£ = Sh(Gamesg,, Joon) ~ Map(Games) OMHEH

—— %8S 27, &, Boolean - localic DEHE, FMRDZF — LR (2026-09-26) ——

2R

& X coherent topos TIXHRLY (EXIR 1 = N(V) 2% quasi-compact TRV, @ 2.1) 23, & < nJ OFZHEXS
RNV, X2 E D, KBTS topos &, = E/N (V) 1& coherent CERE 2.2). L7zh35 T € 1 geometric
HEw THBRY — LD coherent MaRm + MILESAH THV, (BE <n)) Z7HEL, Kz H7IcdD. & = Set 13
Z72BT Sho~& = Set (/& 3.1). Boolean T® localic TH&HW (@i 3.2). WHR (X, R) Ik =4 X &, W
B O DOAKR R T, D Games KHFET 2D R A SR TOHI Or 2<%, Stary/Zo DR/INDIE
Games WRTH>2 (§5).

1 58i&

il PDF (explain-map-games-coherent-sheaves-2026-09-26.tex, M~ (Fi)) DitiE%Z 5| Z#<  Games,
Gamesg,, N(X) = Games(—, X)|Gamess,» £ = Sh(Gamesgy, Joon), ®: Map(Games) — &, (X,R)
N(X)/N(R). (A7) &P 2.1 TRUZLHEH | N 35085, MR - 24f - R4 - filtered RIBERZRS, Subg(NX) =
{NS : S C X #nr—=21}, Q¢ = NQcames)- h(z) B3ME z OEmE (KOBES), FHamEzRko (BE] #HiE
0.1). Vi3 —2 (HF £E5 21K, succ =) (maintex L2734), V., C V iZ rank < n ® HF £E5DRITHRIHRD 7 —
L. Star, 3R r & n EOKIEGNE t1,...,t, DORIZEE 1 OF — A,

2 9DFET 3R . coherent TlEA < geometric

8 2.1. Gamesg, IFHRME - equalizer- GIRREL b O RE B 72720, € DENR 1 = N(V) & quasi-compact
TRV, L7d>T € E coherent topos TIEi&\.

FEFH. Gamesg, DERNRIZ V OFRE D7 — L THRITFNIR ST, V IZER (3XTO Star,, &) ROTHFEL
2. ARRME - equalizer 1 (BE) #i& 0.3. £ T{NA) > NV): ACV ARFDT =2} T epi & (V=UA,
N PR 28t %2 H0). BRI A1, ..., Ay DBIE N(AjU---UA,) T, AjU--UAL I3ZESER (<m) 72
5 Star,, CV DIREEFHRWV. X o T jointly epi T4 <, 1 & quasi-compact T\, coherent topos & 1 23
quasi-compact (Johnstone, Elephant D3.3). O

EHE 2.2 (B X2HE). U, .= N(Vepn) — 1 BETERNRT, Uy < Uy < ---, V, U, = 1. BED topos
En =E/U, IZ2\WT

En ~ Sh(Gamesgn/Ven, Joon) ~ Sh((Gamesgn)<n, Jeoh),

Z 2T (Gamesgy, )<, FEE <n OBRT — OB, & &, & coherent topos TH Y, Deligne DEHIT X
DEETZICHD. XoTE bz tHIcdo.

FIEFH. BRSIENR 1 Subg (1) = Subg(NV) = {NS: S CV}([Hi). Vo, CV ZED T — 2 (e THA), U, Vern =V
#DOT\U, =NV)=1 FINROEHZ N R - GefRoZ 26 N(J). X540 R : Grothendieck topos
DBER 7T topos /N (B) 13 site Gamesg, /B (B LOSZXR L F %) IFHFENHZ ANTE topos (Z[FME (Elephant
C2.2, site DRATAR). 1 A =V, OFEEX TA OEE <nJ EME (V IZENIRZOT—EBH A -V »3dbb,
BRI E D 2D/ Vopaytr ICAD). —EM» S Gamesq,/Ve, ~ (Gamesg,)<,. coherent : (Gamesgy) <,
FENR Vo, 235, ARE (XX max) * equalizer TEHAU 2D THRBMEZ HD. J.on EER jointly surjective



BETAERIN, WRE) EM 2.3 12X D pullback TEE. &£ - T (Gamesgy,)<n, Jeon & coherent site. R : BATRSY
topos DEUE E DR E DR FITOWT F#0RS FxU, #0223 n2db (VU, =1t x ORMWRLEE),
E, DETHEEXNS. O

R 2.3 (T 2HE). £ Ol (Set L) 1, Gamesg, ED Jeon-##i% flat BAF F: Gamesg, — Set, 37405
(i) BIRMRZ RS (Gamesg, WZIXERE « equalizer 2% %), (ii) BIR jointly surjective &% jointly surjective i
WEL, (ii) &% x € F(A) X2 n IlZ2WT F(A— Vo) Ziid, dD. £ BT 3 geometric Mam T 1%, & &,
D coherent ¥aw T,, (Diaconescu ; Elephant D3.1.1) WZHRES AN TH\/, [GE <n] ZRLZHDT, coherent
HECIZR 5BV (A 2.1).

FEFH. flat = filtered 2B DIt (Gamesg, I RBZVDT THRMRERT) 20 TIRED T, F OTTOBENZETHK
W2k, $bb (i) BES). (i) X VU, =1 ZRHPRD Z i 5720, 58 DX Diaconescu OEH. O

3 51 = Set K*E]?E?@,ﬁ“

R 3.1. & = £/N({*}) ~Set THD, Uy = N({}) — 1 3F5 (=~U, = 1). k>T Sho (£) = & — Set. &t
63 2RUE T: € — Set, T(NX) ={z € X :succe = 0} (FEUi{IE).

FERA. (Gamesgy)<; = @& 0 DHRRY — 2 = ARBEEES = FinSet, Jeon EHR jointly surjective .
Sh(FinSet, Jeon) ~ Set (REZROBETFIE F(1) THRED, 1 € FinSet 13 Jeon TR . PAZEME Sub(1l) = {NS: S5 C
V)T, V OBTRWES Y — A FABEDS 0 € S, $75b5 N({+}) < NS. £>T Ui ANS +# 0 for all NS £ 0,
R U =0. T :E ~Set OMi—D % & W2HH LFdD. T 13 N({*}) = Games(—, {*})|cames;, P*%
THFT, HiBROMRDOMGRIE E(N{x},—) THD, Lo TREBREZIRD. £/ N({x}) I projective TH 2 (¥
IHPL X R TR 1535). O

il 3.2 (Boolean T®% localic TH7&\W). (1) € 1& Boolean TR @ N({t1}) — N(Stary) Iz bz, (2)
E 1Z localic TR @ N(Stary) 1FEAHENRIEEDETIER V. (3) E D localic KIUZ, V OE87 7 — 2 (e- N
7% HF £EDOHEE) O frame LD = poset (V,,, €") LOHIE topos. ZTDRIE HF £ETH 5.

FERA. (1) Sub(NStary) = { #737 — 24 } = {0, {t1},Star;} {r} EFAATERV). {t;} OFIT S X {HL1} NS =10,
{ti} U S = Stary ZEF 523, %474 L. (2) localic 7 HENGUIF TN RDORIEDRE. N (Stary) IZH %2 & OH7
R NS (S CV) I, S — Starg ODFELS S OEE <1, »2 SCV oFE 1 ok {0} = Star; DR
T, Star; — Stary IXfFEL72W (suce DEEIIHEZ 2V, 2FTETHE). koT S C {0}, HoBx {t.} £/
1 {to} O BTN RORFED S DHIIR r ZEZ RV, (3) localic KMUE Subg(1) @ frame LOJE (Elephant
A4.6.2). Sub(1) ={S CV}, SIF e-HBIATTTAE, Z4ud poset (V,,eT) (e DEBEHT) O TNHTHESE =
Alexandrov B E. & o T/E topos (&#ifE topos [(V,, €T)°P, Set] 1IcF L <, MITTEA filter, BEREMED & F filter =
HF %#£45. O

4 Bf : BRIRAIE Y Stone 5¥'— L

RE 4.1. (1) AREERT — 2 A O N(A) & projective TH 5. A D n gzt EN(A),—)=T(—)" THhH, 2D
BFEPROFEGEFLRDE n=1 ODBERITTH 5. JFZHEE projective D—fRIVENTZ T TIEFIRLRWV. (2)
S LT\ perfect 75 Stone 22 (FINLM 72 Lda v 27 » & EEE Hausdorfp) 3§ 5.

Fs(X):={(z,e) 1z € X, succx C MImfLE, e: S — succx Hig 24}
3 Gamesg,, FOBFE LT E O (BRMRLRTT « Jeon -8t + (460) THS. Fs 3 Uy KEFEN Uy EFHRW.

FERHDE . (1) N(A) & N({x}) OBRKEMZ DT projective. {53 % Hom BAFIE T(-)" TH%. n > 1T
({0} U {1)" ICHIS OMADE 5 M55 3 72 b RBERET, n =0 TIRENEERERG. n =113 Ml 3.1



DIETH5. 728 Stary — Star; IFEHAH Star; — Stary ITFEET, N(Star) 1& projective TRV, ITh7E
TR ITRTOIEERSY — 212V TOREEEARY. 2 Bir,y AEE <1 0% X xY O (z,y) k
OB MRS ICEd % C C succr X succy) IRET 5 (enumerative HF 4 (L3335)). (z,e), (y,€’) 1THt
L C = imle, e, (e,e): S — C ZXMSEE, #C (C,e") 1T (z,me"), (y,me”) ZMBEEE2Z L HWIZHRDT
Fs(X xY) = Fg(X) x Fs(Y). equalizer 1&&53 %7 — L72DTHOL 2. Jeon -8t & (a;: A; — A) % jointly surjective,
(v,e) € Fs(A) 353, ax’ =2 7% i,2' 23 a;: succy’ — succe (ARG, S; = e 1(t) (t € succz)
1322 T\ clopen T perfect 72725, |a; ! (t)| DZE T clopen IZ/HEITE, e S = succa’ Tae =e 2725
BOMEND. EoT (2,¢) o (we). (i) 1 hiz) < 1. 0

HE 42 SH1HOL X Fg = HIGME « 2 1 DT FICbONME) 2HA2BFT, Ut Stary OXRTHEF
TlE7 W (Stary 1 projective THRWY)., TRXTDRAH [Stone 22 % 771512 b D profinite 77— 4] TRL X2k
REEER.

5 XWRODT — LEIEEIR

EE 5.1 WEHDFHL). (X, R) € Map(Games) &, ¥—24 X &, X x X OB 7 —L4 R TH - TRY - X5 -
HRLHD. R OILEM (z,2) 7"V EN: HF £ETH D, ZOFOEED succr x succz’ ICHMRH T2 2 &
B Te & o DA TH 25 ChIE3R) ) ZHIRNICEZ 5. 37205 R OItiET — LR ORI DEERAAK.

i 5.2. (X, R) Oi»® Games IZFEET 2 (X,R) ~ N(Y)) DX, R »4f ¢: X =Y D kernel pair TH 3 ¥ ¥,
Thbb R Tq CR—HEINMVEBEBOROITANTOIHAR) Z2&Lr 212fR2. Games IZRWIRIE, FEHAD—
B2 ZBRALETD 5.

FEAR. £ T N(X)/N(R) ~ N(Y) 725 N(R) i N(X) = N(Y) O kernel pair, N 2R % M3 2 DT R = kerg.
M (H]. O

5 5.3 (Stary/Zs : H/NDIE Games FR). o: Stary — Stary & t; «» to DANEZ, R=AUT, (BHE) §4 ©
6 EAMERIR). Q := N(Stars)/N(R) 13 € DMERT, Q £ N(A) (A€ Games). —75 ¢: Staro — Star; @ kernel
pair K = Stary X Starg 3R iz 7 7& (RE) #i#E 4.3) ZH B, N(Star;) = N(Stare)/N(K) 13 Q OFTH 3.

(r,r)o
T (r,7) \ K =kerq: o iz 7 DR
/ \ A FHEE C C {t1,t2}> T
hooob (tofa) (frf2) (Brit2) (B2,0) R 257 0 7 58D
Star, R=AUT, : o i 2 oL Q — N(Star1), Q% N(A)

R Q & TStary, @ 2 DOMKIGIEE, W o KX BF—HIEFERDTHY ADES — 41, Games Tid
b &bE2 e BEIIICEM K A D Star; 1275, Q — N(Stary) WE@7243%, N(Star;) — Q FEELRWVL
(explain-objects-as-games-2026-09-27 fi 2.2 (3). FIRD [Star; % retract &b D) 1FFAD TETIELR). Q
& N(Stary) &b TRV —ic, AREE G O X ANOERIC &2/ N(X)/NAUU,Ty) &, G 2i&umhiEzIEH
HICERT 2R D Games DINZH 5.

6 FRBDML

(a) € DD amd 4.1 B (Stone Z22MNC X 2 77I% & D Tprofinite 7 — 24 1) TRL S5 H.

(b) € MSHIJE topos 1IC7% %% (Gamesg, D Jeon A rigid 22 5 2. HIREERZ — 2133 X T projective TH %
B, A2V T projective BAEMROEIIIRE &7, FEZEHER projective D0 HH% & D ARHER.

(c) WHEHE T OWHRINZANMER ((H) © Sub(NX) = &nr—2azfzi, Y-+ = AR7 -2, BGES
= Gamesg, O, NH = HR#EE, TEIFZET).

(d) BERIME N(X)/G & multiset 770K — 2 2 DXIG (Stary/Zs 13 TF% multiset {¢,t} \ZHONMEI ITRZ ).
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