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1. INTRODUCTION

Beginning with the definitions of isoconjugation, pivotal isocubic |1], [2] and their
basic properties in §2, we introduce generalizations of Parry reflection point and
Evans perspectors [3]. In §3, we give a simple result on circular cubic and apply it.
§3 contains results on circular isogonal cubic and generalizations of some theorems
on concurrency of circles. These were inspired from the papers of Bernard Gibert
[4] and Paul Yiu [5|. The solutions combine synthetic methods and barycentric
coordinates.
This paper uses the following notations:

pP* Isoconjugate of P, in §3 P* is isogonal conjugate of P

w/pP Cevian quotient

I, 1,, I, I. Incenter, A, B, C—excenters of AABC

(ABC) Circumcircle of AABC.

2. PivoTaL ISOCUBIC

2.1. Isoconjugate.

Definition 2.1. Given two points Q = (p,q,r) and P = (x,y,z), we call P* =
(pyz, qzx,ray) is Q — isoconjugate of P.

When €2 = Lemoine point, centroid, we obtain isogonal and isotomic conjugation,
respectively.

IThis article is distributed under the terms of the Creative Commons Attribution License
which permits any use, distribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
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Proposition 2.1. () — isoconjugate of the line at infinity is the conic Co that
has equation:
pyz +qzxr +raxy =0

Proposition 2.2. PA, P*A intersect Co, at P,, P, then P,P. is parallel to BC.
Proposition 2.3. (PQ N P*Q*)* = PQ*NQP* [0/

Remark. Isoconjugation is the generalization of isogonal conjugation. Projecting
Co to a circle, then isoconjugation becomes isogonal conjugation.

2.2. Basic properties.

Definition 2.2. W = («, 8,7). Locus of P such that W, P,  —isoconjugate of
P are collinear is a cubic. It has equation:

az(ry® — q2*) + By(p2* — ra?) +yz(gz® — py®) = 0
Pivotal isocubic with pole €2 and pivot W is denoted by pk(€Q, W).
Proposition 2.4. P lies on pIC(Q2, W).

(1) PA intersects pIC(Q2, W) at D then P*A intersects pIC(2, W) at D*.

(2) PA, PB, PC intersect pK(Q, W) at D, E, F. The following triples of
points are collinear:
(A7 E7 F*)7 (A’ E*7 F)? <B7 F7 D*)7 (B7 F*7 D)? (07 D7 E*)7 (07 D*7 E)

(3) W/P also lies on pK (2, W) and P, W/P, W* are collinear (W* is called
isopivot or secondary pivot). W* is also tangential point of W, A, B, C
on pKC(Q2, W).

FIGURE 1. Pivotal isocubic

Proof. We give proof for 2.

Since PP*, FE*, FF* are concurrent at W, then APEF and AP*E*F* are
perspective. According to Desargues’s theorem, PE N P*E*, PF N P*F*, EF N
E*F* are collinear. Therefore, EF N E*F* lies on BC. By 2.3, (EF N E*F*)* =
E*FNEF*so E*FNEF* = A. Hence A, E, F* are collinear, A, E*, F are
collinear.

g
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2.3. Generalization of Parry Reflection Point.

Proposition 2.5. PA, PB, PC intersect pK(Q, W) at D, E, F. NAy By Cy
is cevian triangle of W, then DAw, EBw, FCw are concurrent at W/P*.

This is the generalization of the problem that given by Tran Quang Hung |[7].

Proof. P = (¢, Yo, 20), we suppose that

wp .
WD
Then
D < DYozot Yo ) )
PYozo + qZoTo + TToYo To + Yo + 20 To + Yo + 20
20T z rT
Ay = (O, Yo 1y qzpZo ’ 0 1 0Yo )
To+ Yo+ 20 DPYo2o + q20To + 7ToYo To + Yo+ 20  PYo2o + qRoTo + TToYo

Let AA%. Bp.Cp. be anticevian triangle of P* with respect to AABC.

A,P* = (—pyozo, qzoXo, moyo)

It is easy to verify that D, Ay, Ap. are collinear. Symmetrically, £, By, Bp. are
collinear and F', Cy, C. are collinear. Hence, DAy, EBy, FCy are concurrent
at W/P*. O

FIGURE 2. Three lines are concurrent at W/P*

Remark. If W lies at infinity, midpoint of P*(W/P*) lies on Cw.

2.4. Generalization of Schiffler point.

Proposition 2.6. O1,, OI,, Ol intersect BC, CA, AB at D, E, F. AD, BFE,
CF are concurrent at Schiffler point [§].

If we consider I,, I,, I. as the intersections of I A, IB, IC' with Neuberg cubic,
then the above property of Schiffler point can be generalized as follow:
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FIGURE 3. W lies at infinity. Midpoint of P*(W/P*) lies on Cu

Proposition 2.7. Py, P, lie on pK(Q,W). P,A, P,B, P,C intersect pK(Q, W) at
D;, E;, F;, wherei =1 ori=2. P,Dy, P,E,, P,F| intersect BC, CA, AB at
X, Y, 7.

Then AXy, BYy, CZy, P,Py are concurrent.

FIGURE 4. Generalization of Schiffler point

2.5. Generalization of Evans-Gibert-Neuberg perspectors.

Proposition 2.8. P, P, lie on pK(Q,W). P,A, P,B, P,C intersect pIC(2, W)
at D’i; Ei; E
Then DDy, E1Ey, F1Fy, PfPy are concurrent at a point on pKC(2, W).

Proof. This proof simply follows Cayley - Bacharach theorem.

P, P, intersects p/C(2, W) at Ps. Consider pIC(2, W) and the degenerated cu-
bic formed by three lines (W, Py, Py, W, Py, Py, W*, P3, W/P3) then (W, W, W*
Py, Py, Py, P}, Py) contains W/ Ps. Therefore PPy intersects pIC(2, W) at W/ P;.
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We apply Cayley - Bacharach theorem once again for pK(Q, W), (A, Py, Dy,
A, Py, Dy, W* Py, W/Ps), (P, Py, Ps, A, A, W*, Dy, Ds) then Dy D, passes through
W/P;. O

FIGURE 5.

We denote Evans perspector of Py, P, by Ly 5 or Lp, p,.
Corollary 2.1. D, E, F, P* share the same tangential point on pIC(Q2, W).

FIGURE 6. Tangent lines at D, E, F', P* are concurrent at a point
on pkC(Q2, W)

Corollary 2.2. EFNDP*, FDNEP*, DEN FP* lies on pK(Q,W).

Proof. Apply 2.4 for D*, P: D*A, D*B, D*C intersect pK(Q, W) at P*, F, E; PA,
PB, PC intersect pKC(Q, W) at D, E, F. Then EF N DP* lies on pK(Q,W). O

Remark. The generalization of Evans-Gibert-Neuberg perspector also contains
the generalization of Parry reflection point.
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3. CIRCULAR CUBIC

3.1. A simple result.

Proposition 3.1. P, P, P5, P, lie on a circular cubic. PPy, P3Py intersect the
cubic at Pio, Pyy. Py, Py, P3, Py are concyclic if and only if P P34 passes through
infinity point of the cubic.

Proof. Circular cubic is a kind of cubic that passes through two circular points at
infinity |9] Ji1, Jo. In triangle geometry, J;, Jy are isogonal conjugate, which are
intersections of circumcircle and line at infinity. Thus all circles passes through
two circular points. A conic contains two circular points if and only if it is a circle.
Let W be infinity point(real) of the cubic. P;, P,, P;, P, are concyclic then P,
Py, Py, Py, Ji, Jo lie on a conic. The circular cubic and the degenerated cubic
(Pl, PQ, Plg, Pg, P4, P34, Jl, JQ, W) have 9 common points Pl, PQ, Pg, P4, P12, P34,
J1, Jo, W. The denegerated cubic, which is the union of the conic P, P, P3P,.J,J5
and the line P P34 contain 8 of these common points so it passes through W,
according to Cayley - Bacharach theorem, this implies that Pj5 P34 passes through
W.

Conversely, P1oP34 passes through W, we apply Cayley - Bacharach theorem for
the circular CUbiC, (Jl, JQ, W, Pl, PQ, P127 Pg, P4, P34), (W, P127 P34, P1P2P3J1J2), then
Py, Py, P3, Py, Jy, Jo lies on a conic. O

P

FIGURE 7.

With this simple result, we can prove a large amounts of concyclic points on
circular cubics: Neuberg cubic, Orthopivotal cubic [10],...

e The Lester circle contains X3, X5, Xi3, X4, X5671-
e The first Evans circle contains X, Xyg4, X276, X1277.
e The second Evans circle contains X74, X1017 X399, X1276, X1277.
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According to the above proof, we call P35, P34 is a concyclic pair of the circle
(PP, P3Py). Therefore, there must be hundreds of groups of concyclic triangle
centers. For short, we lists the concyclic pairs and collinear triangle centers X,

on Neuberg cubic, where n < 8000.

(14,1276),(74,3465),(399,7329)
(484,1263),(1138,3464),(2132,7327)
(2133,5680),(3466,3484),(3482,7165)
(5667,7164),(5668,7325),(5669,7326)

P P e XX, P* P* e XX,
1 (3,484),(4,3465),(13,5672) 1 (3,484),(4,3465),(13,5672)
(14,5673),(15,1276),(16,1277) (14,5673),(15,1276),(16,1277)
(74,3464),(399,3065),(1138,5677) (74,3464),(399,3065),(1138,5677)
(1157,3483),(1263,5685),(2132,7164) (1157,3483),(1263,5685),(2132,7164)
(3484,7165),(5623,7326),(5624,7325) (3484,7165),(5623,7326),(5624,7325)
(5668,7060),(5669,7059),(5670,7327) (5668,7060),(5669,7059),(5670,7327)
(5671,7329) (5671,7329)
3 (1,484),(3,1157),(15,16) 4 (1,3465),(4,3484),(13,5669)
(74,399),(1138,5671),(1263,5684) (14,5668),(74,5667),(484,3483)
(2133,5670),(3065,5685),(3440,5674) (616,1337),(617,1338),(1138,2132)
(3441,5675),(3464,3466),(5672,7059) (1157,3482),(1276,1277),(3440,5682)
(5673,7060),(5677,7164) (3441,5681),(5677,7329),(5680,7164)
13 (1,5672),(4,5669),(13,5674) 15 (1,1276),(3,16),(14,617)
(14,399),(16,616),(74,5623) (15,1337),(74,5668),(1138,5624)
(484,1277),(3441,5624),(3479,5668) (3065,5673),(3464,7326),(3465,7059)
(5677,7325)
14 (1,5673),(4,5668),(13,399) 16 (1,1277),(3,15),(13,616)
(14,5675),(15,617),(74,5624) (16,1338),(74,5669),(1138,5623)
(484,1276),(3440,5623),(3480,5669) (3065,5672),(3464,7325),(3465,7060)
(5677,7326)
30 | (3,4),(13,15),(14,16),(399,1138) 74 (1,3464),(3,399),(4,5667)
(484,3065),(616,3440),(617,3441) (13,5623),(14,5624),(15,5668)
(1157,1263),(1276,7060),(1277,7059 (16,5669),(74,2132),(484,3465)
(1337,3479),(1338,3480),(2132,2133 (1138,5670),(1157,3484),(1263,5671)
(3464,7164) (3465,3466),(3481,3482) (1276,5672),(1277,5673),(1337,5674)
(3483,7165),(5672,7326),(5673,7325 (1338,5675),(2133,5676),(3065,5677)
(5677,7327),(5680,7328),(5685,7329 (3440,5678),(3441,5679),(3466,5680)
(3479,5681),(3480,5682),(3481,5683)
(3482,5684),(3483,5685)

399 (1,3065),(3,74),(13,14) 1138 (1,5677),(4,2132),(15,5624)
(484,7329),(1276,7325),(1277,7326) (16,5623),(74,5670),(484,3464)
(1337,3441),(1338,3440),(2133,5667) (616,5675),(617,5674),(1157,5667)
(3464,7327),(3465,7164),(3466,3483) (3465,5685),(3479,5679),(3480,5678)

(3484,5684),(5672,5673),(5680,7165)

484 (1,3),(4,3483),(13,1277) 3065 |  (1,399),(74,5677),(1157,3465)

(2132,3466),(3065,5671),(3483,5684)
(5667,7165),(5670,7164)

Notice that, X3, X3, Xi157 are collinear means Xi57 is tangential point of X3 on

Neuberg cubic.

But the circular isogonal cubic seems to be the most special circular cubic - pivotal
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isogonal cubic whose pivot at infinity. From now, we denote pivot at infinity of
circular isogonal cubic by W.

Proposition 3.2. P lies on circular isogonal cubic pK(Xg, W) of AABC. PA,
PB, PC intersect pK(Xg, W) at D, E, F.

(1) pK(Xg, W) contains I, 1,, I, I..
(2) D, E, F lies on (PBC), (PCA), (PAB), respectively.
(3) The following quadruples of points are concyclic:

(B,C,E*,F),(C,A, F*,D),(A,B,D*, E)

(B,C,E,F*),(C, A, F,D"),(A,B,D, E*)

(4) Denote U 4 is the composition of the inversion IﬁB'AC and the reflection in

bisector of L(AB, AC). M lies on pK(Xe, W) if and only if Wa(M) lies
on pkK(Xe, W).

FIGURE 8.

Proof. We introduce a proof for 4.

(DA,DB) = (DP,DB) = (CP,CB) = (CA,CP*), (AB,AD) = (AP*, AC),
hence AABD and AAP*C are similar. Therefore, AP*.AD = AB.AC. Since
AP is reflection of AD* in bisector of Z(AB, AC), then U4(P) = D*. O

3.2. Pencils of Circles.

Proposition 3.3. PA, PB, PC intersect (PBC), (PCA), (PAB) at D, E, F.
(TAD), (TBE), (TCF) are coazial if and only if T lies on circular isogonal cubic
which contains P. Furthermore, when (TAD), (TBE), (TCF) are coazial, both
common points lie on circular isogonal cubic which contain P and the radical axis
passes through P*.

This is the generalization of Musselman theorem [11]. When P, T' coincide with
orthocenter and circumcenter, we obtain Musselman theorem.

Proof. Let P = (u,v,w), T = (x0, Y0, 20)- (TTAD), (TBE), (I'CF) have equations:
Lol 2)(@ + g+ 2) — (P2 + bz + ) = 0
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Ly(z,y,2)(x +y + 2) — (a’yz + b*2x + Fay) = 0
Le(z,y,2)(z +y + 2) — (a®yz + bz + Cay) = 0
a’vw a’vw
Lo(w,y,2) = (( 20+Tw)y— ( yo+Tv)Z> /(wyo — vzo)
Ly(x,y,2) = (wau$ +TU>Z— <b2wu2 +Tw>m /(uzo — wxg)
\T, Y, %) = v 0 . 0 0 0
cuv uv
Le(z,y,2) = (( >517— ( " +TU>?/> [(vwg — uyo)

a’yozo + b* 20 + oy

To + Yo + 2o
Lo(x,y,2), Ly(x,y, z), L.(x,y, z) are radical axis of (TTAD), (I'BE), (T'CF) and
(ABC), respectively. (T'AD), (TBE), (I'CF) are coaxial if and only if these
radical axis are concurrent. This means:

where T =

2 bQ bQ 2
<a Uwz[)—i—Tw)( wua:0+Tu> (c uv > _ (a Uwy(ﬁ—Tv)( wuzo—{—Tw) <c U
U v v w
av b2w Au a?w b2u v
o () ) S ) (7)) (2007
U v w U v w
a? b? c?
& T(—(yow — 2pv) + —(zou — Tow) + —(Tov — you)>
U v w
b2c? 2a? a’b?

= —uxo(yow — 2ov) + —vyo(z0u — Tow) + —wzp(xev — You)
vw wu uv

& (a2y0z0 +b2z0 +62x0y0) (a%w(yow —2oV) +b2wu(zou—xow) +C2uv(x0v — ygu)>

= (xo+yo+20) (bQC w?zo(yow — 29v) + a*v?yo (zou — mow) + a*b*w? 2o (2ov — ygu)>
& Z (a%w(u + v+ w) — u(a*vw + b*wu + 02uv)>x0(c2y§ —b*25) =0
cyclic
Infinity point of PP* is W = (a%w(u—i—v +w) — u(a*vw + bwu+ Auv), ..., ...

so the last equation means 77 passes through W. Hence (TAD), (I'BE), (I'CF)
are coaxial if and only if 7" lies on circular isogonal cubic p/C(Xg, W). Let two
common points be 7" and 7”. Since (T'AD), (T'BE), (T'CF) are coaxial, then 7"
lies on pK(Xg, W). According to 3.1, T, T', P* are collinear. O

Proposition 3.4. P lies on pK(Xg, W). PA, PB, PC intersect (PBC), (PCA),
(PAB) at D, E, F. Then (P*AD), (P*BE), (P*CF) are coazial. These circles
pass through P*, @ and QP*, QD, QE, QF are tangent to pK(Xs, W) at P*, D,
E, F.

Proposition 3.5. The perspector Ly o lies on:
(AELFy), (AESFY), (BF1Ds), (BDoFY), (CDEs), (CDyEY)

The following property gives us a construction for circular isogonal cubic with a
given point on it.
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FIGURE 9. Generalization of Musselman theorem

i =

FIGURE 10. 12 circle pass through "Evans perspector"

W
<

Proposition 3.6. S varies on PP*, S*A, S*B, S*C' intersect (ABC') at A’, B,
C'. PA, PB, PC intersect (PBC), (PCA), (PAB) at D, E, F.

(ADA"), (BEB'), (CFC") are concurrent at T* and T_. T+, T_ lie on the
circular isogonal cubic which contains P.

Let P = (u,v,w) and P* = (a*vw, b*wu, 2uv)

SP
Spr
_< u N a’vw )
C \utv4w a?vw + b*wu + uwv’
U a’vw
S*: 2( t >,...7... = *y *y *
(a U+v+w+ a?vw + b2wu + c2uv (25, s+, 25)
2
(ADA') : o <i - i)(m +y+2)+ (L - ﬂ)(aQyz + b2z + Pay) =0
U Ys+ 28

Ys* Zgx
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b2

(BEB') : ;UU (zz — xz ) (x+y+2)+ (;: — IZ‘ ) (a®yz + b?zx + ay) =0
2

(CFC') : c;w <$:Z — yZ*)(x +y+2)+ <£IJZ - yZ* ) (a®yz + b*zx + Pay) = 0

S*P* is radical axes of these circles. First coordinate of a point M on S*P*,

include T is:

a*vw T g

+k
a?vw + b2wu + ccuv Tg + Yg+ + 25
Since T lies on (ADA'), let M lies on (ADA’), we obtain a quadratic equation

of k. After solved it, we obtain two values of k£, and then the coordinates of two
common points 7.

Proposition 3.7. Py, P», T lies on pK(X¢,W). P;A, P,B, P,C intersect (P;BC),
(P.CA), (PAB) at D;, E;, F,.
Then (T Dy Ds), (TE\Es), (TF\Fy), (TPyPy) are coazial.

Proposition 3.8. ADFEF is cevian triangle of P with respect to NABC'. Locus
of T such that (TAD), (TBE), (TCF) is a piwotal circular cubic.

FIGURE 11. QA-Cul

Let P = (u,v,w). Locus of T is a cubic has equation:
a® <a2(u +0)(u +w) — b?u(u +v) — ul(u + w))yz(wy —vz)
+b? (bz(v +w)(v+u) — v(v+w) — a*v(v + u))zx(uz — wz)
+c? (cQ(w +u)(w +v) — a®w(w + u) — b*w(w + v))xy(vx —uy) =0

This is known as QA-DT-P4 cubic of the quadrangle A, B, C, P, or QA-Cul in
Chris van Tienhoven’s website [12]. Let X, Y, Z be Miquel points of quadrilater-
als (AB, AC, PB, PC), (BC,BA, PC,PA), (CA,CB,PA, PB) then X, Y, Z lies
on QA-Cul and QA-Cul is circular isogonal cubic of AXY Z. Under the inver-
sion I%, I%(D), I5(E), IE(F) are intersections other than P of (PIK(B)Ix(C)),
(PIE(C)IE(A)), (PIE(A)IE(B)), the image of QA-Cul is the cubic in 3.3 of
NIE(A)IE(B)IE(C). In general, reflection of a circular cubic in a circle centered
at a point on it, is also a circular cubic.
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3.3. Cyclologic triangles.

Proposition 3.9. A, B, C, P, Q lies on a circular cubic. (PBC), (PCA),
(PAB), (QBC), (QCA), (QAB) intersect the cubic at D, E, F, X, Y, Z.

(1) (AEF), (BFD), (CDE) are concurrent at a point on the cubic.

(2) BENCE=D',CDNAF =FE', AENBD =F'. D', E', F' and (D'BC),
(E'CA), (F'AB) are concurrent at a point on the cubic.

(3) ADEF and AXY Z are cyclologic, two cyclology centers lie on the cubic.

In case of circular isogonal cubic, we obtain more interesting properties, which
generalize Parry reflection point.

Proposition 3.10. P, P, lies on pK(Xg, W) of AABC. P,A, P,B, P,C inter-
sect (RBC), (RCA), (PZAB) at Di, Ei, Fl

Then (Pl*DlDQ), (Pl*ElEQ), (Pl*FlF2>, (DQElFl), (EgFlDl), (F2D1E1> are con-
current at Ry on pK(Xg, W).

Proof. (AE\FY), (BF\Dy), (CD1Ey), (PfADy), (PfBE:), (PfCF}) are concurrent
at Q1~ \I’A : (AElFl), (AP{le) — E1F17P1*D1 SO ‘IIA : Ql — Dlpl* N ElFl. QlA,
1B, Q,C intersect pIC(Xe, W) at X1, Y1, Z. X7 = E1FiN D, Py according to 3.2.
From 2.8, Dy X, FEyY1, FoZy, Py Q% are concurrent at Ry on pK(Xg, W). Further-
more, according to 3.1, we obtain that (DyF1F}) passes through Ry. (EoF) D),
(FyD,Ey) pass through Ry, likewise. From 3.7, (PyD1Ds), (PyELE,), (PfF1Fy)
are concurrent at Pf and Rj where R} is the third common point of PL], and
pK (X, W). All we need to do now is show that Ry = R/, we rewrite this as
follow: Given cubic pK(Xg, W) and three points W, Py, Py on it. WP, WP,
intersect the cubic at Py, Py; Py Py intersect the cubic at Ly, tangent line at
Py intersect the cubic at Q1; W Lo, WQ intersect the cubic at L7 ,, Q7. Then
QiP5 intersects L] 5P at a point on the cubic. Its proof simply follows Cayley -
Bacharach theorem: Q7 Py intersect pK(Xg, W) at Ry. pK(Xg, W) and the degen-
erated cubic (W, L1, L} 5, Pf, Pf,Q1, @7, P35, R1) pass through 9 points: W, Ly,
Li 5, Py(double point), Q1, Q7, Py, Ri. Then the degenerated cubic (W, Q1, Q7,
Py, Py, L1, L 5, PY) passes through Ry, this means L7 ,, P, R; are collinear. [J

We call Ry is a cyclology center of (P, P). Notice that cyclology centers of
(P, P») and (P, P;) are different.

Proposition 3.11. P lies on circular isogonal pIC(Xe, W). PA, PB, PC inter-
sect (PBC), (PCA), (PAB) at D, E, F. (DEF) intersects pK(Xg, W) at the
fourth point P'.

(P*P'D), (P*P'E), (P*P'F) are tangent to pK(Xe, W) at D, E, F.

Proposition 3.12. These consequences don’t contain cubic
PA, PB, PC intersect (PBC), (PCA), (PAB) at D, E, F. W s the infinity
point on PP*.

(1) W/I lies on Bevan circle. Particularly, Xsseq is the fourth common point
of Bevan circle and Neuberg cubic.

(2) (P*DI,), (P*El,), (P*F1,), (I,EF), (I,FD), (I.DE) are concurrent.

(3) AAw BwCw is cevian triangle of W with respect to AABC..
(PDD*), (PEE®), (PFF*), (DE*F*), (EF*D*), (FD*E*), (II,D*), (II,E*),
(ILF*), (D*I,L), (E*LL,), (F*L1,), (APAy), (BPByw), (CPCy) are
concurrent at W/ P [15] [1]).
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Triangle centers

Cyclology centers

(X1, X1)

X3464

<X17 Xd)a (X?n Xl

X56677 X8485

— [ —

(X1, X4), (X4, X4 X399, X1X1263 N X3X3065
(X1, Xi3), (Xu3, X4) X668, X8435
(X1, Xi14), (X4, X4) X5669, X8436
(X1, X15), (X5, X4) X623, X8523
(X1, Xi6), (Xi6, X1) X624, X8524
(X3, X4), (X4, X3) X667, X399
(X5, X13), (Xu3, X3) X15X8439 N Xy Xgar1, Xgaan
(X3, X14), (X4, X3) X16Xg439 N Xy Xgarg, Xgaan
(X3, X15), (X5, X3) X463, X5678
(X3, X16), (X16, X3) X453, X5679

<X4, X4) X3X1263 N K001

(X4, X13), (Xu3, Xy) Xg173, Xo17
(X4, X14), (X4, X4) X172, X616
(X4, X15), (X5, X4) X467, X8519
(X4, Xi6), (Xi6, Xa) X475, X8520
(X135, X13) Xsas1
(X3, X14), (X4, X13) Xg174, Xg175
(X3, X15), (Xi5, X13) X668, X5623
(X3, X16), (X6, X13) | X1aX3a790 N X15X5141, X14X3001 N X15X 5492
(X4, X14) Xsa61
(X4, X15), (X5, X14) | X16X3000 N X13X3480, X13 X340 N X16Xg401
(X4, X16), (X6, X14) X5669, X5624
(X15, X15) X13Xg491 N KOO1
(X15, Xi6), (Xi6, Xi15) X466, X8474
(X6, X16) X14Xga92 N KOO1
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