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Alexander Polynomials of Two-Bridge Links

Taizo KANENOBU

Kobe University

Hartley [H] gave a necessary condition for a polynomial to be
the Alexander polynomial of a two-bridge -knot or the reduced
Alexander polynomial of a tWo»bridge link, He shdwed how the
coefficients of the polynomial may be read straight from the
extended diagram, which is derived from Schubert's normal form of
a two-bridge knot or link, and showed the following theorem: If
A(t)==25i(-l)iaiti, where a; > 0, 1is the Alexander polynomial
of a twéjgridge knot or the reduced Alexander polynomial of a two-
bridge link, then for some integer s, a, < a; < ...‘<’as = as#l
= e =a o S ees >.an. On the other hand, using surgery techniques,
Bailey [B] presented an algorithm for calculating the Alexander
polynomial of a two-bridge link from Conway's diagram. As a
corollary to this he proved a conjecture of Kidwell about the
linking complexity or geometric intersection numbers of a link in
the special case of two-bridge links,

The main results of this paper are Theorems 1 and 3, the former
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provides énother algorithm for calculating the Alexander polynomial
of a two-bridge link putting every two-bridge link in the special
form of Conway's diagram. The latter gives some necessary
conditions: for a polynomial to be the Alexander polynomial of a
two-brdge link. These conditions are analogous to Hartley's
theorem above.\ Theorem 2 and Corollary 1 also give some properties
of fhe Alexander polynomial of a two-bridge link, including the
Torres condition [T]. Corollary 2 is a conjecture of Kidwell in
the case of two-bridge links. ‘ 5
In Section‘22 we showvsome lemmas for Theorems 1 and 2 using
Fox's free differeytial calcuiqs. In Section 3,fwe summarize some
properties .of twofbridge’iinks. jIn,Seetion’q, wekstate t@e’abeve—

mentioned_results: In Section‘B,:we‘proye TheogemiB.
1. Preliminaries

7 In this paper, a link L will mean a piecewise linear-embedding

of two:oriented‘circlesA K and K in -the 3-sphere 33. Two)

1 2
links L and L' are called equivalent, if there is an orientation
preserving autohomeomorphism of 53, which maps L onto L'.

The Alexander,?olynomialr [Kx,y) of L is’an elemenf of -the
polynomial ring Z[X,X_l,y,y_ljvz/«, and is determined only up to
multiplication by a unit ixiyj, Let G ;7[1(53 = L), and.let

G' De its commutator subgroup. Theq /ﬂ: Z[G/G'}; :the basis

{X,y} ~of G/G' is always taken.to be represented by the meridians
of ;Kl-“%nd KB' respectively. We will‘calculéte the Alexander

polynomial of a link by using Fox's free differential calculus,
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see [F], [T].

Throughout this paper, we will often abbreviate a polynomial

f(x,y) in /\ to f and will use the following notation;
e o=l . P
2 Gyt if n >0,
, i=0 ’

Fn(x,y) =< 0 if n = 0,

-1
=) J(xy)T  if n< 0.
S i=n

In the figures of this paper we will use a tangle [C], which
is a portion of the link diagram containing two arcs. An integral
tangle, which is represented by a circle labeled "i" or "-i",
where 1 1is a non;negative integer, is a 2-braid with 1 or -i

crossings, in the manner indicated in Fig. 1.

/} /
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2. Lemmas

Lemma 1, Let L(q,r,s,t) be a link as shown in Fig. 2, where
T is any tangle. Let Zﬁq’r’s’t) be the Alexander polynomial
of L(g,r,s,t). If we set A= qu,r,s,t)’ AO =‘A(q,r,O,O) and

AOO = (0,0,0,0) then

F .
(2.1) A= {s(x—l)(y—l)Ft + l]AO + F—;(xy)rmo - Aoo)’

where r # O.

Ky

K>

Fig, 2



proof. We have a presentation of 7['1(53 - L(q,r,s,t)) as

follows:
generators; ay, a5, aE, bl, bz, b3, bq’ b5, b6’ b7,
¢y (7 £ 1 £ n+l1),
relations; (i) by = (b_lba)qbl(bélbl)q,
(11) b, = (bilbe)qbz(bélbl)q,
(iii) a, = (bzal)ral(ailb;l)r,
(iv) bg = (bBal)rbB(ailbgl)r,
(v) bg = (621, )%b5 (07 10)%,
(vi) b, = (b;lbq)sbq(b;lb5)s,
(vii) az =‘(b6a2)ta2(a£lbé;)t,
(viii) b, = (b6a2)tb6(a£1bgl)vt,v
(ixj) Sy=1 (5 Jjsmn),

where c, and Sj = 1 are obtained in the tangle T, so

b c

43

Sj is a word in a;, a5, by, bZ’ 07, cees Cpiqe
(i) and (ii), (iii) and (iv), (v) and (vi), (vii) and (viii)
imply |
(111) b, = bBbile,
(iv") bS = bsalaél,
(vi') b, = b6b§1b4,

e -1
] - ¥
(viii ).b,7 = bgaraz
respectively, and we eliminate (ii), (iv), (vi) and (viii).

Using (vi') and (viii'), we have
-1 -1
(x) b5 bq = ayag

and we eliminate b

7

Substituting (iv') and (x) in (v), we have
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-1

(’aja2

and we eliminate (v). Substituting (v') in (vii), we havé' Pi =1,
where |
{(aaa3 ) bBa (a -1 3 S}taé{fé;lé;)sailbgl(aBaél)S]tagl
and we eliminate b.. Substitufing (ii') and (iv;) in fx); we
have R3 = 1, where | | C | |
—l -1

R5 3 1 bl b2

and we eliminate b4 and»_bsf
Hence El(S5 - L(q,r,s,tjll'is freééhted by
generators; a,, az,‘és; bi;"bé;:bg, Cpy Getey bn#l’
relators; Rl’ RE,JR5;134; S5}£i:;, Sn, v‘ | j .

where

—l ~1.r -1. -
(b 1) a (a 3 ) C

R,

and
: IR BN | a
R, = (b] ba)vbl(bz b)) “og
which come from (iii)and (i) respectively.

From this presentation we have the Alexander matrix of

L(q,r,s,t) as follows:
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b3z % % 1 2 1 7 tr Cpi
Ry (1-x)Ft f g (lfx)yFt | Q 0
R, [(1-©)F, -1 0 (y-1)F +1 0 0 (:>
R5 0 01 -1 y_l y_l
R, 10 0 aly™ 41)"-q(Y'l;1)+1
S5 0 0 % S5 dgy B R A
Sn L 0 0 ahl an dn3 dn4 €n7 Tee gn,n+£

where f = S(X—l)(y—l)Ftv+ (Xy)t and ig = —s(x-—l)(y—l)Ft - 1.
Add the third column to the second column, the first column
multiplied by —§ to the fourth column, and the fifth column fo
the sixth column; and delete the last colémn. Then we have an

nx n matrix as:follows: g

(1-x).Ft (Xy—l)Ft g 0 0 : 0 8
(1-3)F o o Y . o v o «
(2.2) | o0 1 1 a1 oyt <)
-1, 0 0 vy oalyTi-1) 1
0 A o, +
k LA A by Agvay B |

where 0 1is a zero column vector of dimnsion n44, Ai is the

d,Si - » 657 A g5n
column vector : and B is the matrix | : c .
dni ;€n7 T @nn

Let BDT 85 o the determinant of (2.2). Then

(2.3> E(q,r,s,t) - (Z_l)A(q,r,S,t),

where 2z 1s x or y according as c is represented by the

n+l



46

meridian of K, or K, [T, p.61]. Let C Dbe the (n-2) x (n-2)
matrix obtained from (2.2) by deleting the first and second row,
and first and second column. The expansion of (2.2) according to

the first row gives us

(Zle-) i(q’r’s’t) = {S(X_l)(y_l)Ft + 1}§(Q:r,o,0) + ?(q,r,s,t).

Here ?(q,r,s,t) = (l-x)Ft -1 0 (Xy)r OT
1
0 c
A |
- Gy-DF |a-0F, 0 G et |,

o

-1 c

0

T . . . .
where Q@ is a zero row vectaor of dimension .:n-4. Since

-1 0 @ ot N A
1 ‘ 0 )
= , Wwe have

0 v C | 0 C

Al <O
9§q,r,s,ﬁ) = (Xy)rFt x-1 O 1 OT‘ .

' 0

xy-1 C
0




On the other hand

é(q,r,0,0) - -

0

since L(q,0,0,0) is equivalent to L(0,0,0,0), 3 2:0,0,0) _

aé0,0,0,0) by (2.3), so we have

3(a,7,0,0) _ 50,0,0,0) _

Since it 1is easily seen that

x-1
0

xy-1

0

0

1

X-1 0 1-xy
0
Tl c
. a
OT J b x-1 0 1l-xy -OT
0
|

we have G THS:t) _ (Xy)rfé.ggg(qyr,O,O)z_ 0,0,0,0)y Lo . 4o

r

Thus it follows from (2.4) and (2.3), we obtain (2.1). U

(t,)
and A 0 =

(q,r,s,t,)

. Then

2.5) A= s(x—l)(_y—l)FtAO +A6;

2.6) A1)

= Ftlﬁl) - xyF A

t-190°

@.7) 8+ xy (52 o ey dlE-D)

Lemma 2. Besides the notation in Lemma 1, let Alé = A(q’r’o’t)

Remarks; (1) In the above notation A(t)::A and A<O) = [%,
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(2) (2.7) is a special case oi Conway's result [C, p.338]; see

also [K, p.462] .
“Proof. Putting s = O in (2.1) we have
‘ Ft r
8y = do + 5T UG = Ao)-

Combining this formula with (2.1) we obtain (2.5).

Next, from (2.1) we have

A9 - 4,

o 1
FileGen) 5-0d + T, - 4,,)%

(1)
F (A - 40).
Since 1 —‘Ft = ;xyFt_l, we obtain (2.6).

Finally, using (2.6) we have

A A(tj.-l) (F, - Ft_l;)A(:l) B I A/

I

Hence v
S S Y R P

and (2.7) follows. O

10
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3. Two—bfidge links

According to Conway's presentation [C], every two-bridge link
can be put in the form as shown in Fig. 3. It will be denoted by
C(al Boyeresdy ) including the indicated orlentatlon of each |
component The dlagram is slightly different in the cases n = 2k
andv n ;‘2k+l, as indicated in Fig. 5. From this»projection we
can see that a two-bridge link is a link Witﬁ fwo‘components.each
of Wthh is.a trivial knot. Moreover a twq—bridge link is inter-

3

chgngeable, that 1s there is an isotopy;bf S which»intérchanges

th? two compongnts.f This follows immedi%tely from Sphube?t's
norﬁay fopm“fSc], or Bailey [B, p.48] also proves, thié lsiﬁg_
Conway's diagram. |

Let ®%(>0) and ¢ be the coprime integers ébmputed from the

continued fraction:

o, 4 L 1
¢ 1 as + ... t a,

Then o is even and O0O<|8l< . The two-fold~c;ver of S
ﬁranched over this link is the lens spaceﬁfﬁ(d,Fﬁ, see [C],-[S].
This 1link is equivalent to the link withfSChubert's}ﬂ5£ma1’form
(,8), denoted by S(«,B), endowed with suitable orieptations.
According to Schubert [Sc, p.lhy], S(d,@}-,andn 3(&' 3')L are
equivalent if and only if o = «' and @i = F' (mod 2d) . :
Furthermore, if @' = €+« (mod 20) or @P = d + 1 (mod ax)
then 8S(«,8) differs from S(o, ¢') ohly by the orientation of

one of the components (cf. [S, p.7]).

11
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We can obtain easily another. continued fraction:

27
C(al’aZ""’an) and will be denoted by D(bl,b

where m 1is odd. C(zbl, 2b e, abm) is then equivalent to

51e++5b ). In the

following we will consider‘every two-bridge 1link puttingvin this
form (cf. [S, p.13]).

L. Main theorems

From Lemma 1, we have

Theorem 1. Let L. = D(0) and for n 21 1let Ln = D(pl,ql,

0
n E
Dyydyse+=sPy 154, 1,0, ), where TT1>'TTqJ # 0. Let .A (x, y)
i=1 ~j=1. S _
be the polynomial inductively defined as follows:
4, = o;
4.1) A = F_ s
T | o | P, |
1
A, = {qn_l<x-1)<y-1>F + 1}A " G *n- W, -4, ),
R . ..*n e, P

A=l

for nz22,.

Then 4 (x,y) is the Alexander polynomial of L.

In the following, by the Alexander polynomial.of a two-bridge -
link we mean the polynomial defined in Theorem 1 and we.will.use .

the following notatlon besides that in Theorem 1. Let zﬂ(p) be

the Alexander polynomlal of D(pl,ql,pz,qa,...,pn l,qn l,p) thus
(x) S©0) ’ B
An = An and An o= -An—l' Let 1 Zp - that is the . . .

lj
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linking number of L . Let 1= Z:jlpi[.
From Lemma 2, we have

Theorém 2. ‘

. . (p. 5+ 1p)
— . b €+ n-1 n .
a.2) 4, = qnel(x_l)(y—l)FplﬂAn—l -4, )" ;

(4.3) Ar(lp) = FpAfll) - Xpr_lAﬁ_l;

(L.4) Ar(lp) v xyAP2) o1+ xy)Ar(lP'l).

Using (4.4) or Theorem 1 we can show easily the following

each formula by induction on n.

Corollary 1.

(4.5)’ Ankx,y) =4, (v,%); -

0}

(4.6) l&n(x,y) Fl (x,¥) moa (x-l)ty—l):
\ n

{ -1
(4.7) An(x,y) = (xy) © An(x_l,y'l).

The fact that a two—bridge‘link is interchangeable‘assures us

of (4.5). From (4.6), we have immediately

““8) ' An(x,l),; Fln(x,l)."

(4.7) and (4.8) constitute the Torres conditions [T] for two-

bridge 1links.

Definition 1. Let £(x,y) be a polynomial in /\. If f(x,y)
#Z 0, then 'degxf = (maximum x-power of any term of f) minus

(minimum x-power of any -term of fj. If Lf(x,y)“: O;H then

14



degxf = -1. We define degyf in the same Way.
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Definition 2. ,4+l(r,s) denotes the set of all polynomials

£(x,y) = '2:} a,.x'yY in /\ satisfying the following conditions.

rgi,jss Y

(1) degxf = degyf = s-r.

(ii) Let M(f) = B eee Bgg and W(f) = Bl ees B
a ces & .. ... a
rr rs sr ss

‘Then both - M(f) and W(f) are symmetric matrices.

(iii) a,, 2 0 4if i+j is even.and- aij <0 if i+j is odd.

ij
(iv) Let bij = A gert Then
: bl 5 N
V Ibk,‘olélbk—l,llﬁ £ Ppu,ul .
and |Pe,0ls [Pes1,1 € o0 5| Purv,v]

for 0 gk = s-r, Where u = [%] ) and v z [5?§;£] + 1.

Furthermore /ﬂ-l(r,s) denotes the set of all polynomials

in A such that -f(x,y)¢€ A l(r,s).

Theorem %. For n 21, A é/l , where fnz

n n-1 I-T +Z"1
n g} n
[I I]lqg' r, = > andv 5, = > - 1.
p - |p
Note that r €0 Ss , T, -7 ;= —Qri and s

7 n’ n n-1 " 2
Pn+anl '

f(x,y)

Sn-l

= ——5—., The proof of Theorem 3 will bé given in Section 5.

2

*) [ ] denotes the Gaussian symbol.

15
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Concerning the reduced Alexander polynomial of a two-bridge link,
Theorem 3 yields the weaker result than thatuof Hartley stated in
the beginning of this paper.

For the sake of Corollary 2 below, we need some preliminaries.

Definition 3. Let L = Kl‘J K, be a link and S be a Seifert

surface. for Kl with S and K

in general position. If ¥, =

2
2(genus of 8) plus (the number of times Ka' intersects 8),
then Jl = ming JS - is the linking complexity of K2 with Kl'

We define Ka in the same way. We call the ordered:pair (Jl,

Nt
p—

the "1linking complexity of the link L.
This definition follows Bailey [B, p.45], see also [K].

Proposition 1. (Kidwell) If A(x,y) is the Alexander -

polynomial of a link L' with linking complexity (Il,'Jé), then

kl -1 3 degxﬂ(xyy:)c

Proof. See [B, p.467. O

Corollary 2. Let _(rl, ké)_ be the linking complexity of L .
Then : : - v ; ‘

o
(4.10) degXZh(x,y} +1= ro= In.

Remark, The first equalityjof (4.10) is Proposition 6 6f

[B, p.57].

16
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Proof. (4.9) follows from interchangeability of a two—’br’idge

link or (4.10). For (4.10), from the diagram of Ln’ we see that

"~ N~
1, € {,- By Theorem 3, deg A + 1 =L and by Proposition 1,

ro2 deg. 4 + 1. U

5. Proof of Theorem 3

In this section we use the following trivial lemma without .

mention.

Lemma 3. Let f € /\i(r,s) and g € /\i(r—k,s+k) (k 2 0).

Then f + g € /\i(r—k,s+-k).

£
Lemma 4. Let f € A (r,s). Then

/\i(r, é+n—ij | if n 50,
It e{v/\_-s(ﬁn, S_D it n <o,
G, f ¢ | /\(I'l)n-lé(r s+n-1) if n > 0,
where Gn(x,y): = Xn_an( _l,y)

Proof. We show that f € »/\+_l(_r,‘s) implies ané _/\_+l(1‘*,4lszfn—l)
if n > 0, Tﬁe othef cAa.Lse can be proved similarly.

Tt is clear that an satisfies the ‘uco‘nvdii’;io'ns (1), (i1), "
(1ii) and the first inequality of (iv§ in ﬁefin'iti.on 2. The

second inequality of (iv) can be réduced to.Sublemma below. [l

17
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n .
i ‘
= < = & <
Sublemma. Let f(x) iZ:O;ail , Where as a4 and O aq

mo . m+n
. J = k _
a;s ... 5 a[n/Z]' Let (j);bx YE(x) = kz—obkx . Then bk = bm+n—k

A

and 0 < by g byg ooe < Dy /o

Proof. We proceed by induction on n. For n = 0, 1, the

sublemma is trivial. Assume the sublemma proved for polynomials

n .
le? xg(x), where g(x) =

1]
o

of degree < n. Write £(x)

Ol=O g
a. . -x%. Let (p,x")g(x) = c.x . .Then c. =c¢ .
§20 j+1l 520 o i m+n—2—1

and 0<c,£c, £ ... £¢C [(m+n-2)/2:]. by irnductive hypothesis.

m+n

m N . . ’
Thus if ()3 x9)f(x) = Zb,{xk, it is easy to see that b=
=0

J=0

a S ...
By &4 O < by S by S Ty

Lemma 5. If An-l € /\qs(r, s-1) and Ar(ll)€ /\s(r,sv_), then

3
A(p) ¢ /\ (r, s+p-1) if P > 0,
-£
n /\ (r+p, s-1) if p< O.

Proof. (4.2) in Theorem 2 states that Ar(1p) = FpAr(xl) -

xyF An—l' The case p =1 is the hypothesis. If p 2 2, then

p-1 v
s (L) €
using Lemma 4, FpAn‘ '3 /\ (r, s+p-1) and _Xpr—lAn—l €

N&(r+1, s+p-2). Thus Ar(lp)e A&r, s+p-1). If p<-1, then

-¢ _
FpAr(ll), —Xpr-lAn-l &€ N (r+p, s-1), so Ar(lp) € A £(r+p’ s-1). O

18
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Lemma 6. Let Azm) be the Alexander polynomial of D(pl,ql,

""pn-m’qn—m’l’qn-m+l’l’""qn—l’l)' Then we have

<my A A(pn—m_l) ' , I
.47 =6 A -xye d T (x-1) (y-1)) 11 (a, e A .
k=

where the last term denotzs zero if m=o0.

Proof. We prove (5.1) by induction on m. For m = O, it is

< ,
clear that .Ano> = An' Assume that (5.1) proved for m-1.

‘ . . T . <m-1> :
Substlt?ﬁlng Pyl = 1 in An we have
, - 1 _
any _ o 4(1) (0) S .
An R A R Xme—lAn—m+1 * (X_l)(y_l)éga(qn—k+l)qkdnek' :
1 (p, _+1)
1) - - .

By (4.2), Zﬂé_;+l = qn;m(x-l)(y_l)dn-m +'An¥g n ~ » Thus we have

| ’ (p,_ +1) :
A;YD - Gm{—(x_l)(y_l)dn—m +An—; . } -\.xme—lAn—m

m ;
+ (x-1)(y-1) 27 (a0 A .
k=1 . _

+1) (5, _p=1)

(p
n-m = (Xy+1)ﬂn_m - x4, . Thus we have

n-m

By (4.4), A

(p, . -1)
e (L VNV N

n-m

) |
+ (x-D) (-2 3 (a,  + oA -
k=1

Since (x+y)G - xyG , = G we have (5.1). O

m- m+1’

Now we are in position to prove Theorem 3. We use induction
on n. For n =1, the theorem is clear., Assume the theorem

proved for ‘Ak’ where 1 £ kS n-1. Without loss of generality

19
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By Lemma 5 we have only to prove

we may suppose that a1 < 0.
m such that:

Then there exists an integer

for the case p, = 1.
(I) 1 €m £ n-1, Ppem+l = Paomez = cvr = Ppog < 1, py_, #1
and én—m’ pome1? 2 957 < 0,
(II) 1 €m &n-2, p = Ppomel = Ppomep = e T Ppg T 1,
> 0, or

9em’ %n-m+1’ " %p-1 <0 and U om-1
=1, ql’ q2’ LI qn—l< 0.

(III) m = n-1,
. €
To prove Theorem 3, it suffices to prove that Ansm € /\(r,s)

NN (-1
implies Ané N (r, s+m), where by Lemma 6

(p,_,~1) m,
(5.2) An - Gm+1‘An-m - XmeAn-z-m " (X_l)(y_l)égg(qn-k+l)GH4n—k'

By Lemma L4, we have

z

m
(5.3) ¢ 4 € A 5(r, sm),
m—kE :

(r, s+m-k) for 1< k

By inductive hypothesis, Anrk_é /“—1>

. , ‘ - (_l)m—ls
Then by Lemma i, GkAh—k:e A (r, s+m=1); hence we

< m.

obtain
= -1 for any k,

m =0 if q’_
(5.14) (x-l)(y-l>Z:Z(qn_k+1)Gk n—k'{ mg )
] . é‘/§-1)>£(r, s+m)  otherwise.

then by inductive hypothesis,

Case (I). If Pym £ 1,
£ . A
- - =
A(pn-m 1) Ni(r, s-1) if p, . E2,
n-m £ .
: /\(r—l, s) if p,_ s -1.

Thus, using Lemma 4, we have

20
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(p. -1) A("l) E(r+1, s+tm-1) 1if p z 2,
n-m n-m
(5.5 -xy6 4 (-1)"€
A (r, s+m) if p < -1.
n-m =
Case (II).. If Ppm = 1 and gq . ; >0, then by inductive
hypothesis,
(p,  -1) £
n-m _ . _
An-—m = An-—m—l € /\ (r, s-1).

Thus, using Lemma L4, we have

(p__ -1) m ,
(5.6) _XmeAn—E—m- ¢ /\C—l) £(r+l,' s+m-1).

Case (III). Since m = n-1 and p, = 1, we have

1)

A(pn’m- = 0.

m n-m

(5.7) -XyG

L ACDRE
From (5.2) ~ (5.7), we have ‘An_é A k(r, s+m). This

completes the. proof of Theorem 3.

APPENDIX

Alexander Polynomials of Two-Bridge Links iof 10 Crossings

For every two-bridge link of 10 crossings in the table of
Conway [C, p.3531, we list the Alexander polyromial. Two-bridge
links are presented by Conway's notation; plpz...pn acgenotes a
two-bridge link with the notation C(pl,pz,...,pn) in this paper.
The Alexander polynomial is abbreviated in the.éame manner as

Rolfsen's table [R, Appendix_c].
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5122

10

-2 1
-2 3 =2

-2 3 =2

-2

1

yy2

73

-2 3
-2 5 -2

3 -2

2l

1
1-1 1
-1 1
1

1

622

-1 2
-1 3 -1

-1 3 -1
-1

-1 3
-2 4 -1

B

3 -1

4213

2

-1 1

1
-1 1

-1 3 -3 2

-1 1

1

2 =3 3 -1

Liz12

523

-2 1
2 -3 2

2
-2 2

1 -3 3 =2

3-3 1

=2 1

1

1
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3142

411112

-3 2
-3 5 -3
2 -3

1
1 -3 5 -2

-2 5 -3 1

-2 1

1

31213

345

-2 1
-4 5 -2

-2 5 -4

1

1 -2 3 -2

-2

1

311212

3322

-2 1

1
-5 5 -2

1

2 -4 L4 -1
-1 4 o-h 2

-2 5 -5 1

3111112

3223

2 =3 2
1 -3 5-3 1

1 -5 7 -2
-2 7 -5 1

262

32122

N

23

1 -5 5-2
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213112

23212

-1

-1 2

2 -5 4 -1

2 -4 2
-k 7 -l
2 -4 2

2

-1 4 -5

2 -1

-1

2112112

231112
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