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Abstract

The aim of this work is to study the application of Weyl module resolution in the
case of two rows, which will be specified in the partition (7, 6) and skew- partition
(7,6)/(1,0) by using the homological Weyl (i.e. the contracting homotopy and place
polarization).
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1.Introduction

Let R be a commutative ring with identity , F be a free R-module and D, F be the divided power of
degree b.

Consider the figure below which is associated to the resolution of two-rowed Weyl module
Ky F =1m(d';,,) where d’,,, is the Weyl map that is described in [1], as follows:

Afu=

q 1)

We have:

O dray
YDy ®Dyyy — D, ® Dy ——— K/, =0 (2)

And by using letter-place algebra, the maps will be explained now as follows:
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) o® (W 1(p)2(k)> . ( W |+ D' (E+2) .. (p+ t)’) @)

w
(W w'| 2(a-k) wAw'w(z) 1'2'3".q'

"|2@a-1)
where

’ _ k

w®W € Dy @Dy, O = Yhti1 62(1)
and

dll/# = aq’Z ...61,26(p+g),1...a(t+1),1
is the composition of place polarization, from positive places {1,2} to negative places {1', 2', ... ,
(p+)}.

And, as shown in [2],J is deliver a component x®y of Dpsk @ Dy 10X x, @x'y y

where ¥ x,, ® x'j is the element of the diagonal of x in D,, ® Dy, .

Let Z,, be the free generator of divided power algebra D(Z,;) in one generator, then the divided

power component Zgﬁ) of degree k of the free generator Z,, acts on D, g Dy—x by place polarization
of degree k from place 1 to place 2.

Particularly, the 'graded' algebra ‘with identity' A = D(Z,, ) acts on the graded module
M =% Dpy ® Dy_i = X My_, where the degree of the 2" factor dictates the grading, see [3, 4, 5].

Therefore, M isa graded left A-module, where, for w = Z(k) € Aand
v € Dp ® Dg, , by definition, we have:
w() = 757 () = 85y ). (4)
And if we have (tT), which is the graded strand of degree q
M.:0—>Mq_t—s>...—>Ml—S>...M1—s>Mo (5)
of the normalized bar complex, Bar(M, 4; S, ¢), and S = {x}.
By definition, M, is the following complex:

t+k k k 4
78D %78 % 7P xD 4 @Dyt ] ———

d;—
Z 29 Vx2S XV HD p 4 ®D ) ———
k1>0
(t+k) do
.. —) Zk >OZ xDp+t+|k|®Dq—t—k DP®D‘1 (6)

where |k| =Y. k; and d, is the boundary operator d,, . Notice that (6) illustrates a left complex (92 = 0)
over the Weyl module in terms of bar complex and letter-place algebra. Furthermore, in (6), when the

separator x disappears between a fog and the components in the tensor product of divided powers, this
means that ag} is applied to the tensor product ( see [1] and [6]).
The authors in [4] and [5] exhibited the terms and the exactness of the Weyl module resolution in the

case of partition (8,7) and skew-shape (8,6)/(2,1) . In this work, we locate the terms and the exactness
of the Weyl module Resolution in the cases of partition(7,6) and skew- partition (7,6)/(1,0).

2. Application of Weyl Module Resolution in the Case of Partition (7,6).
2.1 The Terms of Weyl Module Resolution in the Case of Partition (7, 6).

In this section, we find the term for the resolution of Weyl module in the case of the Partition
7,6).
5\/10 )= D, Dg
M, = 221@8@ Ds @ Z(Z)H'D9® Dy ® Z5)%D1o® D3 @ ZSV%D,1® D,

692 ”D12® D, & Z ”D13® Dy

M, = 221%221%D9 ®D, ® Z(Z)%ZZ1HD10 ®D; @ 221%221 #D1o® D3

@z %25, %D1, @D, @ 221u221 WDy ®D, © Z57x25) %Dy @D,

DL 71 #D1, ®Dy ® ZpnZyy#Di, @Dy @ z(z)zz(”}mlz ®D;
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O I HI D1, @Dy @ Iy, #D13@Dy @ Zyy#Zsy #Di3 ® Dy
@Zm 7DD, @Dy @ Z(z> 7D @Dy @® 79x 2(3)%D13®D0
M3 =75117311Z311D1o ® D3 221 #Zy11731%D1, @D, D 221”221 #Z311D11 @D,
S 221”221”2221 #D;;, ®D, @ 2231 2117311 D12 ® Dy @221742231 #Z1#D15, ® Dy
@ 14251425 #D1, @ Dy eBz(Z) z(z)x221z'Dlz®'Dleazzwz(2) 73D, ® Dy
@ 25 HZy HIE HD1; ® Dy @ Ly #Z1 4751 %Dy13 ® Dy ® 221”221 #2211 ® Do
@ 221x221x221x'D13®'D0eaz(”zz“)zzzwlg@no 7 74221%2 %D13®D0
® ZpnZS TP uD 13 @ Do @ 22073751413 @ Do DL 3751 #7( D13 @ D,y
® 7y zm Z$)% D3 ® Dy
My = Zy31nZp11751175,#D1;, @D, @ 2221)”221%221”221”1)12 ® D,
@221”2221)”221”221”1)12 ®D; @ 221”221%2221)%221741)12 ®D;
@zzwzmxzzwzé?zvlz@m @ z(z) Z(Z)HZZ1HZZ1HD13®D0
@ 7 HTo HT T 51 %#D13 @Dy B LY, z221z221u221u'D13®'D0
o 221%2(2)%2(2)%221”D13®D0 @ Loy HZy uZ 11T # D13 @ Dy
® 221%221%2 u7)uD13 @Dy @ 2(3)%221”221”221”1)13@1)0
2] 22174221 nZynZ31#D13®Dy @ 2217{221”221 #Z21xD13® Dy
D 1 4L, 17 HL5) % D13 ® Dy
Mg = Zy1uZyynZy 1Ly #751#D1, @ D, @ Zgzl)”ZmHZm”Zm”Zm”'Dm ® Dy
DLy KL HL 1 L1 w1 #Dy3 ® Do @ Ly #Lyy HLG HZ 514751 %Dy3 ® Dy
D711 221%2521)%221”2217{1)13@1)0 ®© Z % 2217{221”2%21)”221”1)13@'])0

DZy1n 221%221%221”2221)”1313@130
Mg = Zpy 1y nZy1nZy1751721%D13 ® Dy

2.2 The Exactness of Weyl Resolution in the Case of Partition (7,6)

This section explains the building of contracting homotopies {S;}, where i=1,2,...,5.
We define the S; map as follows:
a d d

a}( a}( a}( M H M
0— M, M. M, M M M M

3 2 1 4]
EdJ %d\\/ S, ~id J/ia/dj S, sdi /dl So idJ
3, 85 85 8, 3, 3,
M M

— & 5 M4 3 2 N o
7+
w Z(k) (,1 ) if k>0
So({ \w'l 6ok 2(6-K)
2 0 sif k<0
Sl: M1 — M2 - )
7+k+m
g (700, (W[10+H020™ (29975 % ( , 1(6_k_m)) Jifm=12345
1| Z;71 w'| 9(6—k-m) 0 2 y .
yuym=
Sz: Mz e M3
o (285057025 (W 1(7+|m|)2(m)) _
| pte-lkl-m) ) )~
(k1) (k3) (M) 1(7+|k|+m)> . _
{Z nZy P nlyy ( "[o6~IkI-m) ) fm=1234 - where |k| = ky + k
0 ;ifm=0

53: M3 — M4_

(1), o (ka) o (ks) 1(7+|’<I>2(m>>
<Z *#Zay Hlg ('2(6—|k|—m)
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w |1 (7+[k[+m)\ |
{Z(kl)kzgliZ)%Z(k3)%Z(m) ( ' ;(6—|k|—m)> jif m=123 ;
0 ifm=0
where |k| = k; + k,+ ks

Sy M, — Ms

(er), oy (ka) o (s) (e 1(7+|’<D2(m))
<z w7025 70) 7 (,2(6_|k|_m)

(7+|k|+m) .

{z("l) TR R AR S (W LAY Sifm=12

0 ;ifm=0
Where |k| = kl + k2+ k3 + k4
55: M5 b M6

(er) o (ka)  or(ks)  or(ka)  or(Ks) 17 +1kD 2 (m)
Ss <Z VHLyy WLy WLy H Ly ( | o (6=1k|-m)

(7+|k]+m)
{Z(kl)}fzgﬁZ)%Z(R"’)%Z(R)J{Z(RS)%Z(m) ( ' ;(6_“('_:)) jifm=1

0 Cifm=0
Where |k| = k1 +k2+ k3 +k4 +k5

0, (#1702 _ ¢ oy (w1040
Z ( ! 2(6—k—m)> ( 2(6 k— m))

k w
— (k+m) Z( +m) ( i 2(6_k_m)>

) 1(7+k) p(m) (), 7 (),
asl<z (oot ) ) = 0 (28052805 (L e

(k+m) Z(k+m) w 1(7+k+m) LU0 (W]10+020m
w' 2(6—k—m) 1 w' 2(6—k—m)

_ (k)}f(W 1(7+k)2(m))
w'| p(6—k-m)

It is clear that S005 + 0,51 = idy,.
<Z k047K (W 1(7+|’<l>2(m>>>

2(6—[k|-m)

(7+|k|)2(m)) 700, a(k2)<w 1(7+|k|)2(m))>
_ (Ikl)z|k| 70my, (W

2(6-Ik|-m) 2(6=[k|-m)
| 5 (6=1k|-m)
(kz+m)z k) Z(k2+m> (W

and

1(7+k+m)>

1(7+|k|+m))
1(7+|k|+m))

|2 (6-1k1-m) )

and

(k1) 7 (k2) 1(7+lkD p(m) (k1) . (k) (m) w |1 (7+k+m)
O <2211 “har ( | 2(6=Ik|-m) Zar Wlgy o ’z(e-k_m)
k w
(l l)Z"" 70ms, (

1(7+kl+m)
! 2(6—|k|—m)> B
ky+m ), (kytm) (W17 +IKI+m) ), 70k (W 1(7+|kl)2(m)
(2 )Z AT ( "2 (6=1kl-m) 2211 # Ly '| 9(6=lk|-m)
where [K|= kq+k,.

It is clear that §105 * 0,83 = idy, .

1(7+|k|>2(m)>
| 2(6-1k]-m)

<Z(k1> L
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_ k +k (k +k ) (k ) w |1 (7+lkDp(m) k +k ) (k +k ) w 1(7+Ikl)2(m)

(k1) (k) (k) W1(7+|’<D2(m>>
Loy Hlay " Hlpy ( 2 (6-k|-m)

ki+ky\ y(katkz) o (k3) o(m) (W 1(7+|k|+m)) B
( )Z oy #hai ( "2 (6=1k|-m)
ky+ks k1) 7 (ky+k3) ~(m) 1(7+|k|+m)>
( s )Z oM ( "2 (6=1k|-m)
ks+m\o(ky) (k) o(kg+m) (W |1 (7+Kl+m)
( : )2211 Hloy" Hlyy ( "2 (6-1kl-m)

and
(7+1kD o (m)
N e T ! e R LR S R

w |1 (7+|k]+m)
- (k1+k2)zgk1+k2) Z<k3> Z(m) ( 1 )

"2 (6~Ik|-m)
(kz+k3)z k1) ng2+k3) Z(m) (w 1(7+|k|+m))_

"2 (6=1kl-m)
ks +m\y (k1) (ks) (kgtm) (W |17 +IKI+m)
(o2l ualPw e ™ x s

), 7 (k2) (ks) (m) w |1 (7+k]+m)
2211 HZy P nZy 1 10, ( | o tt=m)

1(7+|k|+m)
’ 2(6—|k|—m))

- kq+k (ki+ky) . 5 (k3) ~(m) w 1(7+|k|+m)>
) ( 1 Z)Z gy #La: ( "2 (6=1k|-m)
kpt+ks\ (k1) o (katks) (m) (W 1(7+Ikl+m)) 3
( *a )Z Hhar My ( "2 (6=1k|-m)
(k3+m)z(k1) (kz) Z(k3+m) (w 1(7+Ik|+m))
"2 (6=Ikl-m)
(k1) 7 (k2) o (ks) 1(7+kD o (m)
Ly nLy " nT, P ( /| 6-1ki=m)

where K| = k,+k, + k5.
It is clear that S205 + 0,53 = idy,.

(1) oy (ka)  or(kz) o (Ka) 1(7+|’<|)2(m))
<z AR R (W A

w [1(7+IkD o (m)
=S ( (k1+k2)Z(k1+k2)%Z(k3)%Z(k4) ( , 12(6_|k|gm) )+ (kzI;ks) Zg§1)%z(kz+k3) Zg’;4)%>

THED 2N vk, o (ke) o (ks) o(ka+ks) (W |17 KD 201
w' 2(6—|k|—m>)( ) 23w wg, ( | 5 (6=1iel=m) >+
w |1 (7+k)o(m)
780,752,759, Z("‘*)( , 12(6_|k|gm) )

w |1 (7+|k|+m)

(o ()
(k3+k4)z k1) Z(kz) Z(k3+k4) Z(m) (w, ;Ez:z:ig)
e L g i)
and
) 15?2_"(,3%523”))

. ) 702, k) ) ) (W |1C7+IKIEm)
) <Z oyl ( '| 5 (6-1k1-m)
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(kl,:zkz) Z(k1+k2) Z(k3) Z(k4) Z(m) ( 1EZ+:’;:+Z;>
(k2+k3) 2211) Z(k2+k3)ng’§“)%2(m) ( ;Ey::rgi) +
o)ty
Pt ()
20t o () ;E::Z:ﬁ)
(kl,:;kz) Z(k1+k2)HZ(k3)HZ(k4)%Z(m) W, ;E:::::ﬁ;) -
(k2;k3)z k1) Z(k2+k3) Z(k“) Z(m) ( ';E::::J—r:;)
(k3];l-k4) 70 y7k2) 7 (katka) 7 (m) ( ;EZf:ﬁ:ﬁ)—
(k4+m)Z(k1)%z(’§2)%Z(k3)}fz(k4+m) ( ! ;EZi:::iZ;)

(ka) ) (k2 (K)o (Ka) (W 1<7+|’<I>2<m>)
709,702,700 17 ('2(6_|k|-m>

where |K| = ky+k, + katk,.
It is clear that S50, + 0,54 = idy,.

)70, 7068), ) o es) (W |17 +IKD 2Gm)
<2211 Z212 "7, 3 w2y nZy: 5 ( %ot
:54 <(k1+k2) Z(k1+kz) Z(ks) Z(k4) Z(ks) ( 1(7+|k|)2(m)> B

"| 2@6-Ikl-m)
w |1 (7+IkD o (m)
(k2+k3)z k1) Zg’;ﬁks) Z(k‘*) Z(ks) ( ,12(6_|k|gm))

k3+k k). o(ky) . (kstky) (ks) (W 1(7+|kl)2(m))_
( 4) S ( | 2(6-1kl-m)
kytk ) (ka) . o (ks) o (kgtks) (W ]17+IED20m)
(Fatks) 78500z s ( | et

k) o (ka) o (K3) ey (Ka) (ks) w 1(7+|k|)2<m>)
10w ol () ot

7+|k|+m
( +k2) (k1+k2) Z(ks)%z("‘*);{z(kS) Z(m) (W ;és :k: m;)_
(k2+k3)z k1) Zg};2+k3) Z(k4)”2215) Z(m) ( ;EZ+:I;:+Z§>+
et )
( ; ) 2007052 Z(k3) Z(k4+k5) (m) ( ;EZ+:Z:+Z;>+
(k4+m)z(k1) (kz) Z(k3) Z(k4) Z(k5+m) ( ! ;Zt:z:tg)’

(k1) (k) o(ks) o (ky) o(ks) (W 1<7+|’<I>2<m>>
655<Z R P (N LN

1(7+|k|+m)
' 2(6—|k|—m))>
w |1 (7+lkl+m)
! 2(6—Ikl—m))
1(7+|k|+m)
' 2(6—|k|—m)) a

=0, [ 2091782178 17 w7 w7 (

_ (k1+k2) 70a+k) 7 062) 7 () g (65), 7 Om) (

(kzlj;ks) Z(kl)%z(kzﬂcg)HZ(RAL)%Z(’CS)%Z(’”) (
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k

(7+|k|+m)
(k3+k4) Z(kl)%zgﬁz)%z(kg+k4)%Z(k5)%Z(m) ( 1 |k m)

|5 (6-1kl-m)
ko +Ks\ (k) ) olks) o(katks) o (m) (W [1T+EKI+m)
( . )2 nz St w e w0, 2(6_|k|_m)) -
earmy (k) k ) Y o (ky) . (ks+m) (W |17 +IEkI+m)
( 4 )Z 1 z 3 nZyy 4 nZy. 5 ( , (o Ii=m)

(k1) oy (ka)  or(ks)  or(ke)  (Ks) (m) w 1(7+|’<|+m))
2zl na waP ol (Lo

”221

= ki+ky\ p(katks) o (ks) (ks o (ks) o(m) (W 1(7+|k|+m))
( K )Z #lox Hlay Wiy Hlp ( |5 (6-1k1-m)
ko tkes\ (K1) o (kptks) (k) ), 7(m) 17 +lkl+m)
(Zk 3)2211 WLy AL, 4”2215 o ( "o 6-1k1-m))
kst (K1) o(kz) o(ks+ks) o(ks) o (m) 1(7+|kl+m))
() 20 w2 wy Ot ( '|6-1k-m)
kotks\ (k1) . (k2) o (ks) (Ratks) - (m) 17 +IKI+m)\
(45 2w et o et ( "5 (6-Ikl-m)
ks +m\ (k1) (k) o(ks) (k) o(kes+m) (W ]17+KD20m)
(5 )2211 ULy WLy HL oy HT 5 " ( | 2(6-lkl-m)
(7+1k]) o (m)
70,5072,,75,,7%),709),, ( /12(6_|k|§m) )
where |K| = kq+k, + ka+k,tks.
It is clear that S405 + 0, S5 = idy,.
From the above, we get that {S,, S1, S2, S3, S4, S5} is a contracting homotopy [7], which means that
the complex

0—-> Mg —> M5 > M, > M3 > M, > M; - M, isexact.

3. Application of Weyl Module Resolution in the Case of the skew- Partition
(7, 6)/(1, 0).

3.1 The Terms of Weyl Module Resolution
The resolution of Weyl Module associated to this case has the following terms.

M, = Ds® Ds
M, _z@)m)g@ D, ® 2(3)%'D9® Dy & ZVuD;o® D,
@221 #D11® D B 221 #D1,® Dy
M, = 2221 #151#Do® D3 @ I3 751D @Dy @ Z5PHZ5)#D1p® D,
® 77,101, ®D; ® 1% D, @D, @ z(” 73%Dy; ® Dy
® z“)xzmx'Dlz@'Do ® z(‘”xz(z)xmz@m ® z(z)xz(‘”wlz@m
@2(3)%2(3)%:])12 ®D,
M; = 221 12112314 D1o @D, @ 2231 H221H221HD11 ® D,
eazm ZEu751D1y @Dy ® LTy, 5735 Dy; ® Dy
B 7o) uZ51 1751 %D1,®@Dy B 2(3)742(2)”221%'])12@1)0
® Z(Z)xz(”xzuwlz ®Do® 257, x73D,,®D,
® z(z)x221u221uD12®D0
M, = Z %221%221%221%1)11 ®D; & 221 sz1%221%221%D12 ® D,
692(2)%2(2)%221%221”1312 ® Dy @Z 74221”221 #Z31%D1, ® Dy
@Z %221%221%221 #D1, ® Dy

Ms = 221 HZ Ly 17117511 Dy; @ Dy
3.2 The Exactness of Weyl Resolution in case
This section explains the building of contracting homotopies {S;}, where i=1,2,3,4 in the case of the
skew-partition(7,6)/(1,0)
We have the following homotopies:

k+1
So:Dg — Dg — Yk>o0 Z( )” Dok @ Do
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(k) w 1(6+k)) . _
)) {Z ( 610 Jif k=1,2,3,4,56

S«W

0 | 2(6-k

wil 20679 0 Jifk=0

51: Zk>0 Zgi VA D7+k ®D5 [ Z(k1+1)}fz(k2)% D7+k ®D5—k such that:

(7+k+m) .
(k+1) _ 221+1) Z(m) ( 1 ) ;lfm = 1,2,3,4’
S (255 x|, z<5-k-m> =

! 2(5—k—m)
0 sifm=0
where |k| =k, + k,
Sy TiemoZost D I8P Dy ® Ds_ iy — 293V 2870 7595 Dy yje) @ Ds i

such that:
(ke +1) . (k) _
52<Z VL, ( | 5 (5-IkI-m) ))‘
'ﬂ&mwﬂi7m=1lﬁ

rmﬂ&ﬁ?ﬂm)<
0 sifm=0

where |k| = ki+k,

S3: T o Pn IEPHITIn Dr®Dspy — L5V 18Px 289k n

D71k @ D5k
(k1 +1) ) o (ka) ) o (K3) 1(7+1kD o (m)
S3 <2211 nlyy wlyy ( | 5 G-lkl-m)
+1) (k) ),,7(m) 17+kFm
— {2211 Z 2 }{2213 Z ( ’ 2(5—|k|—m) H lfm =1,2
0 sifm=0
where |k| = kytk,tks
Sa: Zk >0 253 % PRI x5 Dy @Dy — 257 Vr 1P n 25 wr P
Z51% D74 @ Ds i

(ky+1) o (ka) (k) o(ke) (W 1(7+|k02("0)
54(2 A (] A

(7+|k|+m)
{%f)%h)%h)fh)fm ( 1 )

| -1kl-m) sifm=1
0 ;ifm=0
Whel’e |k| = k1+k2+k3+k4
So, we have the following diagram:
.4 a}(

a}{
M M, M, M, M, M

5 0
idl S, /id l%dl %l /al Ml
35 35 35 35 35
M M M M M

5 = 3 2 1 o

(Z(k+1) ( ,1(7+k)2(m))> a(k+1) (w 1(7)2(k+m))

2(5—k—m) 2(5 k—-m)
- (k+1+m) Z(k+1+m) w |1 (7+k+m)
w'|p(5-k-m) )’

n n

and
(k+1) 1(7+k)2(m) k+1) (m) w 1(7+k+m)
0 Sl (Z ( Y 2(5—k—m) a ZZl Z w' 2(5—k—m)

(k+1+m) Z(k+1+m) (W |1(7+k+m)> MPICEEOM (w |1(7+k)2(m))
w'|p(5—k-m) w'| 2(5-k-m)
It is clear that S0y + 0,5, = idy, .
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Z(k1+1) Z(kz) ( 1(7+Ik|)2(m))
| 265-1kl-m)

_ Ikl+1) lk|+1 (W 1(7+|’<D2(m)> (k1 +1) (k2)<
—51< ( 231 '| 2(5~Ik|-m) + Iy x0

= (|k|+1)2|k|+1 7{M) (W 1(7+|kl+m>)
"2 (5=lkl-m)

(k2+m)z(k1+1) Z(k2+m) w |17 +lk|+m)
21 w'|pG-lkl-m) )’

1(7+|k|)2(m))
2(5—Ilk|-m)

and
Ki+1 k (7+|k o (m) k
a SZ <Z( 1+1) Z( 2) ( , 12(5_|k|gm) )) = a}{ <2211+1) Z( 2) Z(m) (

(Ikl + 1) 7K1z G, (w 1(7+|k|+m)) B

1(7+k+m)
! 2(5—k—m)>
"12(5-Ikl-m)

(kz+m)z(k1+1) Z{katm) w |17 +Ikl+m) 70+, 7 (k2) w [1(7+1kD2(m)
w'|p(6=1k|-m) 21 w'| 9(5-lkl-m)

where |K|= k,+k,.
It is clear that §10, + 0,5, = idyy,.

(eat1) o(ky) o(ks) (W 1<7+|’<l>2<m>)
<Z Ly Wl ( ' g s-1kl=m)
w |17 +lkD)o(m)
=S, <(k1+klz+k2)zg’;1+1+kz) Z(k3) ( 1 2 )_

" 2G=lkl-m)
(k2+k3) 70a+D),, Z(k2+k3)H(W 1(7+|"|)2(m)) 70kt g k) Z(k3)(W 1(7+Ikl)2(m)>>

w'| 2(5—lkl-m) 267k
(e )

(k2k+3k3) Z(k1+1) Z(k2+k3) z(m) (W, ;Zt:::i:ﬁ)
(k3+m)z(k1+1) Z(kz) Z(ks"'m) (W, ;E;t:z:i:;)

and

k. +1 k k w |1 (7+]k]) o (m) Ka+1 k k w |1 (7+]k[+m)
0.5, <Z( D, 702,705 ( |La )) <Z( 1+ 702, 7 k), 7 (), ( ,;(5_“('_,,”))

— _ (ky+1+k +1+ky) o (ks) o (m) 1(7+|kl+m)
__(1k2 2)2211 2 Z 3}{2 ( 2(5 k|=m)

ky+ks 1+1) 5 (ky+ks)  (m) 1(7+|k|+m)> B
( )221 Z %Z ( %(Sl ||k| T;l)
7+|k|+m

7(K1t1) Z(kz) Z(k3) (W 1(7+|kl+m)>
21

"12(5-Ikl-m)
where k| = k,+k, + k5.
It is clear that S205 + 0,53 = idy,.

+1) o (Kz) o (ks)_ o (Ks) 1(7+1kD 2(m)
0x<2211 ULy Hlyy” Hlay' ( ' 2 G-1kl=m)

w |1 7+IkD»(m)
k1+12+k2 ng1+1+k2) Z(k3)%2(k4) ( 1 2 )

( | 5 (s=liel=m)
( +k3) Z(k1+1) Z(k2+k3)7‘fz(k4) ) (W
( +k

17+IkD) 9 (m)
w'| 9 (5-lkl-m) )

ks (ky+1) o (ky) o(kstky) (W [1T+IED20m)
4)2 1 Z 2 Z 3THRg ( ,| 2(5_|k|_m)
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(kq+1) S (k2) ) (k) w |1 (7+kD) p(m)
AR e Tl (W A

(7+|k|+m)
__ (k1+1+k2) 2211+1+k2) Z(k3)%z(k4)%z(m) (W 1 )

K, "12G-Ikl-m)
<k2;k3)zgl‘1:1+1) Z(k2+k3) Z(k4) Z(m) ( ,g::i:izg_
(k3llk4) 701D 7062 Kbl ) (W, ;gi:'}:::’g)
N 7 e

and
(o ,1;;_";,:3:;?))
(Z(k1+1) 702),07K8),7 k), 700, ( éi;’:i::’:ﬁ))
_(k1+k12+k2) Z(k1+1+k2) Z(kg)}{z(ktl-) Z(m) (W, ;gi:::iZb_
e
(kg I:; k4)z(k1+1) Z(kz) Z(k3+k4) Z(m) ( , %E?:::*:;)_
(e Oz sz e (o L )+

Zg;lﬂ) 7(k2),, Z(kg) Z("“) (

1(7+|k|+m)
21 )

"2 (5=1kl-m)
From the above, we have that {S,, S, S2, S3, S,} is a contracting homotopy [7], which means that

our complex is exact.
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