREEBERE, SMUIE type categoryo WMRE—T i,

HFEN AcTyl), EX—NMEE ™[, A), RF {t [T Ft: A} BY well-typed
terms S, BBATMSEIT Category with Family (CwF)o
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 https://guest0x0.xyz/cartesian-closed-cat/cartesian-closed-cat.html 

3.3 f{#H fibration H—: LCCC 5 display map catgeroy

KAEED family X HBY type category/CwF RARIEEENM, BEAIBY con-
text extension ¥RELLIREST, 5 context BISERE Ctx BB MHRMEBXRFREIA
Hi%, BEGBEER ctx EAEEMMER, FR1ED Ty(D) AJUTE ctx BEHF
EIRRE?

I' - Atype 8@ #UE— type family, EFIE ' & variable B R
BMNRAN, MESFIFENXE, B, & T PHFFE—IRE “MEX
BIR9KE” WFHEIWTR, FIUFERINIREER A RRE— T — U B, B
A, FATEETEEIR A RR— 1 e > T H fibration Uh:':7 RIEESIEHPHNER,
XA fibration B domain BJLAER A B9 “total space”, ¥ (blay:r Ao BE, #—1
dependent type BY context T',z : A #, “I5” BIENH dependent sum ¥ 2
—ER! FREL, 2 (blayT A }TJEE Ix: A, BI type family HE fibration,
HATE ctx E%éﬂlﬂﬂﬁﬂ I'7 type family #1 context extension!

A, —/I\?Egﬁﬂgfﬂ@%, Uﬂl“t_t'%ﬁ L. BBLE substitution 7 & fibration, 7
Hb?%a_’ A type family I8? &ERBERT, MNREBEFLERZ fibration, FB

4 “2fIgE T NEL” M2 = “FrE I THEZEEE”, m@EE— WY slice
category B, ?Jzﬂ]adcﬁ%?“ﬂ MUK LEFT K T RAVERE Ctx/r, ERAR
“RigT I EOHR" . “BxF r WttR”, BERRE, AE— ek c M
I eC, slice category C;4 BIENXUNTF:

o C/n PBIMRZE C FIEM A BIFTR o — A

e HF BL A B L Aecu, =10 M S B BOEIRR— C o
W&k B % B, HRE:

B— B

N

FEOIRER, BENE ¢/, RHXR. TENE 4 SRHEL

¥FTF context FISEEE ctx FHEY— context T Ctxr IR FHYE fibration, Ft
B PW—PNEE cex)p F— DM, 2: A S T EIT, 2 B ™5 I 9&5k, #
& Ctx HBY— substitution ',z : A 5 T,z : Bo BEATEINER conp =74,
FrLA o 3FF context B I' BIEB D RMeksh: R —1 I-generic 9. #HMF T
#Y substitution!

STLC MRMAZE CCC, CCC BMEF function type 1 product type F1Eo M
WNRTE ctx BIE slice category Ctx,r ERZE CCC, FLBEHETH dependent
product Fl dependent function EE (AEITHEEFT—1) ! INR—1E
BARRE— CCC, MBEME slice category B2 CCC, ABAXERERE
#A— Locally Cartesian Closed Category (LCCC), LCCC BTl
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BXUEANEREREZ —, 5 topos FEHMHF SEHEPHTHBERSEK
o

REFEGE, LCCC B— VR, X—RERBETHEFALERAIE
XH—1 KR SMELER— fibrationo & FE— substitution T ER A,
iR, HiIEET. A BRE—NTBHER, Balt 4Ly B %
hF— ALl pmw non-dependent functions JIREEM f #BE fibration,
TEEEM f PMHEH— type familyo MEZHI—#E, FHINISIHER inverse
image BYZMERMNIEX A familyo, EESILH, — K f: A — B B inverse
image 7&:
fit={acAlfla)=b} beB

MRBIMTEETELXECPEREX—ENX, MBEEREL f(o) = b X—%MH, I
BL, £ LCCC fERERNILEXNE—IEHE  XERAPYANEFE identity
type/propositional equality t = u : Ao TEH identity type BIER T, FiTATLL
MEE f FHEBE—D “inverse image” ZE!:

y:BF (f_1 =3aa(f(x)=y: B)) type

ETXR, HIMNEFERIE ctx PEIFTLH type family BIFEE fibration 5
inverse image FM Y. KIAEFE context PRE—NMNTENEERBER, —1 type
family « : A+ B type AJLLA fibration ¥,.4B =% A EFRK, Ei1E:

z:AFagh: Z (rp(p) =z : A)
p:Xg.aB

B2 n;' M B FEPTHREEN. BMEREIEBRENEN, KIMEFEEIH
75(p) = = : A X— propositional equality FJIEBAR “TXEE” M, FAREF
ENIMNEIE . FRLAFRATEEZE (definitionally) proof irrelevant BY identity typeo
XS LCCC RBEWMARIERFER—3E extensional type theory — M EA]
B9 type checking —f%#B& undecidable BJ!

FriA, WNERMEEET fibration KFRIX type family 5 context extension, T
ATE X A—MA)R .
WPLEETSLA R fibration?

FENTATAER ctx RE—HAFFHRIETL, #7 display map, RE display map 7
R fibration. A EX R type familyo dtb—3K, FLATLAEE S LCCC 3T extensional
identity type BY#fi, Bid RXF display map B3R LCCC RRZF4ER, B
B LATFE! dependent product/sum FHE, @ XFHSXFEEEHE, BAUME
display map categoryo

3.4 fibration BIRMAEZ: comprehension category

EEBANVEE T EEICHIEMSERSE X FAT, LERIEAIEXTE “81 context
THEE] XEFBEL, BRANE family KEXTFTE:

15



o type category/CwF AR, 8 context FHIEER{IEE T — functor
Ty : Ctx°P — Set RIHY

o 7 LCCC A, 81 context I' FTHXRBIHEZWIEA— functor Ty :
Ctx°P — Cat X Mo BRI functor B— TEEANENX, E=iEE
PR T € Cex IXEIERT slice category Ctx/r  (Ctx FIRY substitution 7E
KB FNERBHFTT—N)

« display map category BYERS LCCC FEP, FFE Ty =8 context X
BIEANREE display map BISEHE, MIETEEM slice category

M4, ctxopr (bla) x5, BEWAILURIRA— fibration IB? MEIERIIT
A IHE, B grothendieck construction TR LABERI— family ZFE—
A fibrationo [, Ty FEIMRII T - A1 —1 context I' F I FRAY—NKE
Ao T [, Ty EEE, MFENT - Ao 5 A1 A (BLBIBAERM, 2R
T 5 substitution 7E Ctx FRARA—), HHF 'k o: A, RiER, FHITBETL
R — grothendieck fibration p : £ — Ctx RALE Ty, M grothendieck
fibration BYMEBRIRIET Ctx AR substitution SR £ Ry “RE” K

substitution!

B4, fibration £ & ctx BHAIS ctx ErpE? XE, AEhfEA LCCC/display
map category FHIBEE, 8 & RRIEEIXE] ctx PEAIR display map. H1E
B, &g &= [, Ty, FMNBER & PNE I+ A XE cox FRI—PEIK
Dz: AFTo ATRIRIEFEL, HINBEMEED arrow category FIBER. %4
E—EWE C, BM arrow category C~7 EXHIITF:

o C7 FHIMRZ C FRIFIK

cdE AL B . oL Dec, BIERE o PR, ¢ BM FEI g8
LW ¢ BB (b, 1), F15:

X, EREBENE C PR, AEHIZE ¢~ RBEEL

ERNEAB functor dom,cod : C~ — C, EEENEXZIEM do-
main/codomain, F1HEIE & FRIE T F A IEF ctx FHEISL, XATLURT
F— functor € T Ctx o RIVEBEENTF A SWET—PT,2: AT H
B8535, FTAFATIEE R codoF = poirfa, LA — T - A, display map BY domain
MEBEFEM extended context ',z : A, FFLAT, 2 : A B2 (domo F)(I' - A)!
FATT LB RS AN T iR E S

'+ Ao Iz:Ac =25 T Ctx™
I T
AF A Az A—"25 A & P Ctx
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XFREEMOYIE comprehension categoryo EFRE LRI IMEER & RRIFTk
(substitution) S#IZE ctx A pullback, X—BRMEXBE F—T#ER.

4 Family 5§ fibration, type theoretically II

T, BATHEEMNAAT dependent type BIJLFHE WASEBERR, X—1
R, FATEEEMIE dependent type PHIEARMEENZZEHEIES. ATH
FRANEEERE display map category %E comprehension category, EA
T FEH display map/fibration IR type family, BRSIGITEFERAK
SREARMAT, THEH, HEET,2: A 5T 22— type family/fibration B,
ENRER Ctx FH— display map (£ display map category ), HEF
EEN e € € 18 F(e) = ma (TE comprehension category) o

ATRRSHEEY, BFRS— 1M LBERAAPNRAN/LEMNENEHE
i, B2, EEBESHPIRER/ZFEEY /context BBFRETH A free variable, ffl
WM, I'z: ASBEER T, A XERNEHESFIKE free variable FIEEE,
AUEEREMER de Brujin index —3EB8Y&H free variable FIFRIAT 1T £

4.1 terms as sections
KINBEE#HE 7T RKERKPARE DS EBER I :
o context & Ctx FHIMR
« substitution & Ctx FRIETL
o EAIZE ctx A fibration

BA, MTHMBRERXTFt: AT, BMNZWMEIBENIEIZER cex HIE?
£ STLC A1, —NRARXSWENER— T L A B8k, 7AW, 7 dependent
type 1, A @— type family, EHFEEMNN ctx PHXER, MEXN—
fibration I, 2 : A 5 T'o

Fill, STLC ARARKBIFRSRFGETE dependent type FABERT. B,
ENE LCCC B EBRIRE, BIEY slice category, BAITAILUEE “BXF U
BIHFR”, M type family I' - A type MEMA Ctx)r PH—IHR, XBSEA]
AT UEIAEER STLC FMRTRET. & “BXF I BWER” coxr F, t &
TRE— “closed” term, i Ctx,r FHY terminal object & idr, FLA ¢ BTLL
BNEM Ctx;r H idp — ma BI—PEIK. BXNEXENRE ctx, —PRIA
THt:ATE Cox FRERIR:
—NT = T,2: ABEL, HE mao0t=idr

XMEFILIRN 74 BY section. 7E Ctx BEH, XTMEXHNBEXEMTAR? B,
FEATRTLUE ¢ TRE— substitution T — 'z — ¢, Xe—TM T -T2 A B
substitutiono 182, HAREFAEXEEM substitution X — I' T term
—FRAERAIER ¢t REEkEh I FHRNS, UHE raot = idi t B 74 B9

sectione

17



4.2 substitutions as pullback

Ctx FHYETLRE substitution, HBA, RIZEAIR substitution NFTEREFRK
KR ER? RINBEEMFLB RS ITRZAIRN /substitution lemma

AF A type 'kFo:A AFt: A 'Fo: A
I' - Ao type I'tto: Ao

BRERRE BIRREERE A 2 A ™5 A B— fibration, Mo : T — A
MELZBIEEZES! REET, A FRBT fibration BIATERIE, Ak, A
B context AT A BY codomain, MIE domain!

AT RN, BAIRHERRIG ctx PEE— “LENFE U S U,
XA—FK, A REURTA—N A - U 8Tk, M Ao AIUUEEITE R
Aoo T! BITEFEIE A FIBFHENRTAENMFA fibration BRI AEEL
AR, NE, F13RFEIIBEELEEFE]T, fibration F universe IR ERILUE
I pullback BXRFCHK! IBEMERBRE—IT:

Eth, HEENELEFERFTERTMN type family, I ENETLE[EA fibration
FTH type familyo 74 =H A M w £ pullback, M 74, MEH Aoco
M o AT pullbacke FTLEL, EEFRAMBVNAEMIMENAKGEEZE pull-
back, MHRIE pullback BIMER, XFEMTFAM. HMEY/NGIEEZE pullback!
Frl, REEX 74 5 o B pullback, SEIRIE 74 JBE o “HIlO”, FREEFE
mac! FRLL, fEBNTFIMEBEYFEE, FAFET ctx A substitution fEAT type
family BY757%: pullbacke BIMEFEH U = U 1E Ctx PAREFEE, X—EX WK
ALY : AILBEERATE ctx PHFEI—EBD MR ctx FHY “KRE7,

ELE, BNMNAUM—1MNERNABERER substitutions as pullback X4
X, FaEIEH, BRINHEDE, SR CHRREHTERRENARRIA
— family Ty : Ctx — (bla), MMl substitution o : I' = A KX Ty(A) — Ty(T)
BYBRI#] /functore 7E displaymap category/comprehension category 1, HHFR
F87 display map &R type family, Ty(I') SRR EXNE ctx,r (BXRE type
family B9 sub-category) o FALL, —7 substitution MNE I - A MWLH—
functor o : Ctx/a — Ctx;ro H Ctx HH pullback B, o* BJLLE X HFRiB
B pullback functor, EIBENEKBE o “hIlE” , EEREX ctx FEAEE
B pullback 1 LCCC —#F, T E identity typeo EHTFEHNIMER T display
map/comprehension category RIgPH “BPLEETLRE fibration”, FHIIRFEER
XL fibration EFEEER pullback BIA], TE display map category H1, X#&
A display map EBEEEM pullbacke £ comprehension category 1, X#&

WA € L ctx A8 £ PHSMETL (substitution) EF—4 pullbacko
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—&E reference 5 further reading

o TFAAERNLab, MAXABLLIREXBTEE grothendieck construc-
tion « grothendieck fibration « dependent type BIRFSEBFIE X dependent
type FIRFSERFIENX « LCCC . dependent sum « dependent product

« ZMRERTBHIENHNNA , MREMBEFICHR, TEHT

comprehension categories, {BWEFREMIRE, SWELE, EXIE
e
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