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Abstract— The main purpose of this paper is to study the application of Weyl module and it’s resolution in the case
of two rows which way be specified in the partitions (7, 5) and skew-partition (7, 5)/(1, 0), using the homological way

(i.e. the contracting homotopy, place polarization.
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I.  INTRODUCTION

Let R be a commutative ring with identity, ¥ be a free R-
module where D,, F is the divided power of dgree n.[1]
The issue of resolving Schur modules in terms of direct sums
of tensor products of exterior powers was first studied by Akin
and Buchsbaum in the early 1980 (hence referred to as A&B)
(or fundamental representations).
Using the "basic precise sequence" for two-row Schur
modules (more on this will be covered in a later section)

] ‘ - .““/.i ."'L‘. - | ¢ '1 AE=E |
| qg-1-—-1

- 1)

An induction argument on the amount of overlaps between
the two rows led to a description of the desired result, and a
Koszul-like complex (which we named a "arithmetic Koszul
Complex™ and which will be discussed in section 4.1) what
kind of resolution [2] .

As stated in the introduction, we'll briefly explain how letter-
place methods can be used to perform "intrinsic" module
theory In particular, one can define the equivariant filtration
on, say, a two-rowed skew shape using the letter-place
algebra, leading to the Pieri decomposition of the appropriate
Weyl module [4], [5]. For assuming we have the skew-shaped,
two-rowed:

This is the image of D,® D, under the Weyl map, as
previously stated [6], and the letter-place algebra for
D,® D, is the set of all double standard tableaux
{(W 1®2M

/D )} with ¢ < p+ 1, and where w andw’ are
w

words in the letter alphabet (In this situation, only the numbers
1 and 2 in their customary order make up the place alphabet).
Weyl module Kﬂ/u F=Im ( d ’1/#)

Where d ', ,,and d';,, B, F — Al/ﬂT is the Weyl
map whose images will be Called “Weyl module

o
ZDp+k®Dq—k —>Bp ®Dq [7]
And by using letter place, the maps will be explained as

follows :

w1+ 9% W [1® 20
(W’ z(q—k>) — (W’ 2= ) Zw
WW ol t+1D)'E+2) ....(p+t)
<W,W @ 172737 ql > (2)

Where W W' € Dppyi ®Dg_i » o = Dpiss 8% is the box

map ,
(4) f P
| | a0

And d'j/,=01,2 041, IS the composition of place
polarization, from positive places {1,2 } to negative places
1,2, ...,(p+t)'}.
also ,as shown in (2) , 5 is deliver a component Xx®y of
Dp+k ®Dq—k to

> xp® X'y, where sy, x,® x| is the element of the
diagonal of x in b, ®D, .

divided power element zg? of degree k of the free generator
(Z21y acts on Dy, ®Dg_i by place polarization of degree k
from place (1) to place (2)
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The “’graded’ algebra with identity. A = D(Z,,) acts on the
graded module M= Dp,x ® Dg_y = > My .
Hence, Mis a graded -module, where w = zg? € A and
v € Dg; ® Dg,, So we have:

Kk Kk
w (v) =27 (v) =05, (v)
If we take ( t*) graded strand of degree q.

a s s
M0 M g —s.. — My — My — M,

Of the normalized Bar complex, Bar (M A4, ;*),where S = {x}.
Some important standard concepts which are needed in our
work are illustrated.

The maps {S;} are defined as follows: [2]

SO:Dp®'li)q - Zk>0 Z(t+k) X Dp+'c+k ® Dq—'c—k

()
Zor X[ (W [1P+R))
k .
(W P )) { (W’ 2<q—k>) ifk< ¢

4 -K
Wi 2t jifk >t
0

And for the higher dimensionses as:

t+k k. ki—
Seqt 2K >0 Zg1 Uy zglz)x...zglt Uy Dpta k) @P gtk
(t+ky) o CGkg)  (Ke-n)

X221 ...221

Zy1 S Dp+]gru§|‘)® Dg-t-
t+k k K W |1+t o v
- zg; Uy zglz)x ...Zglt Uy , 1 _ _E
W'l 2@tk
(t+kp) (ko) (ke-1) ), (W [1P++K2() .
2y gy | gm0y (v X(W, 2(a-t-k) ;ifv> 0
10 ;if v=20

Where is the modules of the resolution were we define the
terms as:-

(M;) for (i=0,1,.....q — t) With My, =D, ® Dy,
]v[izzgt:kl)x Zgl](_Z)X...ZS;i)X Dp+t+|K|® 'Bq_t_lKl; fOT' i>1
[2].

The resolution of Weyl module in the subject of two_rowed
skew_shape (p +t,q)/(t,0) studied in [8], while another study
[3] and [9] exhibited the terms and the exactness of the Weyl
resolution in the case of skew_shape (8,8)/(1,0) and two rows.

Il.  THE RESULTS OF THE CASE (7,5)/(1,0)

In this section, we find the term Weyl module resolution
in the cases of a skew partition (7,5) / (1,0) and give the proof
of its exactness .

2.1 Resolution of Weyl module in the case of partition (7,5)
In this section we study exhibited the terms and the
exactness of the Weyl resolution.

2.2 The terms of Weyl module resolution in the case of
partition (7,5)

These terms illustrated as follows:
M,_ D,eDs
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M- zPX  DeeD, ®ZDy® D@7V XD, ,®@D,DZY x
D} ® D, ®Z X D, ® D,

M, Zz(i)X Zz(i)XD9®D3 @ZS)X ZS)XDlo ® D, GBZS)XZS)XDN
® D, ® 27X 25 XDy, ® Dy ®z5X 257X D1y ® Dy @257 X 257D,
®D, ®zPx z{VD,,® D@z X 2P D,,® D,

®z2x 25D, D, ® 25X 2D, ® D,

My-z$0X 230X zZ0% Do ® D,® 22X 27X 2V XD, ® D,
230X 20X 20 XD, @ D, @ 23X 287X 2P XD, @D, @

29X 29X 20 XD, ® D@ z VX 29X 2P XD, ® Dy®

20X 289X 23 XD, ® Dy® 252X 20X 2V XD, ® Dy ®

29X 289X 22 XD, ® Dy® 25X 22X 22 XD, ® Dy ®
M,-z0X 20Xz X 29XD,, ® D, ®z87X z VX
zZVX29%D,,@ D@ 20X 20X 2P XzVX D1, ® D@
20X 250X 20 X 20X D1, ® Do® 75X 25X 28 X 22X
D1, ® Dy

My-z0x 20x 2V x 280x 2 V% D, ® D,

2.2 The Exactness of Weyl module Resolution in the Case
of Partition (7,5)
Define the map by:

W17 200\ _
ol (wf'z620) )=
(W 1(7+k)) ;if k<0
" 2(6-k) !
Zéli))( w2 ;if k=12....5
s1 X Zz(’I)X D74, ®Ds_j

k>0
2 Z§11(1)X Zz(le)X D;4x®Ds_;

k>0
1(7+k) o(m)
2(5-k-m) =

k w
Sl <<Z§ 1)X <W’

( 0 ;if m=0

w17+ 2@m)
IZSI)X | o s—kem Sif m=1,2.....4
k w'| 2¢ ) ) s m=1,
Also define the map
. K K
S, _Zk Zz(ll)Xzz(lz)X Dy k|
i>0

K K K
®Ds_ Y 28Vx 25D x2x D, ) ®Ds_piy Such

ki>0
that
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w
((en(y

( 0

1+ KD p(m)
2G=Ikl-m) | |=

" ” w 1(7+|k|)+m
2 VX2V X 250X (W, 2(5=1 kl-m)
;if m=0
Where |[k| = K; + K, .
sif m=1,23
And the map
K K- K
S3: Sz Xz PX 2P XDy i ® Ds_py
ki>0
(K1) (K2) vy, (K3)y,, (K4)
> % Zy X 2y X2y, X2y M X D7411® Ds_y
ki>0
such that

w
o (st (3

( 0

1+ KD p(m)
2G-lkl-m) | | =

- " ” w 1(7+|k|)+m
kZ§11)XZ§12)XZ§13)X ZET)X (W’ o (5—| k|-m)
;if m=0

»wherelk|-K; + K, + K5
;if m=1,2

And finaly we define the map
K K K K.
S4: 2 Zéll)XZ;Z)X Z§1S)X Z§14)XD7+|RI & Ds_jk|
ki>0
R INED S SN S
ki>0
Ds_ such that

Sy ((zgl)X Z;I;Z)X Zé’l(3)X Zgl(”‘)X <‘:/V /

x D741 ®

17+1kD 2(m)
2 (5= k|-m) =

0 ;ifm=0

17+ kD+m ]
2(5—|k|—m)> sif m=1.2

Wherelk| =K, + K, + K3 + K,.

w

(w2l x o

2.3 The exactness of the resolution of Wely module
Consider the following diagram

s 0, <<z§’f 'x (V"’f

17+k) 2(m) .
2(5-k-m) =S 62(1)

w 1(7+k) Z(m) _ k+m (ktm) w 1(7+k)+m
w'| 26-k-m) ‘( m )221 X\ | 265-k-m)
And
axsl

(7+k) ~»(m)

&)y [ W]|1 2

<Z21 X<W, Z(S_R_m) >>:
w 1(7+k)+m
Oy (ZZ(II)XZET)X <W' 2(5-k-m)
1(7+k)+m

_ k+m (k+m) w
- ) ( m ) 221 X W’
w |17+K) 2(m)
w' 2(5—k—m)
Itis clear so0,+0,s1=idy,
17+1kD 2(m)
2(5=| k|-m) =

17+1kD 2(m)
2G-lkl-m) |*

k
2(5—k-m) > 5 X

Wl

k w
(et

7+ kD) »(m)
(k1) g (k) p (W [1 2
Zy1 X2y X<W' 25 k|-m) >

_ (VK KDy n)y ((w]1OH KD
_—(kz)zu XerlnX w'| 26=1kl-m) +

17+ kD+m
(ko ) xa oy (W ,

5,0, (zz(lil )Xzz(liz x (W

Z21 w'| 26-1kl-m)

17+ kD Z(m))>_
2-lkl-m) | |T
o (st (L )
(lkl:|> 20 D x My (V‘?}’, 1+ kD+m >
(kz ; m) ki) x ety (W

2 (5—| k|-m)
WI
w |1+ kD 20m)
oS5l ()

2 (51 k|-m) >; where |k|=k; + k,
Itis clear that s;0,+0,5,=id),.
« . x w |17+ kD 20m)
S20x (22(11 )XZZ(12 )XZ§13 )X( 2(5—| k|-m)
k. +k 17+ kD 2m)
=5, (( 1; 2) k), ks x (M‘A// -
2

WI
25— k|-m)
k,+k k ko+k w 1(7+|k|) Z(m)
( Zk3 3)2511))(2;12_'— 3)X w'| 2G-1kI=m) +

And

w
0553 (zz(lil )XZZ(’? X (w’

17+1 kD+m
2 (5= k|-m) >+
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17+ kD 2@m)
2(5—| k|-m)

(k

Zy
=",

ks

ks +m\ (k) y (ky)y, (ks+m)y [ W
(3m )2211 Xz Xzy° X

Gy, (kg)X<W,
w

)

w
) Z;’;sz )Xzz(]? )XZZ(T )x <W,

20—

w
)

17+ kD

And

17+1kD 2(m)
0xs3 <2211 )Xzék2 )Xz (k3 )X< '

1(7+| k])+m

" 2(5-1kl-

k|-m) )'

)
)y

1(7+| kD+m
w'| 26-1kl-m)

+m

m)

25— k|-m)
1(7+|k|)+m
Ax (Zzlil)XZEkZ)XZSQ)X (TH)X< 2(5 | k|-m)

(kl +k,

ks

(k3; m) 0y )y esam) y <W

)Zg;l+k2 )XZ§];3 )XZZ(T)X <W’ 2(5_|
k ky+k
>Z§11)XZ§12+ 3)XZ§71")X w'| 26-1k

1(7+| kD+m
I)XZ(RZ)XZ(R3 )X (m)X<VV’ (5—|k|—m)

) W(W

! 2(5—| k
1
)Zélil)XZg;z‘H% X2y (W

(k
Z31

ky + k3

(s

()

ki +k,

(k1+k2 )X (k3 )X (m )X
k,

21

w'| 2061k

(k

2211)XZ$2 )XZ£II3+m 'x <:VV

17+1kD 2(m)
25— k|-m)

(k

Z31

Dy ka)y, (k3) w
Xzy,* Xz, X(W,

k, +k4
Itis clear that s, 0, +0ys3=id)y,.

530x (zé

1(7+| k

kl)Xzékz)XZZ(RS)XZZ(ktl-)X( , 2(5 |

s (~(

ks
(k
Zy1

k, + k,
k,

) k) ks )y, (an(

) (kl)X (kz)X (k“k“)X( ,

) sk )y, ks Dy ki) ( ,

w 1(7+| k
26|

I

ky
17+1kD) 2(m)

k k k
Dyt y,kx, u)X( A

ks

) Zé’;ukz )XZEI? )XZZ(]I4 )ngln )X <

w
) Zé’;l)Xzéliz+k3 )XZ§’;4 )ngrln )X (W’

w 1(7+| kD+m

1(7+|k|)+m
" 26=lkl-

):_

1(7+| kD+m
(74| k])+m

1(7+| kD+m
' 251 kl-

) ; where |k| =

1+ KD 5m)
25—l k|-m)

w 1(7+| kD)+m

kl-m) |t

)-
)+

)+
)-
)+

|[-m)

m)

[-m)
|[-m)

m)

D o(m)
k|-m)

)

1T+ D m)

(51 kl-m)
D om)
kl-m) |t

)
)

1(7+| k)+m
25— k|-m)

w 1(7+|k|)+m
W, Z(S_I kl_m)

)+

)+

)+
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P w |17+ kD+m
( 3k 4>Z§,;1)XZ§,I2)XZ§§3+I(4)XZSJTL)X (W, 2(5=| k|-m) +
4
w |17+ kD+m
(ke ) ot x e >Xz§"3)Xz§"“m)X( | 26-1ed=m |
And
1T+1kD M)
dxs, (szl)X (kz)X (kB)X (k‘*)X( 1| o (s-1kl-m)
1(7+|k|)+m
1+ k kisk k ke w17 D
( 2) (kivkz) g, (3)XZZ(14)X gl")X w'| 26-1kl-m)
. k 17+l kD+m
( 2k3 3) ey Utk (k‘*)Xz(m)X( 2G-lkl-m) |+
. . 17+ kD+m
( 3]:- 4>ZZI§1)XZZ(k2)X (k3+k4)X (m)X( | 5 -1 kl-m)
4
ky,+m k K k L e
( 4 )2211)XZ§ 2)XZ§ xz (4+m)X( [ 261 KI=m)

L+ KD m)

k k k. w
Zle)X (Z)X (3)X (4)X( 2(5—|k|—m)

WI

); where

|k| :k1 + k2 +k3 +k4.
It is clear that s3 0x + 0x s, = idum,
17+ kD 2(m)

S4ax<Z2k1)XZ2(k2)XZ§k3)Xzékz})X (ks)X< , 2(5 | k=)

)

S4 <<k1]-:2k2) Uerska) g, (k3 )XZ(k4)X (k5 )X< , 1(27(w;l ’Tl;)d 2,,(:)> N
(5 oty o (o e ) o
(kgl:;h) 24" Xz Xz X 2 X x/’ 1(27(?_IT|11|—2$) +

k4]:r5ks> Cr)y Gha )y )y (ks )X< ’ 1(27;: 172' zn(:)n)> .
CII oRb Cnl SR I (Vvvv 1o |_2n(3n))>

w |17+ KD+m

(k1+k2)X (k3)XZ(k4)X (ks)X(m)X <W, 2(5—|k|—m)

w 1(7+| kD+m

(k) (k+k) (k) (ks) (m)
1X 27X g 4XZ 5X X W' 2(5—|k|—m)

w 1(7+| kD+m
w'| 261 kl-m)

ks
4) 2000 g Kk s )Xz(m)X<

w 1(7+| kD+m
w'| 261 kl-m)

+
k
+
k3
+
ky
ky +
k

5
k4; m)

k
s) 2000y )y s )y )X<

(7+] k])+m
(k1) gy, (e2)y, (k3) (k) (k+) w1l
( 2y X2,y X250 X2y K2y X<W' 2(5=| kl-m)

)

And
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)

)+

1T+ KD om)
25— k|-m)

)

w |17+ kD+m
w' 2(5_| k|-m)

axss (Z(kl)X (kZ)X (k3)X (k4)X (RS)X< ,

w |1+ kD+m

(k) y, (kz) vy, (k3)y (Ry)y (ks)
0x <Zz11 Xzy" X2p0" ' X2p1" X2y,° XZ;?)X (w’ 2= k|-m)

ky +k
_( ! ;'2 2)z§’§“"2 D O D CAULED CAURD ¢

k 1(7+| k)+m
I 0 ook 0

( ks w'| 266-1kl-m)
(5 ) ona oo napox

(K 5) st ot e ety (o
( stm )zé’lcl)Xz(kz)Xz(k3)Xz(k4)Xz(k5+m)X( r‘l(;(?TZ erl’)")>
zgil)nglfz)Xzzli3 )Xz(k“)X (ks )X< 1(27(?7'; Zn(lr)n)> ; Where

k| =ky +ky +ks +k, + ks.

Itis clear that s,0x + dx s5= idy,

Form the above, we get that { s, s; s, 53 54 }b€ contracting
homotopy [6] which means that our complex is exacted.

RESOLUTION OF WEYL MODULE IN THE
CASE OF SKEW —SHAP (7,5)/(1,0)
In this section we study exhibited the terms and the exactness
of the Weyl resolution.
3.2 The terms of Weyl module resolution in the case of
Skew -Shap (7,5)/(1,0)

These terms are.
M, Dg@Ds
M,_ 20X Dg eD; ®Z5 XDy® D,®ZVX D, @D, @25 X
D1,® Dy
M,_ Zézl)X Z(

WX Dy D,®ZVX 27xD,,® D, ®Z7x

z2X D;,® D, ® zYx 20X D, ® D,

®z2x 25 XD, ® Dy® 2P X 22 XD, ® D,

My-2PX 29X 2V X D, ® D, ® zgi)x 20Xz XD, ® D,
29X 20X z§1’ XD;1® Do® 22X (VX z§2) XD,,®D, ®
1)X z“)x 22 XD,

M,- zg?x 29Xz x 29X D, ® D,

3.3 The results of the case (7,5)/(1,0).,

In this section we find the terms of the characteristic-
free resolution are:
As for homologies we have:

So=My - M,

( (W 1(6) (k)
S0
0 w 1(7+k+m)

w'| 26-k)
k (W’ (5-k-m)
251) X 2
And
$1=M; > M,

;if k<2

)

Jif k=2345
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5[1 ((zé‘fﬁx <“/’VV )) _

17+K) 2(v)
2(4—k—v)

0 ;ifv=0

> jif v=1,2,3

1(7+k+v)
2(4——k—17)

(k+1
Zy

w
)X 2(1 X <w’
And

Sy =M, = M,

s (( (katly, ("2)X< ,

10+1KD @)

2 (4—|k|-v) =
0 if v=0
w 1(7+|k|+v)
w'| 2@—1kl-v)
(k14D (k2) v, ()

kzz Xz, Xz X Pa—
Wherelkl = k1 +k2
And
S3=M; - M,

1T+IKD @)
24—k|-v)

(W 1(7+|k|+v)

5 <z2’§1+1)Xz("2)Xz("3)X (MM:

{ 0

)
)

'l 2 4—Ikl-v)

kzékﬁ1)X22};2)X22(k3)XZ§V)X
if v=0

;Where |k| = kl +k2+ k3
if v=1,

So we have the following diagram:

ax

M, M, M, M, Mg
Sq i S $1 w | Sy
My ax "My ax M; dx M dx Mo
Now we have
(k+1) w 1(7+k) 2)
SO ax ZZ X W, 2(4_k_1;) =
k+1) o (W]LTHO 20N k4 1+ v\ s
So 62(1 )X <Wr ol—k-v) |= ( v )Z§1+ +V)X

1(7+k+17)
2(4—1{—1))

w
w'

And

)
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« w |17+k) 2@)
0x s; :<z§1“)x (w’ 2(4—k-v)
(7+k+v)
(k1) y @)y ( W] k+1+v
ax ZZl XZZl X(W’ 2(4-—k—17) ) == ( v )
« w 1(7+k+17) X w 1(7+k) 2(17)
Z§1+1+V)X (W, S (a-kc-v) +Z§1+1)X | 2

clearly so0x + dxs;= idy,

w
5; 0x (zgl“)X zk)x (W,

17+1kD )
20-Ikl-v) | |7

|k| +1 w 1(7+|k|) Z(V)
(s

2(4—|k|-v)
1G+1KD 2(v>>
+

2a-1kel-v)

w
+ Zélf'—l)X <W’

2y gy (VVVV

10+lKD @)
2(4-1kl-v)

1(7+|k|+v)
2 (4-Ik|-v) >+

1(7+|k|+v) )

_ (kI + 1\ kv @) (W
__< kz )Z21 XZZZX WI

2(4—1k|-v)

ky + U\ _(ki+1)y (kp+v) o [ W
(Zv )2211 Xz, X W'

And

0x5;( Zéfl+1)X zgz)X (VV;,

17+kD 2@)
2U-lkl-v) | =

(7+|k|+v)
ki+1) g (K w1l _
ox| 2 XXX (W' 2(4=1k|-v) ) =

1(7+|k|+v)
2(4=lk|-v) )_

1(7+|k|+v) )

[kl + 1\ _(lkl+1)y @)y (W
( k, )221 XZZZX w

24—|k|-v)

k, + U\ _(ki+1)y (kp+v) o [ W
(217 )2211 Xz X

1+KD @)

2(-1kl-v)

+(28 Iy 2 (:VV

) ; where |k| =k, +
k.

clearlys,0x + 0xs, =idy,
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17+EKD @)
20-lkl-) || =

5, 0x (zé’ilH)Xzz(’;Z )ngf)X (VV:,

k 1+k
5, (1+k2+ 2)22(1k1+1+k2)X
w
Z§};3)X (W’

k, +k
( 2 3) ZZ(’;1+1)XZ2(1k2+k3 )X (W/

2(4—1k|-v)

10+1KD 2<v))

K, w'| 20-Iki-v)

1C7+1kD 2(v)>
+

Z
21 1 w'

ki1+1 k. k. w
Gy Z)Xz§13)x( S

10+1kD 2(v)>

ki +1+k
:< 1 +k2+ 2) Zz(f1+1+k2 )X Z§]I_(3)XZ§1;)X (MM;’

1(7+|k|+v)
2 (4=lk|-v) )

1(7+|k|+v)
2 (4—Ik|-v) ) +

1(7+|k|+v)
2(4—|k|-v) >

k, +k
( zk 3) ngilﬂ)zz(lkﬁka)XZg)X (VVL’,
3

ks +v\  (+D) (k) (k3)y )y (W
(317 )Zz11 Zyy X2y X230 X w'

And

w
0xS3 (zgflﬂ)X zé’iz)ngf)X (w’

1(7+|kl) 2)
20-lkl-v) || =
1(7+|k|+v)
2(4—|k|—v>> =

1(7+|k|+v)

2(4—|k|—v)> +
1(7+|k|+v)
24—|k|-v) ) -

1(7+lkl+v)
2(a=kl-v) > +

w
dox (zz(];“l)X ZZ(IEZ)X z§];3)X zz(z)X (w’

_(kl +1 +k2>
k,

w
Zz(f1+1+kz )XZZ(If)XZg )X (W,

k k
( 2;‘3 3>z2(f1+”Xz§’§2+"3)Xz§'i)X(MM//,

(k3;’ U) Zz(f1+1 )X Z§I;2)XZ§IIB)XZ§?X (MM:’

(7+|k|+v)
Kq+1 (ky) o (k) w1l _
PISARED @A) Ol a1 ¢ (W, S (—lkl-v) ) =

kg + 1+ Ko\ (ky+14ky) y (k3) w
( ! 2)2211 0 CARD D ¢ I YA

k, 21 w'
1(7+|k|+v)
2(4—1k|-v) ) -

1(7+|k|+1;)
2(4—|k|-v) )

1(7+|k|+v) )

k, +k
+( Zk 3>zz(f1+1)Xz$2+k3)Xz§’i)X x,
3

(k3 ;’ U) Z;fﬁ'l )X Z;IEZ)XZS?)XZS?X (MM:,
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w [1T+ED 2@) by + k3 (ky+1)
+Z§1kl+1 x ZSZ)XZS?)X (W, Stk )i where |k| - - ke, 7, X
w 1(7+|k|+v)
kl + kz + k3. Z§};2+k3)XZZ(,I4)X ZZ(Z)X (W’ 2(4——|k|—v) +
Clearly s,0x + 0xs; = idy,
7+IKD) (@) ks
ki+1) o (K k K w1l 2
S5 0x z§11+ )Xzz(lz )ngf)Xzz(l“)X | a-m-n | ]= _— . Katls) (s w [1G+Kl+v)
w'| 2 (kq )X(z)X(z 4) Wy
Z2n Za1 A7y Z2 w'| 2G-lkl-v) |-
k. +1+k ky v\ _(ki+1)y (k) o (k3)y (ka)y _(v)
S3 _( ! K 2)22(1k1+1+k2 ¢ ( 417 )2211 X 230" X2, X 2,,"' X 2,1 X
z w 1(7+|k|+v)
(ks) v (ka) w |17+kD 2@ w'| 2G-Ikl-v)
Zoy X2 X\ | 2wy )F LG+ )
(k1+1) o (K2) o (k3) 3 (kg) w
2y X2y X2y X 2" Xaz(Z)X (W' 2(4—Ikl-v) ) =
ky + ks Z(k1+1)XZ(k2+k3 )XZ(k4)X w [17+ED 2 ks + ky
k 21 21 21 w'| 2@-lkl-v) |- k (7+|k|+v)
3 4 kl +1+ k2 (k1+1+k2)X (k3)X (k4)X (U)X w|l
Uit D) o (k) o (katks) o [ W]|1TFIED 20 k, Zn Zy1 A2y A Zon A\ | 9lalkl-v)
Zy K2y X7y X\l 2@-1k-v
ky + k3 (ky+1)
Tk, Zy X
(7+|k|+v)
w |17+IkD 2@ (ky+ks) vy (k) v (@) wll
WETRR AL R I (W’ 2G-lkl-v) | | = Zar X2 X 2y X | i)
ks + ke (kit1)y (ky) g (Kstks)y ()
<k1 +1+ k2>Z (ki+1+ky )X +< k4 )221 1 X 2212 X2213 4 X Zzli X
- k, 21 w |17 +Ikl+v)
i i w 1(7+|k|+v) ( ' 5(4—|k|-v) )
25 X 23V X2 (W, G-lkl-v) |+ w2
(44 ) e el i 0
Ky + K3\ (kyt1) Ckaptha )y (k) g )y (W [17HERY) (7+k|+v)
( ks ) 2211 Zn o XZZI4 XZZ? X w'| 2(4-lkl-v) <erl 12(4—|k|—v)>
ks + k) (a+1)y () g Gty @)y (W]17 T+
_( k )sz X2y X2,1° X2y X\ | St -v) 10+IKD @)
4 (k1+1)X (kz)X (k3)X (k4)X w .
+ *Z21 Zy1 A%y Ay w'| 2@-lkl-v) )
Ky 4\ _(atD) (k2)y. (ka)po (k) p () 5 [ W]|17HEIFD)
( 417 ) 230" 2y X2y U X2y Y X2, X w'| 2G-1kl-v) Where |k| =k, + ky + ks + k,
And clearly S30x + 0xS, = idy,
T+kD) @) From the above, we get that {s,s; s, 535, } be contracting
ki+1 k k) v (ka) o [ W1 2 v 51,52,53,54,
axs4(z§11+ X ZélZ)Xzéf XZ§14 X <w’ 2 (4—Ik|-v) ) = homotopy ,which mean that our complex is exact.
(7+|k|+v)
(ki+1)y () g (k3 gy, (kady @)y (W1
Ox (2211 Xz, 2 X2y, X2,V X 2,7 X <W, 2 (4-k|-v) )) ACKNOWLEDGMENT
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