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1. Introduction

The Gauss hypergeometric series is defined by

0 1) {xeC||x| <1}

F(a, b, c; x) Z )x”, c#0,—-1,-2,...,
n
n:O ’

(a,n) =T (a+ n)/l(a).

It admits an Euler type integral

I_(C) > b—c _X—b _ c—ai
r(a)f(c—a)/l U Gt s s

(Re(c) > Re(a) > 0) and satisfies hypergeometric differential equation

Fo|x(1- x)(dd) +{c— (a+b—|—1)x}(dix)—ab f(x)=0. (HGDE)
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F satisfies followings:

(1) F has regular singular points at x = 0,1, 00, i.e., .
for 'x e X =C—{0,1}, U : a nbd. of x s.t. the space Solr(U) of
single valued hol. sol's to F on U is 2-dim.

(2) For generic parameters, F admits following sol's around x = 0, 1, oc:

X = X = X =00
Foi(x) Fi1(x) (3)7For(x)
X1 Fop(x) (1= %) P Fia(x) () Foc2(x)
F01(X) = F(a, b,C X)7
Foo(x)= Fla—c+1,b—c+1,2—c;x),
F11(X): F(a,b,a—i—b—c—i—l;l—x),
Fio(x) = F(c—a,c—b,c—a—b+1;1—x),
Fo1(x)= F(a,a—c+1l,a—b+1;1),
Fe2(x) = F(b,b—c+1,b—a+1;1).
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Take a base point x € (0,1) C X. For Vp € m1(X, x), by corresponding a

map from f € Solx(U) to the analytic continuation p.(f) of f along p, we
have a homomorphism

M :mi(X,x) 3 p = [M(p) : £ = pu(f)] € GL(S0l(V)),

which is called the monodromy representation of F.

po, p1 € m1(X, x) : loops turning once around x = 0,1 positively, set
poc = (pop1) .

M; (i =0,1,00) : the representation matrix of M(p;) w.r.t. a basis of
50/]:(U).

The Jordan normal form [M;] of M; is called the local monodromy at
x = i. For generic a, b, ¢, we have

() ) (2 L) () 5)

where e(a) = e27V-1a,
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Definition 1.1

&1: an ordinary differential equation with regular singular points. If the
monodromy representation of & is determined by the local monodromy at
every singular point, then &; is called rigid.

Fact 1.2 (cf. [IKSY])

HGDE F is rigid, if its monodromy representation is irreducible.

Fact 1.3 (cf. [BH])

The generalized hypergeometric equation ,F,_1 in (HGDEp) is rigid, if its
monodromy representation is irreducible.

v
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Definition 1.4 (Haraoka)

Em: a regular holonomic system of differential equations in m variables,
Se,.: the singular locus of &,,. If the monodromy representation of &, is
determined by the local monodromy of every irreducible component of
Se.,, then &, is called rigid.

Fact 1.5 ([HU],[HK])

Appell’'s hypergeometric systems F1, F», F3, F4 are rigid, if their
monodromy representations are irreducible.

These facts can be proved by determining circuit transformations by their
local monodromy and relations of generators of m1(C™ — S¢, , X).

On the other hand, there are Euler type integrals of solutions to ,F,_1 or
Appell-Lauricella’s hypergeometric systems. We have twisted homology
groups associated with them, and intersection forms on them, which are
invariant under circuit transformations.
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In this talk, firstly we give My, My, My, for HGDE F. We implicitly use
the intersection form, which is regarded as indeterminant with an unknown
h. By expressing M as a reflection w.r.t.it, we solve an equation of h
given by the relation MoM; = MZ! and the local monodromy [M..].
Though we can get the results without the intersection form, our way
improves the efficiency of the proof.

Secondly, we consider the monodromy representation of 3/ or ,F,_1 by
the same way.

Thirdly, we give the monodromy representation of Appell's hypergeometric
system Fj, or Lauricella’'s hypergeometric system F¢ by this idea.

Finally, we introduce a hypergeometric system in 2 variables of rank 9
found by these considerations.
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2. Monodromy for F

Let consider the monodromy representation of F. Take a base point

x € (0,1). Choose a basis of Solr(U) as

< p2 l?;i‘FglF(oz)(X) )

where pi1, po are non-zero constants, and ¢ is assumed to be non-integral.

There are twisted cycles {75 s.t.

dt dt
p1 - F01(X) = / u(t‘,X)il7 p2 - F()Q(X) = / U(i‘,X)
7 t— V2 t—

u(t,x) = tP=c(t — x)7P(t — 1)

H: the intersection matrix w.r.t 77,74, i.e.,

17

H — (I(’YJU; (fyll(l)v))lghkgz 9

where ()Y is an operator changing the signs of a, b, c .
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Lemma 1

(i) Mo is ( é e(gc) ) w.r.t. to this basis for any pi, p>.

(ii) H is diagonal.

Proof. (i) It is clear by the definition of Fg1(x), Foa(x).
(ii) For i = 0,1,00, M; and H satisfy

M:H tMY = H. (1)
Set H = (hj). (1) for i = 0 yields
MY — < 1 0 ) ( h11 hi2e(c) ) _ ( hi1 his >
0 0 e(c) ’ e(—C)h21 h22 h21 h22 ’

For c satisfying e(c) # 1, we have hjp = hy; = 0. ]
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hh O

SetHz( 0 h

) by unknowns hy, hy, (hihy # 0).

Lemma 2

v, w: eigenvectors of M; of eigenvalues o, 3. Then

ap¥ #1=vH'wY =0.

Proof. Note that

vH 'wY = v(M;H *MY) tw" = (vM;)H Y(wM;)" = aBYvH tw".

Thus (1 —aBY)(vH 'wY)=0and (vH tw¥)=0by (1 —apY)#0. [

We consider M.
Since F11(x), (1 — x)¢~3 PF5(x) is a fundamental system of F around
x =1, the eigenvalues of M; are 1,e(c — a — b).
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Lemma 3

v = (v1,w): an eigenvector of My of eigenvalue e(c — a — b). If
c—a—b¢gZ vHt'v #£0 then

My =1k —(1—e(c—a—b)H v (vH tvY) v, (2)

Moreover, if the monodromy representation is irreducible then viv, # 0.

V.

Proof. Set Mj =1l — (1 —e(c —a— b))H tvY(vH tv¥) lv.

Since vM; = v—(1—e(c—a—b))(vH tvV)(vH tvV)"lv = e(c—a—b)v,
v is an eigenvector of M] of eigenvalue e(c — a — b).

By Lemma 2, an eigenvector w of M; of eigenvalue 1 is characterized by
wH tvY = 0.

On the other hand, for w satisfying wH ‘v = 0, we have
wMj =w — (1 —e(c—a—b))(wH v)(vH tvV)"lv = w. Thus w is an
eigenvector of M; of eigenvalue 1.
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Coincidence of eigenvalues and eigenspaces of My and M} implies
My = Mj.

Note that this expression of M is invariant under the non-zero scalar
multiple of v.

If vo» = 0 then we may take v = (1,0) to express M;. By vH tv¥ = hy,

H tvV(vH tv¥)~1v vanish except the (1,1)-entry and M; is diagonal.
Since My is diagonal too, the monodromy representation becomes
reducible. We can similarly show the case v; = 0. O

By choosing p1, p2, we can normalize v to (1,1) with keeping My
invariant. Since the expression of M; in (2) is also invariant under
non-zero scalar multiple of H, we normalize H to diag(1, h).
Then M; takes the following

M — 1 0\ l-elc—a-b/ 11
1=\o 1 1+h h h )
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We can determine the unknown h by the eigenvalues of M.

Theorem 2.1

Suppose
a, byc,a—c, b—cé¢Z.

Then H in the expression (2) of My is

1 0
0 _(elc)—e(a))(e(c)—e(b)) |-
e(c)(e(a)—1)(e(b)-1)

M is expressed as

e(c)(e(a)=1)(e(b)=1)  e(c)(e(a)=1)(e(b)—1)
My =1, — e(a+b+c)—e(a+b) e(a+b+c)—e(a+b) ‘

(e(c)—e(a))(e(c)—e(b))  (e(c)—e(a))(e(c)—e(b))
e(a+b+c)—e(a+b) e(a+b+c)—e(a+b)
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Proof. By

Moy = ( ! e(OC) > 1 _e(1c+—ha— b) ( e(lc)h e(lc)h )

(e(c—a—b)—1)(1+e(—c)h)
1+h '
Since the eigenvalues of M., are e(a), e(b), we have

tr(MoMy) =1+ e(—c) +

a+b+c)+e(c))h+e(a+b)+e(2c) 1 1

e(atbrc)(1+h) ~e(a) e()

tI‘(MO Ml) = (e(

This is a linear equation of h, its solution is

_(e(c) —e(a))(e(c) —e(b))
e(c)(e(a) —1)(e(b) —1) -

To get My, substitute this value into (2). O

h—
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3. Monodromy for 3./

. : : ai, ap,a .
The generalized hypergeometric series 3F2( 1[; 2[; 3;x) with parameters
1, D2

dai, dz, as, b1,b2 (bl, b2 75 0, *1, *2, .. ) is defined by
d1,d2,ds3 . o - (alvn)(32>n)(a37n) n
o (T ix) = 2 o mmm,m < (K<)

It admits an Euler type integral, and satisfies generalized hypergeometric
equation

d d d
3Fo (X& + éﬂ)(Xa + 82)(X& + 33)f(X) (HGDE3)

d, d d
= (b = 1)(x + by — Df(x).
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3JF2 is a third order ordinary differential equation with regular singular
points at x = 0,1, co.

Riemann’s scheme is the table of the characteristic exponents of 3.5, at
x=1(i=0,1,00), which is

x=0 x=1 X =00
0 0 al

1— b 1 a

1—by bi+by—ay—a — a3 as

Table: Riemann’s scheme

There are a holomorphic solution and solutions with factors x1~ P«
(k=1,2) around x = 0;

there are two linearly independent holomorphic solutions and a solution
with factor xP1tb2—a1—22-33 aroynd x = 1.
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Take x € (0,1) and its n.b.d U of x. We choose a basis of the space

Sol, 7,(U) of solutions to 3, by non-zero scalar multiples of
ay, az, a3
F ;
302 bl; b2 X
The circuit transform My of (HGDE3) w.r.t this basis is

and solutions with factors x1 b« (b1, bo, b1 — by ¢ 7).

1
MO = e(—bl)
e(—by)
We may assume that
My = I3 — (1= \H tv(vH tv) "ty (3)
1
where A =e(b; + by — a1 — ap — a3), H = h1 is given by

ha
unknowns hy, hy, v = (1,1,1), and vH "v is supposed to be non-zero.
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We can determine unknowns hi, hy by Riemann’s scheme.

Theorem 3.1
Suppose that

dj, aj — aj, bj, bl — bg, aj — bj ¢ Z (i, I'/ = 1,2,3; _j: 1,2).
H is determined by

= — &) = D) — cl))Glen) — elEulicie) = cn))
e(b1)(e(b2) —e(b1))(e(ar) — 1)(e(a2) — 1)(e(as) — 1)

= ) — Vi) — el hicley) — et i) — clall)
e(b2)(e(b1) — e(b2))(e(ar) — 1)(e(az2) — 1)(e(as) — 1)

M; is given by the substitution of these values into H of (3).

MATSUMOTO (Hokkaido Univ.) Monodromy by the rigidity February 18, 2020

19/40



Proof. G(hy, ho;t): the eigenpolynomial of MoM;. By MoM; = M}
and Riemann'’s scheme, the equation G(hy, hy; t) = 0 w.r.t. t should has
solutions t = e(—ay),e(—a2), e(—as).

Thus we have equations
G(hl, hg,e(—al)) = 0,
G(hl, hz,e(—az)) = 0,
G(hl, hg,e(—a3)) = 0,
w.r.t hy, ho.
Since
det(MoMl) :det(Mo) det(l\/ll) = e(—b1 — bz)e(bl 4+ by —a1 —apy — 23)
:e(—a1 — ay — 33) = e(—al)e(—ag)e(—ag),
the last equation is not independent of the first and second ones.

This system reduces to a system of linear equations, solve it. O
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i - . at,...,a
The generalized hypergeometric series ,F,_1 L---vep 'x)

bi,...,bp_1'
(b1,....,bp—1 #0,—1,-2,...) is defined by

i (alv n) T (apflv n)(am n) n

2 (b, n) By mLm © M)
It admits an Euler type integral, and satisfies
d d
pFp—1: (Xa +a1)--- (X& + ap)f(x) (HGDEp)
= %(X% +b—1)--- (X% + bp_1 — 1)f(x).
Set My = diag(1,e(—b1),...,e(—bp_1)),
My = I, — (1 = A)H tv(vH tv) "y, (4)

where v =(1,...,1)eZP, A\=e(b1+---+bp_1 —a1—---—ap), and

H = diag(1, h, ..., hp—1) are given by unknowns hy, ... h, 1.
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Consider the eigenpolynomial G(t, hy, ..., hp—1) of MoM;. It should has

solutions t = e(—ay),...,e(—ap), which yield a system of linear equations
of hi,..., hp—1. By solving it, we have the expression of M;:
Theorem 3.2
Suppose that ay,...,ap, b1, ..., b, 1 are generic. Then H is determined
by

k#j p

- 1<kl;[ 1(E(bk) - 1) kljl(E(ak) —e(b)))
hj: __kl;j — (1SJ'SP_1)'
e(bj) I (e(bk)—e(by)) II (e(ak) — 1)

1<k<p—1 k=1

My is given by the substitution of these values into H of (4).
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4. Monodromy for Appell's F4
Appell's hypergeometric series F4 is defined by

[e o]

(37 n + n2)(b, n + ’72) n_n
F b - _ 1 2
abei) = D o e m) (L m) (L m) %
ni,np=

where a, b, c = (c1,) (c1. 0 #0,—1,-2,... ) are complex parameters.

It converges on {x = (x1,x) € C? | \/|x1| + \/|x2| < 1}, admits an Euler
type integral with integrand

tl_cltz_cz(]. — 1t — t2)c1+cz—a—2(1 — X1/t1 — Xg/tg)_b,

and satisfies Appell’s hypergeometric system Fy4(a, b, ¢)

[xl(l — x1)82 — X202 — 2x1300105 + {c1 — (a+ b+ 1)x 1y
—(a+ b+ 1)x0, — ab} f(x) =0,

[xz(l — x2)03 — X0} — 2x1500102 + {ca — (a+ b+ 1)x2}Da

—(a+b+1)x0; — ab} f(x) = 0.
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Fact 4.1
Fa(a, b, c) is a regular holonomic system of rank 4 with singular locus
S ={x € C? | x;xx2R(x) = 0},
R(x) =(1 — x1 — x2)? — 4x1x2

—(1- VA~ vVR) (1 VR VR) (L /A V) (L VL +V/52).

Fact 4.2

If c1,c» ¢ 7Z, then there are 4 sol's to Fu(a, b, ¢) around x = (0, 0):

Fy(a, b, c; x),
X FR(at+1l—c,b+1—c1,2—cr,0ix),
1%2,:4(3_,_ l1—c,b+1—0c,c1,2— C2;X),

Xll Uy 1 C2F4(a+2—C1—C2,b—|—2—C1—C2,2—C1,2—C2;X).

v
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Set X = C? — S, and x = (&, ¢) for a small positive real number ¢.

Fact 4.3 ([K])

m1(X, X) is generated by loops p1, p2, p3. They satisfy relations
pip2 = pap1, (pjp3)? = (p3pj)? (= 1,2).

T2

P3 P2
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M the monodromy representation of F;,
F(x): a column vector aligned non-zero scalar multiples of sol's in Fact 4.2,
M; (j = 1,2,3): the representation matrix M(p;) w.r.t. F(x).

Lemma 4
1 1
My = e(—c1) , My = 1 e(c)
e(—a) e(—c2)
Proof. It is clear by Fact 4.2. Ol
Lemma 5

H: the intersection matrix of the basis of twisted homology group
corresponding to F(x). Then H is diagonal.

Proof. By M;H thV = H (j = 1,2), entries of H should be 0 except
diagonal ones. O
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Set H = dldg(l h1, ho, h12) with unknowns hy, ho, his.

Lemma 6

Suppose that M is irreducible. Then the 1-eigenspace of M3 is 3-dim.
A (an unknown): the eigenvalue of M3 different from 1. If the
\-eigenvector v satisfies vH 'v" - 0 then

Mz = Iy — (1 — \)H vV (vH tvY) Ly, (5)

and we can normalize v to (1,1,1,1) by non-zero scalar multiples.

v

Proof. There are 3 indep. integral areas {(t1, t) € R? | t1, to < 0},

{(t1, ) €R? |t <0,t1 +tp > 1}, {(t1, ) ER? |t < 0,1y + to > 1},
which are invariant under the continuation along p3. They span the
1-eigenspace of Ms.

This space can be expressed as {w € C* | wH tv¥ = 0} by the
A-eigenvector v. Thus M3 can be expressed as a reflection w.r.t. H.

If the j-entry of v is 0, then entries in j-th row and j-th column of M3
become 0 except (J,j)-entry. Since My, My are diagonal, M is reducible.
Thus we can normalize v to (1,1,1,1) O
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To get M3 explicitly, we determine the unknowns hy, hy, hio in H and the

eigenvalue \ of Ms.

Theorem 4.4

Suppose that a, b, c1, co are generic.
= _(ela) —e(a))(e(a) —e(b)
e(ci)(e(a) —1)(e(b) — 1) °

h = _(ele) —e@)(e(e) —e(b))
e(c)(e(a) —1)(e(b) — 1) ’

b, — (elatc)—e(a))(e(a + ) —e(b)
e(C1 = C2)(E(a) — 1)(e(b) _ 1) )
A= —e(lat+ta—a-—b).

Ms is given by the substitution of these values into (5).
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Proof. Set x; = 0, then Fa(a, b, c1, c; x1, x2) reduces to F(a, b, c1; x1).
Since this restriction corresponds to taking 1,2-th rows from F(x), we can
determine h; by the way in §2.

Similarly we can determine hy by setting x; = 0.

To determine hi, take 3, 4-th rows from F(x) divide x3

the restriction to x = 0. Since it is regarded as
Fla+1l—c,b+1—c,c1), hia/hy is equal to h for
Fla+1l—c,b+1—cc)in §2.

By (p1p3)? = (p3p1)?, we have (MyM3)? = (M3My)?, which yields a
quadratic equation w.r.t. A. Its solutions are —e(c; + c; —a— b) and 1. If
A =1 then M3 = I;, and the monodromy representation is reducible. []

, and consider
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5. Monodromy for Lauricella’s F¢

Appell's F4(a, b, c1, c2; x1, x2) is generalized to Lauricella’s F¢(a, b, ¢; x):

0 m)(b m
Fc(a, b, c;x) = Z (a,m + -+ nm)(b,n + -+ Nm)

X]. . e X,’;Iqm,
N1 =0 (C17 nl) to (Crn’ nm)(lv nl) te (17 nm)
where x = (x1,...,Xm), a,b,c = (c1,...,¢cm) (c1,...,cm#0,—1,-2,...)
are complex parameters.
It converges on {x = (x1,x2) € C2 | \/|x1| + -+ v/|xm| < 1}, admits an
Euler type integral, and satisfies Lauricella’s hypergeometric system
J#i AFi
Fela b,e):|xi(1=x)0F —xi > x00/— > x,%,0;,0,
1<j<m 1<j1ja<m
J#i
+{a—(a+bt1)x}d—(atb+1) Y xjaj—ab] f(x) =0
1<j<m

forl1 <i<m.
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Fc(a, b, c) is a regular holonomic system of rank 2™ with singular locus
S={(x1,...,xm) €C™| xy...xnR(x) =0}, where

Rx)= JI @+ovx+-+0my/Xm)

Fact 5.1

If c1,...,¢cm ¢ Z, then there are 2™ sol's to F¢(a, b, ¢) around (0, ...,0):
[Hxil_C’]Fc(a+Z(1 b—i—z c—|—2Z 1—ci)ej;x
icl, icl, icl, icl,

where 0 <r<m, I, ={n,...,ir} C{1,...,m}, and ¢; is the i-th unit
row vector of C".

Fc(x): a column vector consisting of non-zero scalar multiples of sol's in
Fact 5.1, where they are aligned by an order for I, C {1,..., m}:

0,{1},{2},{1,2},{3},....{1,2,3}, {4},....{1,..., m}.
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Set X =C" — S, and x = (e,...,¢) for a small positive real number ¢.

pi (1 < i< m): aloopin X with terminal X turning once positively
around x; = 0,
Pm+1 : that around R(x) = 0.

Fact 5.2 ([G].[GK].[T])

(i) m1(X,x) is generated by loops p1,. .., Pm, Pmt1-
(ii) They satisfy

pirk = pkpjs  (pipm+1)? = (pmt1pj)?, (1 <j < k < m),

(03 pmr1P2)(PK Pmi1pK) = (PK Pmt10K) (0] Pmi1pa);

where J,K C {1,...,m} satisfying J # 0, K #0, JN K =0,
#J+#K <m—1, and p; =[[;c,pj

(iii) The circuit transformation of pm,i+1 for Fe(a, b, ¢) is a reflection
w.r.t. the intersection form between twisted homology groups
associated with Euler type integrals.
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We can see the monodromy representation M of F¢(a, b, c) by similar
consideration. Suppose that M is irreducible.

My, ..., Mp, Mpi1: the circuit transformations of p1,..., pm, pm+1 for
Fec(a, b, c) wrt Fe(x).

My, ..., My, are diagonal matrices. The diagonal entry d;(/) of M;
corresponding a subset / C {1,..., m} is

[ e(—¢) if jel,
df'(’)—{ 2 el

By setting v = (1,...,1) € Z*", H = diag(1, hy, ho, h1o, ..., h1..m) with
unknowns hy, ho, hio, ..., hi m, we can express My, ;1 as a complex
reflection

M1 = bm — (1 = X\)H tv(vH tv) v (6)

where )\ is an unknown, and vH fv is supposed to be non-zero.
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We can determine these unknowns.

Theorem 5.3

Suppose that a, b, cy, . . ., Cm are generic.

Forl c {1,...,m} (I #0),

h = (_1)#(/) (e(D_ker k) —e(a))(e(X_yes ck) — e(b))
: A COEDICOEN I

A= (-1)™e(ca+ - +cm—a—b).

By substituting these values into (6), we have an expression of M, 1.

Proof. By restricting Fc(x) to x; = 0, we can determine h; inductively.
Substitute these into (6), then the expression of My, 11 has an unknown .
By comparing components of (M;M,11)? = (Mmy1M1)? we have a
quadratic equation of A\, whose solutions are 1 and

(=1)™*le(cy + -+ + cm — a — b). Note that we cannot take A\=1.  [J
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6. A hypergeometric system in 2 variables of rank 9

In [KMO1], [KMOZ2], we study a hypergeometric function in xy, xo:

3 d1, 42,43
F( B P x) = F( b1, b2, 1 ;X1,X2)
bs, b, 1

_ i (a1, 1 + n2)(a2, m + n2)(a3, n1 + n2) T
n o (b1, m)(b2, m)(1, m)(bs, n2)(ba, n2)(1, n2) P

which is defined by Kampé de Fériet.

. o ) . a
This is a generalization of 3F, since the restriction of F( B ;x) toxo =0

a1, d2, a3

by, b

ai,d2,a3 |

or x; = 0 reduces to 3/ bs. by 1 x2).

;x1) or 3F(

MATSUMOTO (Hokkaido Univ.) Monodromy by the rigidity February 18, 2020 35/40



Proposition 6.1

F( E ;x) satisfies differential equations
O1(by — 1+ 01)(b2 — 14 61)f(x)
= xi(a1 + 01 + 02)(a2 + 01 + 02)(a3 + 01 + 02)f (x),

92([)3 -1+ 02)(154 -1+ 92)f(x)
xa(a1 + 01 + 02)(a2 + 01 + 02)(a3 + 01 + 02)f (x),

o .
where 0; = Xig (i=1,2).

1

Proposition 6.2

The system F ( g ) of differential equations in Proposition 6.1 is a regular
holonomic system of rank 9 with singular locus

S = {X S C2 | X1X2R3(X) = 0}, R3(X) = (]_ = 3 = X2)3 — 27x1X0.

v

MATSUMOTO (Hokkaido Univ.) Monodromy by the rigidity February 18, 2020 36 /40



Set X = C? — S, and x = (&, ¢) for a small positive real number ¢.

Theorem 6.3 ([KMO2][Theorem 6.1])

m1(X, X) is isomorphic to

p1p2 = P21, (Psz) (P3PJ) =1 2) >

P1, P2, P3 ’ — =
< (p1p3p1 M) (p2p3p> ') = (p2p3py ) (prpsprt)

We have 9 solutions to ]-"( g ) around (0, 0) by using series with factors 1,

1=bi (I-by d-by  1-byi  1-bi 1-b 1b11b41b31—b2

Xllbflb Xp Ty Xy Xy Xy T Xy X X1 '
3 4

X1 X

We have the circuit transformations along p; w.r.t. this fundamental
system by combining methods given in §3,4.

For details, refer to [KMO1], [KMO2].
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