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Summary. An algebra of differential operators is the enveloping algebra of a Lie algebroid T
of vector fields. Similarly, a vertex algebra of differential operators is the enveloping algebra of
a vertex algebroid, which is a Lie algebroid equipped with certain complementary differential
operators. These operators should satisfy some complicated identities, these identities being a
corollary of the Borcherd’s axioms of a vertex algebra.

In this note we attempt to shed some light at the definition of a vertex algebroid, by propos-
ing a new, equivalent definition which has nothing to do with the axioms of a vertex algebra and
uses only classical objects such as complexes of De Rham, Hochschild and Koszul. This point
of view works nicely for Calabi—Yau structures as well and opens the way to higher dimensional
generalisations.

Subject Classification: 17B69

Prooemium

1. Sint £ anulus commutativus Q continens, A t-algebra commutativa et 7 A-
algebroid Lietianus.

Posito Q := Homyu (7, A), habemus derivatio canonica d : A —> Q, ubi
(tr,da) = 7(a), denotante per (,) : T ®4 Q —> A copulationem canonicam.

2. Revocamus (vide commentatione [V. Gorbounov, F. Malikov, V. Schechtman,
Gerbes of chiral differenial operators. II. Vertex algebroids, Inventiones Mathe-
maticae, 155, 605-680 (2004)], 1.4), structura verticiana super T triplex A =
(y,(,),c) est, ubi elementa y € Hom(A @ T,Q), (,) € Hom(S?T, A) et
¢ € Hom(A2T, Q) aequationibus sequentibus satisfacit:
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y(a,br) —y(ab,t)+ay (b, 1) = —1(a)db — t(b)da (A1)
(atr, 'y =alt, 'y —tt'(@) + (y(a, 1), ')  (A2)

clar, vy =ac(r, ')+ y(a,[r,7']) — y (z'(a), 7)

1 1
+1'y(a, 1)+ Ead(r, ) — Ed(ar, 'y (A3)

<[Ta T/]) T”) + (T/a [Ta T”]) = T(‘[/’ T”) - Er/(‘[, T”) - %TN(TD T/>
+ (' e(e, 7)) + (", e(z, 7)) (A4)
atque

1
Cycle, ;1 . |:c([r, ', 7"y — ez, ") + gd(r, c(t, r”))}

1
— _ECYCIe ’ //d('[, [T/, TU])D (AS)

7,7,T
ubi denotabimus, brevitatis gratia:
Cycle, ./ . f(x, 'ty i= fo, )+ fEL T )+ f(7, T, ).
3. E (A2) prodit:

1 / 1 no_ 1 / 1 / 1 /
2ad(r,r) Zd(ar,r)— 2da(r,r)+2drr(a) 2d(r,y(a,r)),

ergo (A3) ita exhiberi licet:
clar, ) = ac(z, ") +y(a,[r,7']) = y (z'(a), 7) + 7y (a, 7)

1 1 1 :
- 5d(r/, y(a, 1)) — Sda (t, o)+ 5dn’(a). (A3)bis

4. Applicatioh : A — A’ elementum & € Hom(T, Q) est, axiomatibus sequen-
tibus satisfaciens:

h(at) —ah(z) =y (a,t) —y'(a, 1) (Mor),
<Ta h(‘[/)> + (T/a h(T)) = (Ta T/) - <Ta T/)/ (Mor)(,)

et

h(lz,7'l) — zh(z’) + 7'h(z) + %d(f, h(z')) = (', h(r))}

=c(zr,7) - (7, 7). (Mor),
5. Posito Q" := Homu (A} T, A), revocamus differentiale DE RHAMIANUM
d: Q" —
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ubi
da)(Tl, 72, .. ) = CU([T], T2]> 3, .. ) T + (_l)l+1+1w([ri> Tj]» Tl, - - ) + e

—rlw(rz,...)+...+(—l)iriw(n,...,fi,...)+...

! 1
mw([ﬂ, ©l,13,...) — mﬂw(rz, )

. Quodque Q" in complexum HOCHSCHILDIANUM immergi potest:

= Altp. , [

0 — Q" —> Hom(A"'T, Q) % Hom(A ® T ® A" 2T, Q) % ..

M Hom(A® @ T @ A"2T, Q) s
ubi
dgw(a,b,c,...,e, f,11,...) =aw(b,c,...,e, f,11,...)
—wl(ab,c,...,e, f,71,..)+...xw(a,b,...,e, fr1,...)

Manifesto, Q" = Ker dy.
. Rursus, sit V £-modulus, potestas extera sua in genum complexus KOSZULIANI
immerseri potest:

0 — A"V — Hom(V*, A"~'v) <% Hom(S2V*, A"2V)

g, LN Hom(S'V*, A"7'V) LN R

ubi V* := Hom(V, ¢) ac
QOc(r1, 2) = (11, c(12)) + (2, c(71));
Qc(ty, 12, 13) = (11, (12, 73)) + (12, (13, T1)) + (73, (71, 12)),

etc. Manifesto, A"V = Ker Q.
. In hac commentatione solum inspicimus partem complexus de Rhamiani

Q3. Q2 o Q)

Copulatione complexuum Koszulianorum, Hochschildianorum de Rhamian-
orumque usa, definiamus complexum

w2 w2 — L — WS,

de inclusione complexuum Q> ¢ W31 atque de cocyclo canonico £ € W*
ornatum. Structura verticiana super T elementum A € W3 est, aequationi DA =
£ satisfaciens. Sagittula A —> A’ elementum h € W? est, talis ut fit Dh =
A — A, vide Caput Secundum, Pars Tertia.
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Caput primum. Structurae calabi-yautianae

1. Revocatio

1.1.

Revocamus (vide op.cit., 11.1), structura Calabi—Yautiana super T est applicatio ¢ :
T — A, duabus proprietatibus sequentibus satisfaciens:

clat) =ac(r) + t(a) (cYn

atque
c(z, ') = te(@) — t'c(v). (CY2)

2. Complexus Hochschild-De Rhamianus
(a)

2.1.
Definimus operator

dpr : Hom(T, A) —> Hom(A’T, A)
per formulam:

dpre(ti, 12) = c([11, 12]) — T1(72) + T20(71).

2.2

Rursus, inspicimus complexum Hochschildianum

dyy dy >
0 — Hom(T, A) —> Hom(A ® T, A) —> Hom(A®* ® T, A),
ubi differentialia Hochschildiana per regulas definitur:
d?{c(a, 7) = c(at) —ac(r)

ac
dhe(a,b,t) = ac(b, t) — clab, t) + c(a, br)

Liquet quod fit Q = Kerd%.
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2.3.

Simili modo, consideremus complexum Hochschildianum:

d? d]
0 —> Hom(A’T, A) -2 Hom(A ® T%?, A) — Hom(A®? @ T%?, A),
ubi differentialia Hochschildiana per formulas definiuntur:
d%c(a,z,7") = clar, v') — ac(z, ')

atque
dlc(a,b,t,7') =ac(b,t,7") — clab, 7, 7") + c(a, br, ')

Nunc erit Q% = Ker d%.
24.
Porro, introducamus operator
dpr : Hom(A® T, A) — Hom(A ® T®2, A)

per regulam

dpgre(a, 1,7y =c(a,[r,7]) — c(z'(a), 1) + 7'c(a, t) = Lie,c(a, 7).
2.5.Lemma. ddpgr = dprdy).
2.6. Demonstratio. Pro elemento ¢ € Hom(7', A), habebimus

d%dDRc(a, 1,7y =dpgrclar, ') — adpgre(z, T'),

ubi
dprc(at,t’) = c(lar, t']) —are(t)) + t'c(ar)
ac
—adpgre(t,7') = —ac([r,1']) + are(z’) —at'c(r),
unde

d?,dDRc(a, 1,7) = clalr, 7)) — ac([z, t']) — c(v'(a)r) + t'c(at) — at'c(r)
= c(a[r, t']) —ac([z, t']) — c(z'(@)7) + t'c(ar)

— t'{ac(z)} + t/(a)c(r) = dprd¥c(a, 7, 7'),

447
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(b)

2.7.
Definimus operator
dpr : Hom(A®? ® T, A) —> Hom(A®? @ T2, A)

per

dpgrela, b, 7,1t") = Liegc(a, b, t) =1'c(a, b, 1) — c(t'(a), b, 7)

—c(a, 7' (b), 7) — c(a, b, [7’, T]).
2.8. Lemma. dydpgr = dpgrdy.
2.9. Demonstratio. Pro elemento ¢ € Hom(A ® T, A), fit
dydpgre(a,b,t,7") = adpre(b, t,t") — dprelab, t, ") + dpgre(a, br, '),
ubi
adpre(b, 1,7y =at’c(b, t) — ac(z'(b), t) — ac(b, [1’, 7]); —dprc(ab, 7, ')
= —1'c(ab, 1) + c(z'(ab), ) + c(ab, [t/, T])
= —1'c(ab, )+ c(z'(a)b + at’(b), 1) + c(ab, [7/, T])
atque
dpgrcla, b, ') = t'c(a, br) — c(t'(a), bt) — c(a, [7/, bt])
=17'c(a, br) — c(7'(a), bt) — c(a, ' (b)r — b[7’, 7])
Adde huc
0=1'(a)c(b, 1) — t'(a)c(b, 7).
2.10.
Sed
—ac(b, [, t]) + c(ab, [7/, 7)) + c(a, blt’, 1]) = —duc(a, b, [1/, 1]);
at'c(b,t) — t'c(ab, 1) + t'c(a, br) + t'(a)c(b, 1) = 7'dyc(a, b, 7);
—ac(z'(b), 7) + c(at'(b), t) — c(a, 7' (b)t) = —dyc(a, 7' (b), T)

atque
c(t'(a)b, 1) — c(t'(a), br) — ' (a)c(b, T) = —dy(t'(a), b, 1)

Qua addendo obtinemus effatum lemmatis.
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3. Cocyclus canonicus

3.1.
Inspicimus elementum € € Hom(A ® T, A) per formulam definitum:
e(a, ) =1(a).
3.2. Lemma. dye¢ = dpre = 0.
Habemus enim,
dpre(a, t,t") = Liepe(r,a) = t't(a) — t7'(a) + [z, 7'](a) =0

(scilicet, € operator invariens est).
Rursus,
dge(a,b, ) =ar(b) — t(ab) 4+ br(a) = 0.

3.3.

Aliter, € cocyclum (bi)complexus Hochschild—De Rhamiani est.

449

3.4. Definitio altera. Structura Calabi—Yautiana est elementum ¢ € Hom(7, A), sat-
isfaciens equationi Dc = €, denotanti per D differentiale complexus Hochschild—De

Rhamiani.

Caput secundum. Structurae verticianae

Pars prima. Aedificium sinistrum

1. Koszul et de Rham
(a)

1.1.
Definimus operatores Q : Hom(7, Q) — Hom(S>T, A) per
Qh(z,7') = (7, h(z")) + (', h(2)),
ergo Ker 0 = Q?, atque Q : Hom(A?T, Q) — Hom(S>T ® T, A) per
Qc(z,7',7") = (z, e/, 7)) + (', c(z, 7")),

ergo Ker 0 = Q3.
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1.2.

Definimus operatores dpg : Hom(7, Q) — Hom(A>T, Q) per

dprh(z, ) = h([r,7']) — o{h(z")} + '{h(0)} + %d{(f, h(z') — (¢, h(2))}.

1.3.
atque

dpr : Hom(S?T, A) — Hom(S’T ® T, A)
per

1 1
dprh(z,’,7") = Sym, ., [h(n [/, <" + Ef//{h(f, )} - Ef{h(f/, T”)}} :

1.4. Lemma. QdDR = dDR Q
Demonstratio. Si 27 € Hom(7, Q), habemus
Qdprh(z,7’,7") = Sym, ./(z,dprh(z’, 7"))

= Symr’r/<r, h((z',7"]) — o/ {h(z")} + " {h(z))}
1
+§d{(f/,h(1”)) - (T”,h(f/)>}>

= Symr,r’ |:(T’ h([‘[/, TH])) - ‘L'/(<‘L', h(TN»
+ ([, 7], h(z")) + 7" (2, h(z")) = ([z", 7], h(z"))

ST R ) ~ (e, h(r’»)}
Sed
Sym, Lz, (i, 2D — ([", o1, A
= Sym, [, h(lz, D) + ([r. 1 h(Z)] = Sym, . Oz, [¢', 2" ])
Sym, ([, 21, h(z")) =0,
Sym, . [e" (e, h(z')] = <"{Qh(z, )}

ac

1 1
Sym, ./ [—T’((T,h(f”)) + Ef((f’,h(r"») - ET((T",h(T’)D}

1 1
= _Esymr,r’ [T((T/a l’l(T//)) + T((T//a h(T/)))] = _Esymr,r/T{Qh(T/a T//)}a

unde Qdpgrh(z,’,t") = dprQh(z, 1, t"), quod erat demonstrandum.
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1.5.

Axioma (A4) etiam sic exhiberi potest:

Qc =dpr(,) (A4)
(b)

1.6.
Definimus operatores
dpr : Hom(A’T, Q) — Hom(A’T, Q)

per
1
dpre(r, ', 7") = Cycle, 1/ o |:c([r, ', ") —t{c(r’, ")} + gd(r, c(t/, r”))}

=dpic(r, ', 1"y +dc(r, 7,7,

ubi |
dec(r,t', ") = ECycleTjr/jr//d(r, c(t’', )
1.7.
atque
R : Hom(S’T, A) — Hom(A’T, Q)
per

1
Rh(r,7',7") = —ECycle,,,,,,ndh([r, 7’1, 7).
1.8. Lemma. d%R = ROQ.
1.9. Demonstratio. Fit
dyp = (dpie +d')? =dpied + d'dpi, +d”

obd?, =0.
Si h € Hom(T', Q), habemus

dried'h(z, 7', 7") = Cycle, ./ n[d'h([z,7'], 7") — t{d'h(z’, 2")}]

1
= ECyC’ler,r’,r” [d{([T7 T/]) h(f”)) - (TH, h(['[, T/])>}

—d{{(z’, h(z")) — (z', h(z"))}].
Observamus:

1 1
—ECycle ', on [rd{(r/, h(z")) — (1, h(r”))}] = —EAlt,,T/,,urd(r/,h(r”)).

7,7/,T



452 V. Schechtman

1.10.

Rursus

1
d'dpich(z,t', 7"y = =Cycle, ./ »d{z,dpi.h(z’, "))
3 7,7/,1

1 1
= ECycler’,/jf//d(T, h([7/9 T//]) - gAltr,r’,r”d(Ta ‘L'/{h(‘[//)}>,

ubi

1 1

- gAltr,r’,r”d(Ta T/{h(f//)” = _gAltr,r’,r”d[T/(Ta I’l(‘[//)) + ([, T/]a I’l(T”))]
1 / 1 2 / V4

= —gAltT’T/’der (r, h(z")) + gCycler’r/jr//d([r, '], h(z")).
1.11.
Denique,

1
d*h(z, 7', 7") = gAltT,Tr,Tnd‘L'{(r/, h(z"))}.

1.12.

Post summationem termini dz {(z’, h(z"”))} exeunt, dum termini reliqui pracbunt
1
dyph(z,7',7") = —ECycle,’,/jr//d{([r, o1, h(z")) + (", (7, D))}

1
= —¢Cycle, o d Qh ([, t'1,7") = RQh(z, 7', 7", qed

1.13.
Axioma (A5) sic exhiberi potest:
dprc = R{(,) (A5)
()
1.14.
Determinamus operator
dpr : Hom(S’T ® T, A) —> Hom(S’T ® A’T, A)
per formulam

dpre(ty, 12, 13, 14) = —c(71, 12, [73, 14]) — Alt3 474¢ (71, 72, 73)

1
+ Sym; ,Alt3 4 IC(rl, [72, 73], 74) — gTIC(TZ, 73, r4)] .
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1.15. Lemma. FitdprQ = Qdpg.

1.16. Démonstratio. Sic € Hom(AzT, Q), habemus

Qdpre(ti, 12, 13, 74) = Symy (71, dpre(12, 73, 74))

= SymLszClez,3,4<rl, c([r2, T3], 7a) — 12¢(13, T4)

1
+§d(rz, c(z3, r4)>>,
ubi
—(71, 12¢(73, 14)) = ([72, 711, (73, 74)) — 72(71, (73, T4))
atque
(1, d(12, c(73, 14))) = T1(12, C(13, T4)).
1.17.
Primo, fit
SymI,ZCyC1€253’4{(T15 C([T25 T3]> 7:4)) + <[T2> Tl]s C(T3s T4)>}
1
= Sym, ,Alt3 4 [<T1, c([t2, 131, 14) + EC([TL 4], Tz)>
1
+§([Tz, 71], c(t3, 14)) + ([73, 111, c (74, 12))]
= —Qc(t1, 12, [13, 14]) + Sym , Alt3 4 Qc (71, [72, 73], 74).
1.18.
Secundo,

1
Sym, ,Cycle; 3 4 I—Tz<fl> c(13, 14)) + gﬂ(rz, c(z3, 14))]
1
= Sym, ,Alt3 41 — Erz(n, (3, 74)) — 13(71, (74, 72))
1 1
+ 871(72, c(t3, 74)) + §71<13, c(4, 12))

1
= Alt3 473 Qc(71, 12, T4) — gs}’ml,zAlta,ul Qc(12, 73, 74)

Hinc lemma nostra sponte sequitur.
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(d) Junctio

1.19. Lemma. Compositio

d%p : Hom(S>T, A) — Hom(S’T ® T, A) —> Hom(S°T ® A>T, A)
aequat QR.
1.20. Demonstratio. Sic € Hom(SzT, A), fit

2
dpgre(ty, 12, 13, 14) = —dpre(t1, 12, [73, 74]) — Altz 474dpre(ty, 12, 73)

1
+ Sym, ,Alt3 4 dDRC(Tl,[12,13],T4)—§TldDRC(Tz,T3,T4) .

1.21.
Primo,
—dpre(ti, 12, [73, 1al) = —c(71, [2, [73, Tal]) — (22, [71, [73, Tal])
—[73, wale(z1, ) + %TIC(TZ, [73, 14]) + %TZC(TI, [73, 14])
Secundo,

Sym, ,Altz adpre(t1, [12, 73], 74) = Sym1,2A1t3,4IC(Tl, [[z2, 73], 74])
+ c([r2, 73], [71, Ta]) + Tac(z1, [72, 73])

1 1
_ETIC([TZ’ 73], 74) — E[Tz, 3]c(7y, 14)]

Tertio,

—Alt3 4t4dpre(ty, 72, 13) = —A1t3,4|T4C(11, [72, 73]) + Tac(22, [71, 73])
1
+ 14730(71, 2) — Emw(rz, 73)

1
—Ermcm, 13)}

et quatro,

1 1
—gsym1,2A1t3,4rldDRC(Tz, 73, T4) = —gsym1,2Alt3,4|nC(12, [z3, 74])
+ t1¢(13, [12, 14]) + 11740 (72, T3)

1 1
—37 120(13, T4) — i 13¢(72, T4) }
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1.22.

Termini formae c([7;, 7], [k, 7/]) evanescunt symmetrisatione causa, cum ¢ symmet-
ricos est.

Post summationem, termini cum triplicibus uncinis evanescunt Jacobi causa. Ter-
mini formae 7;7;c(tx, 7;) quoque exire videri possunt.

Tandem termini formae 7;c(z;, [7x, 7;]) pracbunt

1 1
—gSyml,ZCyclezﬁA‘L’lc(‘L’z, [T3, T4]) = —ESymLszClezﬁA(n, dC(Tz, [T3, T4])>

= QRc(11, 12, 13, T4), qed

(e) Differentiale de Rhamianum tertium

1.23.
Definimus operator
dpr : Hom(A’T, Q) — Hom(A*T, Q)
ubi
dpre(zi, 12, 73, 14) = c([71, 12], 73, Ta) — c([71, 73], 72, 7a) + . ...

— 110(12, 73, T4) + T20(T1, T3, T4) — . ..

1
+ Zd{(fla c(12, 13, 14)) — (72, ¢ (71, T3, T4)) +}

1 1
= Alty234 |:ZC([11, 2], 73, T4) — 6116(12, 73, T4)

1
+ﬁd<rla 6(7:25 73, T4))i| = {dLie + d/}C(Tl, 72, 73, T4)s
ubi |

d'c(t1, 12,13, 14) = ﬁAlt1234 d{zy, c(12, 13, 14)),
confer artt. 1.2 et 1.6.

1.24.
Insuper introducamus operator
R : Hom(S’T ® T, A) — Hom(A*T, Q),

ubi

1
Re(ty, 12, 73, 14) = —ﬂAlt1234 de([r1, 12], 73, 4),

confer art. 1.7.
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72
1.25. Lemma. Fitdy, = RQ.

1.26. Demonstratio. Primo, diie =0.
Secundo, ostendetur methodo simili a 1.9.—1.12,

{dried +d'dpie + d*)e(t1, 12, 13, 74)

1
= 57 Al d{([t1, 2], c(13, 7)) + (13, c([71, 12, 7))}

1
= —ﬂA1t1234 dQc([r1, 12], 13, T4) = RQc(z1, 12, 73, 14), qed

1.27.

Consideremus duos operatores R ex artt. 1.7 et 1.24.
1.28. Lemma. FitdprR = Rdpg.

1.29. Demonstratio. Primo, habemus

1
dprRc(t1, 12, 73, 14) = Alt1234 [ZRC([TI’ 2], 73, 74)

1 1
—grlRC(rz, 73, 74) + ﬂd(n, Re(t2, 13, r4)>}

1
= Alty234 [—ﬁd{c([[ﬂ, 121, 73], 14) + c([13, 14], [11, 72])
1
+c([z4, [11, 211, 13)}+%d11{6([rz, 3], 74)

1
+c([13, 4], ©2) + c([14, 2], 13)} = mdm, d{c([t2, 73], 74)

+ c([73, 1], ©) + c([14, 2], 13)})}

(termini, uncinos triplices continentes, exeunt, relatione identica Jacobiana causa)

1 1
= Alty234 [—ﬂdC([rs, 4], [71, 12]) + Rdnc([rz, 3], r4)} .
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1.30.

Rursus fit

1
Rdpge(t1, 12, 73, 74) = —ﬁAlt1234 ddpge([t1, 121, 73, 74)

1
= —ﬁAlt1234 d[C([n, 2], [73, 14]) + (23, [[71, 72], 74])

1 1
+r4c([71, 2], 73) — 5[11, 12]c(z3, 14) — 5730([1'1, 2], T3)}

(termini formae [71, 72]c (73, 74) exibunt, quum ¢ symmetricos est)

1 3
== Al d Ic([n, w2, 13, ual) = Src(lon, vl 15) 1 = dprRe(rr, 12, 73, 74),

ged

2. Pede plana

(a) Paries recessus

2.1.
Definimus operatores:
dy : Hom(7T, Q) — Hom(A ® T, Q)

per formulam
dgc(a,t) =clar) —ac(z)

et
dy : Hom(A’T, Q) — Hom(A ® T®2, Q)

per regulam:
dyc(a,t,t’) =clar, ') —ac(z, T').

2.2
Introducamus operator:
dpr : Hom(A ® T, Q) —> Hom(A ® T®?, Q)

per regulam:

dpre(a, 7, ) = ela, [t 71) =~ e(c'(a@), 1) + Te(a,7) — 3de', cla, ©)

1
= Lieyc(a, 1) — Ed(r/, c(a, 1)).
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2.3.
Insuper, operator:

M : Hom(S>T, A) — Hom(A ® T2, Q)
definitur per regulam:

Mc(a,t,7') = —%c(r, t')da.
24.Lemma. Fitdydpr = dprdy + M Q.
2.5. Demonstratio. Elementum ¢ € Hom(7', ) datum, habebimus
dydpre(a,t,t') =dprelar, ') — adpre(t, 1)

ubi

dpgrclar,t’) = c(lat, t']) — (at)c(t)) + t'c(ar) + %d{(ar, c(th)) — (7', c(ar))}
=c(a[r, 7'l = t'(@)t) — arc(z)) —da(z, c(z")) + t'c(ar)

+ %da(r, c(th) + %ad(r, c(th) — %d(r/, clat) —ac(r))

1 , 1 /
_ Eda(f ,c(r)) — 5ad(r ,e(7)),

addemus huc:
0=—1"{ac(t)} + t'(a)c(z) +at’c(r)
Rursus,

—adpge(z,t") = —ac([z,t']) + arc(t)) —at'c(r) — %ad{(r, c(th)) = (t/, c(x))}.
2.6.
Sed

clalr, 7']) —ac([r, 7)) =dyc(a, [, 7']);

—c(t'(a)1) + 7' (@)c(r) = —dpc(t'(a), 7);

t'c(ar) — t'{ac(r)} = t'dyc(a, 7);

—%d(r/, clat) —ac(r)) = —%d(r/, dgcla,)),

terminos reliquos praebendo

—%da{(r, c@N+ (', e(r))) = —%da Qc(zr,t"y = MQc(a,,17),

lemma nostrum sequitur.
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(b) Frons

2.7.

Revocamus,
dpr : Hom(S?T, A) —> Hom(S’T ® T, A)

definitur per formulam:

dpre(t1, 12, 13) = c(71, [12, 13]) + ¢(72, [71, ©3]) + 73¢(71, 72)
L t1c(t, 13) — 3 12c(e1, 1)
- 5 Cc s - 5 (4 s
re(n2, 13) = S nc(n, 73
. 1 1
= Liec(r1, 2) — 5710(729 73) — ErzC(n, 73)

= {Lle + d/DR}C(Tl’ 72, 13)5

ubi ponamus
Lie ¢(z1, 12, 13) = Liegc(ry, 12)

et

dpge(i, 12, 13) = _%TIC(TL 73) — %TzC(n, 73)
Rursus, definimus

dpr : Hom(A ® T®%, A) — Hom(A ® T®3, A)
per formulam:

dprc(a, 11, 12, 13) = 13¢(a, 71, 2) — c(73(a), 11, 2) + c(a, [71, 73], 72)
1
+ C(Cl, 71, [7‘-25 13]) - ETZC(CL 71, 13)

, 1
= Liegyc(a, 71, 12) — ErzC(a, 71, 73)

= {Lie + dpzlc(a, 71, 72, 73),

ubi ponamus
Lie C(Cl, 71, 172, 13) = Lief3c(a5 71, 12)

et
1
d/DRC(a> 71, 12, 13) = _ET2C(CI> 71, 13)
Denique, introducamus
0 : Hom(A ® T®%, Q) —> Hom(A ® T®3, A)

per regulam:
Qc(a, 11, 12, 13) = (12, (@, 71, 73)).
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2.8. Lemma. Fitdydpgr = dprdy + OM.

2.9. Demonstratio. Primo, dy commutat cum Lie. Si enim ¢ € Hom(SZT, A), habe-
mus:
dglie c(a, 11, 12, 13) = Lie c(ary, 12, 13) — alie c(z1, 12, 13)

ubi

Lie c(ary, 12, 13) = 13¢(ar, 12) + c(alry, 13] — 13(a)71, 12) + c(ary, [12, 13])

et
—alLie c(71, 12, 13) = —aw3c(ty, ©2) — ac([z1, 3], ©2) — ac(zy, [12, 13])
Addemus huc:
0 = —r3{ac(r1, 12)} + w3(a)c (1, 12) + arzce(zy, 12)
Habebimus
T3C(ClT1, 12) - T3{ClC(‘L'1, 12)} = T3dHC(Cl, 71, T2)s
c(alri, 131, 12) — ac([r1, 131, ©2) = dpc(a, [11, 131, 2);
clary, [12, 13]) — ac(zy, [72, 13]) = duc(zy, [12, 13])
et
—c(r3(a)ty, 12) + 13(a)c(11, 12) = —dpc(t3(a), 11, 12)
unde
dgLie c(a, 11, 12, 13) = Lie,dpc(a, 11, 12).
2.10.
Secundo,
de/DRC(aa 71, 72, T3) = d/DRC(arla 72, 13) - ad/DRC(Tla 72, 7‘-3)
ubi | |
dpgelaty, 12, 73) = —Eanc(rz, 73) — ET2C(GT1, 73)
et | |
—adppe(ty, 12, 13) = EanC(rz, 3) + EaTZC(TI, 73).
Addemus huc:

1 1 1
0= Erz{ac(n, 73)} — 512(61)0(11, 73) — Earzc(n, 73).
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Nanciscemur:

1 1
de/DRC(aa 71, 12, 7‘-3) = _ETZdHC(aa 71, 13) - 512(a)c(rl> 7:3)9

1 1
—Efz(a)c(fl, 13) = <Tz, —54a c(r1,13)) = OMc(a, 11, 72, 73)
unde hoc lemma sequitur.

(c) Camera

2.11.
Revocamus differentialia de Rhamiana:
dpr : Hom(A ® T, Q) —> Hom(A ® T®?%, Q)

definiuntur per formulam (vide art. 2.2):

1
dpre(a,t,7") = Lieyc(a, ) — Ed(fﬁ c(a, 1))

ac
dpr : Hom(A ® T®?, A) — Hom(A ® T®°, A)

definiuntur per regulam (vide art. 2.7):

. 1
dpge(a, t1, 12, 13) = Liegc(a, 1, 12) — Efzc(a, 71, 73).

2.12. Lemma. FitdprQ = Qdpr.

2.13. Demonstratio. Primo,
Lie Q = Q Lie

Habemus enim,

Lie7.'3 QC(Cl, 71, TZ)

461

= 130c(a, 11, 12) — Qc(3(a), 11, 12) + Qc(a, [11, 3], 12) + Qc(a, 11, [12, 73])

= 13(12, ¢c(a, 11)) — (12, c(73(a), 11)) + (12, c(a, [1, 13]) + ([12, 73], c(a, 11))

= (12, Liec(a, 11)).
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2.14.

Secundo,
d/DRQ = Qd/DR

Computamus enim,

1 1
d/DR Qc(aa T1, 72, T3) = _ETZQC(aa 71, T3) = _ETZ(T:% C(a7 Tl))

1
= <r2, —Ed(rs,C(a, r1)>>

= (12, dpgcla, 11, 13)) = Qdpgela, 1, 12, 3),
quod trahit effatum lemmatis.

(d) Paries rectus

2.15.
Revocamus operatores:

Q : Hom(A’T, Q) —> Hom(S’T ® T, A)
definitum per formulam:

Qc(11, 12, 13) = (71, c(12, 73)) + (72, (71, 73))

atque
0 : Hom(A ® T®2, Q) —> Hom(A ® T%3, A)

definitum per regulam:
Qc(a, 11, 72, 13) = (12, ¢(a, 71, 73)).
2.16. Lemma. dy Q = Qdpy.
Sienimc € Hom(AzT, Q), habemus:
du Qc(a, 71, 12, 13) = Qclari, 12, 13) — aQclari, 12, 13)
= (at1, c(r2, 3)) + (72, cary, 13)) — a(z1, c(r2, 13))
—a(t, c(71, 73))

= (r2,dpnc(a, 1, 13)) = Qdycla, 11, 12, 73)
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(e) Paries sinister

2.17.
Revocamus operatores:

0 : Hom(T, Q) —> Hom(S>T, A)
definitur per regulam:

Qc(t1, 12) = (71, ¢(72)) + (72, c(71))

atque
0 : Hom(A ® T, Q) — Hom(A ® T®?, A)

definitur per formulam:

Oc(a, 11, 12) = (12, ¢(a, 71)).
2.18. Lemma. Fitdy Q = Qdpy.

Quod probatur eadem ratione ut in art. 2.16.

3. Tabulatum primum

(a) Paries recessus

3.1.
Determinamus sagittulas

dpr : Hom(A®? ® T, Q) — Hom(A®? @ T®?, Q)
per formulam

dpgrc(a,b, 7,7y =1'c(a, b, t) — c(t'(a), b, t) — c(a, t'(b), 1) + c(a, b, [, 7])

1
- §d<'[/, C(aa b) T))

= Lieyc(a, b, 1) — %d(r’, c(a, b, 1));
(commodum est introducere operatores
Lie c(a, b, 7, 7') := Lie,/c(a, b, 7)
atque
dpgela, bz, 1) = —%d(r’, c(a,b, 1)),

ergodpg = Lie +d}p);



464 V. Schechtman

3.2

ac
dy : Hom(A® T, Q) — Hom(A®? @ T, Q)

per regulam
dygc(a,b,t) =ac(b,v) —clab,t) + c(a, b1);

deinde
dy - Hom(A ® T®?, Q) — Hom(A®? @ T®2, Q)

per formulam

dyc(a,b, 7,7ty =ac(b, t,7") —clab, v, ) + c(a, br, 1);

3.3.

0 : Hom(A ® T, Q) —> Hom(A ® T%?, A)

per regulam

Ocla,t,7") = (1, c(a, 1)),

34.

denique
M : Hom(A @ T®?, A) — Hom(A®? @ T%?, Q)

per formulam

1
Mc(a,b,t,7) = Eda cb,t,7).
3.5.Lemma. Fitdydpgr = dprdy + MOQ.

3.6. Demonstratio. Pro ¢ € Hom(A ® T, Q) habebimus

dudprge(a, b, t,t") = du{Lie + dpglc(a, b, 7, 7').

3.7.
Primo, derivatio Lietiana et differentiale Hochschildianum commutant:

dyLlie c(a, b, t,7) = Liedyc(a, b, t,1).
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3.8.

Secundo, fit:
1
de/DRC(aa ba T, T/) = _E{ad(r/a C(b> T)) - d(‘[/, C(Clb, T)) + d<T/> C(Cl, bT))}
Addemus huc:

0= %{—d(r’, ac(b, 7)) +da (t/,c(b, 1)) +ad{z’, c(b, )).

Adipiscemur:
! 4 1 / 1 /
duydpgpela,b,t,7) = —Ed(r ,dgc(a,b, 7)) + Eda (', c(b, 1))
ubi manifesto |
Eda (', c(b, 7)) = MQc(a, b, t,7))
unde lemma sequitur.

(b) Paries sinister

3.9.
Contemplemur operatores
0 : Hom(A ® T, Q) —> Hom(A ® T%?, A),

per regulam
Qcla,7,7') = (7, c(a, 7)),
definitur, tamquam in art. 2.17, atque

0 : Hom(A®? ® T, Q) — Hom(A®? @ T®2, A)

per formulam
Qc(a5 b) T) T/) = <T/5 C(a$ b! T))

definitur.
3.10. Lemma. Fitdy Q = Qdpy.
3.11. Demonstratio. Pro ¢ € Hom(A ® T, Q) habeatur
dyQc(a,b,t,1")y=aQc(b,t,7") — Qclab, t, ") + Qc(a, bt, T")
=a(t’,c(b, 7)) — (', clab, 7)) + (', c(a, br))
= (t/,dgc(a,b, 7)) = Qdgc(a,b,t,7'), qed
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(c) Paries rectus

3.12.
Contemplemur operatores:
0 : Hom(A ® T®?%, Q) — Hom(A ® T®3, A)

per regulam
Qc(a, 11, 12, 13) = (12, ¢(a, 71, 73)),

definitur, et
0 : Hom(A%®? @ T®%, Q) —> Hom(A%®? @ T®3, A)

per formulam
Qc(a$ b! Tl’ 129 7‘-3) = <125 C(a$ b! Tl) T3))9

definitur.
3.13. Lemma. Fitdy Q = Qdpy.
Quod probatur eodem modo ut in art. 3.11.

(d) Camera

3.14.
Contemplemur operatores: primo, sagittulam
dpr : Hom(A®? ® T, Q) — Hom(A®? @ T®?, Q)

per formulam

dpgrcla, b, 7,1t") = Lieyc(a, b, t) — %d(r’, c(a, b, 1))
definitam (vide art. 3.1); secundo, sagittulam novam,

dpr : Hom(A®? ® T®2, A) —> Hom(A%®?> @ T®3, A)
per formulam

dpre(a, b, 11, 12, 13) = Lieyc(a, b, 11, 12) — %rzc(a, b, 11, 13)

definitam.

3.15. Lemma. Fit Qdpr = dprQ.
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3.16.

Primo, Q Lie = Lie Q.
Habeatur enim,

QLiec(a, b, 71, 12, 13) = (72, Lierausc(a, b, 1))
= (n2, 13¢(a, b, 11) — c(z3(a), b, 11) — c(a, 13(b), 71)
+c(a, b, [11, 73]))
= 13(r2, c(a, b, 71)) + ([72, 13], ¢(a, b, 71))
+ (12, —c(z3(a), b, 71) — c(a, 13(b), 71) + c(a, b, [11, 13]))
=130Qc(a, b, 11, 12) + Qc(a, b, 11, [12, 13])
— Qc(r3(a), b, 71, ©2) — Qc(a, 13(b), 11, 12)
+ Qc(a, b, [71, 73], 2)
= Lie, Qc(a, b, 11, 12), ged

3.17.

Secundo,

1
Qd/DRC(aa ba T1, 72, 73) = <T29 —§d<f3, C(aa b) T1)>>

1 1
= _512135 C(Cl, ba Tl)>> = _ET2QC(a> ba 71, T3)

= d/DR QC(a, b) 71, 72, 73)9

unde lemma sequitur.

(e) Frons

3.18.
Revocamus sagittulas:
dpr : Hom(A ® T®%, A) — Hom(A ® T®3, A)
per formulam
1
dDRC(Cl, Tl) 7:25 13) = Lief3c(a5 Tla 12) - Er2c(a> Tla T3)s

definitam, vide art. 2.7, atque
dpr : Hom(A®? ® T®2, A) —> Hom(A%®?> @ T®3, A)
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per regulam

. 1
dprecla, b, 1, 12, 13) = Liegc(a, b, 71, 72) — Erzc(a, b, 11, 13),

definitam, vide art. 3.14, ac denique
M : Hom(A @ T%?, A) — Hom(A®? @ T®?, Q)
per formulam
Mc(a,b,7,7) = %da cb, 1,7,
definitam, vide art. 3.4.
3.19. Lemma. Fitdydpr = dprdy + OM.

3.20. Demonstratio. Primo, fit dg Lie = Lie dy.
Habeatur enim:

dg Liec(a, b, 11, 72, 13) = aLie,c(b, 71, 12) — Lie,c(ab, 11, 72)
+ Lieg,c(a, by, 12),
ubi
aLierc(b, 71, 12) = arze(b, 71, 12) — ac(z3(b), 11, 2) + ac(b, [11, 13], 72)
+ac(b, 71, [72, 31);
—Lie;,c(ab, 11, 12) = —13¢(ab, 11, 12) + c(r3(a)b + ar3(b), 11, 2)
—c(ab, [71, 13], 12) — c(ab, 71, [72, 73])
atque
Liec(a, bty, 12) = 13¢(a, br1, 12) — c(13(a), by, 1) + c(a, b[11, 73]
— 13(b)71, 72) + (@, bry, [12, 73]).
Addemus huc:
0 = r3{ac(b, 71, 12)} — 13(a)c(b, 11, 2) + ar3c(b, 11, 72)
Post summationem, videamus statim:
dy Liec(a, b, 11, 12, 13) = 13dnc(a, b, 11, 12) — duc(w3(a), b, 11, 12)
—dnc(a, t3(b), 11, 2) +ducla, b, [11, 131, ©2)
+duc(a, b, 11, [12, 73])

= Lie,,duc(a, b, 71, 12),
ged
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3.21.

Secundo,

1
dudpgela, b, 1,12, 73) = —E{arzc(b, t1, 13) — 12¢(ab, 11, 73) + 120(a, br1, 73)}.

Addemus huc:

1
0= _5{'52{510(17, 71, 7‘-3)} - T2(a)c(b> 71, T3) - CszC(b, 71, 7‘-3)}

Post summationem, adipiscemur:

1
de/DRC(a’ b’ Tl’ TZ’ 13) = d/DRdHC(a> ba Tl) 7:25 13) + 512(a)c(b9 Tla T3)s

ubi

1 1
512(a)c(b9 71, T3) = <T2> Eda C(ba 71, T3)>

= (7‘-25 MC(b, T1, 72, T3)> = QMC(Cl, b> 71, 172, T3) qed

() Junctio
3.22.
Revocamus sagittulas:
M : Hom(S’T, A) — Hom(A ® T®2, Q)
per regulam
Mc(a,t,7') = —%da c(r, 7))
definitam, atque
M : Hom(A @ T%?, A) — Hom(A®? @ T®?, Q)
per formulam
Mc(a,b,7,7') = %da ch, 1,7
definitam.
3.23. Lemma. FitdgM = —Mdy.
3.24. Demonstratio. Pro elemento ¢ € Hom(SzT, A), habemus
dyMc(a,b,t,7") =aMc(b,t,7") — Mc(ab, t,t") + Mc(a, b, ')

= _%{adb c(z, ') — d(ab)c(z, 7') + da c(br, ')}

1 1
— 5{—da be(r, ') +da c(br, 1)} = —Edadyc(b, 7,7")

= —Mdyc(a,b, 1,7, qged
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4. Tabulatum secundum

(a) Paries recessus

4.1.
Revocamus sagittulam:
dpr : Hom(A®? ® T, Q) — Hom(A®? @ T®?, Q)
per formulam
dpgrcla, b, 7,1t") = Lieyc(a, b, t) — %d(r’, c(a,b, 1)),
definitam (vide art. 3.1) atque introducamus sagittulam:
dpr : Hom(A®?* @ T, Q) — Hom(A%? @ T®2, Q)

per regulam
dpre(a,b,c,7,7") = Lieyc(a, b, c,7) — Ed(r/, c(a,b,c, 1))

definitam.

4.2
Determinamus sagittulas:
dy : Hom(A®? @ T, Q) —> Hom(A®* ® T, Q)
per formulam:
dgc(a,b,c,t) =ac(b,c,t) —clab,c,t)+ c(a, bc,t) — c(a, b, ct);

porro
dy : Hom(A®? @ T®2, Q) — Hom(A®? @ T®?, Q)

per regulam:

dyc(a,b,c,t,7) =ac(b,c,t,t')—clab,c,t,t")+c(a, bc,t,t")—c(a, b, ct, 7).

4.3.

atque
M : Hom(A%®?> ® T®2, A) —> Hom(A%®? @ T®2, Q)
per formulam:

1
Mc(a,b,c,t,7") = =dac(b,c,1,7)).
2
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4.4.
Tandem, revocamus sagittulam:
0 : Hom(A®? ® T, Q) — Hom(A%? @ T®2, A)

per formulam
Qc(a$ b! T! T/) = <T/9 C(a5 b) T)))

definitam, vide 3.9.
4.5. Lemma. Fitdydpgr = dprdy + M Q.

Quod probatur eodem modo ut in arts. 3.7, 3.8.

(b) Paries sinister

4.6.
Revocamus sagittulam:
0 : Hom(A®? ® T, Q) — Hom(A®? @ T®2, A)

per regulam
Qc(a$ b! T! T/) = <T/9 C(a5 b) T)))

definitam, vide art. 3.9, atque introducamus sagittulam novam:
0 : Hom(A®} ® T, Q) — Hom(A®3 @ T®2, A)

per formulam
Qc(a7 b’ C’ ‘[9 T/) = <‘[/9 C(a7 b’ C’ T))

definitam.
4.7. Lemma. Fitdy Q = Qdy.
Quod probatur eodem modo ut in art. 3.11.
(c) Paries rectus
4.8.
Revocamus operatorem:
0 : Hom(A%®? ® T®%, Q) —> Hom(A®?> ® T®3, A),
definitum per formulam:
Qcl(a, b, 11, 13, 13) = (12, C(a, b, 71, 13)),
vide art. 3.12, ac determinamus operatorem novum:
0 : Hom(A%®? @ T2, Q) —> Hom(A®? @ T®3, A)

per regulam:
Qc(a5 b) C) 7‘-15 129 7‘-3) = (T25 C(a$ b! C! Tl) T3))'

471
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4.9. Lemma. Fitdy Q = Qdy.

Quod etiam probatur eadem ratione ut in art. 3.11.
(d) Camera

4.10.
Contemplemur sagittulam:
dpr : Hom(A®?* @ T, Q) — Hom(A%? @ T®2, Q)
per regulam
1
dpre(a,b,c,t,t’) = Lieyc(a, b,c,7) — §d<r’, c(a,b,c, 1)),
definitam, vide art. 4.1, atque introducamus sagittulam novam:
dpr : Hom(A®3 ® T®2, A) —> Hom(A®? @ T®3, A)
per formulam:
. 1
dprc(a,b,c, 11, 12, 13) = Liec(a, b, c, 11, 13) — Erzc(a, b,c, 11, 13).
4.11. Lemma. Fit Qdpgr = dpgrO.
Quod probatur simili calculo ut in artt. 3.16, 3.17.

(e) Frons

4.12.
Revocamus sagittulas:
dpr : Hom(A®? ® T®?, A) —> Hom(A%®?> @ T®3, A),
definitam per:
dpgrecla, b, 11, 12, 13) = Liegc(a, b, 71, 72) — %rzc(a, b, 1, 13),
vide art. 3.14, porro:
dpr : Hom(A®3 ® T®2, A) —> Hom(A®? @ T®3, A)

definitam per:

. 1
dDRC(Cl, ba c, 71, 12, 13) = Llef3c(a5 b> C, Tl, 12) - §T2C(Cl, ba C, 71, 7:3)9
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vide art 4.10, denique:
M : Hom(A%®? ® T®?, A) —> Hom(A®? @ T2, Q)
definitam per:
Mc(a,b,c,t,7) = %da ch,c,t,1),
vide art. 4.3.
4.13. Lemma. Fitdydpr = dprdy + OM.

Quod probatur omnino simili modo ut in artt. 3.20, 3.21.

(f) Junctio

4.14.
Revocamus operatores:
M : Hom(A @ T®?, A) — Hom(A®? @ T%?, Q)
definitum per:
Mc(a,b,z,7") = %da clb,t,1),
vide art. 3.4, et
M : Hom(A®? @ T%?, A) — Hom(A®? @ T%2, Q)
definitum per:
Mc(a,b,c,7,7') = %da ch,c,t,1),
vide art. 4.3.
4.15. Lemma. Fitdg M = M dy.

Quod probatur eodem modo ut in art. 3.24.

Pars secunda. Aedificium rectum

1. Pede plana

(a) Paries recessus

1.1.
Revocamus operatores:

dpr : Hom(A’T, Q) — Hom(A’T, Q)

473
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definitum per formulam:

1
dpre(t, 7', 7") = Cycle, ./ n |:c([r, o'l ") —tle(x’, )} + gd(r, c(t/, r"))i|

1 1
= Altr/,r” [C([Ta T/]a T”) - EC(Ta [T/a T”]) - Erc(r/a T”)

1 1
+7'c(r, ") + Ed(r, c(t’', ")) — gd(r/, c(z, r”))] s

vide Pars Prima, art. 1.6, atque

0 : Hom(A’T, Q) —> Hom(S’T ® T, A)

definitum per:
QC(Ta T/a T//) = Symr,r’(ra C(T/a TN))'

1.2.
Introducamus operatores:

dpr : Hom(A ® T®?, Q) — Hom(A @ T @ A’T, Q)

per regulam:

dDRC(Cl, 7, T/a T” = Altf’,‘[” ‘L'/C(Cl, 7, T”) - C(T/(Cl), 7, T”) + C(Cl, [Ty T/]a T”

1 1
_EC(a’ 7, [T/> T//]) - gd(f/, C(Cl, T, T//))]

= {Lie + dpplc(a, 7, 7', "),

ubi
Liec(a, 7, 7', 7") = Alty ,» [T’c(a, 7,7y —c(z'(a), 7, ")

1
+c(a, [z, 7'],7") — 56(0, T, [7,7"])

et

1
d/DRC(aa ) T/a T”) = _gAlt‘E,,T”d(T/a C(a7 7, T”)))
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1.3.

ac
M : Hom(S’T @ T, A) — Hom(A ® T ® A’T, Q)

definitam per:

1
Mc(a,t,7',7") = —gda Altyr re(r, v/, 7).

1.4. Lemma. Fitdydpr = dprdy + M Q.

1.5. Demonstratio. Habemus
/ 1 / " / V
dudpgre(a,t,7',1") =dprelar,v’,1") —adpgre(z, ', 1"),

ubi

1
dpre(at, ', 7") = Alty o {c([ar, ?l.e) = selar, [, ")
1 / A / " 1 / 1
— E(ar)c(r , T )+ t'clar, ) + gd(ar, c(t', "))
1 / "
—gd(r ,clat, "))

= Altys o7 [c(a[r, 'l = 1'(a)7, ")

1 1 1
- Ec(ar, [/, "] — Earc(r’, ) — Eda(r, c(t’, "))

1 1
+1'clar, ") + gda(r, c(r’, ") + gad(r, c(t’, ")

—%d(r’, c(ar, r"))]

ac

—adpge(z, v/, 1") = —aAltTr’Tw[r’c(a, 7,7y —c(t'(a), r, ")
1
+c(a, [z, 7],7") - ¢, (', 7"])

1 / "
_§d(T ,c(a, 7,7 ))] .
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Addemus huc:

0= —Alt, [r’{ac(r, )} — ' (a)c(r, ") —at'c(r, ")

1
—g{d<‘[/, ClC(T, TU)) - dCl(‘L'/, C(Ta T//)) - dd(T/, C(Ta T//)>}i|
Post rationem parvam, effectus proditur.

(b) Junctio camerae

1.6.
Determinamus operatorem:
R: Hom(A ® T®*, A) — Hom(A Q T ® A’T, Q)

per:

1 1
Rc(a7 T, T/a T”) = _EAltT/,T”d[C(aa [Ta T/]a T”) + EC(a’ 7, [T/a T”])

+ c(z"(a), 1, r’)}
atque revocamus operatores:
dpr : Hom(A ® T, Q) —> Hom(A ® T®?%, Q)

definitum per:

1
dpre(a,z,7') = Lieyc(a, 7) — Ed(f’, c(a, 7)),

vide Pars Prima, art. 2.2, ac
0 : Hom(A ® T, Q) — Hom(A ® T®?, A)

definitum per:
Oc(a,z,7) = (7, c(a, 7)),
vide art. 2.17.

1.7. Lemma. Fit d%R = RO.
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1.8. Demonstratio. Primo, Lie? = 0. Vero,
Lie’c(a, 7,7/, ") = Alty {t'Lie,rc(a, ) — Lierc(z'(a), 1)
+ Lie,»c(a, [, t'])} — Liep, r1c(a, t),

ubi

Alt,r t'Liesrc(a, t) = Alty o {t't"c(a, ) — t'c(x”(a), 7) + t'c(a, [1, T"])};
—Alty #Lie,rc(t'(a), 7) = Alty o {—7"c(t'(a), ) + c(z"7'(a), )
—c(t'(a), [z, 7"D};
Alt,r #Lierc(a, [t,7']) = Alty o {t"c(a, [7,7']) — c(z"(a), [z, T'])
+c(a, [[z,7], 7"}
ac
—Liepr .mjcla, ) = —[7, 7"le(a, ) + c([7', "1(a), T) — c(a, [z, [, «"1])

Addendo adipiscimur protenus 0.

1.9.
Secundo, fit
Liedpge(a, 7,7/, ") = Alty o{t'dpre(a, t, ")
— d/DRc(r/(a), r,7") + d/DRc(a, [z,7'],7")}

- d/DRC(aa T, [T/) TH])
1 1
— _E[Altr/’r//{d‘[ (T s c(a, T))

—d(7",c(i'(a), 7)) +d(z", c(a, [z, 7))}

—d([7',7"],c(a,1))]
ubi
t'(t", cla, 7)) = ([7/, "), c(a, 1)) + (", 7/c(a, 1))
1.10.
Tertio, fit

1
dpgliec(a, 7,7',7") = —gAltf/jf//d(r’, Lie;»c(a, 7))

1
= —gAltf/jf//d(r’, t"c(a, t) — c(t”(a), t) + c(a, [z, T"])).
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1.11.

Denique fit quarto

1
dppe(a,t,7',1") = —gAltTr’de(r’, dpgela, t, ")
1 , " 1 '
= gAltT/,Tnd(r ,d{(t",c(a, 1)) = gAltT/,Tudr (", c(a, 1)).

1.12.
Addendo obtenebimus:

dpela, 7,7, 1") = {Lied)y g + dpgLie + djg}c(a, 7,7/, ")

= —éd([r’, "1, cla, 7)) + éAltT/’Tw[d(r/, c(a,[r,7"])
- d(‘[/, C(T//(a)a T))}

= éd[_ Qc(aa T, [T/a T”])
+ Alty {Qc(a, [1,7"],7") — Qc(z"(a), 7, T)}]
= RQc(a,z,7',1"), ged

(c) Junctiones...

1.13.
Revocamus operatores:

R : Hom(S*T, A) — Hom(A’T, Q)
definitum per:

1
Re(r,7/,7") = —ECycle,’,/’,//dc([r, '], 7"

1
= —¢lAlte orde(lz, 711, 7") +de(le’, 2", ),
vide Pars Prima, 1.7, atque

R: Hom(A ® T®?, A) —> Hom(A ® T ® A’T, Q)
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definitum per:
1
RC(Cl, 7, T/> T//) = _gd[AltT/,T”{c(aa [Ty T/]> T//) + C(T//(Cl), 7, T/)}

+ C(a5 T’ [T/i T//])]i

vide art. 1.6.

1.14.

Porro,
M : Hom(S?T, A) — Hom(A ® T®2, Q)

definitum per:

Mc(a,t,7) = —%c(r, t')da,
vide Pars Prima, art. 2.3, ac
M : Hom(S$’T ® T, A) — Hom(A @ T ® A’T, Q)
definitum per
Mc(a,z,7’,7") = —%da Alty re(r, ', "),
vide art. 1.3.
1.15. Lemma. FitdgR = Rdy + Mdpgr + dprM.

1.16. Demonstratio. Primo, habeatur

HRc(a,t,7',1") = Re(ar, 7/, 7") —aRe(r, 7, 7"),

ubi
Re(ar, 7/, ") = —é[Altﬂ,fndc([ar, '], 7" +de([', 7], ar)]
= —é[Altﬂ,fndc(a[r, 1= t'(a)r, ") +de([r, 7", at)]
et
—aRc(r,7/,7") = —éa[Altfr’T/rdc([r, v, 7"y +de([', 7], 1)].
Addemus huc:

1
0= gAltr/,fv[d{aC([r, t'],7")} —da c([z, 7], 7") —adc([z, 7], 7)1,

0= —éAltf/’,//[d{r’(a)c(r, ")} —dt'(a) c(z, ") — T/ (@)dc(z, T)]
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et
1
0= gAltT’,T”[d{ac([T/a T//]a T)} —da C([T/> T//]a T) —a dC([‘L'/, TU]) T)]»
unde post summationem:

1
dyRe(a,7,7',7") = 5 Alty on[ddyc(a, [z, 1'],7") — ddpc(t'(a), 7, 7")]

+ddyc(a, t,[7', 7"]) + Alty or[da c([z, 7], 7")

+adc([z,7'],7") —dt'(a) c(z, ") — t'(a@)dc(z, )]
+da C([T/> T//]a T) +a dC([‘L'/, TU]) T)

= Rdpc(a,t,7',7") + Alty orlda c([z, '], "
+ade([z,71,7") —d7'(a) c(z, ") — T (@)dc(z, )]
+dac(7,7"],t)+adc(, "], 7).
1.17.
Secundo autem,
Mdpgrc(a,z,7',7") = —%da Alty vdpre(z, ©/, ")

(vide Pars Prima, art. 1.3)

1 1
= —3da Alty o {e(z, [, 7" + e, [z, 7"]) — ET’C(T, ")+ 7"c(z, 7))
et
dprMc(a,t,7',7") = Altf/jf//lr/Mc(a, 7,7y = Mc(t'(a), 7, ")
li V 1 li 1

+ Mc(a,[z,7'],77) — gd(r sMc(a,7,1"))
- Mc(a7 T, [T/a T//])a

ubi

1
t'Mc(a,t,7") = —E{r’da c(r, 7"y +dat'c(r,7"));

1
—Mc(t'(a), 7, 7") = Edr’(a) c(r, )
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1
Mc(a,[z,7'],7") = —Eda c([r,7'], 7");

1
—Mc(a,z,[7,7"]) = Eda c(r,[7/, "))
et

—%d(r’, Mc(a,t,7")) = éd{r’(a)c(r, )}

= é{dr/(a) c(r, ") + ' (@)dc(z, )},

unde, post summationem,
{Mdpg + dprM}c(a,t,7',7") = Alty rlda c([z, 7], 7") + adc([z, '], "
—dt'(a) c(r,7") — ' (a)dc(z, )]
+dac(t',7"],7) +adc(7,7"], 1),
unde lemma nostrum sponte sequitur.

(d) Paries rectus

1.18.
Revocamus operatorem:
0 : Hom(A’T, Q) — Hom(S?’T ® AT, A),

definitum per
Qc(t1, 12, 13, 74) = Sym »(71, (72, 73, 74))

atque introducamus operatorem
0 : Hom(A® T ® A’T, Q) — Hom(A ® T®?> @ A’T, A)

per
Qc(a, 11, 12, 13, 14) = (12, ¢(a, 71, 73, T4)).

1.19. Lemma. Fitdy Q = Qdy.

Demonstratio. Exstat

dH Qc(aa T1, 72, 73, 14) = QC(ClTl, 72, 13, 7‘-4) - ClQC(Tl, 72, 13, T4)s
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ubi

Q(arty, 12, 13, 14) = (at1, c(12, 73, 74)) + (12, c(aty, 13, 14))
= a(ty, c(12, 13, 14)) + (12, c(ary, 13, 14)),

unde
dy Qc(a, 11, 12, 73, 14) = (12, dpgc(t1, 73, 74))

Hinc lemma nostra sequitur sponte.

(e) Camera

1.20.
Revocamus sagittulam
Dpg : Hom(A ® T®2, Q) — Hom(A ® T @ A’T, Q)

per formulam

dDRC(Cl, 7, T/a T//) = Altr/’T’/HT/C(Cl, 7, T//) - C(T/(Cl), 7, T//)

1 1
+ C(Cl, [Ty T/]a T//) - Ec(aa T, [T/a T//]) - gd(r/a C(Cl, 7, TU))]

definitam, vide art. 1.2.
Eadem definitio etiam ita scriberi potest:

dpre(a,t,7’,t") = Alty sLieyc(a, t,t") + c(a, 7, [/, 7))
1 / Iz
- §A1tr/jf//d(r ,cla, T, t")).
Introducamus autem operatorem:
dpr : Hom(A ® T®3, A) — Hom(A ® T®? ® A>T, A)
per formulam:

. 1
dpre(a, 11,12, 13, 74) = Altz 4 [Ller36(a, T1, 72, T4) — gfzc(a, 71, 13, T4)]

+ cla, 71, 2, [73, 14]).

1.21. Lemma. Fit Qdpr = dpgrQ.
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1.22. Demonstratio. Exstat

Qdpre(a, 11, 12, 13, 14) = (12, dprela, 11, 13, 74))

. 1
= Alt3,4<fz, Liesc(a, 71, 14) + Ec(a’ 71, [73, 74])

1
- gd(‘[:‘;) C(a7 71, T4)>>'
Probatur sponte, primo:
<T2> Lie‘r3c(a5 71, T4)> = Lie7.'3 Qc(aa 71, 72, T4)a
Secundo, manifesto:

(12, ¢c(a, 11, [13, 14])) = Qc(a, 11, 12, [13, 74])

et
(12,d(13, c(a, 11, 14))) = 12(13, c(a, 71, 14))) = 120c(a, 71, 73, T4),

unde lemma nostrum statim sequitur.
(f) Frons

1.23. Lemma. Fitdydpgr = dprdy + OM.
1.24. Demonstratio. Exstat:

deDRC(Cl, 71, 72, 13, 14) = dDRC(ClT], 72, 13, 7‘-4) - adDRC(Tla 72, 73, 14)
Sed (vide Pars Prima, art. 1.14)

dpgelaty, 12, 13, 14) = —c(aty, 2, [73, 14]) + A1t3,4IC(arl, [12, 73], 74)

+ C(T2s Cl[Tl, 13] - 7:3(61)7‘-19 T4) - T4C(ClT1, 72, 7‘-3)

1 1
- gaTIC(TZa 73, 74) — grzc(an, 73, 14)].

Addemus huc:
0 = Altz a{rafac(z1, 12, 13)} — 1a(@)c(r1, 72, 13) — atac(z1, 12, 73)}

cum

1
0= §A1t3,4{fz{ac(71, 13, 14)} — 12(a)c(t1, 13, 14) — atac(ty, 73, 14)}.
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Post summationem obtinemus statim:

dudprce(a, 11, 12, 13, 14) = dprdpuc(a, 11, 12, 13, T4)

1
- §A1t3,4rz(a)c(11, 13, 74),

ubi

1 1
—§A1t3,4rz(a)c(71, 73, 74) = <Tz, —§A1t3,4da c(t1, 13, T4)>

= QMc(a, 1, 12, 73, 74),

(g) Junctio camerae altera
1.25.
Revocamus operatores:

dpr : Hom(A ® T®%, A) — Hom(A ® T®3, A),
ubi
. 1
dprc(a, t1, 12, 73) = Liegc(a, 71, 12) — ErzC(a, 71, 73)
= {L + d/DR}C(aa T1, 72, 73)
(vide Pars Prima, art. 2.7),
dpr : Hom(A ® T®, A) — Hom(A ® T®? ® AT, A),

ubi

dDRC(Cl, 71, 72, 13, 14) = A1t3,4LieT3C(as 71, 72, T4)
1
+cla, 71, 12, [73, 14]) — §A1t3,4rzc(a, T1, 73, T4)

= {L +dpglc(a, 11, 12, 13),
vide art 1.20; tandem,
R : Hom(A ® T®%, A) —> Hom(A ® T ® A’T, Q),

ubi

1
Re(a,z,t',7") = —EAlt,/’,//d{c(a, 7,71, 7") —c(z'(a), 7, 7")}

1
- EC(a, T, [, "),

vide art. 1.6.

ged



Definitio nova algebroidis verticiani
g2 _
1.26. Lemma. Fitdy, = OR.

1.27. Demonstratio. Habemus d7 , = {L + d), }*.
Primo, ostendetur, posito

Lie c(a, 71, 12, 713) := Liegc(a, 71, 12)

et
Lie c(a, 11, 12, 73, 74) := Lieyc(a, 11, 12, 73),

habebimus
Alts 4Lie’c(a, 11, 12) = —Lie[s, o 1c(a, 1, 72),

Hinc subito fluit L2 = 0.

1.28.
Secundo, videamus post rationem:

{Ldpg +dprL +djglc(a, 11, 12, 73, 74)

1 1
= —6A1t3,4r2 IC(a, [z1, 73], 74) — c(z3(a), 71, T4) + EC(a, 71, [73, r4])}

485

1 1
= <rz, _8A1t3°4d IC(a, [71, 73], ©a) — c(z3(a), 71, T4) + EC(a, 71, [13, r4])]>

= QORc(a, 11, 12, 13, T4),

2. Tabulatum primum
(a) Paries recessus
2.1.

Revocamus operatorem:

dpr : Hom(A ® T®?,Q) — Hom(A ® T @ A’T, Q),

ubi
dpre(a, t,7',7") = Aty #Lieyc(a, t,7") +c(a, 7, [7/, 7"])
1 , "
_ 5Altr,,f,,d(z ,c(a, 7, 7)),
sive

dpre(a, 7,7, ") = {L +dpglca, t, 7', ")

ged
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ubi
Le(a, 7/, 7") = Alty oLiepc(a, 7, 7") + c(a, 7, [7/, 1),

vide art. 1.20, et definimus operatores:
dpr : Hom(A®? ® T®2, Q) — Hom(A®?> @ T ® A’T, Q),
ubi

dpre(a, b, 7,7/, 7"y = Alty Liepc(a, b, t,1")

1
+ C(Cl, b> 7, [T/a T//]) - gAltT/,T”d(T/s C(Cl, ba T, T//))a

sive
dDRC(Cl, ba 7, T/a T”) = {L + d/DR}C(as b> 7, T/a T”)
ubi
Le(a, b, 1,7/, 7") = Alty Lieyc(a, b, t,t") + c(a, b, 7, [t', ")),
porro:
M : Hom(A ® T®3, A) — Hom(A®?* @ T ® AT, Q),
ubi

Mc(a,b,t,7',7") = %da Aty re(b, 7/, 7"),
confer Pars Prima, art. 3.4.
2.2. Lemma. Fitdydpgr = dprdy + M Q.
2.3. Demonstratio. Primo, posito
Lie c(a, r, 7/, ") = Lieyc(a, 1, t")

et simili modo
Lie c(a, b, 7,17, 7") = Lieyc(a, b, 7, 1")

probatur, dy Lie = Lie dy, unde subito sequitur Ldy = dy L.
Secundo, fit

1
de/DRC(Cl, b5 7, T/, T//) = d/DRdHC(a> ba T, T/s T//) + gdd Alt‘[’,f”(r/s C(b> 7, T//))a

ubi patet
1
gda Alty (v’ e(b, 7, 7")) = MQc(a, b, 7,7', 7"),

unde manifesto lemma nostrum fluit.
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(b) Junctio camerae

24.
Revocamus operatorem

dpr : Hom(A®? ® T, Q) — Hom(A®? @ T®?, Q)
ubi

dDRC(Cl, ba T, T/) = ‘L'/C(Cl, bs T) - C(T/(Cl), b, T) - C(Cl, T/(b)a T) + C(Cl, b, [T, T/])

1
- Ed<r/> C(Cl, b> T)) == {L + d/DR}C(a> ba T, T/)a
vide Pars Prima, art. 3.1, definimusque operatorem
R: Hom(A®? @ T®%, A) — Hom(A®?> @ T ® A’T, Q),

ubi

1
RC(Cl, b> 7, T/> T//) = _gd[AltT/,T”{_C(T/(a)> ba 7, T//) - C(Cl, T/(b)a 7, T//)

+c(a,b,[z,7'], 7"} + c(a, b, 7, [, 7"])],
confer 1.6.
2.5. Lemma. Fit d%R = ROQ.

2.6. Demonstratio. Primo, probatur, L> = 0.
Secundo, computatur:

{Ldpg +dprLl + ng}c(a, b,t,7,1")

1
= _gd[<[r/s T//]a C(Cl, b> T)) + Altf’,‘r”<r//a C(Cl, b, [T, T/])

—c(t'(a),b,7) — cla, 7'(b), 7))]
= RQc(a,b,t,7',17"),

unde lemma nostrum subito fluit.

(¢) Junctio duarum cellarum tabulati primi

2.7.
Revocamus operatorem

R : Hom(A ® T®?, A) — Hom(A ® T ® A>T, Q)
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ubi
1
Rc(a7 T, T/a T//) = _Ed[Altr/,‘t”{c(aa [Ta T/]a T//) - C(T/(a)) T, T//)}

+cla, 7, [, D],
vide art. 1.6 vel art. 1.13.
2.8. Lemma. FitdyR = Rdy + dprM + Mdpg.
Confer art. 1.15.

2.9. Demonstratio. Fit
dyRc(a,b,t,7',7") =aRc(a,b,7,t',7") — Re(ab, 7, 7', ") + Re(a, br, 7/, 1").

Primo, computatur methodo simili ut in art. 1.16:

1
{dHR - RdH}C(Cl, ba 7, T/a T//) = gda d[Alt‘[/,T”{C(bs [Ty T/]> T// - C(T/(b)a 7, T//)}

1
- C(ba 7, [T/a T//])] - EAltT,,T”d{T/(a)C(bb T, T//)}

Secundo, ostendetur {dprM + Mdpgr}c(a, b, 7,7/, t”") eamdem responsionem prae-
bere, unde lemma fluit.

(d) Paries rectus

2.10.
Introducamus operatorem:
0 : Hom(A®? @ T ® A’T, Q) — Hom(A®? ® T®? @ A’T, A),

ubi
Qc(a,b, 1, 12, 13, 74) = (12, C(@, b, 11, 73, 74)).

2.11. Lemma. Fitdy Q = Qdpy.
(e) Camera

2.12.
Introducamus sagittulam:

dpr : Hom(A®? @ T®3, A) — Hom(A®? ® T®? @ A’T, A),
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ubi

dpre(a, b, 11, 12,13, 74) = Alt3,4[Lier3C(a, b, 11, 12, 74)

1
—grzc(a, b, 11, 13, T4)] +cla, b, 71, 12, [13, 14]),

confer art. 1.20.
2.13. Lemma. Fit Qdpgr = dpgrO.

Demonstratio. procedit ut in art. 1.22.

(f) Frons
2.14. Lemma. Fitdydpr = dprdy + QM.
Confer art. 1.23.

Demonstratio. Probatur eodem modo ut in art. 1.24:

1
{dudpr —dprdulic(a, b, 11,12, 73, 74) = §A1t3,4rz(d)0(b, T1, T3, 74)

1
= <Tz, gda Alts 4¢(b, 11, 13, T4)>

= (12, Mc(a, b, 11, 13, 14))
= QMc(a,b, t1, 12, 73, 14), qed

(g) Junctio camerae altera

2.15.
Contemplemur compositio sagittulae
dpr : Hom(A®? ® T®?, A) —> Hom(A%®?> @ T®3, A),

ubi

1
dprcla, b, 1, 12, 13) = Liegc(a, b, 71, 72) — Erzc(a, b, 11, 13),
vide Pars Prima, art. 3.14, cum sagittula dpp ex art. 2.12.
2.16. Lemma. Fitds, = OR.

Demonstratio. Eadem ut in art. 1.27.
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Pars tertia. Finale

1. Cocyclus canonicus
(a)

1.1.

Contemplemur elementa ¢ € Hom(A ® T®2, A), ¢ € Hom(A ® T2, Q) atque
€” € Hom(A®? ® T, Q) definita per:

1
ela,7,7)=17(a), €(@a,1,7) = —Edrr/(a)

et
e’(a,b,t) = —1(a)db — t(b)da.

1.2. Lemma. Fitdpre = Q€.

1.3. Demonstratio. Constat:
. 1
dpre(a, 11, 12, 13) = Liegye(a, 71, 72) — Erzma(a),

vide Pars Prima, art. 2.11. Terminus primus evadit, quod € operator invariens sit. Hinc

1
dpre(a, 11,12, 73) = —5121113(60 = (12,€'(a, 11, 13)) = Q€'(a, 11, 72, T3),

1.4. Lemma. Fitdye = Q€”.
1.5. Demonstratio. Habemus:
dye(a,b,7,7") =art'(b) — t7/(ab) + br1/'(a)
= —7(a)7'(b) — 7' (@)t (b) = (z',€"(a, b, 1)) = Q€"(a, b, 7,7'),
ged
1.6. Lemma. Fitdpre’ = dye’ — Me.

1.7. Demonstratio. Habemus (vide Pars Prima, art. 2.7):
1
dDR€//(aa ba 7, T/) = Lier’€//(aa b7 T) - §d<‘[/, E//(aa ba T))

(cum €” invariens est) |
= Ed{r(a)r’(b) + 7'(a)7(b)}
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Rursus,

dye'(a,b,t,7) = —%[adrr’(b) —dtt/(ab) + d{bt7'(a)}]

= S1dle @) ®) + ¢ @z () +da 17 B)]

=dpgre’(a,b, v, 1) + Me,
unde sequitur lemma.
1.8. Lemma. Fitdye” = 0.
1.9. Demonstratio. Statuamus:
€(a,b,7) ;== —1(a)db; €{(a,b, 1) := —1(b)da,
ergo €” = ¢; + €] Adipiscimur:
duey(a,b,c,t) =aey(b,c,t) —€)(ab,c, t) + € (a, be, t) — €5 (a, b, ct)
= —art(b)dc + t(ab)dc — t(a)d(bc) + ct(a)db =0
Simili modo probatur, dy €] = 0, unde lemma fluit.
1.10. Lemma. dpgre’ = Re.

1.11. Demonstratio. Primo observamus, quod definitio sagittulae dpg ex Parte Se-
cunda, art. 1.2, ita exhiberi potest:

dDRC(Cl, 7, T/s T”) = Alt‘[/,‘[”LieT’C(aa 7, T”) + C(Cl, 7, [T/> T”])

1

3Alt‘[/,7,'”d(r/> C(Cl, ) T”))s

unde, quia Lie; ¢’ = 0, sequitur:
l4 / 1 / l4 Vi 1 l4 / 14
dDRE (a,r,r > T ) =€ ((l,‘[, [T > T ])_ gAltr/,T”d(T » € (a,‘[,‘[ )>

1 1
= —Edr[r’, "1(a) + EAltT/jT//dr’rr"(a)

1 1
= Altyr v I Edrr//r/(a) + Edr/rr//(a)].
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1.12.

Secundo, habemus
1
Re(a,t,7',7") = —gd[Altr',r”{é(T"(d), 7,7') +€(a, [r,7], ")} + e(a, 7, [t'7"])]
1
= —gdAlt,r,Tn{rr/r”(a) + [z, 717" (@) + t7'7" (a)}

1
= —gdAltTr,,n{3rr/r”(a) —1'17"(a@)) =dpgre'(a, 1,7, 1"),

ged
2. Definitio altera
(a)
2.1.
Primo, axioma (A1) structurae verticianae ita exhiberi potest:
dyy =¢€". (A1)
2.2.
Secundo, axioma (A2) ita scriberi licet:
du(,) — Qy = —e. (A2)
2.3.
Tertio, axioma (A3)P ita exhiberi potest:
dyc —dpry — M(,) = —€. (A3)"
2.4.
Quatro, axioma (A4) ita quoque exhiberi licet:
Qc =dpr(;), (A4)

confer Pars Prima, 1.5.
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2.5.
Tandem axioma (AS5) ita exhiberi licet:
dprec = R(,),
confer Pars Prima, art. 1.13.

(b)

2.6.
Applicatio structurarum verticianarum
he A=(@,(),0) — A=0"().c)
elementum 2 € Hom(7, Q) est, talis ut:
dyh =y —y's Qh = ()= ()
atque

dDRh =C— C/.

3. Complexus de Rham-Koszul-Hochschildianus

3.1.
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(AS5)

Introducamus moduli: Wijk, i>2; j=0,1; k = 0, posito: w200 .— Hom(7, Q),
tractandoque indices: i tamquam gradum DE RHAMIANUM, j tamquam gradum

KOSZULIANUM ac k tamquam gradum HOCHSCHILDIANUM, ergo:

Ww3% = Hom(AT, Q), W?'° = Hom(S?T, A), W?*!' = Hom(A ® T, Q),

etc.
Statuimus W" := @iy j1x=n wiik, ergo:

W3 — W300 @ W210 @ W201;
W4 — W400 @ W310 @ W301 @ W211 @ W202

et
WS — WSOO ® W410 ® W401 ® W311 ® W302 ® W212 ® W203.
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3.2
Introducamus operatores D = Dprog + R+ M : Wi Wi“, ubi
Dpronc’™ = {dpr + (=1)' Q + (1) P dp)c*,
R = —RA0: Ret = R0 — g2

atque
M = M0 Mt = M0 4y

Partium Primae Secundaeque summa significat, D?> = 0, unde eruimus complexum
wizst: w2 2w 2wt By,
de inclusione canonica complexuum: Q>3 — W25 ornatum.
3.3.
Contemplemur elementum:
=, ew N aw! oW cw

Sectionis 1 summa significat, DE = 0.

34.
Structura verticiana super T est elementum
A=(c,(,),7) e WP o w0 e w2 = w3,

talis ut fit DA = £.

3.5.

Applicatio structurarum verticianarum 2 : A —> A’ elementum & € W2%0 = W2
est, talis ut fit Dh = A — A'.



