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We focused on the gene regulative network involving Rb-E2F pathway and microRNAs (miR449) and studied the influence of time
delay on the dynamical behaviors of Rb-E2F pathway by using Hopf bifurcation theory. It is shown that under certain assumptions
the steady state of the delay model is asymptotically stable for all delay values; there is a critical value under another set of conditions;
the steady state is stable when the time delay is less than the critical value, while the steady state is changed to be unstable when the
time delay is greater than the critical value. Thus, Hopf bifurcation appears at the steady state when the delay passes through the
critical value. Numerical simulations were presented to illustrate the theoretical results.

1. Introduction

In the last few years, an increasing number of noncoding
RNA (or microRNA) have been discovered to play central
regulatory roles in gene regulation processes of prokaryotes
and eukaryotes [1]. It has become evident that miRNAs
regulate a variety of biological processes, and their expression
is often deregulated in human malignancy. On one hand,
miRNAs play roles in tumorigenesis by modulating onco-
genic and tumor suppressor pathways. On the other hand, the
expressions of miRNAs can be regulated by several oncogenic
or tumor suppressor transcription factors [2]. In this paper,
we focus on miR449, which can induce cell senescence and
apoptosis and act as a tumor suppressor through regulating
Rb/E2F activity [2, 3]. In recent years, large numbers of
researches have focused on the mechanisms controlling
cellular proliferation associated with human cancer regulated
by Rb-E2F pathway experimentally [4-7]. Rb and E2F pro-
teins play important roles in the regulation of cell division,
cell growth, and programmed cell death by controlling the
expressions of genes involved in these processes, which are
best known for their regulation of the cell cycle at the G1/S
transition [8]. As the first identified tumor suppressor gene
[9], Rb is recognized to play a fundamental role in a signaling

pathway that controls cell proliferation [10]. Rb regulates the
transcription of genes that are essential for DNA replication
and cell cycle progression by binding and inhibiting E2F
transcription factors [11]. In the Rb-E2F pathway including
negative feedback loops involving miR449, miR449 provides
a twofold safety mechanism to avoid excessive E2F-induced
proliferation by cell cycle arrest and apoptosis [12]. Mathe-
matical models have been established to explain the nonlinear
dynamical behaviors of the Rb-E2F pathway [12-14], which
mainly concentrate on the stability and bifurcation of the
deterministic systems, but not taking into account the effects
of time delay.

Time delay is one of the most important characteristics of
gene regulation. In many cases, a gene regulates the expres-
sion of another gene by its products (RNAs or proteins).
Since it takes time to generate those products and different
processes need different amounts of time, time delayed regu-
lation is ubiquitous in cellular processes [15]. Time-delay sys-
tem is also called system with aftereffect or hereditary system
[16, 17], and it is common in mathematical biology, such as
population dynamics, the chemostat, neural network, blood
cell maturation, transcriptional regulator dynamics, virus
dynamics, and genetic network [18-23]. Recent papers have
demonstrated that complex dynamical behaviors can arise
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FIGURE 1: Rb-E2F pathway mediated by miR449.

as a consequence of time delays in biological systems. For
example, in gene regulatory networks, time delays may lead
to oscillations in protein levels and existing oscillations may
become more robust [24, 25]. Oscillatory cellular dynamics,
in particular periodic oscillation, plays an important role in
maintaining homeostasis of living organisms. In addition,
taking into account time delays in models of gene regulatory
networks is often essential to capture the whole range of
dynamic behaviors. For example, in experiments, a single
self-repressed gene has been observed to display oscillatory
behavior, but which cannot be deduced by models that
ignore time delays. However, this oscillatory behavior is
reproduced by a mathematical model including time delays.
In addition, theoretical analysis that ignored time delays
led to the erroneous conclusion that oscillations were not
possible for this single gene [18, 26]. Many kinds of methods
have been introduced to infer time delayed gene regulatory
network [27-31]. Here, we mainly use the local linearization
approach to analyze the nonlinear system.

In this paper, firstly, we will introduce Rb-E2F pathway
network involving miR449 modeled by time delayed dif-
ferential equations. Secondly, we will study the dynamical
behaviors of the model and derive sufficient conditions of the
oscillation by using Hopf bifurcation theory. Particularly, we
will also prove that there are periodic solutions under certain
conditions. Finally, numerical simulations will be showed to
illustrate the theoretical results.

2. A Simple Gene Regulatory Network
Mediated by miR449

2.1. A Simple Mathematical Model of Gene Regulation with a
Delayed Negative Feedback Loop. A simplified model (Fig-
ure 1) of the Rb-E2F pathway begins with growth signals
activating CycD. Initially, E2F is bound to and repressed by
Rb, a tumor suppressor protein that is dysfunctional in several
major cancers. CycD represses the repressor Rb and allows
E2F to be turned on. Myc also induces E2F transcription.
Subsequently, E2F activates the transcription of CycE, which

Complexity

forms a complex with Cdk2 to further remove Rb repression,
establishing a positive feedback loop. E2F also activates its
own transcription, constituting another positive feedback
loop. An interesting addition to the regulatory mechanism
of Rb-E2F network is the recent discovery that miR449
modulates E2F activity. It has been demonstrated that E2F
strongly upregulates the expression of miR449. In turn, E2F is
inhibited by miR449 through regulating different transcripts.
On one hand, miR449 directly affects level of its target
transcript Myc and therefore lowers E2F concentration. On
the other hand, miR449 directly affects E2F inducer Cdk6
and CycE, thus forming negative feedback loops [12, 14]. Yao
et al. [14] provided a mathematical model in the absence of
miR449 and indicated that the Rb-E2F pathway acts as a
bistable switch to convert signal inputs into all-or-none E2F
responses. Yan et al. [12] gave another mathematical model
and further investigated the stabilities and bifurcations of E2E,
CycE, and miR449 in the participation of miR449. Our main
work in this paper is considering the effects of time delays
on the dynamic behaviors of the model including miR449.
When time delays are taken into account, the time delayed
differential equation model of the network including miR449
is described by the following system:
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dx X X

8 _ 1 8 8

— = ke XX, — kgy Xy ——— — koyXe ————
1X6%X1 2%y 4

dt 8176 8 kgs + xg 8 5k85+x8

— kg Xg.

)

X1, Xy, X35 X 45 X5, Xg, X7, Xg Tepresent the concentrations of
E2F, miR449, Myc, CycD-Cdk4/6 complex, CycE-Cdk2 com-
plex, Rb, phosphorylated Rb, and Rb/E2F complex, respec-
tively. And S is intensity of growth factor. In the following
simulations, all the values of parameters are shown in Table 1
unless specified elsewhere.

2.2. Oscillation Induced by Time Delay. In this subsection, we
consider system (1) with (x;, x,, X3, X4, X5, X4, X5, Xg) as state
variables. The linearized system of (1) at equilibrium point
(X105 X20> X30> X40> X50> Xgp) 15 as follows:

d
ax =Ayx+Byx(t-1),
T
x = (X1, Xy, X3, X4 X5, Xg, X7, Xg) -
an 0 a3 ay a5 ae 0 ag
Gy Gy Gz Gyy s 0 0 0
0 0 a3 0 0 0 0 O
A 0 0 a3a 0 0 0 O
| a4, 0 0 0 a5 0 0 0 |
gy 0 0 ag dg ag ag; 0
0 0 0 ay a5 ax a;; ax
ag 0 0 ag ags ags 0 ag
(3)
00 000O0O00O
00 0000O00O
0b, 000000
5 0b, 000000
| ob,000000 |
00 0O0O0OO0OO0O
00 0O0OO0OO0OO0O
00 0O0O0OO0OO0O
where
a = ky1x30
1=
(kiz + 239) (ky3 + x40)
ki1%30%
- T 3 — k110 = k111 %605
(kiy + x30) (Ky3 + %19)
P kyy X1
13 =
(kip + x30) (Kys + %10)
k1 %x30%10 kg

(ki3 +x,0) (Fpp + x30)2 kis + X3

TABLE 1: Parameters for the model.

Rate constant

Value
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0.4
0.15
0.15

0.003

0.15
18
0.92
18
0.92
0.25
180
1.4
0.15
0.02
0.6
0.15

0.92
0.7
0.92

0.5
0.7
0.6
0.15
0.45
0.5
0.03
0.15
1.5

0.92
0.35
0.15
1.5
0.7
0.92
0.18
3.6
0.01
180
18
0.92
18
0.92
0.06
18
0.92
18




TaBLE 1: Continued.

Rate constant Value
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0.92
18
0.92
18
0.92
3.6
0.01
0.06
180
18
0.92
18
0.92
0.03

Note. The descriptions of the parameters in Table 1 are shown in [13, 15].
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2 b
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ks x50%30
(kgs + xso)2

k34350

86>

by, = —
32 >
kss + x5

b = — kysx49
=TT
ki + x40

ksyxs0
by, = T
55 T X50

(4)

Then we can obtain the characteristic equation of (2)
at the equilibrium (X, X50, X305 X40> X50> X60> X70> X50) as fol-
lows:

A1 - A - Bye ™| =0, (5)

where I is the 8 * 8 identity matrix, and the characteristic
equation (5) has the following form:

BrAN + AL+ AL+ AL + AL + AN
+ AL+ Ag+ (Bl/\6 +B,A’> + B;A* + B,A’ + B:A®
+ BgA + B7) et (CI/\6 +CA+CA +C A (6)
+CsA” + CgA + C7) e 4 (El/\6 +E,\° + E;A*

+EA + EsA + EA+ B ) e '™ =0,

where the values of A, 4, B, _,,C,_;, E,_; are showed in the
Appendix.
If we assume that 7, = 7, = 73 = 7, we will have

B AN+ A2+ AN+ AN + AN + AN
+ A A+ Ag+ (Dl/l6 + DA + D3A4 + D\’ (7)

+DsA* + DA + D7) e =0,

where D; =B; +C; +E;, j=1,2,3,4,5,6,7.
(1) If T = 0, (7) becomes

A+ G N +GoA% + GoA + G + GaA + G

(8)
+GA+Gg =0,
where
G, =4,
G,=A,+D,,
G;=A;+D,,
G,=A,+D;,
©))
Gs;=A;+D,,
Gg = Ag + Do,
G, = A, + Dy,
Gg = Ag+ D,

According to the Routh-Hurwitz criterion, all roots of (8)
have negative real parts if and only if all the subdeterminants
in the diagonal are positive; that is,

H =G, >0,
G, 1

H, = > 0,
G; G,

G, 1 0
H3=G3 G2 Gl >0,
Gs Gy Gy
G, 1 0 0
G; G, G 1
H, - 3 Uy O >0,
Gs Gy G; G,

G; Gs Gs Gy

0 Gy G, Gy Gs (10)

H,=|G, G¢ Gs G, G; G, G,|>0,
0 Gy G, Gy G5 G, G,
0 0 0 Gy G, Gg Gs
00 0 0 0 GgG,
Hy = GgH, > 0.

(2) If T > 0, considering the transcendental equation (7),
clearly iw (w > 0) is a root of (7) if and only if

—w® + A2w6 - A4w4 + A6a)2 - Ag
+1 (A1w7 - A3cu5 + A5a)3 - A7w)
an

= -D,w® + D;w* — Dsw® + D,

+1i (D2w5 - D4co3 + D6a)) (cos (wt) —isin (wT)) .



Separating the real and imaginary parts of (11), we have
—w® + A2w6 - A4w4 + A6w2 —Ag
= (—Dlw6 + D3a)4 - D5w2 + D7) cos (wt)
+ (D2w5 -D,w’ + DGw) sin (wT),
A1w7 - A3w5 + A5w3 -Aw
= (D,0° - Dyw" + Dyw” - D) sin (w1)
+ (D2w5 - D4w3 + Dﬁw) cos (wT).
Adding up the squares of both equations of (12), we have
W'+ F1w14 + szlz + F3w1° + F4w8 + st6 + F6w4
(13)
+ F7w2 +Fg =0,
where
Fy =24, + A},
F,=-D} -2A,A; + A% +24,,
Fy =2A,A5 - 2A,A, - D) + A5 —2A¢ +2D,D;,
F, = —2A;A5 - 2A A, - D} +2D,D, + 2A, A4
+2Ag + A - 2D, Ds,
F; = -Dj -2A,Aq —2A,Ag —2D,Dg +2D;D;  (14)
+2D, D, +2A;A, + A%,
Fy = —2DyD, +2D,Dg + 2A,Ag — 2A5A, + A},
- D§>
F, = -D; - 2A4Aq +2DsD, + A%,
Fy = -Dj + A3,
Let z = w%; (13) becomes
2+ Flz7 + Fzz6 + F325 + F4z4 + F5z3 + F622 + F,z
+F; =0. "
Denote

h(z)=2"+ F,Z2’ + ,2° + B;2° + F2* + B2’ + B2’
(16)
+ F,z + Fg.

Lemma 1. IfF; < 0, (I5) has at least one positive root.

Proof. Clearly, h(0) = F; < 0, and lim,_, _h(z) = oco. Hence,
there exists z, € (0, 00), so that /i(z,) = 0. This completes the
proof. 0

Lemma 2. If F; > 0, the sufficient condition for (15) has
positive roots being Z'(7) > 0 and h(z' (7)) < 0.
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Proof. From (16), we have H(z) =827+ 7F1z6 +6F225 +5F,z+
4F,2’ + 3Fsz” + 2F4z + F,; suppose the equation 4'(z) = 0 has
seven real roots and satisfies z' (1) < z'(2) < 2'(3) < 2'(4) <
Z'(5) < Z'(6) < Z'(7), and 2’ (7) is the local minimum value,
if z'(7) > 0 and h(z' (7)) < 0; there exists z € (z'(7),00), so
that h(z) = 0; this completes the proof. O

Lemma3. IfF; > 0, according to the Routh-Hurwitz criterion,
all the roots of (15) have negative real parts if and only if the
subdeterminants in the diagonal are positive, that is, Aj > 0,
i=1,2...,8

Suppose that (15) has positive roots; without loss of gen-
erality, we assume that it has eight positive roots, denoted by
21,24, 23, 24> Zs5, Zg» 275 25, Tespectively. Hence, (13) has eight
positive roots, say w; = /z|, W, = /Z;, W3 = /Z3, Wy =
\Zg W5 = \[Z5, Wg = \[Zg, W; = \[Z7, Wg = +/Zg.

From (12), we can get

i RiR, + R3R
TJ:arcc:os(—1 2 3 4),

g R} +R; 17)
k=123,...,8, j=0,1,2,3,...,
where
R, = —wp + A,w) — A0 + Agw; — Ag,
6 4 2
R, = -D,w, + D;w, — Dsw; + D5,
(18)
R; = Alw,z - A3wz + ASwi - A,
R, = D,w; - D,w; + Dgwy.
Define
S O |
W= = i () (19)

>0

Let A1) = #(1) + iw(7) be the root of (7) satistying #(t,) =
0, w(ty) = w,.

Lemma 4. Consider the exponential polynomial P(A,e ™",
ety = pi(A) + pz()t)e_}”1 ot pm(/\)e_h'”, where
7, > 00 = L,2,...,m) and p;(A) is polynomial about A.
As (11, Ty, ..., T,,) vary, the sum of the orders of the zeros of
P(A,e™™,...,eM™) on the open right half plane can change
only if a zero appears on or cross the imaginary axis.
Then, we have the following theoretical results.

Theorem 5. Suppose that conditions (10) are satisfied.

OIfAj > 0( = 1,2,...,8), then all roots of (7)
have negative real parts for all T > 0; thus the steady
state (x40, X0> X309 X40> X50> X60> X70> Xg0) Of System (2)
is absolutely stable.

(i) If Fy < 0 or Fy > 0,2'(7) > 0, and h(z'(7)) < 0,
then all the roots of (7) have negative real parts when
T € [0, 7,); thus the steady state of system (2) is asymp-
totically stable.
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(iii) If the condition of (ii) is satisfied, T = 1,, and h'(zo) +
0,2, = Wy, then +iw, is a pair of simple purely imagi-
nary roots of (15) and all other roots have negative real
parts. Moreover, (d Re )\(TO)/dT)IT:TO > 0. Thus, sys-
tem (2) exhibits the Hopf bifurcation at (x, X9, X3,
X405 X50> X605 X70> Xg0)-

3. Numerical Analysis

In this section, we demonstrate the above theoretical results
by numerical method. When we take S = 5, k,; = 1.4, and
the other parameters are shown in Table 1, system (1) becomes

dx, 0.4x5x, . 0.003x;
dt  (0.15+x;)(0.15+x,)  0.15+ x;

18x,x4 18x5x4

1.8 T T T T T T T T T
16 T
L4t 7
'v \‘ /
| [
g LZ? N
= |
oLt
‘QE) I
S 08f
3 ]
|
© 0.6
0.4t
0.2 |
0 1 1 1 1 1 1 1 1 1
0 20 40 60 8 100 120 140 160 180 200
Time
—— E2F
--- miR449
CycE

FIGURE 2: An asymptotically stable equilibrium for v = 7, = 7, =
7, = 0. Assume initial conditionsare x; = 1.2, x, =0, x; =0, x,
0, x;=0, x4 =0.55, x, =0, xg =0,and S =5, k,, = 1.4.
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Time

—-0.25x,
0.92+x5 0.92+ xg
— 180x4x,,
dx, 1.4x, 0.6x,x; X,Xy
A% _ 2 )02xs — _
dt 015+ x, 2 015+x; 092+x,
0.7x,%5
0.92 + x5~
dx 0.6x, (t—1,)x
—2 =0.9090909090 — 0.7:x5 — M,
dt 0.15 + x3
dx, 0.03x;
—2% = 0.4090909090 + ————— — 1.5x,
dt 0.15 + x;,
o x(t-n)x, (20)
0.92+x,
dxs  0.35x, 0.7x, (t — 73) x5
= — = Xe — ————— =
dt 015+ x, > 0.92 + x5
dx 3.6x 18x,x
—5 2018+ ——7— — 180x,x, — 176
dt 0.01 + x, 0.92 + x¢
18
__%%s% 0.06x,,
0.92 + x4
dx,  18x,x, 18x5x, 18x,x4
dt 092+xs 092+x, 092+ xg
18 3.6
YsXs 0% 0.06x,,
0.92+x5 0.01+x,
d 18 18
58 180xgx, — —t8  _O%5TE g g3,
dt 0.92+ x5  0.92 + xg

The system has a positive equilibrium point Z = (0.4102,
1.6027,0.3430,0.1429, 0.0985,0.0478, 1.2301, 3.4433). Using
Theorem 5, there is a critical value of the time delay 7, =
0.122632125. The equilibrium point is stable when 7 < 7, (see
Figures 2 and 3); the equilibrium point becomes unstable and
a Hopf bifurcation occurs when 7 passes through the critical
value 7, (see Figure 4). The bifurcation diagrams of system

— E2F
--- miR449
CycE

FIGURE 3: An asymptotically stable equilibrium for v = 7, = 7, =
T, < T,. Assume initial conditions are x;, = 1.2, x, = 0, x; =
0, x,=0, x5 =0, x4 =055, x, =0, x3 =0,andS =5, k,; = 1.4.

(20) are shown in Figure 5, where the control parameter is
the time delay 7.

When we take S = 3, k,, = 2.5, and the other parameters
are shown in Table 1, system (1) becomes

dx, 0.4x,x, . 0.003x;
dt (0154 x;)(0.15+x,)  0.15+ x;

. 18x,xg 18x5xg
092 +x5 092+ xg4

- 0.25x,
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FIGURE 4: A periodic solution bifurcated from equilibrium for 7 = 7, = 1,
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7, = 0. Assume initial conditionsare x; = 1.2, x, =0, x; =0, x, = T, =1, = 1, > T,. Assume initial conditions are x; = 1.2, x, =
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FIGURE 7: An asymptotically stable equilibrium for 7 = 7, = 7, = 092 +x3 0.01 +x,
T, < T,. Assume initial conditions are x;, = 1.2, x, = 0, x; = J
0, x, =0, x;, =0, X =0.55 x, =0, x, =0,andS = 3, kj, = 2.5. s goxx, - 18x4%g _ 18x5x3 ) 0a
dt Y092+ x5 092+ x, 8
(21
~ 180xxy, The system has a positive equilibrium point Z' = (0.0561,
dx, 1.4x, 0.6x,%5 x,%, 1.0057, 0.5478, 0.1§89, 0.94'27, 0.2816, 1.4875,' 2.4618). Usllng
—= = —— -0.02x, - - Theorem 5, there is a critical value of the time delay 7, =
dt 015+ x, 0.15+x, 092+x, THHe €O ;
0.1334173317. The equilibrium point is stable when 7 < 1,
0.7x,%5 (see Figures 6 and 7); the equilibrium point becomes unstable
0.92 + x5~ and a Hopf bifurcation occurs when 7 passes through the
critical value 7, (see Figure 8). The bifurcation diagrams
dx 0.6x, (t — 7)) x of system (21) are shown in Figure 9, where the control
223 = 09090909090 — 0.7x; — M, ystem (21 gure =

dt 0.15 + x3 parameter is the time delay 7.



Complexity

10
14 T T T T T 3 T T T T T
L2} 1 250 7T ]
i 7
-7 /
1} L . !
// 2+ ,’I ]
0.8 / 1 2 :
a3 /
g ; ; L5 E
06 / ] g !
!
! 1 -—’: ]
04+ ] 1
! 1
1 \
02 L | | 0.5 ¢ \\\ 4
| Teeee
| T
0 - . L i I _ O L L L L L
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Time delay 7 Time delay 7
0.2 . . : —
0.18 | T |
0.16 | e ;
7
7
0.14 | L |
/
/
012}/ E
m /
S 01}/ l
O |
0.08 || 1
|
0.06 | | i
I
0.04 i .
1
0.02 f1 ]
\
\\
0 === y———— = — T—————— P =
0 2 4 6 8 10 12
Time delay 7

FIGURE 9: Bifurcation induced by time delay with S = 3, k,, = 2.5. Assume initial conditions are x;, = 1.2, x, =0, x; =0, x, = 0, x5

0, x4 =0.55, x, =0, xg=0,and S =3, k,; =2.5.

4, Discussion

In this paper, we studied the dynamical behaviors of the
Rb-E2F pathway including negative feedback loops involving
miR449 by using Hopf bifurcation theory. On one hand,
we gave the detailed theoretical analysis of system (1) in
which there are some dynamical behaviors, and it is shown
that, under certain conditions, the equilibrium point is
asymptotically stable for all the delay 7 > 0; however, if these

the equilibrium point is asymptotically stable; when 7 > T,
periodic oscillations occur. Thus, Hopf bifurcation appears
at the steady state when the delay passes through the critical
value 7,,. On the other hand, through numerical simulations,
we calculated the critical value of 7;,, giving the time courses
of E2F, CycE, and miR449 both 7 < 7yand t > 7, drawing the
bifurcation diagrams of E2F, CycE, and miR449, respectively,
and testifying the correctness of the theory.

conditions are not met, there isa critical delay 7; whent < 7,, ~ Appendix
Ay = — g6 — 0y —ayy — G55 — G353 — Gy — Ogg — Ay,
Ay = a33044 — 061015 — Ay g + G110y + A1y 066 T Qayle T Geelgsg + A330gg + Ayyly7 — Gr6067; + 011 g + A330g6 + As5agg + Ass077
Fapy0g6 + Ag40g8 + 33055 — 051015 + As5ay) + Agely7 + Assyy + Ay 0ss + A330y, + Ay4077 + A3301) + Q77088 + Ag40y, + )y 0gg
Tas55066 T 411077 + Agqdy) T A33077,
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—051033085018077 — A51A330350,8066 + 0510330506077 — A51033065016088
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—033044 055061 Agc 018077 + 33044055061 Ay 1605 + 33055061 055016077083 — (3355061 0y 056018977
Ta3305501109,076067088 — A33055011 057056067078 — A3304405507, 066077088 + (3304405505, 07606733
—033044 05507, 036067078 — A3304405501 1 Acd77088 + 33055051 0x,013066077 — As355031 05076013067
0510330440, 507606708 T 0510440, 05036013077 + 051033044015086067078 + A33044061 0501697793
0440550, 102,07606788 — A44055011023036967%78 — As51033044085018066077 — O5133302,065016077438>
05103304405, 035076018067 + 05103304407, 03501 6067078 + 05103304407, 0750360,8067 + 05103304407, 0650,6077038
1051033044090, 5076067933 — 05103304405, 015036067078 — A51 3304409501 5066077083 — 05103304407, 07501 6067438
05103304409, 035018066077 — 5103304409, 65036018077 — 033044055031 055016067078 + 033044055011 055066077038
—033044 055061 Ay A60770g8 + 033044055031 0y 076018067 — 0330440550110 0760670g8 + 033044055011 05556067073

—033044055081 0y, A180g6 077 T A33044055061 ), 056018077,

13



14 Complexity

B, = -by,a,3,

By = = byayay5 + byyay3055 + b3y assayy + byyay3ags + bsyay305; + byyaysdyy + bsy 04,055 — ay3bsna4,

jos]
™
I

—051b3,0130)5 + U350, 013066 — b33053011 g5 — b3y A55053077 + b3y 51003015 — b3y 04405355 + b350440,1 013 — b3y 055053066
—bs320440550y5 — b3y0530, 1G5 — b3y053077055 + b3y 093016 + A51035003015 — b3y 4405301 + b3yas50,, 043 + byyay3a5606;
+b330101307; — bsy05505301 — b3y0y3066077 — byydy3011077 — b3y04403077 — bsyy3G650s5 + b3y 051013055 — b3y As553055

—b3304403066 + 43050054056 + Au3b33054077 + A43b30r4011 — A43b3301014 + 4305505505, + 043037054053,

=)
N
Il

—bs35507 013055 — b3y 055051013077 — b3y 044051 r3015 — b33044051 13066 — 3044061053016 + b3y 044053077055 + b3y 044055053055
—43b3,04011 066 + Ag305201 014055 + Ay305,051 01407 + Ay30550,51 014055 — Ay3b3y054 077055 — Q4313051064016 — Q303051 0540,
+04303,061 004016 + Ay3032051 024015 — Ay305,004G66055 — Au3b33054a56077 + Ay3b3y 054076067 — Ay3bs 054011055 — Ay3b3 040,107
—4303,055004066 — 43032 055024077 — 4305505500405 — Ay3b35 055054011 + Ay3b330550,51 014 — b3y Ay30,11 076067 + b3y 03066077053
—bsy 051 0y30,5077 + b305301, G605 + b3061 Ar3056015 — b3053076067055 — 3305101307705 + b330, 013076067 + b3y 53056067075
—bs051 023013066 — D3y G61 023016077 — b33044033076067 + b33044053011Ggg + 3044053066077 + b3y 044053011077 + b3y0440930, 1 66
—b3304405, 013055 — D330440,1013077 + b3y044055003077 — b3304405505, G153 — 031 b3,053015077 — 51 b3,0530,5066 + 051 b3,093065016
+0s51b3,0y3055015 — 51 b35044030,5 + 051 D35 044013055 + 3304400306605 + 3044055053011 + b3y044055053066 + b3y 053011066077
+b3302301107,055 — b3y 061023016055 — b33051 13065077 — b3y051 013056055 — b3y55051 053015 — byydssdy; 013066 — b3ys561 053016
+051043b3, 054015 — A5104303,014095 + G5105,0130,5055 + 051 05,0130,5077 + 031 b3,0130,5066 — 051 63,0530, 5055 + b3y055053077053

+b3,055053 066033 + b32055023066077 — b3y55023076067 + b3y0ssay3011 g5 + b3y assar3ay1 77 + byyassarsay dges

Bs = —a4305,0,,014066077 — 43050051 14066055 + As305,01 14076057 — b3y055051 013076067 + b3y 055061 033016055 + b3r0440550,1 013077
+b3,055053011 076067 + b3y 0550013077055 + b3y 0550530760705 — b3y05502306607705 + b3y 044051 053013066 — 4353051 024153077
+04303204 056067075 — A51032013025066077 — A51D52013025 06655 — b3304405502301 1055 + b350440550,1 013055 + b33044055051y3015
—bs320440550)3011 066 + 43052055024 066 055 + D33044051 013066077 + b3304401 13077055 — b33044053011 G677 — 051 03504405306501
+051b3,0440)3015066 — b33044055003066077 — b3y 051 053076015067 + b3y044055051 013066 — b3y 4405505307705 — b3y 0p301 Ag6067075
+05104303,014095077 — b3y 055051 0y3056 015 — G51052044003 055015 + b33044053076067055 — b33044053056077055 — Au3b350550,1 014077
—043035 05505014055 + A43055 055024011066 — Q4305001 074016067 + As305, 05505, G415 + 43055055051 A4 016 — Q43035055061 024016
—043b52055051 04015 + Ay3035 055004011077 + Ay305,055004011Agg + b3y 051 053016067075 + b3y 044061 023016055 — Au3bsy 550540766,
132044061 023016077 — U3y 044061 023056015 — Ag3052024011 076067 + G51052044003015077 + a510550440530,5055 — a51b3,0130,507755
—043032004 076067035 — U3204403 056067075 — G5, 0430520540501 + G5103,053015056 077 + a1 0350530,5066 055 — b35055053011 G677
+bs32 055061 23016077 + Ag3032004011066077 + Ag3050024011Ag6055 + As51 0430320140555 + As3055 06103456015 + Au3b35 051 a5,01555
—43032071 064036015 + 4303201 54016077 — Ay303205501 014066 — b33044023011077055 — b3y051 013076067055 — a5104305,0,401555
+05104303, 04065016 + U3y 051 023015066077 — b3y 55053011 G655 — Au3b30061 024016055 + Au3b55051 54015066 + Q4303501 54015077
+b32044023011 076067 + b3y 05501 013066055 — As51D32044013005066 — Gs51D35044013005077 + b3y 01 013056067075 — 0514305, 06,0550,
+051043032 004055015 + A51043032014025066 — Ay3052051 014077055 + b33044051 013066055 + b3y 055051 033015077 — b33044055053G65055
—05104303,04 015066 — 43032061024 016077 + A51052053015077055 + G5105,013055076 07 + b33044055053076067 + b3y0550,51 0130466077
—bs3,05301,Gg6077055 + 5103500307501667 + A5 63,0535 056015 — 51 b35044013055055 + A43035055054066077 — A51b3,05305513066
—051b3203 055015077 + b3y 01 013066077055 + b3y 061 0y3016077055 + A4305,055054077055 — G5104305,054015077 — b330440530, 1065055
+b32044051 023015077 + A43055 004066077055 — 43052051 24015066 — G51032023015076067 — As5105,053G65016077 — a1 0350530501655
—bs,061053056013077 + b3y053011 07606755 + Ay3b3,0540,, 077055 + b3y As5a5,Ar3013066 — b3y 5503056067075 + b3y 04405506, 3016
—032044051 013076067 — U30440550,3011077 — U3,0550,30, 1077033,

Bg = —ay3b5,051 024056015077 + 43052061 024016077055 + 4305205 054076015067 + Q43032051 24016067075 + Q43032051 24013066077
—043b3,051 0407601307 + b33 044055003066077055 + D32044 055061 053056015 + b3y 04405505301 1 Agegg + 0516305306501 6077054
=051 b3,03 065036013077 + A51b3,09307503601307 + A51 63209305501 6067075 — 0516320930750, 6067055 + 051 b3,053055013a66077
—051b3,0305507601307 + Q3032055061 024016077 — Ay3b32 055061 024056015 + Au3b3y 055051 054015077 + Ay3bsy 5505105401566

—043032055004 066077055 + Ay3032055054076067055 — Ay3b32055004056067075 + Ay3b3yA55051 06456015 + Au3bsrdss051 07401667



Complexity

+051 04303054 065056015 + 51 04303,054075016 067 + a1 b35044013055077055 + G51D350440,30)5066035 + 51 b32044013055066077
=051 b3, 0440530507705 — 051 03,0440130,5076 067 — Q4303505505401 06055 — 43055 055004011 066077 + 4303205505411 076067
+043035 055051 014077055 — A51b3,044003015066055 — 5103304405301 5066077 + a1 D33 044053015076067 + 051 b3, 04405306501655
+051b3584403065016077 — A51b3,044013065056015 — G5 b3,044053075016067 + 51035 0440530550,5077 + 05104303, 064055016077
+051 b3, 0440530550130 + 05104303, 0640,5016 55 + a51b350130,5066077055 — A5104303,054015076067 — A51b3,013055076067 054
+051b3,013055056067075 — 51 03,053015066077055 — Au3035051 A4016067075 + A5105500301 5076067053 — A51b3,093015036067074
=051 0430520406506 077 — A51 0430350040651 60g5 + b3y 055061 033056013077 + b3y 055051 053076015067 — b3y 5505 053016067075
—bs,055051 013036067075 + b3y055053011 677055 — b3y 55061 y3016077055 + b3y 55053011 A56067075 + b3y 055051 01307607054
—bs,055051 013066077055 — b3055053011 760670s5 — b3y 05501 Ay3013066077 — b3y 04405, 013056067075 + A51043b3,01405507606;
+051 0430520401507, 055 + A51 043035 004015066055 + A5 04303705401 5066077 — 5104303064055 056015 — 051 04303,074055016067
+051 04305, 054055013077 + A51 0430305409501 G55 — b3y 044055053076 067055 — b33 04405501 013077055 + b3y 044055053056G67075
+b3 044055051 013076067 — b3y 044055051 Ay301366 + b3y 044055053011 066077 — b3y 044055061 03016077 + b3y 044055053011 077044
—b3044055061 053016055 — b320440550,51 01306655 — b33044055051 013066077 + 43050055051 014066077 — 43032055051 014076067
—043b3, 055051 064016055 — Q4303705505 04016077 — Ay3b3201 054015066077 — b3y 044051 053016067075 + Q43035055051 014066055
+ay3b3, 051 014066077055 — Au3b3,051 014076067055 + 43055051 014056067075 — 43055051 A4016077035 + Ag3b35051 064036013077
+a43b3, 051 07401607055 — Au3b3y051 074056015067 — Ay3055 0550554013077 — A43055 05507, 034013066 + 43032055061 054016054
—043b3,004011 066077055 + Q430305401 076067055 — A5104303,01405066077 + b3y 044051 053076015067 — 051 A43b3, 05405501377
—051 04303054 05501306 — 51 04303,0140,5077 05 — G51043035 01405066055 — 4303505504011 077035 + D3y 044061 093036013077
+b3y 044093011 A 077055 + b3y 044051 013076067055 + b3y 04405301, Ag6067075 — b3y 04405 03013066077 — b3y 044061 093016077054

—bs2044055051 053013077, — b30440550)301 1076067 — D330440,1 013066077055 — b3y 044053011 076067055 — Q43032024011 A56a67075,

B; = —ay3b5,055051 054013066077 + Q4313055051 054076013067 + 4305505505, 034056015077 + A43b3,055054011 036067074
—043b3, 055054011 O76067 055 — Au3035 055051 014066077035 + 4303205500401 06077055 + Ay3b3r 0550, 05401606775
+04303, 055051 054013066077 — Q43035055001 054076013067 — Q43035055061 02401 607705 + 51035 04401305076 06705
=051 6304403055056 057075 — b3y 044055061 0y3056 013077 — A51D33044013055066077055 — Ay3b3,0550,1 64056013077
—A43b3, 055051 074016067055 — Au3035 055051 014056067075 + Ay3035055001 064016077055 + 5104303701405 06607755
+043035 055051 014076067055 + 051 Ay303, 054055016 067075 + 514303, 054055013 066077 — As1A43b3,054075016 067054
+051 043037054075 056015 067 — A1 043035004065 056 013077 + Ay3b35055051 074036013067 + 051043037054 06501677055
+051 6304405307506 067055 — As1D3504403075056 013067 — A51 0330440306501 6077055 + 5163044053065 056013077
+051 6304405305056 06707 + A5 03504405301 5066 077033 — A51D32044093015076067055 — b3y 044055053011 67755
+b3) 044055051 013056067075 — 33044055051 013076067055 — b33044055051 02307601307 + b33044055051 053016067075
+05104303,034055076015 057 — A1 0430350540501 6 067075 — A5 04303, 054055013066077 + 051 043b3,0740,5016 067055
—05104303,074055056013 07 — 5143030864050, 6077035 + A51 04303, 064055056013077 + 051 043b3,0140,5056 05775
=051 04303500401 5056 077055 — 1 Ay3032 054015056 067075 — 51 A4303,01405076 06705 + 104303, 0540,5076 067054
—05104303,0540g5076015 057 — 43035055051 034016067075 + A5 D35 0440)303507601 3067 — 051 b3,044053045016 067075
=051 b3, 044053055013 056 077 + b3y 044055051 3013066077 + D3y 044055001 013066077055 + b3y 044055061 053016077055
+b3)044 55053011 76067055 — b33044055053011 A5 067075,

Cy = —bypay,
Cy = Uiy 066 + bty agg + bypassny + bypryay; + by aryayy + bpassay, — bay ayy,

Cy = bypaya14a57 + byyg a5y 015 — byy 054066077 — byp0y1 064016 + b0y, 014066 — biy@r4G77055 + byy 034 a76a67 — byy 34011066

—byr01a54015 + byy 061054016 + byp 01014055 — a5, 635014055 + 5164054015 — by A401Ggg — by 024011077 — by 4 a66a54



16 Complexity

—byy 033054077 — by A330,4a55 — byy 330,401 + by s305,014 — by A33a550,4 — by 55054066 — bir 55054077 — byy 55054058

—byy 055054011 + byys5a,, 014 — byy 33054066,

Cy = bypas3assayass — bydssag Ay + byys50540770s5 + byy 5054066055 — by 3305014055 — by 0330501407
—by201074016067 + byp 55054011 G5 — by A55051 014055 — A5104204015077 — byy 5501014077 + 0516450140550,
+051 04501405066 — A51 04054015055 — G510y 033054015 + A51b42014055a55 — byy 3305054015 + by 333054011057
—by 051014077055 — byr 0y, 01406655 — by2 014066077 + bin 4011066055 + byp 34011066077 — by 02401 076067
—byr033061 024016 + byp 01 54015077 + by 0y, 034013066 — byr A1 24016055 + byp 1 014076067 + by 0y, 064016053
—byp 054076067055 + by 04056067075 + byr 4011077055 + byy 33051 064016 + byy 3305505401 + by 333054066033
+by 033055004077 + by 033055054066 — by2 A A6aag6s — bin33051 014066 + byp 3305034015 — bypassar, 014066
+by2 055051 04016 + byp 55051 A4 015 — by 055061054016 + byp 1 A4 016077 + Gs51043054G65016 + 5164054055015
=051 b4y 86405016 — A51 04054055015 + A51 by 033014055 + byy g 04036015 — byy g1 04013077 — by g1 34015066
—byp 061054016077 + by 033054077055 — byrA330550,51 A1y + byy 330540y agg + by 3304066077 — by 03304076067
+by2 04066077055 + byp 55054011077 + by 033054011066 + byr 5504066077 — byp 55054076067 + by A550540,1agg
=051 b430540, 5066

Cs = —byag 04036013077 + byyg1 24016077055 + byy 01 54076015067 + by 051 054016067075 — byr 0y A4016077035
+byp0y1 014056067075 + by 01 64056013077 — by 0,1 074036013067 + byy 1074016067055 — byy 55051 05401566
—by 550, A4013077 + by As5a6, 4016055 — by 01 4015066077 — by a1 Ag4016067075 — byy 4011 03606775
+by2 04011 076067055 — Dsp 034011 Gg6077055 — by 01 014076067055 + byy 01 014066077055 + byr 5561024016077
—byp 55061 34036015 — by 055054 056067075 + by 5502407606705 — byy 5505406607755 + by 55051 05401566
—byA550,401 077055 + by 5505104013077 — by 5505064016077 — byyAs504011 g6 s — byr 5505401 G677
+by 055054011 076067 + by 055051 014077055 + by 550014066055 + by 5505014066077 — by as505, 06401685
—byp 5505101407607 + 051 b4y 054015077055 + by 5505064056015 + byy 5051074016067 — byy 33051 054015077
+by 033061 24016055 — by 03305, 054013066 + by 3305054013077 — byy 33061 054056015 + byr 33061 024016077
=051 b4y 03301 4095066 + by 03301 24013066 — by 033054011 066055 — by 3302411077055 — byy 3305403606775
+byp 0330547606705 — by 033054 066077055 — 051043 014055066077 + G51D42014055076067 + A5 by 034055015077
=051 b4y0140y5077,055 — 51 by50140)5 066055 + 51 D45 054055013056 — 5104203301405 055 — byr 3305401 G677
=051 6430740501607 + by 033054011 076067 — 51045004015076057 — as10420,4065016 055 — G51042054065016077
+051 b3y 054 06505601 + 051 b3305407501607 + 51 by5 6409501605 + 5104506405501 6077 — G51D43 064055056001
+051bp054015066077 + by 03301 014066077 + by 3305014066055 + byy 3305101407705 — byrA33051 064016077
+by 0330, A4 056015 — bin 033051 4016055 — 0330101407607 + by 033055061 024016 — byp 33055051 Aga g
—byp 0330550064016 + by 033055051 014066 + by 3355051014077 + byy 33055051 014055 — byy 3305505401066
+byA330,1 074016067 + by 03305505 054015 — by 033055054077055 — by 3305505406605 + 5104204015065
—by 033055024 066077 + by 03305504 076067 — by 33055054011 077 — byy 3305505401, Agg — G5, 042054055013066
=051 b4y 033004065016 — 051043054 055013077 + 051b45 033054015055 + 51045 033064055016 + G510y 033054015066
=051 b4y 333014095077 — by 031 054076013067 + 051 by5 033054015077 + by g1 a34013066077 + 5104503303405,
—051 by 0330540550, 5,

Co = —051byp014055056067035 — A51b43054075016067055 + 51 D450, 4055056067075 — A51 4054015066 077055 — 51 b43004015036067075
+051 b3y 05401 50760670g5 + 51042 004065016077035 + A5104005407505601307 + 5104204035016 067075 + A51b4054055013066077
=051 by 04 035076013067 — 5104206402501 6077055 + 510426405056 013077 — As51b45 0740505601307 + 51 b4p014055066077a55
=051 by 054050160775 — 51042 054055015066077 + 0510430740501 607055 — 5104203305405 056015 + A51b4305405076013067

—051byy033054015077055 — 510420330401 5066055 — A51042033024015066077 + As5104203305401507607 + 051 b1y 033054 065016077



Complexity

+051 by 03305406501 6055 — 05104 03305407501 607 + 05104 033054055015077 + 51 b4y 0330,4055015 06 — 51 by 0330640501655
=051 b3y 3306405501677 + A51 b4 0330640503605 + 051042 033074055016067 + A51 04003301 4055077Gg5 + G5, by 0330140506605
+051 by 03301 4055066077 — 05104 033014055076067 — 05104 033054055013077 — 5104y 0330540550136 + by 055051 54016067075
+byy A55061 4036013077 — byy 55061 024016077055 — byy 5051 034076013067 + by G550, As4013066077 + byy G331 054016067075
+by 055051 074036013067 — by A55051 074016067055 — by As5051 064056013077 + by G550, 064016077ag5 — by G550, 014056067075
+by 055051 014076067055 — by A55051 01406607705 + by A55054011 056067075 — by As5054011 76067 agg + by 05505401 e 7755
+byy A5505) 04076013057 — byp 55031 024013066077 + by 033051 034013066077 — by 033051 54076013057 — byy 33051 054076013067
—by 055051 054016067075 + byrA33051 064016077055 — by 33051 014056067075 + by 03301 014076067ag5 — by 033051 01406607755
+byy 033054011 03607075 — byr 3305401, 076067055 + byy 33054011 677055 + by 03305 04076015067 — byr 33051 024013066077
—by>033051 054016067075 + by 033061 054056013077 — by A3301 064056013077 — by 033061 024016077Gg5 — by 033061 05401607755
+by 033051 074036013067 — by A33051 07401606705 — by A33055061 054016077 — by 033055061 34016055 + byy 3305505 05401366
+byy 033055051 034013077 + byy 33055061 4 A36015 — by 33055051 054013066 — byy 03305551 054013077 — byy 3305504076067 054
+by 033055054 066077055 + byrA33055054011 077055 + by A33055054056067075 + by 033055054011 G677 + by 03305505401 G sg
—byp 03305504011 07667 + byy 3305501 014076067 — by 33055051 014066077 — by 03305505, 014066055 — byp 330550, 614077054
+by3 033055051 064016077 + by 33055051 064016055 — by A330550,1 074016067 — by 0330550, Aeu G605 — As1byp 0406505601377,
Cy = —a51b40330,4015076067055 + 5104303304065 056015077 + As51042033004075016067055 + A51 04203305401 5056067074
=051 by 03305406501 6077055 — 05104 033054055013 066077 + As51 D45 03304 055076013067 — 51045 03300407503601 3067
=051 b3y 0330540350107 075 — 51633033074 05501 6067055 + A51 643033074 055056013067 — 5164333014055 066077055
+051 by 03305405501 6067075 + 05104 033054,055013 06077 — 51 by 0330540507601 3067 — byy 3305505, 05416067075
+by 033055051 034076013067 — by 03305505 034013066077 + by A33055051 04016067075 — byp A33055051 40561377
+051 by, 03306405501 6077055 — 05104 033064055056013077 — by 033055051 034076013067 — byp 3330550401 066977033
+by2 033055054011 076067055 — by 33055054011 g6 7075 + by 033055051 140660077055 — byy 3305505 014076067033
+byy 033055051 01405607075 — by 033055051 A4016077055 + by 03305505 A4 056013077 + by 033055051 074016067055
—by2033055051 07403501307 + by 3305506105401 6077Gg + by 033055051 034013066077 + Gs1b450330,40)5076 067033
=051 b4303301 4055056067075 + 0510430330401 566077 055,
E, = —bya,s,

E, = byyay5a57 + byya33055 — b330y, 015 + b3y 044055 + byydysagg + byydysayy + byyaysags,

= byy0,,015055 + b3y0y1 01505, + b3yy015066 — b330y G65a16 — b3y051 55015 + b3y 055056067, — bsyaysay1agg — byyaysayay;
+bs,a61 055016 + b3y 051055015 — b3yp5a11 06 — b3yA440y5a77 — b3y044055011 — b3y 044055066 + b3p04405, 015 — b3y ay5a66677
—b3y 0566055 — D3y 4405055 — b3y033055077 — b3y3305501) — byyAs33055066 + bsya330,,015 — bsy 330,505 — b3y 0330,40,5

—bs,0y5077043,

Ey = —bya4,0,505606; + bsy0,40,501, 055 + b3y0440550,,077 — 3044061055016 — b3y044051 055015 + b3y 0440550, 1066
+b3, 033055077035 + b3y 033095066035 + D3y 03305066077 — b3y0330,, 015055 — b3y 033051015077 — b3y 0330, 0,546
+b3,0330, G501 + b3y0330, Ags15 — b3yA33055076067 + b3y0330,50,1 Agg + b3y a330,5011 077 — by 3306, ay5a;6
—bs,033051 055015 + b3y A33055011 066 + b3y A5 011077055 + b3y 3304405011 + bsy0330440)5066 — b3y 03304405015
+b3, 033044055053 — b3y 05076067035 + D3y 0556067075 + b3y 03304405077 + b3y 0550, Ggsagg + b3y 05101507606,
—bs3,051 075016067 — b3y 06556015 + U3y A5016077 — b3y 061025016055 — b3y 061035016077 + b3y, ag5015077
+b3,0y5011 066077 — b3y 05011076067 — D3y 031015066077 — D3y01 015066055 — b3y01 015077055 + b3y 04405077054

+b3, 044055066055 + b3y 044055066077 — b3y51 05013066 — D330440,1 015055 — b3y 04405101507, — byy04405, 015046
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—bs,0414y5013077 + b330, G5 01655 + D320y 055015066 T+ U326 0p536015 + b3y055066077055 + b3y 044051065016

+b3,04405,A55015,

E; =

—b3 033051 55013077 + b3y 03305, 015077055 + b3y 051 055016067075 + b3y 4405011076067 — b3y0440550,, G677
—by0y1 075056013067 — b3y 051 y5076013067 + b3y 033061 0y5016077 + b3y 3305011076067 — b3y A330,50,, G677
+b3,044055076067055 + b3y 04405, 075016067 — b3y04401 015076057 — b3y 0440501106605 + b3204401 015065077
—bs303304405 056055 + b330y 01506607755 + b3y051 015056067075 — b3044055036067075 — b3y 051 055013066077
+b30y1 Ag5076015067 — b330, 05016077055 — b3y 055011 56067075 + b3y a1 05016077055 — b3y 0y, 015076057055
+b30y1 065056015077 + b3y01 075016067055 + b3y 0p5011 076067055 — b3y 0330506506055 — b3y033055066077 055
—bs, 033061 055056015 — b3y 04405, 055013077 + b3y044061 055016077 + b3y 0440501506655 — b3y04405,1 a65016077
+b3, 044051 g5 ag6015 — b3y 033044095077 055 + b3y 051 055013G65077 + b3y 03305, 065036015 + b33044051 0507755
+b3, 033051 055013066 — b3y 033005056 067075 — b3y 033051 65016077 + b3y 833044051 015077 + b3y 0330440561555
—b3 0330440550677 + b3y 0330015066077 + b3y 0330101506655 — b3y 061 0y5056013077 + b3y 033044061 0r5 016
—b3 03304405501, 077 — b3y 05, Ag5016067075 — b3y 0p5011 066077055 + b3y 033044 095076067 — b3y 03304405, Gg5 015
—bsy03304405) G516 + b3y03304405, 015066 — b3y 033044005011 055 — b3y033044055011 66 + b3y 033044051 055013
+b33044061 2501655 + b3y04405 5013066 + b3y 044051 0p5015077 — b3y044055011 077035 — b3y 0330550, 1077044
+b3y 033055076067 055 + b3y 0330505013077 — b3y 033051 55015066 — b33 04405066077055 — b33044061 0555601
—bs3204405,A5013G66 — b3204405 05016055 + b3y 033051 075016067 — b3033051 015076067 — b3y 0330550, 066043

+b3,0336, 0250168,

= b4y, 035076015967 — b3,033055011 076067035 — b3y033044055076067055 + b3y 3304405501 66077
+bs3,0330,1 015076067055 — b33044051 01506607705 + b3y 044095011 066077055 + b304401 065016077033
+b3, 033044051 5013077 — b3y 033051 075016067 0gg + b3y 0330,440)5066077055 — 30330, Ag5076013067
—bs,033051 055013066077 — b3y 033044051 055013077 — b3y0330,, 015066077055 + b3y 03304405011 077035
+b3,04401 015076067055 + b3y 04405, 035013066077 + b3y03304405, 065016077 + b3y 033044051 Gg5016035
—bs,033051 015056067075 — b3y 044005011 076067055 + b3y0330,4406,0r5036015 + b3y 033055011 G775
+b3,04405501 1 56067075 — b3y 044051 095016067075 — b3y 033044061 095016077 + 30330, 07505613067
+b3 03304405 Ag5013 056 + b3y 0330440501 G655 — b33 044051 A65056 013077 — b3033044061 055016033
—bs32044051 015056067075 — b3y03304405 07501607 + b3y 033044095056 067075 + 3044061 0p5036013977
—bs32044051 075016067055 — b3303305, 025016067075 — b3y 033061 05016077055 + 3033044051 01507667
—bs,033044051 035013066 — D3y 03304401 015077055 — b3y 0,445, 05013066077 + b3y 033051 0y50760153067
—bs044061 055016077055 + b3y 044051 035016067075 — b3y 03305 065036013077 + b3y033061 5056013077
—b3y03304405501 176067 — b3y 033044091 015066077 + b3y 03305, 055013066077 + b3y 0330, 55016067075
—b3y033044051 G556 015 — b3y 033044051 015066055 + b3y 04405, 075036013067 + 3044051 0y50760153067

+b3,0330,5011 5657075 + b3y0330, G516, s,

E; = byya3304406,0)5016077055 — b3y03304405) Gg5013066077 + b3y 03304405 Gg5076013067
+b3,03304405501 1 76067055 — D3y 033044051 075056013067 — b3y 03304401 06501607755
+b3,033044051 015056067075 — D33 033044051 055076015067 — b3y 033044051 01507606755
—b303304405501 1 677055 — b33 033044061 055056015077 — b3y 033044051 055016067075
+b35 033044051 07501607055 — b3y 0330440501 056067075 + b3y 033044051 015066977055

+b3y 033044051 035016067075 + D33033044001 A5 056013077 + 33033044041 055015065077

(A1)
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