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ABSTRACT

In support of the Nuclear Criticality Safety Program, a set of evaluated resonance parameters was generated
for seven dysprosium isotopes in the neutron energy range from thermal up to a few keV. The evalua-
tion methodology used the Reich-Moore approximation to fit, with the R-matrix code SAMMY, the high-
resolution capture and transmission measurements on natural and enriched samples recently performed at the
Rensselaer Polytechnic Institute Gaerttner LINear ACcelerator facility. Additional transmission data mea-
sured on enriched samples by Liou at the Columbia University Nevis synchrocyclotron in the mid seventies
were used to gauge the neutron widths above 15 eV. Thermal constants such as absorption and (in)coherent
scattering cross sections and corresponding scattering lengths were calibrated to the National Institute of
Standards and Technology’s compilation except for 161,164Dy isotopes.
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1. INTRODUCTION

Named from the Greek dysprositos meaning “hard to get,” dysprosium is a rare earth element that can
have significant effect in nuclear reactor applications due to its property of absorbing neutrons continuously
and effectively for a long time. In fact, because of its large capture cross section, dysprosium is usually
exploited in the design of nuclear fuel or reactor control rods, for which dysprosium’s slow-burnout property
is necessary. Being a rare earth element, dysprosium’s capture cross section is also important in the study
of nucleosynthesis in astrophysics analyses. Among other common uses, dysprosium (in compound forms
or dysprosium alloys) is in great demand because of its favorable thermophysical properties, as dysprosium
resists demagnetization at high temperatures.

In view of the interest in dysprosium metal for several distinct types of nuclear applications, it is im-
portant to have a thorough understanding of its interaction with neutrons. To describe the reaction cross
sections in the thermal and low-energy range, resonance parameters are usually stored in evaluated nuclear
data file (ENDF) libraries. In the recently released ENDF/B-VIII.0 nuclear data library [1], the set of dys-
prosium evaluations in the resolved resonance region (RRR) was performed in 2001 (after the release of
the ENDF/B-VI.8 library) and successively adopted by two releases of ENDF library—namely, ENDF/B-
VII.0 [2] and -VII.1 [3]. Evaluated by the unfavorable multilevel Breit–Wigner (BW) approximation, the
set of resonance parameters was adopted from the work of Mughabghab [4], except minor corrections to
the bound levels were performed so as to reproduce more accurately the values of the thermal capture cross
sections and the bound coherent scattering lengths. Among other experimental data sets, Mughabghab’s
set of resonance parameters were mainly evaluated on the basis of high-resolution neutron time of flight
spectroscopy measurements performed at the Columbia University Nevis synchrocyclotron in the mid sev-
enties [5].

Following the evaluation work performed by Lee in the mid 2000s [6] and the series of recent transmis-
sion and neutron capture yield measurements on enriched and natural Dy samples performed at the Gaert-
tner LINear ACcelarator (LINAC) facility at Rensselaer Polytechnic Institute [7, 8], this work presents the
newly evaluated set of neutron resonance parameters for total and capture cross sections on 156,158,160–164Dy
isotopes in the energy range of thermal energy up to a few keVs. The analysis of the experimental data
sets uses the SAMMY [9] code, which performs a multi-level, multi-channel R-matrix fit to neutron data
in the Reich–Moore (RM) formalism. Experimental conditions such as resolution function, finite sample
size, nonuniform thickness, detector efficiencies and nuclide abundances of sample, multiple scattering,
self-shielding, normalization, background, and Doppler broadening are taken into account. From both the
capture and transmission data, we determined pertinent resonance parameters—and from these, the values
of their systematics, such as strength functions, level spacings, and cumulative plots. In the thermal energy
range, we utilized the Atlas of Neutron Resonances [10] as well as the coherent scattering lengths published
by the National Institute of Standards and Technology (NIST) as a source of information on scattering and
capture cross sections, as well as the resonance integral.

The report is organized as follows. The general conditions and evaluation methodology are outlined in
Section 2, including two extensive subsections about the quantification of the external functions and thermal
characteristics of the Dy isotopes; the experimental database is described in Section 3; the calculations
and results of the R-matrix analysis are presented and discussed in Section 4, followed by a section on
the uncertainty quantification. Statistical properties of the resonance parameters and their average values
are examined in Section 5 and, for reproducibility purposes, a brief discussion on the repository generated
to store and reproduce the results of this work is given in Section 4.1, followed by our conclusions and
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recommendations in Section 7.
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2. GENERAL CONDITIONS AND EVALUATION METHODOLOGY

2.1 DYSPROSIUM ISOTOPES

Naturally occurring dysprosium natDy consists of seven stable isotopes, 156,158,160–164Dy, plus an extremely
long half-life isotope, 154Dy (t1/2 = 3 × 10+6 y). The even-A stable isotopes have spin-parity Iπ = 0+

that couples to s-wave neutrons to make compound nuclear states all characterized by the same spin parity
Jπ = 1/2+, whereas the two odd-A stable isotopes, 161,163Dy having Iπ = 5/2+ and 5/2−, respectively, couple
to make two compound nuclear states Jπ = 2+, 3+ and Jπ = 2−, 3−. Table 1 shows four major Dy isotopes
with a relatively homogeneous isotopic distribution. For each isotope, the upper energy limit Emax is based
on the systematics of Liou’s data sets and corresponds to the energy regions where a large fraction of s-
levels began to be experimentally missing. As can be seen, the resolved resonance range for odd-A isotopes
extends over a smaller Emax than for even-A isotopes since the latter ones are naturally characterized by a
larger level spacings. As reported in Table 1, the threshold energy for the inelastic channel of each isotope
should be considered when determining the upper energy limit of the unresolved resonance region (URR).
For each isotope, the RRR energy limit is well below that threshold energy; therefore, the total cross section
is defined by only two energetically possible channels, elastic scattering and neutron capture. Although not
planned in the list of nuclei relevant to NCSP, two minor isotopes, 156,158Dy, were included in the R-matrix
analysis for completeness. This set of isotopes occurs in the mass region of the split 4s giant resonance in

Table 1. Dysprosium abundances (in %), upper energy limits for the RRR, and inelastic threshold
energies (in keV).

No. Isotope (Iπ) Abundance (%) Emax (keV) Einl (keV)
1 (*) 156Dy (0+) 0.056 0.1 137.8
2 (*) 158Dy (0+) 0.095 0.1 98.9
3 160Dy (0+) 2.329 2.0 80.6
4 161Dy (5/2+) 18.889 1.0 25.6
5 162Dy (0+) 25.475 5.0 80.6
6 163Dy (5/2−) 24.896 1.0 73.4
7 164Dy (0+) 28.260 7.0 73.4

(*) Not planned by NCSP.

the S 0 strength function where the S 1 strength functions are expected to be smaller, so the observed level
populations are nearly complete s-level populations, with little or no p-level contamination. In fact, with
the current experimental data sets, only a few p-wave resonances were observed, and the evaluated set of
resonance parameters is practically a pure single population of s levels.

2.2 QUANTIFICATION OF THE EXTERNAL FUNCTIONS

The R-matrix theory shows that the reaction cross sections analyzed over a limited energy range do not
depend only on the “internal” levels but also on contributions from “external” levels below and above that
energy range [11]. Therefore, before performing the R-matrix fit of the resonance parameters, it is important
to quantify the contribution of the resonance analysis below the energy Emin (usually chosen as the zero
energy) and above Emax, which is generally the upper energy limit where measured data can be still analyzed
without losing statistical information on resonance levels. These two energies represent the energy limits of
the analyzed neutron range, and the external contribution can be achieved quite conveniently by a resonance
statistical representation of the external levels approximated by the tails of two very broad resonances with
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equal strength [11]. Namely, for s-wave and Γγ � I, this yields external levels with neutron widths

ΓJ
n± =

3
2

IS J
0

√
|E±|
1 eV

, (1)

located symmetrically with respect to the mid-energy E = (Emax + Emin)/2 of the length of the interval
I = (Emax − Emin) containing the local levels and calculated at energies E± = E ±

√
3I/2. The value of the

s-wave strength function S J
0 for different spin populations (two for odd-A isotopes such as 161,163Dy) can be

obtained by the statistical analysis of the known widths of the resonance parameters. In Table 2, the values
of the neutron widths and related energy levels calculated with Eq. (1) are reported along with the neutron
s-wave strength functions obtained from ENDF/B-VIII.0 resonance parameters.

Table 2. External function parameters calculated with Eq. (1) including the strength functions SJ
0

(in 10-4 units), the corresponding pole strength sJ
0 (in 10-2 units)*, the length interval I (in keV) and

related resonance widths (Γn± in meV) for each channel spin Jπ.
Isotope (Iπ) I E− ΓJ

n− E+ ΓJ
n+ S J

0 sJ
0 Jπ

160Dy (0+) 2.0 −732 15909 2732 30734 1.96 6.01 1/2+

161Dy (5/2+) 1.0 −366
2739

1366
5291 0.95 2.92 2+

2304 4452 0.80 2.46 3+

162Dy (0+) 5.0 −1793 66924 6693 129286 2.15 6.58 1/2+

163Dy (5/2−) 1.0 −366
3415

1366
6597 1.19 3.65 2−

2447 4727 0.85 2.61 3−

164Dy (0+) 7.0 −2562 70688 9562 136559 1.33 4.07 1/2+

(*) The strength function and the pole strength are related by the channel radius ac and wave
number kc ≡ kc(E) for the channel c as S J

` = 2ackc sJ
`

√
1eV/E.

The R-matrix external level representation obtained by two broad resonances with equal strength is quite
convenient; however, it is an approximation to the R-matrix function

Rcc(E) − R∞c = 2sc

{
tanh−1

[E − E
I/2

]
+ i

Γγ

I

[
1 −

(E − E
I/2

)2]−1}
'

γ2
n−

E− − E − iΓγ/2
+

γ2
n+

E+ − E − iΓγ/2
, (2)

where Γγ is the average capture width, R∞c is the distant-level parameter, and the reduced amplitude is
related to resonance neutron widths as Γc

n± = 2P`(E±)γ2
cn as defined in Eq. (1). Although the differences

between the two representations are usually small over most of the energy range, the differences are not
negligible towards the edges. To correct for the edge effects of the approximation of Eq. (2), it is necessary
to include additional bound and external levels to those of Table 2. Starting from the resonance parameters
of Table 2 plus one additional bound and external level for each channel group, a fit of the elastic cross
sections calculated from the R-function Rcc′(E) ≡ Rcc′ was performed over the energy interval I for each
isotope. The fit of the calculated elastic cross sections was performed by varying the neutron widths and
keeping unchanged the average capture widths. The use of the elastic cross sections was necessary because
the SAMMY code cannot account for the complex part of the R-function Rcc′ . In doing so, one assumes that
the correlation between the elastic and capture reaction channel is negligible.
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This procedure yields the set of resonance parameters of Table 3 and the results of the fit, specifically
for the 160Dy isotope, showing the inclusion of the edge effects in the external function; these additional
bound and external levels are plotted in Fig. 1. The edge effects of the elastic cross sections calculated by
the SAMMY code using the R-function Rcc′ (in purple) are well reproduced by the cross sections (in light
blue), reconstructed from the set of resonance parameters reported in Table 3. The results from the use of the
broad levels defined in Eq. (1) are shown in green. One should note that the parameters reported in Table 3
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Figure 1. n+160Dy elastic cross sections showing the inclusion of the edge effects. The elastic cross
sections calculated by the SAMMY code using the R-function Rcc′ are shown in purple. In light blue
and green are the results of the elastic cross sections reconstructed from the resonance parameters
with or without edge effects, respectively.

represent the initial set of external parameters. This is usually modified following the fit of the complete
set of measured data and, most importantly, the calibration of the thermal values for scattering, capture, and
fission (only for fissile nuclei) reaction channels.

2.3 DYSPROSIUM THERMAL CHARACTERISTICS

The calibration of the negative (or bound) energy levels and related resonance widths was achieved by fitting
Block’s transmission and capture data [7] measured on natDy samples together with the reference thermal
characteristics of each isotope reported by Sears [12], which are also available on the NIST website. As
shown in Fig. 3, Block’s measured capture and transmission data nicely extend to the thermal energy below
1 eV and, together with Sears’ thermal constants, can be excellent constraints in defining the resonance
parameters—particularly for negative energies. In doing so, an important aspect of the fitting procedure is
the inclusion of relevant experimental corrections related to the detector deficiencies for the capture yield
measurement, as these corrections are particularly sensitive to the low-energy tail of the measured data.
These are described in detail in Ref. [7] and used in SAMMY inputs as the scaling factor for each isotope.
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Table 3. Resonance parameter for initial external function quantification with edge effects. Resonance
parameters (in meV) and resonance energies (in eV) obtained by the fit of the elastic cross sections
calculated from the R-function Rcc′ of Eq. (2).

Isotope (Iπ) Emin Emax E ΓJ
n Γγ Jπ

160Dy (0+) 0.0 2.0

−565.21 10415.69

110 1/2+−19.38 46.71
2023.03 662.08
2587.66 22293.35

161Dy (5/2+) 0.0 1.0

−358.09 2455.13

120 2+−12.71 23.96
1256.15 393.62
1347.29 4617.17
−361.69 1980.77

120 3+−106.89 43.90
1009.96 134.35
1345.69 3736.60

162Dy (0+) 0.0 5.0

−1294.41 38944.84

120 1/2+−62.63 45.16
5032.44 1784.12
6253.58 86419.92

163Dy (5/2−) 0.0 1.0

−410.60 2393.04
120 2−1010.92 292.77

1349.55 6956.22
−382.47 3078.90

120 3−−13.61 29.34
1276.95 73.73
1359.49 3549.83

164Dy (0+) 0.0 7.0

−2036.79 46723.60

100 1/2+−99.98 306.77
7102.11 1132.59
9015.64 98607.11
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This work started from the initial set of the external levels of Table 3 to find the current evaluated resonance
parameters for the external energy levels and related channel widths of each isotope, as reported in Table 4.
Highlighted in blue are those (negative) levels added to improve the fit of the measured data including
thermal constants. Although thermal scattering cross sections and scattering lengths are intimately related,

Table 4. Resonance parameters for final external function quantification. Highlighted in blue are the
energy levels added to improve the fit of the measured data including thermal constants. Units are the
same as those in Table 2.

Isotope (Iπ) Emin Emax E ΓJ
n Γγ Jπ

160Dy (0+) 0.0 2.0

−601.81 9545.25 103

1/2+−51.98 326.19 99
−14.30 9.05 86

2023.00 662.62 110
2586.10 22795.48 110

161Dy (5/2+) 0.0 1.0

−360.67 2454.73 120

2+−19.83 29.88 120
1256.13 393.66 120
1347.11 4621.42 120
−360.67 2453.73 120

3+−110.44 44.55 120
−2.50 15.37 150

1009.92 134.37 120
1345.10 3747.88 120

162Dy (0+) 0.0 5.0

−1255.35 13241.10 117

1/2+−47.40 38.58 111
5032.50 1779.22 120
6253.58 78659.40 120

163Dy (5/2−) 0.0 1.0

−552.74 4151.67 120
2−1007.24 294.93 120

1296.58 8631.93 120
−584.20 1513.45 120

3−−4.65 3.20 120
1275.23 74.83 120
1275.50 4883.50 120

164Dy (0+) 0.0 7.0

−2037.05 46629.74 83

1/2+−102.50 310.25 83
−1.88 50.06 63

7102.11 1132.61 100
9015.64 98653.65 100

the latter should be always checked to ensure proper calibration with available measured data. In fact,
even when the thermal cross sections are satisfactory, the scattering lengths may need additional calibration.
Although the SAMMY code does not currently have the capability to fit the scattering length as measured
data, this work attempted to calibrate both scattering lengths and scattering cross sections. The evaluated
bound (in)coherent scattering lengths and thermal capture cross sections are reported in Table 5 together
with the values of complex bound scattering lengths and related radii. In this evaluation work, the scattering
or potential radius R′ and the effective radius ac that is usually used to calculate the penetration factors were
kept the same for all channels of each isotope.
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One can find reasonable agreement with the values reported by the NIST compilation except for the cases
of the 161,164Dy isotopes. For the most abundant isotope 164Dy, there is a discrepancy of 200 b (about −7%)
noticeable for the absorption cross section and 24 b (about +8%) for the scattering cross section leading to a
reduction of the thermal value for the total cross section of about 170 b (about −5%). The evaluated thermal
capture value was found by fitting the recently measured activation data [13]. For the scattering channel, only
a few measured data are available, and the NIST value differs by about 24 b with the ENDF/VIII.0 library.
The value of about 331 b evaluated in this work was calibrated and constrained by the simultaneous fit of
transmission and capture data for natDy together with thermal capture and scattering constants for six other
isotopes. The choice of a larger 164Dy thermal scattering value than that reported by the NIST compilation
was also motivated by recent and accurate capture activation measurements. In fact, the 164Dy scattering
thermal cross section obtained by the difference between the total cross section, σtot= 3000−70

+45 b, measured
at thermal by Vertebny [14, 15], and the thermal capture cross section, σγ = 2650 ± 25 b, measured by
Farina [13], yields σs = 350−65

+37 b. From this, and assuming Farina’s recent measured data set is reliable, the
NIST compilation value for the 164Dy scattering cross sections is clearly found outside the considerably large
derived uncertainty range. On a different note related to the 4th most abundant isotope, the scattering cross
section of the 161Dy isotope is still 2σ within the NIST compilation and was adopted from the ENDF/B-
VIII.0 library based on the goodness of the fit of the natural data. This choice is also consistent with the
evaluation work by Lee [6].

The following paragraphs report the details of the derivation for the equations used to calculate the
thermal constant values reported in Table 5. For the scattering lengths, a convenient way to show their

Table 5. (In)coherent bound scattering(*) and thermal absorption cross sections (in barn) with cor-
responding bound (in)coherent scattering lengths(**) (in fm) compared to the values reported by
NIST(***). The scattering radius ac (in fm) for each isotope is also reported.

ac σγ σs σcoh σincoh bcoh bincoh b+ b-

156Dy 7.50 Present 33 4.1 4.1 0.0 5.7 0.0 n/a n/a
NIST 33 4.7 4.7 0.0 6.1 0.0 n/a n/a

158Dy 7.40 Present 43.1 6.5 6.5 0.0 7.2 0.0 n/a n/a
NIST 43.0 5.0 5.0 0.0 6.0 0.0 n/a n/a

160Dy 7.46 Present 55 5.6 5.6 0.0 6.7 0.0 n/a n/a
NIST 56 5.6 5.6 0.0 6.7 0.0 n/a n/a

161Dy 7.47 Present 605 17.5 14.5 3.0 10.7-ı 0.17 4.9-ı 0.12 8.71-ı 0.16 2.08
NIST 600 16.0 13.3 3.0 10.3 4.9 n/a n/a

162Dy 5.90 Present 195 0.28 0.28 0.0 −1.50 0.0 n/a n/a
NIST 194 0.25 0.25 0.0 −1.41 0.0 n/a n/a

163Dy 7.50 Present 125 3.2 3.2 0.27 4.9 1.3 3.5 1.4
NIST 124 3.3 3.1 0.21 5.0 1.3 n/a n/a

164Dy 7.51 Present 2650 327 327 0.0 51.3-ı 0.74 0.0 n/a n/a
NIST 2840 307 307 0.0 49.7-ı 0.79 0.0 n/a n/a

(*)By definition, the scattering and coherent cross section are identical for nuclei with spin I = 0.
(**)The imaginary component of the calculated bound scattering lengths b is reported for values >0.1.
(***)As discussed in subsection 2.2, the bound scattering lengths and related cross sections can be converted to free

quantities by the factor (A + 1)/A which, for the Dy isotopes, introduces a difference of about 0.6%. In this work, the
contribution of the neutron-electron interaction was not included.

relationship to R-matrix parameters is to expand the collision matrix in the low energy limit. The theoretical
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values of the reported scattering lengths were calculated on the basis of the collision matrix U J
cc for the

elastic channel (c=c′) computed from the set of the evaluated resonance parameters and scattering radius
R′ for each Dy isotope. In the reduced R-matrix approximation, the RM collision function for each s-wave
incident neutron channel J=(I ± 1/2)π (i.e., one for I=0, two for I , 0);

U J
cc = e−2ıkcac[1 − ıkcacRJ

cc]−1[1 + ıkcacRJ
cc] , (3)

where the quantity ac is the radius for the incident channel c (usually chosen to be equal to the potential
scattering radius R′), and kc=αc

√
E is the wave number defined for the incident (neutron) channel, namely,

for αc=2.1968×10−4Ac/(Ac +1) (in fm−1 eV−1/2): E is expressed in eV, and αc is the nucleus–neutron mass
ratio for particle pair of the incident channel. The reduced-R complex function for this one-channel case is

RJ
cc =

∑
λ

γ2
λ(J,c=n)

Eλ − E − ıΓλγ/2
, (4)

where the summation extends over the nuclear energy (positive and negative) levels Eλ related to the formal
energy states of the nuclear compound system with reduced neutron width amplitude γλn and capture widths
Γλγ. Omitting the index c being the quantities corresponding to the (neutron) elastic scattering, the collision
function in the low-energy limit, x=ka→ 0+, can be written as

U J = 1 + 2ıx (RJ − 1) − 2x2(RJ − 1)2 + o(x3) . (5)

Comparing the detailed and usual form of the elastic scattering wave function for s-wave neutron interaction,
one can obtain the relation between the scattering wave amplitude and the RM collision function,

FJ = ıa (1 − U J)/(2x), (6)

which is related to the free scattering length for the channel spin J as

aJ = − lim
x→0+

FJ ≈ a [1 −<(RJ) − ı=(RJ)] = a (1 − RJ) . (7)

For nuclei with target spin I = 0, the free coherent scattering length is the quantity defined in Eq. (7);
however, for nuclei with target spin I , 0, the free coherent scattering length

acoh =

aJ I = 0
g+aJ+ + g−aJ− I , 0

is the sum of the partial scattering lengths weighted by their spin statistical factors g+ = (I + 1)/(2I + 1),
g− = I/(2I + 1) related to J+ = I + 1/2 and J− = |I − 1/2|, respectively. The same quantities are also used
to compute the incoherent scattering length, defined as

aincoh =

0 I = 0
√

g+g−(aJ+ − aJ−) I , 0 .

Since the measured or recommended data are usually reported as bound (in)coherent scattering length
b(in)coh, the relation used in this work to convert the measured quantities to free (in)coherent scattering
lengths is a(in)coh = b(in)coh A/(A + 1) , ,from which one can calculate the free scattering cross section

σs = 4π

|aJ |2 I = 0
g+|aJ+ |2 + g−|aJ− |2 I , 0 ,
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where, for I , 0, the result is given by the unitary condition of the spin statistical factors, g+ + g− = 1, and
the sum of the coherent and incoherent cross sections,

σcoh = 4π |g+aJ+ + g−aJ− |2 and σincoh = 4π g+g− |aJ+ − aJ− |2 . (8)

In the case of the Dy isotopes, the absorption cross section is given by the capture reaction channel only,
and, as reported in Table 5, the value calculated from the free scattering length is defined by

σγ =
4π
k

|=(aJ)| I = 0
g+|=(aJ+)| + g−|=(aJ−)| I , 0 ,

where the wave number k is calculated at the thermal neutron energy Eth=0.0253 eV.

3. THE EXPERIMENTAL DATABASE

To improve the accuracy of the Dy evaluations in both thermal and resolved resonance neutron energy
ranges, a comprehensive experimental database is needed to evaluate the set of resonance parameters. As
schematically reported in Table 6, one can distinguish two major experimental campaigns for the Dy iso-
topes. Chronologically, the first one was performed by Liou [5] at the Columbia University Nevis synchro-
cyclotron. This included transmission and capture measurements of 160–164Dy isotopes on enriched Dy2O3
samples of different thicknesses focusing on epithermal incident neutron energy range, that is, above 15 eV
and up to several keVs. The second experimental campaign was generated within the needs of the NCSP and
performed at the Gaerttner LINAC Center at RPI over thermal and epithermal ranges. Among these recent
measurements, neutron capture yields of 161–164Dy isotopes were measured in the energy range from 10 eV
up to 1 keV. The capture yield measurements were performed on isotopically-enriched dysprosium metallic
samples using the Time-of-Flight (ToF) method with a 16 segment sodium iodide multiplicity detector [8].
Within the same campaign, an additional series of capture and transmission measurements was performed
on natDy samples in the thermal neutron energy region up to 20 eV [7]. More details on both series of
measurements can be found in Refs. [7, 8]. Among the neutron transmission experimental data available for
Dy isotopes, Liou’s measured data represent a relevant portion because of their extended energy range and
sample isotopic enrichment. In fact, Liou’s transmission data are currently the only source of information to
evaluate the neutron widths of the Dy isotopes in the energy range above 15 eV. Unfortunately, the capture
data for this set of measurements are missing, and there is no uncertainty quantification for the transmission
data reported in the EXFOR library. Moreover, the large number and magnitude of negative values found in
the reported 160,163,164Dy total measured cross sections implies an over-correction of the background contri-
bution. Among possible background corrections, one might have been applied to eliminate the contribution
of the oxygen cross sections due to the use of oxide samples Dy2O3 in the measurements. In this regard,
it is unclear whether the number of atoms/barn reported is related to the specific enriched isotope or to the
oxide sample: this affected our ability to correctly calculate the total number of atoms/barn of the sam-
ples. Moreover, especially in the low-energy region above 15 eV, the energy spectrum of the Dy isotopes
contains several energy levels for which the neutron absorption is maximum. For these levels, Liou’s data
were reported as saturated resonances because of the choice of the sample thickness, and an accurate fit of
the resonance widths was not possible. At least for the resonance levels large enough to be visible with
measurements with natDy sample, this problem was partially resolved by Shin’s transmission data.

Because Liou’s transmission data were reported as total cross sections for the whole set of Dy isotopes,
the conversion to transmission data was necessary to convolute in the R-matrix analysis the experimental
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Table 6. Selected measurements and related sample configurations such as thickness n (a/b), path
length L, and enrichment used in the evaluation of the resonance parameter of Dy isotopes.

Author (year) Facility Sample Type n (10-3 a/b) Energy range Path length L (m)

Liou (1975) NEVIS

160Dy

Trans*

0.881 15 eV–2 keV

202.05

161Dy 1.644, 7.451 15 eV–1 keV
162Dy 1.533, 6.934 15 eV–5 keV
163Dy 1.403 15 eV–1 keV
164Dy 10.54, 2.337 15 eV–7 keV

Shin (2017) RPI

161Dy

Yield

0.6359 12 eV–1 keV

25.57
162Dy 0.6445 10 eV–1 keV
163Dy 0.6503 10 eV–1 keV
164Dy 0.6196 10 eV–1 keV

Block (2017) RPI

natDy Trans 1.610 0.01–20 eV 14.97
natDy Yield 0.8050 0.01–20 eV 25.44
natDy Trans 0.7840 4 eV–2 keV 25.60
natDy Yield 1.6304 10 eV–1 keV 25.57

(*) Converted to transmission data from the reported total cross sections.

configuration of Liou’s measurements. In this regard, the experimental resolution and Doppler broadening
parameters were also needed as input parameters for an accurate description of the shape of the experimental
data. For Liou’s data, only partial information on the set of experimental resolution parameters was found.
This consisted of the minimum channel width of ∆G= 40 ns and the flight path length L = 202.5 m. With
this information together with the relation between the energy and the speed of the neutron of mass m,

t(E) =

√
m
2E

L , (9)

the values of the crunch data table were directly extracted from Liou’s data sets to obtain the energy depen-
dence of the experimental resolution. As shown in Fig. 2 for 160Dy measured data, the number of the energy
boundaries B∆G(E) and their related values are clearly distinguishable.

Although the crunch tables were correctly deduced from the data, the impact of the resolution broadening
on the transmission data reconstructed including the experimental resolution parameters was not particularly
evident. This might suggest that the reported measured data are not exactly the raw measured data but total
cross sections reconstructed from the resonance parameters. This would explain the lack of experimental
uncertainty analysis in the EXFOR library.

The recent measurements performed on natDy samples at the RPI facility for both transmission and
capture yield data supplied additional and relevant information in evaluating the low-energy data in the
thermal range and resonance levels up to 20 eV as shown in Fig. 3. However, the natural data measured
in the epithermal range up to 2 keV could not match the neutron resonance level information of Liou’s
isotopically-enriched measurements. In this regard, considerable spectroscopic information obtained from
Liou’s measurements supported RPI capture yield measurements performed on isotopically-enriched sam-
ples.
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Figure 2. Energy dependent values of the crunch table for a channel width ∆G=40 ns as a function of
the incident neutron energy for the even-A isotope 160Dy and odd-A isotopes 163Dy.

4. RESULTS OF THE R-MATRIX ANALYSIS

The set of RM resonance parameters obtained by the multi-isotopic and multi-channel SAMMY R-matrix
analysis of Dy experimental data in the energy range from thermal to several keVs contains 664 energy
levels, 634 in the analyzed energy range, and 30 external resonances including 17 negative levels. The set
of resonance parameters for the natural sample is given in the appendix, and most of the energy levels were
considered as induced by s-wave neutrons. Only a few p-wave resonances were included for two even-A
isotopes 162,164Dy. In deriving the evaluated resonance parameters, particular care was devoted to the ther-
mal energy region up to 20 eV. Here, the set of resonance parameters was constrained by the thermal values
recommended by NIST (with the exception of 164Dy) and by Block’s transmission and capture measure-
ments that nicely extended in the low-energy range up to 0.01 eV. In addition to the negative levels defined
in Section 2.2, the fitting procedure started from the combination of the set of resonance parameters reported
in the ENDF/B-VIII.0 library and Shin’s paper [8]. In the latter work, 46 new energy levels (29 for 161Dy
and 17 for 163Dy) were reported and adopted in this work, although their existence can be sometimes de-
batable due to the lower and lower statistics of both measured Shin’s capture and Liou’s transmission data
for increasing incident neutron energy. Moreover, in Shin’s work, 12 energy levels (six for 161Dy, two for
163Dy, and four for 164Dy) listed in the ENDF/B-VIII.0 library were not observed. These updates were also
adopted by this work with the exception of the energy level at 12.7 eV for the 161Dy isotope. This level
was reported and confirmed by Block’s transmission measurements [7] and not observed in Shin’s capture
measurements most likely because of the poor statistics of the measurements in this energy range.

As shown in Fig. 3, the capture yield (left) and transmission (right) measurements on natDy samples were
invaluable to evaluate the thermal neutron energy region and the first few resonances up to about 20 eV. The
energy-dependent residuals (bottom) are overall well within a reasonable acceptance range except below
0.1 eV. The large deviation is due to the non-physical discontinuity in the experimental uncertainty (top)
visible at about 0.1 eV. This effect occurs in both transmission and capture measurements approaching a
minimal uncertainty .1% and close to 0.1%, respectively. Although generally unremarkable, other dis-
continuities are visible in the energy regions at about 4 eV for the capture yield data and about 5 eV for
the transmission data. Despite the fact that such discontinuities in the experimental uncertainty at about
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0.1 eV and 4–5 eV are related to the crunch tables of the measured data, these generate residual variations
up to about 10-sigmas and mainly below 0.1 eV. These large residuals are clearly not possible to address
due to the extremely low uncertainty coupled with the constrained behavior (∝ 1/

√
E and ∝ 1/

√
E+const

for the capture and total reaction channel, respectively) of the evaluated data in the thermal region. In this
regard, the experimental configuration of Block’s and Shin’s capture measured data depends on the detector
efficiencies [7, 8] that are taken into account in the SAMMY R-matrix analysis as a multiplicative factor
defined for each isotope, accordingly scaling the calculated neutron capture yield. As expected, these fac-
tors are very impactful in describing the low-energy tail of the measured data, and, in this work, they were
considered constants. In the epithermal energy region, the energy-dependent residuals of the capture yield
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Figure 3. n+natDy capture yield (left) and transmission data (right) measured in thermal energy range
at the RPI facility (black dots) compared to theoretical data (solid red line). Relative experimental
uncertainty (top) and residual (bottom) are shown in black solid lines and red dots, respectively.

and transmission data shown at the bottom of Fig. 4 are on average within 2-sigmas variation range. This
is facilitated also by the experimental uncertainty (top) that is larger than previous data measured in the
thermal energy range. To avoid clutter in the plotted data, the transmission data measured in the energy
region between 300–400 eV where one of the filters’ contribution was visible were excluded. Since these
measurements performed on natDy samples, only the most relevant resonances were measurable. In this
regard, Liou’s transmission data [5] as well as Shin’s capture yield data [8] measured on enriched samples
allow a detailed analysis of the resonance levels for each isotope, as shown in the following figures. As ex-
plained in Section 3, Liou’s measured data were converted from total cross section to transmission data and,
because of no experimental uncertainty was reported, an estimated uncertainty of 1% was assigned to the
total cross sections. The transmission data uncertainty was, therefore, based on total cross section estimated
uncertainty through the relation T (E) = e−nσ(E) together with the corresponding energy-dependent partial
derivatives. Clearly, this procedure generates inconsistent uncertainty for both negative total cross sections
reported in EXFOR and large saturated resonance levels where the transmission data are nearly zero, and
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Figure 4. n+natDy capture yield (left) and transmission data (right) measured in epithermal energy
range at the RPI facility (black dots) compared to theoretical data (solid red line). Relative experimen-
tal uncertainty (top) and residual (bottom) are shown in black solid lines and red dots, respectively.

uncertainty could thus be in the range of negative values. Moreover, because the experimental standard
deviation is inversely proportional to the square root of the number of events, the assignment of a constant
uncertainty does not reflect the fact that in energy regions where large resonance levels are measured, the
number of events is considerably higher than in other energy regions (e.g., the valleys). For instance, an
expected energy-dependent behavior is clearly shown in the RPI measurements such as Fig. 4, in which a
minimum in the capture yield uncertainty corresponds to the peak of the resonance level. In the same figure,
the transmission data show a similar behavior—keeping in mind that, by their definition, the minima corre-
spond to the resonance peaks in the total cross sections. For these reasons, Liou’s transmission data were
not included in the optimization procedure and were used only for their detailed spectroscopic information.
In Figs. 5,6,8,10,11, Liou’s transmission measured data (in black) with the estimated uncertainties (top) and
corresponding residuals (bottom) are plotted together with the calculated data (in red)*.

4.1 UNCERTAINTY QUANTIFICATION

The uncertainty quantification of the evaluated resonance parameters was performed by the Bayesian pro-
cedure implemented in the SAMMY code. A sequential Bayesian fit including all (negative and positive)
energy levels and related resonance widths for seven isotopes was performed over the set of measured data
reported in Table 6 as well as thermal values. The retroactive scheme option was then applied to approxi-
mate the covariance matrix obtained in the previous step by assuming the resonance parameters are not very
different from one step to another. The generation of a full resonance parameter covariance (RPC) matrix,
including the isotope–isotope correlations, would have been the preferable solution. However, due to the

*In these plots, the data associated with negative reported experimental values are eliminated.
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Figure 5. n+160Dy Liou’s transmission data measured in the neutron energy range up to 1 keV (black
dots) compared to theoretical data (solid red line). Relative experimental uncertainty (top) and resid-
ual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 6. n+161Dy Liou’s thick (left) and thin (right) transmission data measured in the neutron en-
ergy range up to 1 keV (black dots) compared to theoretical data (solid red line). Relative experimen-
tal uncertainty (top) and residual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 7. n+161Dy capture yield measured in epithermal energy range at the RPI facility (black
dots) compared to theoretical data (solid red line). Relative experimental uncertainty (top) and resid-
ual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 8. n+162Dy Liou’s thick (left) and thin (right) transmission data measured in the neutron en-
ergy range up to 1 keV (black dots) compared to theoretical data (solid red line). Relative experimen-
tal uncertainty (top) and residual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 9. n+162Dy capture yield measured in epithermal energy range at the RPI facility (black
dots) compared to theoretical data (solid red line). Relative experimental uncertainty (top) and resid-
ual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 10. n+163Dy Liou’s transmission and Shin’s capture data measured in the neutron energy
range up to 1 keV (black dots) compared to theoretical data (solid red line). Relative experimental
uncertainty (top) and residual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 11. n+164Dy Liou’s thick (left) and thin (right) transmission data measured in the neutron en-
ergy range up to 1 keV (black dots) compared to theoretical data (solid red line). Relative experimen-
tal uncertainty (top) and residual (bottom) are shown in black solid lines and red dots, respectively.
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Figure 12. n+164Dy capture yield measured in epithermal energy range at the RPI facility (black
dots) compared to theoretical data (solid red line). Relative experimental uncertainty (top) and resid-
ual (bottom) are shown in black solid lines and red dots, respectively.
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current recommendations to avoid the submittal of ENDF files for natural nuclei, seven RPC matrices (one
for each isotope) were generated. This was performed by extracting from the full RPC matrix the sub-matrix
corresponding to the specific isotope and stored in a ENDF-formatted file with LRF=3 and LCOMP=1 op-
tions. Clearly, this procedure disregards the possible isotope–isotope correlations arising primarily by the fit
of experimental data measured on natDy samples. For simplicity but also clarity, the cross section uncertain-
ties and related correlation matrices calculated for the single-isotope RPC for all available reaction channels
of each isotope are reported in a group representation averaged over 189 energy bins as shown in Figs. 13–
19. Except for two minor isotopes 156,158Dy and 162Dy, the evaluated cross sections feature an uncertainty
from about 0.5% to approximately 1–2% in the thermal energy range up to about a few eVs†. This relatively
low uncertainty is driven by the very low uncertainty (� 1%) reported by the measurements on natural
samples as shown in Fig. 3. In the same energy region, the correlations are generally 100% because of the
strong correlations of resonance parameters for negative levels usually associated with large neutron widths.
Above a few eVs, the cross section uncertainties range between 1 and 10%, with mostly short-range positive
and negative correlations. The plots also show the cross-reaction correlation matrix of the elastic and capture
channels that is generally populated by large portions of negative correlations indicating anti-correlations
between the two reaction channels.

†To ensure that the cross section uncertainties were not below 0.1%, a multiplication factor was applied to two isotopes, 161,164Dy,
over a short energy range. The energy-dependent uncertainty file as implemented in the SAMMY code is shown in Fig. 44
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Figure 13. 189-group representation of 156Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.

22



    σ
 vs. E

 for 158D
y(n,tot.)

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
-4

10
-2

10
0

10
2

10
4

∆σ/σ vs. E for 158Dy(n,tot.)

10-4 10-3 10-2 10-1 100 101 102 103 104
10-1

100

101

102
Ordinate scales are % relative

standard deviation and barns.

Abscissa scales are energy (eV).

Warning:  some uncertainty

data were suppressed.

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

    σ
 vs. E

 for 158D
y(n,el.)

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
-5

10
-3

10
-1

10
1

10
3

∆σ/σ vs. E for 158Dy(n,el.)

10-4 10-3 10-2 10-1 100 101 102 103 104
10-1

100

101

102
Ordinate scales are % relative

standard deviation and barns.

Abscissa scales are energy (eV).

Warning:  some uncertainty

data were suppressed.

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

    σ
 vs. E

 for 158D
y(n,γ)

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
-4

10
-2

10
0

10
2

10
4

∆σ/σ vs. E for 158Dy(n,γ)

10-4 10-3 10-2 10-1 100 101 102 103 104
10-1

100

101

102
Ordinate scales are % relative

standard deviation and barns.

Abscissa scales are energy (eV).

Warning:  some uncertainty

data were suppressed.

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

∆σ/σ
 vs. E

 for 158D
y(n,el.)

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
-1

10
0

10
1

10
2

∆σ/σ vs. E for 158Dy(n,γ)

10-4 10-3 10-2 10-1 100 101 102 103 104
10-1

100

101

102
Ordinate scale is %

relative standard deviation.

Abscissa scales are energy (eV).

Warning:  some uncertainty

data were suppressed.

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

Figure 14. 189-group representation of 158Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.
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Figure 15. 189-group representation of 160Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.
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Figure 16. 189-group representation of 161Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.
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Figure 17. 189-group representation of 162Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.
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Figure 18. 189-group representation of 163Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.
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Figure 19. 189-group representation of 164Dy cross sections and related correlation matrices for total,
elastic, and capture reaction channels.
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5. STATISTICAL PROPERTY OF THE RESONANCE PARAMETERS

The statistical analysis of the resonance parameters can be seen as a test to verify the nuclear reaction theory
concerning the Wigner distribution for the level spacings, the Porter–Thomas distribution for the reaction
widths, and related reaction channel multiplicity. Therefore, in addition to presenting our results for the
observed neutron resonance energies, E, neutron and capture widths, ΓJ

n and ΓJ
γ, respectively, it is useful to

report the study of their statistical properties, such as level spacing systematics and strength functions (or
corresponding pole strength). In Figs. 20–26, cumulative plots of the number of observed s-wave vs energy
for seven isotopes, 156,158,160-164Dy, are displayed with the estimated average level spacings and strength
functions. These values were calculated from the fit of the observed energy levels and neutron widths over
the entire positive energy range, although the choice of the upper energy in the fit can clearly impact the
fitted values of the level spacing 〈D0〉 and strength function 〈S 0〉 (or pole strength 〈s0〉). The estimate of the
average s-level spacing 〈D0〉 reported in the figures was obtained as the inverse of the slope of a straight line
fitted to the observed energy levels as

1
〈D0〉

=
λ

∆Eλ
, (10)

where ∆Eλ = λ(Eλ − E1)/(λ − 1) and λ > 1 is the energy level index for monotonically increasing positive
energies whose upper limit is the total number of s-levels Λ ≡ sup{λ}. For the strength function, the
following relation was used:

S l ∆EΛ =

Λ∑
λ>1

gλΓ
0J(l)
nλ vl/(2l + 1) , (11)

where Γ
0J(l)
nλ = Γ

J(l)
nλ /
√

1eV/Eλ is the reduced width and vl = ρ/Pl with ρ = kR and Pl ≡ Pl(ρ) is the
penetrability factor. For s-wave, vl is clearly unitary because P0 = ρ.
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Figure 20. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+156Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of a
straight line fitted to the data (purple and blue lines) up to 50 eV. In blue, the fit of the neutron strength
function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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Figure 21. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+158Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of a
straight line fitted to the data (purple and blue lines) up to 90 eV. In blue, the fit of the neutron strength
function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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Figure 22. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+160Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of a
straight line fitted to the data (purple and blue lines) up to 90 eV. In blue, the fit of the neutron strength
function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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Figure 23. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+161Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of
a straight line fitted to the data (purple and blue lines) up to 1 keV. In blue, the fit of the neutron
strength function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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Figure 24. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+162Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of
a straight line fitted to the data (purple and blue lines) up to 5 keV. In blue, the fit of the neutron
strength function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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Figure 25. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+163Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of
a straight line fitted to the data (purple and blue lines) up to 1 keV. In blue, the fit of the neutron
strength function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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Figure 26. Plot of the cumulative number of observed s-wave (purple dots) vs energy for n+164Dy.
The values of average s-level spacings 〈D0〉 shown in the plot represent the inverse of the slope of
a straight line fitted to the data (purple and blue lines) up to 7 keV. In blue, the fit of the neutron
strength function S0 is also shown together with the value of the related pole strength s0 (in yellow).
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6. REPOSITORY

The set of directories and related files used to generate the set of Dy evaluations has been stored in a
GitHub repository found at the following link https://code-int.ornl.gov/xtp/dysprosium‡. When
possible, the structure of the repository is designed to have a set of directories following the logical steps of
the evaluation procedure. Each directory contains the files, scripts, and subdirectories necessary to reproduce
the files submitted to ENDF repository. These folders are briefly described below and reported in such a
way that roughly reproduces the execution order.

• parameter contains different versions of parameter files with a name convention dy-ver.par, where
ver is the version label—for instance, endf, beta1, final. In addition to the resonance parameters
(level energies, channel radii and widths), the files are set up to contain quantum number information
and related particle pairs for seven Dy isotopes. As explained later, the isotopic abundance of each
isotope is specified in the input files together with other experimental corrections.

– geraspin is designed to generate the quantum number information as reported in the parameter
files above. This is performed by running the dy.csh script, which uses existing input files for
the SAMQUA code of the type dy-wave.inp, where wave is the input variable of the script
and refers to the number of partial waves setup for each input file. The file masses.gp uses
GNUPLOT to print the isotope masses as reported in the parameter files.

– coher computes thermal properties such as thermal cross sections and scattering lengths as
reported in Table 5 for each isotope from a specific dy-ver.par file.

– stat generates plots of the statistical properties of the resonance parameters from a specific
dy-ver.par file by using GNUPLOT after running the SAMDIST code. This is performed by
running the run_stat.csh script with ver as input variable. Assumptions on spin group num-
bers listed in the parameter file are made. Based on these, the input files to run the SAMDIST
code are automatically generated in testdist.csh. The script stat.csh uses files with exten-
sion gp to generate plots of resonance parameter statistical properties from a specific parameter
file.

• exfor contains the measured data files with extension exf retrieved from the EXFOR library. These
are used to generate input files for SAMMY with extension twenty. The files with extension exf and
twenty contain the same information except for minor changes like negative values for the data type
such as cross section and neutron capture yield, or inclusion of data uncertainty if not explicitly given
in the EXFOR library.

– The subdirectory crunch contains the plots for the crunch tables generated by the GNUPLOT
script crunch.gp, which reads the measured data files. The derived crunch tables are the same
used in the SAMMY input files.

• inputs contains the SAMMY inputs corresponding to each experiments. These files are set up with
alpha-numeric cards to solely contain parameters of the experimental configurations. The quantum-
number information, i.e., particle pair definitions with related channel spins and radii, are included in
the parameter file in the parameter directory.

‡Available only internally for ORNL users.
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• thermal is a directory containing data files in twenty stored in the subdirectory data and referring
to different compilation of thermal values for each Dy isotope.

• runs is defined to calculate cross section or yield data for a set of measured data listed in the script
sammy.csh. The data are reconstructed for a specific parameter ver found in the script.

• cov contains scripts to both perform the fit of selected measured data and generate ENDF-formatted
file 2 and 32 for each isotope to be used in the final assembly of the ENDF file. The resonance
parameter information and associated covariance matrix is extracted from the SAMMY.COV binary file
which a multi-isotope covariance matrix obtained by the global fit of seven Dy isotopes.

• dy1[**] are directories containing SAMMY.LPT and SAMMY.LST files for a specific set of resonance
parameters.

• ndf is a directory for the generation of a set of ENDF files for each Dy isotope with minimal in-
formation for cross section and covariance processing purposes. The information includes MF=2
and MF=32 sections starting from a parameter file dy-ver.par stored in the parameter directory.
The ENDF file includes a section for MF=3 and MF=33 with zeros to allow processing with a code
such as NJOY. The script to generate and process minimal ENDF files including only cross section
information such as MF=2 and MF=3 sections for each Dy isotope is ndf.csh. The input param-
eter of this script is the specific parameter version ver. The script ndf_cov.csh is used similarly
to ndf.csh but designed to include information for MF=32 and MF=33 sections in the ENDF file
to quantify processed cross section covariances as well. The processing is performed by calling the
script xcs-res.constE-dy.csh.

• report is a directory storing the files and figures used to generate the present ORNL/TM report.

• nndc contains the final ENDF-formatted files, n-066_Dy_iso.endf, submitted to the National Nu-
clear Data Center.
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7. CONCLUSIONS

The set of the RM parameters for neutron-induced resonances of seven Dy isotopes, 156,158,160–164Dy, in
the incident energy range from thermal to several keVs was generated by applying the SAMMY evalua-
tion procedure. The multi-level multi-channel R-matrix shape fitting analysis was performed on available
experimental data for natural capture yield and transmission data as well as isotopically enriched capture
yield data. Experimental conditions such as resolution function, finite size sample, detector efficiencies, and
nuclide abundances of sample, multiple scattering, self-shielding, normalization, background, and Doppler
broadening were taken into account.

In addition to the guidance provided by Sears’ (or NIST) compilation [12] for the thermal constants, the
experimental database in the thermal and low-energy region up to 15 eV consisted of both high-resolution
capture yields and transmission data [7]. Due to their extension to thermal energies, these data were ex-
tremely relevant in the resonance parameter evaluation. In this region, the evaluated thermal scattering and
capture constant for the 164Dy isotope shows differences with NIST compilation up to 8%. Also for 161Dy
isotopes, this work reports a value of the scattering cross section 10% higher than the NIST’s reported value
but in agreement with other evaluated works [6]. Particular emphasis should be devoted in future experi-
mental campaigns to measuring scattering lengths for these two isotopes, particularly for the most abundant
isotope, 164Dy, with the largest total thermal cross section among the seven Dy isotopes. Moreover, future
evaluation works should develop the capability to include scattering lengths in the fitting procedure, among
other possible measured quantities. Uncertainty quantification of the total, elastic scattering, and capture
cross section for all isotopes has been reported, for convenience, in 189-group representation as shown in
Figs. 13–19. The uncertainty in the thermal energy region were about 1% constrained by the transmission,
and capture measurements on natural samples [7] were reported to have a similar uncertainty.

In the energy region above 15 eV, although high-resolution capture yield data [8] are available, high-
resolution transmission data are still needed for isotopically enriched samples. The currently available
Liou’s transmission data [5] are poorly documented in the uncertainty quantification analysis, and it seems
very likely that the reported data communicated to the EXFOR database are not measured data but total cross
section data reconstructed from resonance parameters fitted to the measured transmission data. Moreover,
Liou’s measurements campaign included capture measurements that are not available in the EXFOR library.
The lack of modern transmission data measured on isotopically enriched samples in the neutron energy
above 15 eV also precludes any attempt to extend the RRR to the currently reported upper energy ranges.

Integral benchmarks reporting reactivity coefficients such as keff are usually used to validate underlying
nuclear data for a given configuration of materials—including fissile actinides and other chosen nuclei —for
instance, to test their natural propensity to absorb neutrons. Reactivity coefficients of interest for criticality
safety applications can be, by design, very sensitive to the thermal and epithermal region up to a few eVs.
Therefore, the present evaluation based on Block’s recent transmission data (measured from thermal up to
15 eV) represents a perfect example of nuclear data ready for validation purposes. However, in the specific
case of Dy isotopes, there is a very limited number of modern benchmarks that can be used to perform
a conclusive validation over a comprehensive suite of cases. Therefore, no particular validation test was
performed on the evaluated data presented in this work.

Finally, this work represents one of the first attempts to generate a fully reproducible evaluation in the
RRR as this is the primary goal of the Working Party on International Nuclear Data Evaluation Co-operation
Subgroup 49.
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APPENDIX A. SAMMY inputs
The SAMMY inputs containing the experimental configuration for each measured data included in the
evaluation work are reported in Figs. 27–42. For Liou’s transmission data, the experimental configuration
consists of the crunch data, the sample thickness, and related isotopic abundances. In addition to these,
detector efficiencies are usually reported for RPI’s capture measurements together with parameters for the
resolution function.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy160     159.925204 0.00001 2.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   6
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    2.0e+0     1.0e+3   1.0e+0
  7.45613  8.881e−4                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00020000 1.0000E−5 0 1
157.924415 .00020000 1.0000E−5 0 2
159.925204 .69460000 1.0000E−5 0 3
160.926939 .17830000 1.0000E−5 0 4 5
161.926805 .06450000 1.0000E−5 0 6 7 8
162.928737 .03550000 1.0000E−5 0 910
163.929181 .02670000 1.0000E−5 0111213

#MISCEllaneous parameters follow
#TZERO 1 1  .00084733 .00100000 1.0001034 .00100000 202.05000

Figure 27. SAMMY input for n+160Dy Liou’s transmission data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy161     160.926939  0.00001 1.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   5
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    1.0e+0
   7.46999  7.451e−3                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00020000 1.0000E−5 0 1
157.924415 .00020000 1.0000E−5 0 2
159.925204 .00350000 1.0000E−5 0 3
160.926939 .95620000 1.0000E−5 0 4 5
161.926805 .02530000 1.0000E−5 0 6 7 8
162.928737 .00900000 1.0000E−5 0 910
163.929181 .00560000 1.0000E−5 0111213

Figure 28. SAMMY input for n+161Dy Liou’s transmission thick sample data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy161     160.926939  0.00001 2.0000E+02    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   2
  8.0e+1    3.5e+1     2.4e+2   1.6e+1
   7.46999  1.644e−3                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00020000 1.0000E−5 0 1
157.924415 .00020000 1.0000E−5 0 2
159.925204 .00350000 1.0000E−5 0 3
160.926939 .95620000 1.0000E−5 0 4 5
161.926805 .02530000 1.0000E−5 0 6 7 8
162.928737 .00900000 1.0000E−5 0 910
163.929181 .00560000 1.0000E−5 0111213

Figure 29. SAMMY input for n+161Dy Liou’s transmission thin sample data.



Dy / capture / rpi data / Original filename Dy161.dat ( or very similarly Dy161_
RPI_Cap.txt)
Dy161    160.926939  1.00000 2.0000E+03    1    1 0  0 0  0         0 0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
INFINITE SLAB
DOUBLE
YIELD
DO NOT SHIFT ENERGY
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

     293.6  25.5686   0.005800 0.0600000  −0.01800     5.0       0.001
   0.01280    4
 99.91198   8.000   499.67926   4.000   999.63580   2.000   9999.79785   1.000
  7.469997 6.359E−4                       1.000E−3
CAPTURE   
0.0287000     1.0200       0.0    1.0200       0.0

DETECTOR EFFICIENCIES
1.00000001 0.0000000 0 1
1.00000001 0.0000000 0 2
1.00000000 0.0000000 0 3
1.00000000 0.1000000 0 4 5
0.86405800 0.1000000 0 6 7 8
0.93911600 0.1000000 0 910
0.88117600 0.1000000 0111213

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00020000 1.0000E−5 0 1
157.924415 .00020000 1.0000E−5 0 2
159.925204 .00350000 1.0000E−5 0 3
160.926939 .95660000 1.0000E−5 0 4 5
161.926805 .02530000 1.0000E−5 0 6 7 8
162.928737 .00860000 1.0000E−5 0 910
163.929181 .00560000 1.0000E−5 0111213

Figure 30. SAMMY input for n+161Dy RPI’s capture data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy162     161.926805  0.00001 1.5000E+04    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   6
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    2.0e+0     1.5e+4   1.0e+0
   5.90000  6.934e−3                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00010000 1.0000E−5 0 2
159.925204 .00800000 1.0000E−5 0 3
160.926939 .01240000 1.0000E−5 0 4 5
161.926805 .96130000 1.0000E−5 0 6 7 8
162.928737 .01790000 1.0000E−5 0 910
163.929181 .00720000 1.0000E−5 0111213

Figure 31. SAMMY input for n+162Dy Liou’s transmission thick sample data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy162     161.926805  0.00001 1.5000E+04    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   6
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    2.0e+0     3.0e+3   1.0e+0
   5.90000  1.533e−3                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00010000 1.0000E−5 0 2
159.925204 .00800000 1.0000E−5 0 3
160.926939 .01240000 1.0000E−5 0 4 5
161.926805 .96130000 1.0000E−5 0 6 7 8
162.928737 .01790000 1.0000E−5 0 910
163.929181 .00720000 1.0000E−5 0111213

Figure 32. SAMMY input for n+162Dy Liou’s transmission thin sample data.



Dy / capture / rpi data / Original filename Dy162.dat ( or very similarly Dy162_
RPI_Cap.txt)
Dy162     161.926805  10.0000 1.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
INFINITE SLAB
DOUBLE
YIELD
DO NOT SHIFT ENERGY
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED
 
     293.6  25.5686   0.005800 0.0600000  −0.01800     5.0       0.001
   0.01280    4
 0.999795   256.0   9.9884176   128.0   49.982803   16.00   9999.71582   2.000
  5.900000 6.445E−4                       1.000E−3
CAPTURE
0.0295000     0.7545       0.0    0.7545       0.0

DETECTOR EFFICIENCIES
1.00000001 0.0000000 0 1
1.00000001 0.0000000 0 2
1.00000000 0.0000000 0 3
1.15733000 0.1000000 0 4 5
1.00000000 0.1000000 0 6 7 8
1.08687000 0.1000000 0 910
1.01981000 0.1000000 0111213

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00010000 1.0000E−5 0 2
159.925204 .00080000 1.0000E−5 0 3
160.926939 .01240000 1.0000E−5 0 4 5
161.926805 .96170000 1.0000E−5 0 6 7 8
162.928737 .01780000 1.0000E−5 0 910
163.929181 .00710000 1.0000E−5 0111213

Figure 33. SAMMY input for n+162Dy RPI’s capture data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy163      162.92873  0.00001 1.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   5
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    1.0e+0
   7.49754  1.403e−3                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00010000 1.0000E−5 0 2
159.925197 .00030000 1.0000E−5 0 3
160.926933 .00360000 1.0000E−5 0 4 5
161.926798 .01230000 1.0000E−5 0 6 7 8
162.928731 .96840000 1.0000E−5 0 910
163.929174 .01520000 1.0000E−5 0111213

Figure 34. SAMMY input for n+163Dy Liou’s transmission data.



Dy / capture / rpi data / Original filename Dy163_RPI_Cap.txt
Dy163     162.928737  10.0000 1.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
INFINITE SLAB
DOUBLE
YIELD
DO NOT SHIFT ENERGY
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

     293.6  25.5686   0.005800 0.0600000  −0.01800     5.0       0.001
   0.01280    4
 99.91198   8.000   499.67926   4.000   999.63580   2.000   9999.79785   1.000
  7.497540 6.503E−4                       1.000E−3
CAPTURE
0.0289000     1.0300       0.0    1.0300       0.0

DETECTOR EFFICIENCIES
1.00000001 0.0000000 0 1
1.00000001 0.0000000 0 2
1.00000000 0.0000000 0 3
1.06483000 0.1000000 0 4 5
0.92007700 0.1000000 0 6 7 8
1.00000000 0.1000000 0 910
0.93830400 0.1000000 0111213

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00010000 1.0000E−5 0 2
159.925204 .00030000 1.0000E−5 0 3
160.926939 .03600000 1.0000E−5 0 4 5
161.926805 .01230000 1.0000E−5 0 6 7 8
162.928737 .96860000 1.0000E−5 0 910
163.929181 .01520000 1.0000E−5 0111213

Figure 35. SAMMY input for n+163Dy RPI’s capture data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy164     163.929181  0.00001 4.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   6
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    2.0e+0     1.5e+4   1.0e+0
   7.51121  1.054e−2                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00020000 1.0000E−5 0 2
159.925204 .00020000 1.0000E−5 0 3
160.926939 .00150000 1.0000E−5 0 4 5
161.926805 .00350000 1.0000E−5 0 6 7 8
162.928737 .01030000 1.0000E−5 0 910
163.929181 .98420000 1.0000E−5 0111213

Figure 36. SAMMY input for n+164Dy Liou’s transmission thick sample data.



Dy / Total / Liou(75) / ENTRY 10525 / Exp. corrections : background
Dy164     163.929181  0.00001 4.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    202.05    0.0012      0.0000   −0.025   
     4.e−2   6
  8.0e+1    3.5e+1     2.4e+2   1.6e+1    5.5e+2    8.0e+0   9.0e+2      4.0e+0
  1.2e+3    2.0e+0     4.0e+3   1.0e+0
   7.51121  2.337e−3                     1.e−2
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00020000 1.0000E−5 0 2
159.925204 .00020000 1.0000E−5 0 3
160.926939 .00150000 1.0000E−5 0 4 5
161.926805 .00350000 1.0000E−5 0 6 7 8
162.928737 .01030000 1.0000E−5 0 910
163.929181 .98420000 1.0000E−5 0111213

Figure 37. SAMMY input for n+164Dy Liou’s transmission thin sample data.



Dy / capture / rpi data / Original filename Dy164.dat (or very similarly Dy164_R
PI_Cap.txt)
Dy164     163.929182  1.00000 2.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
INFINITE SLAB
DOUBLE
YIELD
DO NOT SHIFT ENERGY
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

     293.6  25.5686   0.005800 0.0600000  −0.01800     5.0       0.001
   0.01280    4
 99.91198   8.000   499.67926   4.000   999.63580   2.000   9999.79785   1.000
  7.511213 6.196E−4                       1.000E−3
CAPTURE              
0.0310000     0.7855       0.0    0.7855       0.0

DETECTOR EFFICIENCIES
1.00000001 0.0000000 0 1
1.00000001 0.0000000 0 2
1.00000000 0.0000000 0 3
1.13485000 0.1000000 0 4 5
0.98057400 0.1000000 0 6 7 8
1.06575000 0.1000000 0 910
1.00000000 0.1000000 0111213

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00010000 1.0000E−5 0 1
157.924415 .00010000 1.0000E−5 0 2
159.925204 .00010000 1.0000E−5 0 3
160.926940 .00140000 1.0000E−5 0 4 5
161.926805 .00350000 1.0000E−5 0 6 7 8
162.928738 .01030000 1.0000E−5 0 910
163.929181 .98450000 1.0000E−5 0111213

Figure 38. SAMMY input for n+163Dy RPI’s capture data.



Dy / capture / rpi data / Original filename DyNat.dat ( or very similar DyNat_20
mil_RPI_Cap)
Dynat     162.499472  1.00000 1.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
DOUBLE
INFINITE SLAB
YIELD
DO NOT SHIFT ENERGY
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED
 
     293.6  25.5686   0.005800 0.0600000  −0.01800     5.0       0.001
   0.01280    4
 99.99477   8.000   499.98755   4.000   999.85242   2.000   9999.69434   1.000
  7.088000 1.6304E−3                       0.00100 
CAPTURE  
0.0604000     1.9070       0.0 1.9070        0.0

DETECTOR EFFICIENCIES
1.00000001 0.0000000 0 1
1.00000001 0.0000000 0 2
1.00000000 0.0000000 0 3
1.00190000 0.1000000 0 4 5
0.86570000 0.1000000 0 6 7 8
0.94090000 0.1000000 0 910
0.88285000 0.1000000 0111213

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00056000 1.0000E−5 0 1
157.924415 .00095000 1.0000E−5 0 2
159.925204 .02329000 1.0000E−5 0 3
160.926939 .18889000 1.0000E−5 0 4 5
161.926805 .25475000 1.0000E−5 0 6 7 8
162.928737 .24896000 1.0000E−5 0 910
163.929181 .28260000 1.0000E−5 0111213

Figure 39. SAMMY input for n+natDy RPI’s epithermal capture data.



Dy / capture / rpi data / Original filename Dy_tcnat_10−mil_CSISRS.twenty
Dynat     162.499472  0.00001 2.0000E+01    1    1 0  0 0  0         0
FGM
TWENTY
EV
DEBUG
GENERATE PLOT FILE AUTOMATICALLY
DO NOT SOLVE BAYES EQUATIONS
ENERGY UNCERTAINTIES ARE AT END OF LINE
EXPONENTIAL FOLDING
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
DOUBLE
YIELD
FINITE SLAB
DO NOT SHIFT ENERGY
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED

   293.6    25.444    0.0055      0.0000  −1.0
   0.125      3
  0.1237    64.0      4.0459    4.0      20.0051    1.000
   7.50000  8.050e−4
CAPTURE
0.0254000     2.5400          1.67259

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00060000 1.0000E−5 0 1
157.924415 .00100000 1.0000E−5 0 2
159.925204 .02340000 1.0000E−5 0 3
160.926939 .18910000 1.0000E−5 0 4 5
161.926805 .25510000 1.0000E−5 0 6 7 8
162.928737 .24900000 1.0000E−5 0 910
163.929181 .28180000 1.0000E−5 0111213

MISCELLANEOUS PARAMETERS FOLLOW
DELTE 0 00 6.28−5   1.22−5    0.234     0.016     −.038     0.003     

DETECTOR EFFICIENCIES
0.83000000 0.0300000 0 1
0.83000000 0.0200000 0 2
0.81500000 0.0150000 0 3
0.90600000 0.0200000 0 4 5
0.80700000 0.0200000 0 6 7 8
0.89400000 0.0150000 0 910
0.78000000 0.0250000 0111213

#0.0254000     1.9000                  ! As in the EXFOR sheets
#0.0254000     2.5400          1.67259 ! As discussed in May 2021 with D. Barry
#   7.50000  8.050e−4                  ! As in the EXFOR sheets
#   7.50000  7.840e−4                  ! As in the Paper

Figure 40. SAMMY input for n+natDy RPI’s thermal capture data.



Dysprosium / transmission / rpi data / Original filename Dy_ttnat_10mil_CSISRS.t
wenty
Dynat     162.499472  4.00001 2.0000E+03    1    1 0  0 0  0         0
FGM
TWENTY
EV
GENERATE PLOT FILE AUTOMATICALLY
PRINT THEORETICAL VALUES
PRINT DEBUG INFORMATION
DO NOT SOLVE BAYES EQUATIONS
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
DO NOT SHIFT RPI RESOLUTION FUNCTION TO CENTER
ENERGY UNCERTAINTIES ARE AT END OF LINE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED
 
   293.6    25.597    0.0055      0.0000
   7.50000  7.840e−4
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00060000 1.0000E−5 0 1
157.924415 .00100000 1.0000E−5 0 2
159.925204 .02340000 1.0000E−5 0 3
160.926939 .18910000 1.0000E−5 0 4 5
161.926805 .25510000 1.0000E−5 0 6 7 8
162.928737 .24900000 1.0000E−5 0 910
163.929181 .28180000 1.0000E−5 0111213

RPI RESOLUTION PARAMETERS FOLLOW
BURST 0     60.      0.1
CHANN 0       44.68    500.000     0.100
CHANN 0      262.17     62.500     0.100
CHANN 0     1998.1      31.250     0.100

MISCELLANEOUS PARAMETERS FOLLOW
DELTE 0 00 −1.27−6  4.49−6    0.187     0.063     −.021     0.003     

Figure 41. SAMMY input for n+natDy RPI’s epithermal transmission data.



Dysprosium / transmission / rpi data / Original filename Dy_ttnat_20mil_CSISRS.t
wenty
Dynat     162.499472  0.00001 2.0000E+01    1    1 0  0 0  0         0
FGM
TWENTY
EV
GENERATE PLOT FILE AUTOMATICALLY
PRINT THEORETICAL VALUES
PRINT DEBUG INFORMATION
DO NOT SOLVE BAYES EQUATIONS
REICH−MOORE FORMALISM IS WANTED
QUANTUM NUMBERS ARE IN PARAMETER FILE
DO NOT SHIFT RPI RESOLUTION FUNCTION TO CENTER
ENERGY UNCERTAINTIES ARE AT END OF LINE
USE NO CUTOFF FOR DERIVATIVES OR CROSS SECTIONS
#IMPLICIT DATA COVARIANCE MATRIX IS INCLUDED
 
   293.6    14.973    0.0055      0.0000   0.0
   7.50000  1.610e−3
TRANSMISSION

NUCLIDE MASSES AND ABUNDANCES FOLLOW
155.924284 .00060000 1.0000E−5 0 1
157.924415 .00100000 1.0000E−5 0 2
159.925204 .02340000 1.0000E−5 0 3
160.926939 .18910000 1.0000E−5 0 4 5
161.926805 .25510000 1.0000E−5 0 6 7 8
162.928737 .24900000 1.0000E−5 0 910
163.929181 .28180000 1.0000E−5 0111213

RPI RESOLUTION PARAMETERS FOLLOW
BURST 0   2100.     21.
TAU  00000320.936   0.02426   318.461   0.02922   235.721
TAU  00    82.641   0.00625    82.004   0.00752    60.698
LAMBD00000 679.984  −226.205   21.009
LAMBD      146.197    48.634    4.517
A1   00000 −.000780 0.02407   −.000630  3.531     0.00112 
A1          .00005  0.0        .0       0.0       0.00006
EXPON00000 935.91    −69.068   .005     0.39485   0.00075
EXPON        0.801     0.396   .00001   0.00042   0.00002
CHANN 0      0.1096     32000.    0.100
CHANN 0      5.301       2000.    0.100
CHANN 0      19.94        500.    0.100

NORMAlization and "constant" background follow
1.00671608−.00625250−.00045116 0.        0.        0.        0 0 0 0 0 0
.010000000 .00100000 .00100000 0.        0.        0.       
 

Figure 42. SAMMY input for n+natDy RPI’s thermal transmission data.



APPENDIX B. Resonance parameters

The SAMMY parameters file containing the particle-pair definitions, spin group information, and reso-
nance parameters each Dy isotope is shown in Fig. 43. The multiplication factors to calibrate the evaluated
uncertainties are reported in Fig. 44. The details on the format of both files can be found in the SAMMY
manual [9].

B-1



 

 

 For backcover



P
A
R
T
I
C
L
E
 
P
A
I
R
 
D
E
F
I
N
I
T
I
O
N
S

N
a
m
e
=
1
5
6
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
5
6
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
 
0
.
0
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
5
5
.
9
2
4
2
8
3
5
9

N
a
m
e
=
1
5
8
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
5
8
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
 
0
.
0
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
5
7
.
9
2
4
4
1
4
8
2

N
a
m
e
=
1
6
0
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
6
0
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
 
0
.
0
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
5
9
.
9
2
5
2
0
3
5
8

N
a
m
e
=
1
6
1
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
6
1
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
 
2
.
5
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
6
0
.
9
2
6
9
3
9
4
3

N
a
m
e
=
1
6
2
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
6
2
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
 
0
.
0
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
6
1
.
9
2
6
8
0
4
5
1

N
a
m
e
=
1
6
3
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
6
3
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
−
2
.
5
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
6
2
.
9
2
8
7
3
7
2
2

N
a
m
e
=
1
6
4
D
y
+
n
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
a
=
n
e
u
t
r
o
n
 
 
 
 
 
 
 
P
a
r
t
i
c
l
e
 
b
=
1
6
4
D
y

 
 
 
 
 
Z
a
=
 
0
 
 
 
 
 
 
 
 
Z
b
=
6
6
 
 
 
 
 
 
 
 
 
P
e
n
t
=
1
 
 
 
 
 
S
h
i
f
t
=
0

 
 
 
 
 
S
a
=
 
 
0
.
5
 
 
 
 
 
S
b
=
 
 
 
0
.
0
 
 
 
 
 
M
a
=
 
 
 
 
 
1
.
0
0
8
6
6
4
9
2
 
 
 
 
 
M
b
=
 
 
 
1
6
3
.
9
2
9
1
8
0
8
2

 S
P
I
N
 
G
R
O
U
P
S

 
 
1
 
 
 
 
 
 
1
 
 
 
 
0
 
 
0
.
5
 
0
.
0
0
0
6
0
0
0

 
 
 
 
1
 
 
1
5
6
D
y
+
n
 
 
 
 
 
0
 
 
0
.
5

 
 
2
 
 
 
 
 
 
1
 
 
 
 
0
 
 
0
.
5
 
0
.
0
0
1
0
0
0
0

 
 
 
 
1
 
 
1
5
8
D
y
+
n
 
 
 
 
 
0
 
 
0
.
5

 
 
3
 
 
 
 
 
 
1
 
 
 
 
0
 
 
0
.
5
 
0
.
0
2
3
4
0
0
0

 
 
 
 
1
 
 
1
6
0
D
y
+
n
 
 
 
 
 
0
 
 
0
.
5

 
 
4
 
 
 
 
 
 
1
 
 
 
 
0
 
 
2
.
0
 
0
.
1
8
9
1
0
0
0

 
 
 
 
1
 
 
1
6
1
D
y
+
n
 
 
 
 
 
0
 
 
2
.
0

 
 
5
 
 
 
 
 
 
1
 
 
 
 
0
 
 
3
.
0
 
0
.
1
8
9
1
0
0
0

 
 
 
 
1
 
 
1
6
1
D
y
+
n
 
 
 
 
 
0
 
 
3
.
0

 
 
6
 
 
 
 
 
 
1
 
 
 
 
0
 
 
0
.
5
 
0
.
2
5
5
1
0
0
0

 
 
 
 
1
 
 
1
6
2
D
y
+
n
 
 
 
 
 
0
 
 
0
.
5

 
 
7
 
 
 
 
 
 
1
 
 
 
 
0
 
−
0
.
5
 
0
.
2
5
5
1
0
0
0

 
 
 
 
1
 
 
1
6
2
D
y
+
n
 
 
 
 
 
1
 
 
0
.
5

 
 
8
 
 
 
 
 
 
1
 
 
 
 
0
 
−
1
.
5
 
0
.
2
5
5
1
0
0
0

 
 
 
 
1
 
 
1
6
2
D
y
+
n
 
 
 
 
 
1
 
 
0
.
5

 
 
9
 
 
 
 
 
 
1
 
 
 
 
0
 
−
2
.
0
 
0
.
2
4
9
0
0
0
0

 
 
 
 
1
 
 
1
6
3
D
y
+
n
 
 
 
 
 
0
 
−
2
.
0

 
1
0
 
 
 
 
 
 
1
 
 
 
 
0
 
−
3
.
0
 
0
.
2
4
9
0
0
0
0

 
 
 
 
1
 
 
1
6
3
D
y
+
n
 
 
 
 
 
0
 
−
3
.
0

 
1
1
 
 
 
 
 
 
1
 
 
 
 
0
 
 
0
.
5
 
0
.
2
8
1
8
0
0
0

 
 
 
 
1
 
 
1
6
4
D
y
+
n
 
 
 
 
 
0
 
 
0
.
5

 
1
2
 
 
 
 
 
 
1
 
 
 
 
0
 
−
0
.
5
 
0
.
2
8
1
8
0
0
0

 
 
 
 
1
 
 
1
6
4
D
y
+
n
 
 
 
 
 
1
 
 
0
.
5

 
1
3
 
 
 
 
 
 
1
 
 
 
 
0
 
−
1
.
5
 
0
.
2
8
1
8
0
0
0

 
 
 
 
1
 
 
1
6
4
D
y
+
n
 
 
 
 
 
1
 
 
0
.
5

 R
E
S
O
N
A
N
C
E
S
 
a
r
e
 
l
i
s
t
e
d
 
n
e
x
t

2
.
1
5
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
2
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

3
.
2
1
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
8
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

9
.
1
9
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
6
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

1
5
.
2
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
4
.
6
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

1
7
.
4
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
3
2
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

1
7
.
7
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
1
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

1
9
.
6
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
9
.
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

2
4
.
5
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
2
.
4
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

2
7
.
4
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
4
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

2
8
.
1
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
4
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

2
9
.
3
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
8
.
7
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

3
6
.
0
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
9
.
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

3
7
.
8
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
4
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

3
8
.
6
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
.
4
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

4
6
.
9
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
1
4
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

5
2
.
0
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
1
6
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

6
8
.
6
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
5
4
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

8
5
.
5
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
1
5
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

9
0
.
9
0
0
0
0
0
0
0
 
8
3
.
6
0
0
0
0
0
0
 
4
2
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
1

−
2
.
0
0
0
0
0
0
0
0
 
8
5
.
0
0
0
0
0
0
0
 
.
6
7
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
2

3
8
.
0
0
0
0
0
0
0
0
 
9
0
.
0
0
0
0
0
0
0
 
2
2
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
2

4
5
.
6
0
0
0
0
0
0
0
 
9
0
.
0
0
0
0
0
0
0
 
3
9
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
2

8
6
.
0
0
0
0
0
0
0
0
 
9
0
.
0
0
0
0
0
0
0
 
8
1
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
2

−
6
0
1
.
8
1
2
4
0
0
 
1
0
3
.
0
8
9
3
0
0
 
9
5
4
5
.
2
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

−
5
1
.
9
8
7
4
7
0
0
 
9
9
.
5
3
5
3
9
0
0
 
3
2
6
.
1
9
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

−
1
4
.
3
0
1
7
5
0
0
 
8
8
.
5
6
0
2
1
0
0
 
9
.
0
5
1
2
6
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
.
8
0
7
5
6
1
0
0
0
 
1
0
2
.
5
5
3
1
0
0
 
.
1
8
6
9
6
1
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
0
.
4
4
2
0
2
0
0
0
 
6
4
.
6
8
0
0
2
0
0
 
2
1
.
1
8
2
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

2
0
.
4
1
2
7
3
0
0
0
 
7
6
.
6
6
5
6
4
0
0
 
4
2
.
7
7
7
3
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

3
4
.
9
2
3
4
2
0
0
0
 
1
0
5
.
7
3
7
5
0
0
 
1
.
2
1
1
3
2
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

7
3
.
1
4
3
5
1
0
0
0
 
1
0
5
.
7
7
0
6
0
0
 
7
.
0
4
2
5
9
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

8
5
.
6
3
3
4
5
0
0
0
 
9
7
.
4
4
3
4
0
0
0
 
1
0
0
.
6
6
2
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
1
5
.
5
7
3
4
0
0
0
 
1
0
5
.
8
0
2
1
0
0
 
2
.
0
4
2
5
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
3
6
.
4
5
4
2
0
0
0
 
9
5
.
9
1
0
4
7
0
0
 
2
6
.
6
4
6
8
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
5
5
.
7
0
8
3
0
0
0
 
1
0
3
.
4
9
0
6
0
0
 
7
9
.
2
6
2
0
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
7
8
.
2
8
0
8
0
0
0
 
1
2
0
.
1
1
4
1
0
0
 
3
0
.
0
4
6
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

2
0
2
.
2
0
1
7
0
0
0
 
1
0
5
.
6
3
1
8
0
0
 
3
1
.
7
8
2
2
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

2
4
6
.
3
2
7
3
0
0
0
 
1
0
5
.
8
0
5
3
0
0
 
8
.
7
7
6
5
1
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

2
7
1
.
9
8
0
6
0
0
0
 
1
0
5
.
7
9
9
7
0
0
 
4
.
3
5
6
4
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

3
2
0
.
8
4
4
3
0
0
0
 
1
0
5
.
8
0
4
9
0
0
 
1
3
.
0
4
0
9
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

3
4
1
.
2
2
0
2
0
0
0
 
1
0
5
.
9
6
0
4
0
0
 
3
9
0
.
7
2
2
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

3
7
9
.
4
7
5
1
0
0
0
 
1
0
4
.
0
6
4
0
0
0
 
2
9
3
.
5
0
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

3
9
4
.
4
4
6
0
0
0
0
 
1
0
5
.
7
9
1
8
0
0
 
6
0
.
0
3
5
4
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

3
9
8
.
7
3
7
1
0
0
0
 
1
0
2
.
9
5
8
9
0
0
 
2
0
6
.
2
9
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

4
2
9
.
6
9
3
0
0
0
0
 
1
0
9
.
1
1
6
7
0
0
 
1
1
2
.
7
8
6
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

5
2
2
.
5
5
6
9
0
0
0
 
1
0
5
.
6
0
4
2
0
0
 
1
3
3
.
7
5
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

5
7
7
.
2
3
9
7
0
0
0
 
1
0
0
.
0
9
7
3
0
0
 
3
6
.
0
8
9
4
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

5
9
1
.
0
1
2
2
0
0
0
 
1
0
5
.
8
0
1
0
0
0
 
8
.
5
2
2
1
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

6
2
5
.
7
6
6
9
0
0
0
 
1
0
5
.
8
0
0
6
0
0
 
8
.
0
3
4
6
2
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

6
5
3
.
5
1
7
5
0
0
0
 
1
0
5
.
7
9
9
8
0
0
 
5
.
6
3
3
0
4
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

6
7
9
.
3
8
1
4
0
0
0
 
1
0
7
.
0
5
3
9
0
0
 
7
4
1
.
0
7
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

7
0
4
.
0
3
3
6
0
0
0
 
1
0
9
.
2
3
3
4
0
0
 
9
1
2
.
9
9
2
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

7
2
9
.
4
3
8
4
0
0
0
 
1
2
0
.
5
2
5
2
0
0
 
1
1
3
.
7
0
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

7
3
7
.
2
0
8
7
0
0
0
 
1
0
8
.
4
9
7
6
0
0
 
1
2
7
6
.
0
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

8
1
7
.
5
8
4
3
0
0
0
 
1
0
5
.
8
3
9
9
0
0
 
3
2
.
1
0
6
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

8
4
4
.
8
7
9
4
0
0
0
 
1
0
6
.
2
2
2
4
0
0
 
1
1
0
.
5
6
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

8
6
8
.
9
1
9
8
0
0
0
 
1
0
7
.
0
0
4
2
0
0
 
1
5
7
.
3
0
2
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

8
8
9
.
0
7
5
8
0
0
0
 
1
0
5
.
8
0
0
3
0
0
 
1
7
.
9
2
7
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

9
7
2
.
2
0
0
5
0
0
0
 
1
0
5
.
8
0
0
1
0
0
 
6
.
9
1
3
9
4
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

9
8
8
.
7
3
6
5
0
0
0
 
1
0
6
.
2
4
9
1
0
0
 
8
8
.
5
0
0
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
0
5
3
.
6
0
1
0
0
0
 
1
0
5
.
8
0
0
3
0
0
 
1
2
.
9
9
9
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
0
8
6
.
3
1
2
0
0
0
 
1
0
5
.
8
0
8
4
0
0
 
6
9
1
.
1
7
2
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
1
0
3
.
3
6
6
0
0
0
 
1
0
5
.
8
0
0
5
0
0
 
2
4
.
9
0
4
3
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
1
3
3
.
9
9
1
0
0
0
 
1
0
5
.
8
0
4
7
0
0
 
1
6
5
.
0
2
6
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
1
3
9
.
2
0
8
0
0
0
 
1
0
5
.
7
9
9
8
0
0
 
8
.
1
0
0
3
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
1
6
1
.
4
9
7
0
0
0
 
1
0
5
.
8
0
0
3
0
0
 
2
1
.
9
9
8
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
2
0
1
.
4
7
5
0
0
0
 
1
0
5
.
7
9
9
7
0
0
 
3
1
.
0
0
4
4
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
2
4
4
.
5
1
6
0
0
0
 
1
0
5
.
7
9
9
9
0
0
 
4
5
.
0
1
2
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
2
7
9
.
5
6
8
0
0
0
 
1
0
5
.
8
0
0
2
0
0
 
1
7
.
0
0
2
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
3
1
3
.
7
5
3
0
0
0
 
1
0
5
.
8
1
3
3
0
0
 
2
8
0
.
5
3
8
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
3
6
7
.
3
1
7
0
0
0
 
1
0
5
.
8
0
0
3
0
0
 
1
7
.
9
9
9
2
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
4
0
1
.
9
7
0
0
0
0
 
1
0
5
.
8
0
3
4
0
0
 
1
3
5
.
0
6
4
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
4
1
2
.
0
6
4
0
0
0
 
1
0
5
.
8
0
7
5
0
0
 
1
0
8
.
9
8
1
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
4
3
7
.
6
7
3
0
0
0
 
1
0
5
.
8
1
1
6
0
0
 
1
7
7
.
9
7
3
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
4
9
5
.
4
6
7
0
0
0
 
1
0
5
.
8
0
6
5
0
0
 
2
0
0
.
1
3
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
5
4
2
.
0
7
9
0
0
0
 
1
0
5
.
8
0
7
8
0
0
 
1
2
9
.
9
5
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
5
9
2
.
6
3
1
0
0
0
 
1
0
5
.
8
2
5
1
0
0
 
3
7
8
.
7
9
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
6
2
5
.
2
5
9
0
0
0
 
1
0
5
.
8
0
0
1
0
0
 
1
3
.
0
0
0
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
6
4
8
.
7
6
1
0
0
0
 
1
0
5
.
8
2
1
0
0
0
 
3
0
8
.
5
0
3
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
7
1
0
.
6
5
8
0
0
0
 
1
0
5
.
8
1
5
6
0
0
 
3
0
9
.
4
5
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
7
2
1
.
5
0
9
0
0
0
 
1
0
5
.
8
1
3
7
0
0
 
2
5
9
.
6
4
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
7
4
6
.
3
9
6
0
0
0
 
1
0
5
.
8
0
0
5
0
0
 
4
2
.
0
0
6
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3



1
7
6
3
.
5
1
8
0
0
0
 
1
0
5
.
8
0
0
3
0
0
 
2
5
.
9
9
9
7
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
7
8
5
.
6
5
3
0
0
0
 
1
0
5
.
8
0
0
9
0
0
 
5
4
.
9
9
5
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
8
2
9
.
5
8
6
0
0
0
 
1
0
5
.
8
0
5
8
0
0
 
1
4
9
.
8
6
5
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
8
6
2
.
7
1
9
0
0
0
 
1
0
5
.
8
3
6
5
0
0
 
1
2
9
5
.
7
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
8
7
4
.
7
5
9
0
0
0
 
1
0
5
.
8
0
5
1
0
0
 
1
5
9
.
9
0
7
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
8
9
9
.
7
7
5
0
0
0
 
1
0
5
.
8
0
9
3
0
0
 
2
7
9
.
6
3
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
9
3
8
.
4
1
9
0
0
0
 
1
0
5
.
8
2
2
5
0
0
 
6
1
8
.
0
5
2
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
9
4
4
.
4
2
3
0
0
0
 
1
0
5
.
8
0
8
6
0
0
 
2
3
9
.
8
2
9
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

1
9
9
4
.
6
8
1
0
0
0
 
1
0
5
.
8
0
5
8
0
0
 
2
4
9
.
8
6
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

2
0
2
2
.
9
8
7
0
0
0
 
1
0
9
.
9
5
6
0
0
0
 
6
6
2
.
6
1
8
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

2
5
8
6
.
0
7
3
0
0
0
 
1
0
9
.
1
5
1
4
0
0
 
2
2
7
9
5
.
4
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
3

−
3
6
9
.
4
7
8
0
0
0
 
1
2
0
.
0
0
3
0
0
0
 
1
9
7
8
.
8
0
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

−
3
6
0
.
6
6
9
4
0
0
 
1
2
0
.
0
0
2
4
0
0
 
2
4
5
4
.
7
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

−
1
1
0
.
4
3
9
6
0
0
 
1
2
0
.
0
0
1
4
0
0
 
4
4
.
5
5
5
2
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

−
1
9
.
8
2
9
5
4
0
0
 
1
1
9
.
9
3
1
9
0
0
 
2
9
.
8
7
8
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

−
2
.
5
0
3
8
6
4
0
0
 
1
5
0
.
3
0
7
3
0
0
 
1
5
.
3
6
8
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
.
7
1
2
6
7
5
0
0
0
 
1
0
9
.
6
9
5
9
0
0
 
.
6
3
1
1
9
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
.
6
8
7
0
4
8
0
0
0
 
1
1
3
.
3
8
2
7
0
0
 
2
.
2
5
7
6
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
.
3
2
3
7
5
8
0
0
0
 
1
0
4
.
4
9
7
9
0
0
 
1
.
5
7
7
7
5
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
.
7
3
4
2
2
7
0
0
0
 
1
1
7
.
1
8
2
0
0
0
 
.
5
6
2
2
4
3
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
0
.
3
0
0
1
2
0
0
0
 
1
0
5
.
1
2
5
4
0
0
 
.
2
5
8
2
7
0
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
0
.
8
5
9
7
2
0
0
0
 
1
0
8
.
8
4
2
9
0
0
 
.
4
9
7
3
8
2
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
4
.
3
1
0
8
9
0
0
0
 
1
3
7
.
3
4
8
3
0
0
 
8
.
3
3
9
1
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
6
.
6
9
9
3
3
0
0
0
 
1
2
1
.
6
2
7
2
0
0
 
7
.
5
2
3
1
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
8
.
4
9
5
4
1
0
0
0
 
1
3
1
.
1
4
6
6
0
0
 
1
0
.
2
9
7
7
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
0
.
1
9
2
2
8
0
0
0
 
1
0
6
.
9
4
4
6
0
0
 
.
2
5
7
9
0
4
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
5
.
2
0
3
0
9
0
0
0
 
1
0
2
.
2
3
4
9
0
0
 
1
.
5
3
9
3
7
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
9
.
0
6
3
9
3
0
0
0
 
1
2
5
.
5
9
6
5
0
0
 
3
.
3
6
2
7
6
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
9
.
9
3
4
7
6
0
0
0
 
1
1
5
.
7
4
5
8
0
0
 
.
9
3
3
7
6
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
5
.
7
4
4
5
2
0
0
0
 
1
0
6
.
5
3
9
2
0
0
 
2
.
4
1
9
1
1
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
7
.
7
3
6
5
0
0
0
0
 
1
1
7
.
7
9
0
8
0
0
 
1
1
.
6
0
6
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
8
.
5
4
4
5
7
0
0
0
 
1
0
9
.
3
4
3
0
0
0
 
1
7
.
0
8
9
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
3
.
3
0
6
9
8
0
0
0
 
1
1
5
.
6
5
3
1
0
0
 
1
3
.
5
0
0
6
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
5
.
1
7
4
7
6
0
0
0
 
9
8
.
7
8
4
1
3
0
0
 
2
4
.
3
9
1
1
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
0
.
8
9
5
3
8
0
0
0
 
9
3
.
1
0
7
7
1
0
0
 
4
.
0
7
0
6
5
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
1
.
7
3
0
4
3
0
0
0
 
1
2
0
.
2
0
7
2
0
0
 
2
5
.
4
9
5
0
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
2
.
2
4
9
2
9
0
0
0
 
1
0
6
.
8
1
9
3
0
0
 
1
.
3
9
2
4
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
5
.
2
2
1
1
2
0
0
0
 
1
1
0
.
9
3
9
6
0
0
 
1
0
.
0
4
4
4
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
9
.
6
4
2
6
7
0
0
0
 
1
0
6
.
9
0
6
6
0
0
 
6
.
1
6
0
4
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
1
.
4
3
2
4
6
0
0
0
 
1
4
0
.
8
4
5
0
0
0
 
9
.
6
9
8
5
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
3
.
6
7
8
1
4
0
0
0
 
1
0
4
.
9
9
7
1
0
0
 
4
.
4
1
0
2
2
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
7
.
5
5
0
2
4
0
0
0
 
1
0
6
.
8
0
5
0
0
0
 
.
1
1
8
9
5
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
1
.
5
4
1
9
5
0
0
0
 
1
1
2
.
1
3
8
7
0
0
 
2
.
4
4
5
8
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
3
.
2
0
8
4
9
0
0
0
 
1
0
6
.
7
6
1
9
0
0
 
5
.
4
0
1
3
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
6
.
6
9
0
9
7
0
0
0
 
1
1
2
.
1
0
5
7
0
0
 
2
.
0
4
5
3
1
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
7
.
2
3
4
8
3
0
0
0
 
1
0
6
.
8
4
1
9
0
0
 
2
.
2
9
3
3
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
8
.
1
3
0
6
5
0
0
0
 
1
0
6
.
8
1
5
8
0
0
 
.
4
6
2
7
7
6
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
2
.
3
2
3
3
4
0
0
0
 
1
0
6
.
8
7
0
7
0
0
 
3
.
9
4
0
8
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
5
.
1
0
7
6
4
0
0
0
 
1
0
6
.
8
0
7
3
0
0
 
5
.
4
7
2
7
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
8
.
8
0
3
1
6
0
0
0
 
1
0
6
.
1
8
5
2
0
0
 
1
3
.
2
5
3
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
1
.
1
1
4
0
6
0
0
0
 
1
0
6
.
8
5
8
8
0
0
 
1
.
2
8
4
6
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
3
.
3
1
9
6
0
0
0
0
 
1
1
0
.
0
0
1
3
0
0
 
2
3
.
8
1
5
8
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
5
.
2
4
6
2
2
0
0
0
 
1
0
6
.
7
4
6
4
0
0
 
2
.
4
8
5
2
2
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
0
1
.
3
7
9
6
0
0
0
 
9
6
.
3
4
8
5
1
0
0
 
1
5
.
1
1
2
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
0
2
.
4
4
0
5
0
0
0
 
1
0
6
.
8
0
1
8
0
0
 
.
7
0
0
3
0
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
0
4
.
1
7
9
1
0
0
0
 
1
0
6
.
7
8
8
4
0
0
 
.
6
2
7
1
1
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
0
5
.
1
0
0
8
0
0
0
 
1
0
6
.
8
5
2
2
0
0
 
7
.
2
8
9
1
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
1
0
.
5
4
9
5
0
0
0
 
1
0
6
.
9
1
6
7
0
0
 
9
.
6
2
0
5
2
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
1
2
.
4
4
0
8
0
0
0
 
1
0
6
.
9
2
4
9
0
0
 
1
1
.
6
1
4
2
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
1
3
.
4
0
6
1
0
0
0
 
1
0
6
.
7
4
5
2
0
0
 
2
.
2
9
1
4
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
1
8
.
4
5
6
8
0
0
0
 
1
0
6
.
8
5
3
2
0
0
 
8
.
6
1
8
2
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
2
0
.
5
9
2
7
0
0
0
 
1
0
6
.
8
3
1
5
0
0
 
8
.
6
7
4
1
8
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
2
4
.
7
0
7
7
0
0
0
 
1
1
9
.
8
0
9
8
0
0
 
7
3
.
0
1
6
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
2
7
.
6
0
1
6
0
0
0
 
1
0
6
.
8
1
6
0
0
0
 
2
.
0
9
8
9
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
3
1
.
2
4
5
3
0
0
0
 
1
0
6
.
8
6
4
2
0
0
 
6
.
5
5
1
8
3
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
3
7
.
9
7
5
4
0
0
0
 
1
1
2
.
1
4
1
4
0
0
 
3
.
3
1
0
0
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
3
8
.
4
8
7
9
0
0
0
 
1
2
0
.
0
7
3
4
0
0
 
1
3
.
7
2
3
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
4
2
.
9
0
5
5
0
0
0
 
1
0
6
.
8
2
1
5
0
0
 
1
1
.
5
7
9
0
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
4
4
.
8
1
9
4
0
0
0
 
1
0
6
.
8
2
5
2
0
0
 
4
.
5
2
1
9
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
4
9
.
4
1
0
7
0
0
0
 
1
0
6
.
8
0
3
7
0
0
 
3
.
1
7
7
0
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
5
3
.
8
8
0
8
0
0
0
 
1
0
6
.
8
0
6
5
0
0
 
1
0
.
8
7
2
9
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
5
5
.
1
1
5
0
0
0
0
 
1
1
2
.
1
3
8
4
0
0
 
2
.
7
2
7
6
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
5
6
.
8
8
1
4
0
0
0
 
1
0
6
.
8
2
6
8
0
0
 
7
.
3
6
8
7
6
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
6
2
.
7
2
3
8
0
0
0
 
1
2
2
.
3
7
6
2
0
0
 
4
3
.
7
4
8
3
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
6
5
.
8
6
2
2
0
0
0
 
1
1
2
.
1
2
1
4
0
0
 
3
.
4
4
8
8
8
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
6
6
.
6
5
0
9
0
0
0
 
1
1
2
.
5
4
7
7
0
0
 
4
0
.
8
5
4
6
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
6
8
.
6
8
7
3
0
0
0
 
1
1
0
.
6
8
7
4
0
0
 
8
4
.
8
8
1
6
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
7
0
.
2
0
5
3
0
0
0
 
1
0
6
.
8
2
1
4
0
0
 
9
.
7
2
9
6
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
7
2
.
8
6
6
3
0
0
0
 
1
0
6
.
8
7
1
0
0
0
 
1
3
.
5
2
4
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
7
5
.
3
1
0
5
0
0
0
 
1
0
6
.
8
7
5
5
0
0
 
1
2
.
7
9
3
6
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
7
6
.
3
3
9
1
0
0
0
 
1
0
6
.
8
0
4
0
0
0
 
7
.
9
5
9
1
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
7
6
.
9
7
2
0
0
0
0
 
1
1
2
.
1
2
8
7
0
0
 
7
.
3
5
1
8
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
7
9
.
1
4
9
3
0
0
0
 
1
1
0
.
1
0
4
1
0
0
 
2
0
.
6
4
6
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
8
3
.
8
0
0
6
0
0
0
 
1
0
8
.
6
5
3
0
0
0
 
2
2
.
4
4
2
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
8
4
.
5
2
4
3
0
0
0
 
1
1
2
.
1
1
2
3
0
0
 
7
.
1
7
4
1
4
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
8
9
.
3
5
9
6
0
0
0
 
1
1
6
.
1
9
4
1
0
0
 
3
5
.
0
8
6
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
9
1
.
1
0
1
9
0
0
0
 
1
0
6
.
8
1
7
5
0
0
 
6
.
9
6
1
5
5
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
9
3
.
0
8
8
9
0
0
0
 
1
0
6
.
7
8
9
1
0
0
 
1
.
7
6
6
7
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
9
4
.
5
3
2
7
0
0
0
 
1
0
6
.
9
3
4
4
0
0
 
1
7
.
5
3
4
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
9
7
.
4
0
7
7
0
0
0
 
1
0
2
.
5
8
7
1
0
0
 
2
4
.
4
1
0
1
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
0
2
.
9
7
6
3
0
0
0
 
1
0
9
.
3
3
8
0
0
0
 
2
7
.
8
4
6
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
0
6
.
0
5
9
9
0
0
0
 
1
2
2
.
7
1
4
5
0
0
 
3
7
.
9
3
6
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
0
8
.
6
4
3
0
0
0
0
 
1
0
6
.
8
0
7
8
0
0
 
1
0
.
8
4
4
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
0
9
.
4
2
4
3
0
0
0
 
1
1
2
.
1
4
2
8
0
0
 
3
.
0
8
5
6
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
1
0
.
6
2
5
7
0
0
0
 
1
0
4
.
9
1
6
1
0
0
 
3
3
.
2
4
5
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
1
2
.
1
0
0
8
0
0
0
 
1
0
6
.
8
4
1
2
0
0
 
1
2
.
2
7
8
5
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
1
4
.
2
0
6
8
0
0
0
 
1
1
2
.
2
7
5
1
0
0
 
2
8
.
0
6
8
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
2
4
.
3
5
6
9
0
0
0
 
1
0
6
.
8
0
7
7
0
0
 
5
.
1
9
0
8
5
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
2
7
.
8
8
0
4
0
0
0
 
1
0
8
.
3
0
6
1
0
0
 
2
2
.
8
1
0
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
3
5
.
5
4
9
5
0
0
0
 
1
0
7
.
0
3
6
5
0
0
 
2
3
.
8
4
0
7
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
3
6
.
5
1
3
1
0
0
0
 
1
1
2
.
1
2
7
1
0
0
 
6
.
0
9
0
4
1
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
3
9
.
1
6
4
3
0
0
0
 
1
0
6
.
8
0
7
0
0
0
 
3
.
6
8
4
8
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
4
0
.
9
1
2
9
0
0
0
 
1
0
6
.
7
9
7
8
0
0
 
5
.
3
7
6
0
2
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
4
2
.
5
6
2
9
0
0
0
 
1
0
6
.
8
4
5
4
0
0
 
1
3
.
1
1
7
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
4
5
.
3
4
4
9
0
0
0
 
1
0
9
.
8
5
3
1
0
0
 
2
3
.
4
1
2
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
5
1
.
7
1
0
3
0
0
0
 
1
0
6
.
7
8
8
1
0
0
 
3
.
6
8
9
7
8
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
5
6
.
8
3
9
4
0
0
0
 
1
0
6
.
7
9
5
2
0
0
 
2
.
1
5
9
1
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
5
8
.
9
1
0
9
0
0
0
 
1
0
6
.
8
3
2
2
0
0
 
9
.
0
7
1
8
6
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
6
1
.
2
8
7
2
0
0
0
 
1
1
2
.
3
0
6
0
0
0
 
2
6
.
4
3
9
0
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
6
3
.
9
2
0
6
0
0
0
 
1
3
4
.
0
9
2
8
0
0
 
1
1
6
.
7
0
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
6
5
.
7
1
2
4
0
0
0
 
1
0
6
.
8
3
2
4
0
0
 
1
7
.
2
9
6
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
6
7
.
9
5
0
5
0
0
0
 
1
0
6
.
8
1
3
6
0
0
 
5
.
8
5
7
4
7
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
7
4
.
4
5
4
8
0
0
0
 
1
1
2
.
2
0
3
7
0
0
 
1
7
.
3
2
1
7
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
7
5
.
8
3
2
9
0
0
0
 
1
0
1
.
7
6
2
0
0
0
 
5
1
.
0
6
0
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
8
3
.
7
0
7
9
0
0
0
 
1
0
6
.
7
9
5
4
0
0
 
5
.
0
8
3
6
0
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
8
7
.
5
7
2
3
0
0
0
 
1
0
6
.
8
0
1
7
0
0
 
3
.
5
9
0
7
6
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
8
8
.
5
9
4
4
0
0
0
 
1
1
2
.
1
2
5
6
0
0
 
2
.
4
9
7
0
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
9
2
.
1
2
8
2
0
0
0
 
1
0
6
.
8
0
2
6
0
0
 
4
.
6
8
6
8
1
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

2
9
3
.
9
2
5
2
0
0
0
 
1
0
6
.
8
2
9
9
0
0
 
1
0
.
5
3
9
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

2
9
5
.
6
5
4
1
0
0
0
 
1
0
6
.
8
1
4
7
0
0
 
2
.
9
5
7
7
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
0
0
.
1
0
0
8
0
0
0
 
1
1
2
.
9
2
7
9
0
0
 
3
1
.
2
0
4
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
0
2
.
4
9
1
0
0
0
0
 
1
0
6
.
8
1
9
5
0
0
 
3
.
8
8
9
0
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
0
5
.
4
7
5
1
0
0
0
 
1
1
5
.
9
0
5
3
0
0
 
6
5
.
8
4
7
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
1
1
.
8
8
7
3
0
0
0
 
1
1
1
.
3
6
8
3
0
0
 
2
3
.
8
8
5
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
1
4
.
7
8
8
9
0
0
0
 
1
1
0
.
1
1
6
9
0
0
 
3
8
.
5
0
4
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
1
6
.
0
6
0
4
0
0
0
 
1
0
6
.
8
0
1
9
0
0
 
1
5
.
8
0
6
1
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
1
9
.
8
5
9
6
0
0
0
 
1
3
7
.
7
6
3
3
0
0
 
4
6
.
4
6
3
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
2
8
.
7
1
3
9
0
0
0
 
1
0
6
.
8
0
1
5
0
0
 
2
.
4
6
5
9
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
3
1
.
5
2
8
0
0
0
0
 
1
0
6
.
7
9
6
8
0
0
 
7
.
6
2
6
5
0
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
3
8
.
0
7
1
4
0
0
0
 
1
7
2
.
3
7
1
0
0
0
 
3
6
0
.
3
5
6
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
4
3
.
6
4
9
2
0
0
0
 
1
0
5
.
8
6
8
1
0
0
 
2
7
.
3
1
4
4
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
4
9
.
6
8
1
3
0
0
0
 
1
0
6
.
8
0
1
2
0
0
 
5
.
6
5
6
4
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
6
2
.
1
4
9
6
0
0
0
 
1
3
7
.
4
3
3
7
0
0
 
1
7
1
.
4
2
6
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
7
8
.
4
5
4
2
0
0
0
 
1
0
6
.
8
0
6
7
0
0
 
3
.
2
7
3
8
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5



3
8
1
.
1
5
5
7
0
0
0
 
1
0
6
.
7
8
9
1
0
0
 
1
1
.
2
8
0
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
8
2
.
9
5
3
4
0
0
0
 
9
8
.
9
7
5
3
1
0
0
 
4
2
.
8
8
3
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
8
4
.
1
5
8
1
0
0
0
 
1
1
2
.
1
5
2
3
0
0
 
1
5
.
0
8
5
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

3
8
9
.
4
0
5
6
0
0
0
 
1
0
6
.
8
0
4
8
0
0
 
4
.
6
2
4
8
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
9
2
.
7
2
4
5
0
0
0
 
1
2
4
.
5
7
0
8
0
0
 
5
1
.
5
0
3
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

3
9
6
.
5
1
3
7
0
0
0
 
9
6
.
9
5
7
2
3
0
0
 
2
7
.
1
2
1
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
0
0
.
5
4
3
6
0
0
0
 
1
0
6
.
8
0
0
1
0
0
 
2
.
0
3
2
2
9
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
0
3
.
1
3
1
9
0
0
0
 
1
0
6
.
7
9
6
8
0
0
 
4
.
6
6
2
2
7
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
0
4
.
0
1
3
2
0
0
0
 
1
0
6
.
8
0
1
4
0
0
 
2
.
6
4
4
2
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
1
5
.
5
9
3
3
0
0
0
 
1
0
7
.
3
1
5
9
0
0
 
4
0
.
5
0
6
5
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
2
0
.
2
2
7
9
0
0
0
 
1
0
6
.
8
5
0
8
0
0
 
2
0
.
5
1
5
5
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
2
4
.
9
7
0
1
0
0
0
 
1
2
8
.
4
0
4
8
0
0
 
1
1
1
.
0
8
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
2
8
.
4
0
0
9
0
0
0
 
1
0
8
.
6
1
3
4
0
0
 
3
9
.
5
9
7
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
3
2
.
7
0
1
4
0
0
0
 
1
0
6
.
7
9
5
4
0
0
 
1
0
.
2
8
8
3
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
3
5
.
1
9
4
7
0
0
0
 
1
0
6
.
8
0
0
9
0
0
 
1
7
.
5
7
2
7
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
3
8
.
9
9
5
0
0
0
0
 
1
0
6
.
8
0
0
2
0
0
 
5
.
9
5
0
1
6
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
4
0
.
3
4
4
8
0
0
0
 
1
0
6
.
8
0
1
7
0
0
 
5
.
9
1
2
5
6
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
4
2
.
5
1
3
5
0
0
0
 
1
0
6
.
8
0
9
1
0
0
 
8
.
7
4
4
6
8
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
4
4
.
0
3
2
5
0
0
0
 
1
1
2
.
1
2
6
4
0
0
 
5
.
4
2
9
4
4
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
4
5
.
5
4
7
7
0
0
0
 
1
0
5
.
7
2
2
8
0
0
 
2
9
.
3
1
4
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
4
7
.
9
8
1
2
0
0
0
 
1
0
6
.
8
1
2
9
0
0
 
3
1
.
1
1
8
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
5
0
.
6
0
0
4
0
0
0
 
1
0
6
.
8
5
6
0
0
0
 
2
6
.
4
4
4
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
5
4
.
9
7
3
3
0
0
0
 
1
0
6
.
8
1
0
7
0
0
 
1
8
.
2
5
2
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
5
9
.
2
7
1
9
0
0
0
 
1
1
7
.
5
1
5
5
0
0
 
6
2
.
1
7
5
7
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
6
2
.
7
1
1
7
0
0
0
 
1
1
9
.
2
6
2
1
0
0
 
1
0
0
.
0
8
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
7
2
.
6
2
3
0
0
0
0
 
1
1
0
.
8
8
4
1
0
0
 
5
0
.
2
0
8
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
7
4
.
4
3
5
9
0
0
0
 
1
1
2
.
1
2
9
6
0
0
 
1
6
.
3
3
2
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
7
5
.
9
3
0
1
0
0
0
 
1
0
4
.
8
3
2
6
0
0
 
5
0
.
5
4
0
4
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
7
7
.
7
8
8
8
0
0
0
 
1
0
9
.
8
2
3
6
0
0
 
8
5
.
8
7
6
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

4
8
2
.
7
9
3
1
0
0
0
 
1
0
6
.
7
9
8
7
0
0
 
9
.
0
5
6
5
4
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
9
0
.
0
3
7
1
0
0
0
 
1
0
6
.
8
0
4
6
0
0
 
4
.
9
9
1
2
4
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

4
9
7
.
7
0
7
2
0
0
0
 
1
1
8
.
1
6
7
0
0
0
 
2
9
.
9
5
6
2
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
0
1
.
3
2
2
6
0
0
0
 
1
0
6
.
8
0
5
9
0
0
 
5
.
9
9
4
6
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
0
4
.
1
2
0
6
0
0
0
 
1
0
6
.
8
0
8
2
0
0
 
1
3
.
4
7
3
5
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
0
5
.
4
5
5
1
0
0
0
 
1
0
6
.
8
1
3
2
0
0
 
1
5
.
6
6
4
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
0
7
.
1
3
8
6
0
0
0
 
1
1
2
.
9
4
0
6
0
0
 
3
3
.
9
5
3
5
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
1
1
.
8
9
1
6
0
0
0
 
1
1
2
.
1
3
6
5
0
0
 
7
.
2
5
9
0
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
1
4
.
4
8
8
5
0
0
0
 
1
1
1
.
5
6
8
6
0
0
 
5
2
.
3
8
6
6
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
1
7
.
5
8
8
4
0
0
0
 
1
0
4
.
1
4
3
0
0
0
 
3
7
.
2
5
6
8
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
1
9
.
8
6
1
3
0
0
0
 
1
1
3
.
2
0
8
7
0
0
 
4
2
.
1
4
2
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
2
7
.
3
7
7
9
0
0
0
 
1
0
4
.
0
2
0
0
0
0
 
2
9
.
1
8
2
7
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
3
0
.
5
7
4
2
0
0
0
 
1
0
6
.
7
9
9
3
0
0
 
1
4
.
9
7
5
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
3
5
.
5
2
5
0
0
0
0
 
1
1
8
.
4
0
3
1
0
0
 
5
8
.
5
4
6
1
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
3
9
.
7
0
3
4
0
0
0
 
9
3
.
5
7
7
9
7
0
0
 
3
7
.
7
8
8
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
4
0
.
7
9
8
3
0
0
0
 
1
1
2
.
1
2
0
7
0
0
 
1
8
.
8
6
3
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
4
3
.
5
6
7
7
0
0
0
 
1
0
6
.
8
0
4
6
0
0
 
7
.
8
7
5
9
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
4
5
.
5
0
7
2
0
0
0
 
1
0
9
.
3
4
6
6
0
0
 
2
5
.
3
9
6
4
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
5
3
.
1
3
7
1
0
0
0
 
1
0
6
.
8
1
5
0
0
0
 
1
9
.
3
4
1
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
5
5
.
2
4
0
4
0
0
0
 
1
0
6
.
8
0
2
2
0
0
 
5
.
6
7
9
8
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
5
9
.
8
2
8
0
0
0
0
 
1
0
6
.
7
9
8
0
0
0
 
3
.
5
6
0
2
1
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
6
2
.
4
4
6
9
0
0
0
 
1
0
7
.
2
7
2
8
0
0
 
6
0
.
9
7
3
9
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
6
6
.
4
8
6
0
0
0
0
 
1
0
4
.
4
1
0
7
0
0
 
2
6
.
3
1
3
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
8
1
.
9
5
7
8
0
0
0
 
1
0
6
.
2
0
2
1
0
0
 
6
0
.
7
0
6
4
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
8
4
.
8
8
1
4
0
0
0
 
1
0
6
.
8
0
5
8
0
0
 
1
2
.
1
2
3
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

5
9
1
.
4
1
9
9
0
0
0
 
1
0
6
.
8
0
0
5
0
0
 
2
.
7
8
7
4
5
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
9
4
.
5
0
3
4
0
0
0
 
1
0
6
.
8
1
5
8
0
0
 
1
2
.
6
3
3
5
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
9
6
.
1
2
1
4
0
0
0
 
1
0
6
.
8
1
5
2
0
0
 
1
0
.
3
9
7
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

5
9
9
.
9
2
9
4
0
0
0
 
1
2
1
.
4
5
3
4
0
0
 
2
1
8
.
2
9
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
0
2
.
5
9
0
5
0
0
0
 
1
0
6
.
8
0
6
3
0
0
 
9
.
5
8
8
6
0
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
0
8
.
6
9
3
1
0
0
0
 
1
0
6
.
8
0
9
8
0
0
 
1
1
.
3
7
5
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
1
4
.
8
9
8
3
0
0
0
 
1
0
2
.
4
0
9
2
0
0
 
7
5
.
2
4
3
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
1
9
.
5
6
0
8
0
0
0
 
1
1
2
.
1
2
3
1
0
0
 
1
3
.
6
7
0
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
2
0
.
8
7
3
3
0
0
0
 
1
0
4
.
0
0
4
4
0
0
 
6
4
.
7
0
0
1
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
2
5
.
1
9
9
5
0
0
0
 
1
0
6
.
8
0
2
7
0
0
 
1
2
.
1
1
7
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
3
0
.
2
9
1
1
0
0
0
 
1
0
7
.
5
2
8
3
0
0
 
2
1
.
9
6
6
1
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
3
3
.
2
5
7
9
0
0
0
 
1
0
6
.
7
9
4
3
0
0
 
7
.
5
1
3
5
4
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
3
3
.
5
7
6
6
0
0
0
 
1
1
2
.
1
2
2
9
0
0
 
1
0
.
3
9
9
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
3
5
.
7
7
6
7
0
0
0
 
1
0
6
.
7
9
3
8
0
0
 
1
4
.
9
6
3
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
3
6
.
7
4
7
1
0
0
0
 
1
1
2
.
1
2
7
4
0
0
 
9
.
1
2
0
6
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
4
2
.
2
0
9
1
0
0
0
 
1
1
0
.
1
0
3
2
0
0
 
1
1
3
.
4
1
0
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
4
5
.
5
4
8
2
0
0
0
 
1
1
2
.
0
1
4
2
0
0
 
9
0
.
3
1
5
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
4
8
.
8
3
8
4
0
0
0
 
1
0
6
.
8
0
0
3
0
0
 
2
0
.
6
6
7
5
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
5
1
.
1
5
9
1
0
0
0
 
1
0
6
.
8
0
4
8
0
0
 
9
.
0
2
7
3
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
5
7
.
6
7
7
6
0
0
0
 
1
0
6
.
8
0
0
1
0
0
 
5
.
9
6
8
8
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
6
5
.
9
7
0
8
0
0
0
 
1
0
6
.
8
0
2
4
0
0
 
3
.
1
6
6
9
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
7
1
.
0
1
5
3
0
0
0
 
1
0
8
.
3
0
3
7
0
0
 
1
1
3
.
3
3
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
7
2
.
7
9
1
5
0
0
0
 
1
1
7
.
0
7
2
7
0
0
 
7
6
.
6
2
4
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
7
5
.
3
3
0
9
0
0
0
 
1
0
6
.
8
0
2
1
0
0
 
8
.
1
9
0
3
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
7
7
.
9
8
7
9
0
0
0
 
1
0
6
.
8
0
2
6
0
0
 
6
.
9
8
2
5
2
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
8
0
.
7
6
9
0
0
0
0
 
1
0
9
.
7
6
6
7
0
0
 
9
0
.
8
0
1
9
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
8
2
.
3
0
0
2
0
0
0
 
1
1
2
.
1
3
3
2
0
0
 
2
6
.
0
3
6
4
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
8
7
.
3
3
5
2
0
0
0
 
1
1
2
.
1
2
6
1
0
0
 
1
0
.
4
2
9
1
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
9
2
.
2
6
4
4
0
0
0
 
1
0
7
.
0
9
9
7
0
0
 
4
2
.
9
4
1
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

6
9
7
.
4
6
1
1
0
0
0
 
1
1
0
.
8
5
3
2
0
0
 
4
0
.
2
6
6
3
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

6
9
9
.
5
6
5
4
0
0
0
 
1
0
6
.
8
0
8
6
0
0
 
1
8
.
5
0
2
3
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
0
4
.
4
2
4
8
0
0
0
 
1
0
6
.
8
0
2
9
0
0
 
6
.
9
9
4
6
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
1
0
.
2
0
2
2
0
0
0
 
1
0
6
.
8
0
2
0
0
0
 
3
.
1
6
9
3
9
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
1
3
.
0
6
0
9
0
0
0
 
1
0
8
.
1
1
8
2
0
0
 
3
0
.
3
4
8
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
1
5
.
3
2
6
7
0
0
0
 
1
1
5
.
0
6
3
1
0
0
 
9
2
.
4
2
8
2
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
1
7
.
2
6
7
8
0
0
0
 
1
1
2
.
1
2
8
3
0
0
 
1
3
.
0
6
2
3
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
1
9
.
0
6
4
1
0
0
0
 
1
1
2
.
1
3
4
5
0
0
 
1
1
.
0
9
4
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
2
1
.
5
2
7
1
0
0
0
 
1
1
0
.
4
6
5
7
0
0
 
5
3
.
5
3
6
7
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
2
4
.
7
7
5
1
0
0
0
 
1
0
6
.
8
1
1
8
0
0
 
2
0
.
4
4
7
5
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
3
0
.
0
5
0
7
0
0
0
 
1
0
9
.
3
3
1
7
0
0
 
5
4
.
9
6
1
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
3
6
.
7
1
2
1
0
0
0
 
1
1
1
.
3
9
2
9
0
0
 
6
2
.
3
9
6
7
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
3
9
.
1
0
4
5
0
0
0
 
1
1
0
.
1
3
2
0
0
0
 
9
5
.
1
7
6
1
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
4
1
.
2
8
9
7
0
0
0
 
1
0
8
.
0
0
8
8
0
0
 
3
4
.
9
4
3
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
4
4
.
1
8
7
5
0
0
0
 
1
0
6
.
1
3
0
4
0
0
 
2
5
.
1
9
2
5
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
4
7
.
0
0
8
4
0
0
0
 
1
0
8
.
1
5
1
9
0
0
 
3
5
.
4
5
9
4
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
5
0
.
4
3
9
6
0
0
0
 
1
0
8
.
3
2
3
0
0
0
 
4
1
.
8
5
9
9
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
5
6
.
4
2
9
5
0
0
0
 
1
0
6
.
7
9
9
4
0
0
 
9
.
9
7
1
4
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
5
9
.
8
4
7
3
0
0
0
 
1
0
6
.
8
0
1
9
0
0
 
1
4
.
4
9
3
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
6
3
.
9
4
2
2
0
0
0
 
1
0
6
.
8
0
4
2
0
0
 
1
1
.
2
5
1
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
6
7
.
0
7
0
1
0
0
0
 
1
0
6
.
8
0
5
2
0
0
 
1
0
.
9
2
6
6
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
7
1
.
4
3
9
9
0
0
0
 
1
1
0
.
5
6
3
8
0
0
 
2
5
.
8
9
2
4
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
7
3
.
7
6
7
4
0
0
0
 
1
0
8
.
0
2
6
8
0
0
 
5
1
.
7
8
9
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
7
5
.
6
6
1
3
0
0
0
 
1
1
2
.
1
2
2
5
0
0
 
2
3
.
2
7
8
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
7
7
.
4
0
5
4
0
0
0
 
1
0
8
.
6
8
0
8
0
0
 
9
5
.
1
4
1
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
8
0
.
7
4
6
4
0
0
0
 
1
2
3
.
3
2
9
6
0
0
 
2
1
5
.
6
6
5
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
8
4
.
6
2
6
6
0
0
0
 
1
0
6
.
5
1
3
1
0
0
 
3
9
.
3
0
0
4
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
8
7
.
1
1
8
1
0
0
0
 
1
0
6
.
7
9
7
1
0
0
 
1
2
.
9
8
1
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

7
9
0
.
7
9
6
2
0
0
0
 
1
0
6
.
8
0
2
4
0
0
 
7
.
4
1
8
2
7
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

7
9
8
.
4
7
7
9
0
0
0
 
1
0
6
.
8
0
0
7
0
0
 
8
.
5
5
5
4
7
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
0
8
.
2
2
8
1
0
0
0
 
1
0
6
.
8
0
3
0
0
0
 
1
6
.
6
9
9
6
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
1
0
.
0
1
6
7
0
0
0
 
1
1
2
.
1
2
6
6
0
0
 
1
6
.
5
9
0
6
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
1
3
.
0
6
8
7
0
0
0
 
1
0
5
.
4
7
4
0
0
0
 
4
6
.
3
1
4
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
1
5
.
0
6
0
9
0
0
0
 
1
1
2
.
1
2
5
9
0
0
 
2
2
.
9
6
7
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
1
8
.
1
9
3
4
0
0
0
 
1
0
6
.
8
0
0
0
0
0
 
1
0
.
4
9
6
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
2
0
.
7
3
3
3
0
0
0
 
1
0
6
.
8
0
5
0
0
0
 
1
1
.
9
3
8
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
3
1
.
9
1
5
4
0
0
0
 
1
0
5
.
2
6
6
0
0
0
 
6
3
.
0
7
6
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
3
3
.
6
7
0
2
0
0
0
 
1
0
6
.
8
0
6
2
0
0
 
1
4
.
4
3
6
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
3
6
.
3
6
5
5
0
0
0
 
1
0
5
.
8
2
7
1
0
0
 
7
8
.
2
8
4
6
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
4
5
.
2
6
0
2
0
0
0
 
1
0
6
.
7
9
9
9
0
0
 
1
3
.
3
2
1
3
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
5
1
.
0
7
7
9
0
0
0
 
1
0
5
.
3
6
4
1
0
0
 
3
4
.
2
1
9
7
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
5
6
.
4
4
9
2
0
0
0
 
1
0
6
.
8
0
5
6
0
0
 
2
1
.
5
3
1
0
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
6
0
.
7
3
8
4
0
0
0
 
1
1
3
.
0
5
7
8
0
0
 
8
1
.
7
5
1
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
6
4
.
4
4
2
4
0
0
0
 
1
0
6
.
9
0
9
1
0
0
 
2
1
.
8
8
0
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
6
7
.
7
5
7
9
0
0
0
 
1
1
1
.
0
8
8
5
0
0
 
3
3
.
2
5
7
1
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
7
9
.
0
7
7
7
0
0
0
 
1
0
6
.
8
0
1
4
0
0
 
1
0
.
9
0
8
3
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
8
2
.
1
1
6
0
0
0
0
 
1
0
7
.
8
0
6
4
0
0
 
1
7
1
.
0
3
7
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
8
5
.
6
8
7
1
0
0
0
 
1
0
7
.
8
7
5
9
0
0
 
4
3
.
4
9
6
4
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

8
9
3
.
3
3
2
4
0
0
0
 
1
0
7
.
1
4
2
1
0
0
 
2
2
.
9
7
5
2
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

8
9
6
.
9
9
5
1
0
0
0
 
1
0
6
.
8
0
1
5
0
0
 
8
.
7
0
4
9
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
0
0
.
0
5
8
6
0
0
0
 
1
0
6
.
8
0
6
4
0
0
 
1
2
.
3
1
9
5
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5



9
0
3
.
5
6
1
1
0
0
0
 
1
0
6
.
9
4
1
4
0
0
 
5
6
.
0
5
0
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
0
8
.
6
1
2
9
0
0
0
 
1
1
2
.
1
3
4
6
0
0
 
1
2
.
6
1
4
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
1
0
.
8
1
0
3
0
0
0
 
1
0
7
.
6
7
6
1
0
0
 
3
8
.
4
6
7
8
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
1
5
.
1
5
5
1
0
0
0
 
1
1
5
.
5
7
9
0
0
0
 
1
7
6
.
8
3
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
1
8
.
5
3
9
0
0
0
0
 
1
0
7
.
7
7
1
2
0
0
 
1
0
9
.
9
3
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
2
3
.
0
9
0
7
0
0
0
 
1
0
6
.
8
0
4
2
0
0
 
1
5
.
9
6
8
3
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
2
6
.
0
0
9
0
0
0
0
 
1
1
1
.
7
5
7
4
0
0
 
9
3
.
7
1
0
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
3
4
.
3
6
5
9
0
0
0
 
1
0
6
.
7
9
2
9
0
0
 
2
0
.
6
2
6
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
4
1
.
7
5
5
0
0
0
0
 
1
0
6
.
7
9
4
6
0
0
 
1
4
.
4
1
0
2
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
4
3
.
6
3
2
8
0
0
0
 
1
0
6
.
9
7
3
1
0
0
 
6
2
.
6
0
2
3
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
4
6
.
2
7
5
0
0
0
0
 
1
1
2
.
1
4
7
8
0
0
 
2
5
.
4
6
5
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
4
8
.
7
5
5
5
0
0
0
 
1
0
9
.
1
7
6
0
0
0
 
9
2
.
8
0
9
4
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
5
4
.
4
3
3
4
0
0
0
 
1
1
2
.
1
4
0
9
0
0
 
1
9
.
9
2
3
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
5
6
.
6
4
0
5
0
0
0
 
1
0
7
.
2
6
3
7
0
0
 
2
9
.
3
2
2
1
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
5
9
.
0
2
7
7
0
0
0
 
1
0
7
.
4
2
4
4
0
0
 
5
9
.
0
2
5
1
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
6
3
.
7
2
7
4
0
0
0
 
1
0
6
.
8
0
1
0
0
0
 
1
0
.
3
2
5
5
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
6
5
.
7
4
1
7
0
0
0
 
1
0
6
.
8
0
1
0
0
0
 
7
.
7
1
0
6
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
7
2
.
8
9
0
8
0
0
0
 
1
1
2
.
5
9
5
6
0
0
 
9
6
.
4
0
8
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
7
6
.
3
3
2
1
0
0
0
 
1
0
8
.
1
6
3
1
0
0
 
3
4
.
1
8
5
4
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
7
8
.
8
4
3
4
0
0
0
 
1
0
5
.
4
0
3
7
0
0
 
1
0
1
.
1
5
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
8
1
.
2
3
4
0
0
0
0
 
1
0
6
.
8
0
2
0
0
0
 
1
6
.
9
5
3
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
9
0
.
4
4
2
7
0
0
0
 
1
1
4
.
0
6
7
2
0
0
 
1
6
6
.
5
1
7
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

9
9
3
.
3
7
5
2
0
0
0
 
1
0
6
.
8
0
0
3
0
0
 
1
1
.
2
9
3
5
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

9
9
5
.
7
0
2
6
0
0
0
 
1
0
6
.
8
0
2
7
0
0
 
7
.
2
5
0
9
0
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
0
0
9
.
9
1
6
0
0
0
 
1
2
0
.
0
0
0
0
0
0
 
1
3
4
.
3
7
1
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
2
5
6
.
1
3
4
0
0
0
 
1
2
0
.
0
0
0
0
0
0
 
3
9
3
.
6
5
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4

1
3
4
5
.
0
9
0
0
0
0
 
1
2
0
.
0
0
0
2
0
0
 
3
7
4
7
.
8
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
5

1
3
4
7
.
1
0
8
0
0
0
 
1
2
0
.
0
0
0
2
0
0
 
4
6
2
1
.
4
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
4
 

−
1
2
5
5
.
3
5
3
0
0
 
1
1
7
.
2
0
6
8
0
0
 
1
3
2
4
1
.
0
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

−
4
7
.
4
0
4
3
9
0
0
 
1
1
0
.
9
0
7
4
0
0
 
3
8
.
5
8
2
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

5
.
4
3
9
6
4
4
0
0
0
 
1
2
7
.
8
3
7
0
0
0
 
2
4
.
4
1
3
6
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

7
1
.
1
0
8
0
5
0
0
0
 
8
3
.
3
8
7
6
2
0
0
 
4
5
2
.
7
4
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
1
7
.
2
4
0
3
0
0
0
 
1
1
9
.
8
1
4
7
0
0
 
1
2
.
0
1
9
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
0
8
.
1
2
2
9
0
0
0
 
1
1
0
.
4
0
6
7
0
0
 
2
4
.
8
2
7
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
2
3
.
5
2
0
5
0
0
0
 
1
1
4
.
4
3
6
7
0
0
 
4
2
.
0
6
4
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
6
9
.
4
1
4
8
0
0
0
 
9
4
.
1
0
5
5
5
0
0
 
7
1
0
.
0
0
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
5
7
.
3
9
3
9
0
0
0
 
1
0
2
.
0
7
3
5
0
0
 
2
4
.
9
2
4
9
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
1
3
.
2
3
1
3
0
0
0
 
8
5
.
9
5
9
9
7
0
0
 
1
5
3
.
6
6
3
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
7
0
.
3
5
0
3
0
0
0
 
1
1
6
.
8
3
0
2
0
0
 
9
.
0
2
0
1
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

5
2
9
.
9
7
8
3
0
0
0
 
7
0
.
1
8
1
3
6
0
0
 
3
1
6
.
0
6
8
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

6
3
2
.
9
5
9
7
0
0
0
 
8
9
.
6
4
5
4
5
0
0
 
1
6
8
7
.
7
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

6
8
6
.
3
4
8
1
0
0
0
 
9
6
.
2
1
2
7
8
0
0
 
4
8
5
.
2
0
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

7
1
7
.
0
9
0
1
0
0
0
 
1
0
0
.
3
5
6
8
0
0
 
6
1
3
.
8
0
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

7
6
6
.
7
9
0
5
0
0
0
 
8
7
.
2
8
8
0
6
0
0
 
8
6
4
.
0
6
0
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

8
6
6
.
8
0
4
7
0
0
0
 
1
0
3
.
6
5
4
0
0
0
 
2
6
8
5
.
3
2
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

9
5
1
.
5
9
2
2
0
0
0
 
7
1
.
2
0
9
3
7
0
0
 
1
8
5
.
1
3
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
0
0
5
.
2
0
1
0
0
0
 
1
1
1
.
9
9
2
9
0
0
 
5
0
.
9
7
0
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
0
6
6
.
6
7
9
0
0
0
 
1
1
6
.
8
0
3
8
0
0
 
3
1
.
0
3
3
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
1
1
0
.
8
2
7
0
0
0
 
1
0
8
.
0
3
3
1
0
0
 
2
6
0
.
1
9
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
2
6
1
.
7
3
2
0
0
0
 
1
1
6
.
8
2
7
2
0
0
 
8
5
3
.
7
3
2
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
3
6
0
.
8
8
9
0
0
0
 
1
0
9
.
9
4
6
3
0
0
 
1
3
0
.
0
3
4
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
4
3
1
.
5
9
5
0
0
0
 
1
1
6
.
8
9
0
9
0
0
 
1
5
1
5
.
3
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
5
2
6
.
7
4
4
0
0
0
 
1
0
5
.
0
2
0
5
0
0
 
2
2
1
.
3
5
5
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
5
6
7
.
8
7
5
0
0
0
 
1
1
6
.
8
3
4
9
0
0
 
6
3
2
.
0
3
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
6
8
1
.
1
1
9
0
0
0
 
1
1
6
.
8
0
0
7
0
0
 
1
3
.
0
0
8
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
7
2
5
.
1
9
6
0
0
0
 
1
1
5
.
0
1
2
1
0
0
 
1
0
8
.
2
0
6
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
7
9
4
.
8
2
8
0
0
0
 
1
1
6
.
7
9
7
7
0
0
 
1
8
.
0
1
8
4
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
8
3
5
.
4
0
9
0
0
0
 
1
1
0
.
0
0
3
0
0
0
 
2
1
9
.
4
5
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
9
3
6
.
1
9
6
0
0
0
 
1
1
6
.
8
2
3
8
0
0
 
9
2
4
.
1
5
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
9
5
0
.
4
4
9
0
0
0
 
1
1
6
.
8
0
6
8
0
0
 
7
1
.
0
1
8
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
0
0
3
.
8
5
7
0
0
0
 
1
1
6
.
8
1
6
8
0
0
 
2
7
1
.
1
4
7
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
0
8
1
.
9
5
9
0
0
0
 
1
1
6
.
8
1
1
7
0
0
 
1
8
0
.
4
4
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
1
8
1
.
4
4
2
0
0
0
 
1
1
6
.
7
9
9
6
0
0
 
7
5
.
1
4
9
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
2
4
1
.
4
7
5
0
0
0
 
1
1
6
.
8
3
2
6
0
0
 
9
5
3
.
1
2
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
2
7
6
.
3
5
1
0
0
0
 
1
1
6
.
8
1
6
3
0
0
 
8
0
8
.
7
4
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
3
4
2
.
3
9
3
0
0
0
 
1
1
6
.
8
0
6
6
0
0
 
7
7
1
.
1
7
1
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
3
6
4
.
0
6
7
0
0
0
 
1
1
6
.
7
9
9
3
0
0
 
4
2
0
.
6
7
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
4
9
3
.
3
3
8
0
0
0
 
1
1
6
.
7
8
6
7
0
0
 
4
1
8
.
0
3
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
5
2
6
.
9
5
9
0
0
0
 
1
1
6
.
8
0
2
8
0
0
 
2
2
0
.
4
1
4
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
5
7
6
.
2
6
1
0
0
0
 
1
1
6
.
7
9
9
5
0
0
 
1
7
0
.
1
6
6
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
6
7
4
.
2
3
3
0
0
0
 
1
1
6
.
8
0
4
5
0
0
 
7
2
0
.
5
4
7
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
7
9
7
.
8
0
3
0
0
0
 
1
1
6
.
8
2
4
7
0
0
 
2
6
9
2
.
0
2
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
8
4
8
.
2
2
3
0
0
0
 
1
1
6
.
8
0
0
3
0
0
 
7
9
9
.
7
7
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
8
8
6
.
4
4
0
0
0
0
 
1
1
6
.
8
0
2
9
0
0
 
1
0
6
8
.
4
9
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
9
4
3
.
7
2
5
0
0
0
 
1
1
6
.
8
0
1
0
0
0
 
1
4
9
.
9
8
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

2
9
5
7
.
2
1
7
0
0
0
 
1
1
6
.
8
0
0
8
0
0
 
1
5
0
.
0
0
3
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
0
8
1
.
0
8
1
0
0
0
 
1
1
6
.
8
0
0
8
0
0
 
4
2
.
0
1
8
2
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
1
8
3
.
5
3
6
0
0
0
 
1
1
6
.
8
0
0
6
0
0
 
1
2
0
.
0
1
5
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
2
4
3
.
8
6
0
0
0
0
 
1
1
6
.
8
0
3
5
0
0
 
7
3
8
.
9
8
8
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
3
2
6
.
7
0
5
0
0
0
 
1
1
6
.
8
0
3
3
0
0
 
2
6
0
.
1
6
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
3
6
3
.
8
7
0
0
0
0
 
1
1
6
.
8
0
1
5
0
0
 
2
2
9
.
9
7
5
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
5
5
5
.
5
9
4
0
0
0
 
1
1
6
.
7
9
5
0
0
0
 
2
3
8
1
.
5
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
6
2
4
.
0
4
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
3
5
.
0
0
6
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
6
6
5
.
8
1
1
0
0
0
 
1
1
6
.
8
0
3
8
0
0
 
5
0
9
.
6
1
1
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
8
0
0
.
2
2
2
0
0
0
 
1
1
6
.
7
9
8
1
0
0
 
2
8
8
3
.
8
0
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

3
8
9
4
.
5
8
2
0
0
0
 
1
1
6
.
8
0
0
2
0
0
 
3
9
.
0
0
4
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
0
1
2
.
8
2
2
0
0
0
 
1
1
6
.
8
0
0
4
0
0
 
1
3
9
2
.
9
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
0
8
1
.
8
1
9
0
0
0
 
1
1
6
.
8
0
0
3
0
0
 
1
3
9
4
.
5
5
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
0
9
6
.
1
0
5
0
0
0
 
1
1
6
.
8
0
0
1
0
0
 
3
8
9
.
5
8
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
1
1
4
.
9
2
8
0
0
0
 
1
1
6
.
8
0
0
5
0
0
 
2
5
8
2
.
3
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
2
3
9
.
0
0
5
0
0
0
 
1
1
6
.
8
0
0
1
0
0
 
8
4
8
.
4
1
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
2
7
3
.
3
0
3
0
0
0
 
1
1
6
.
8
0
0
1
0
0
 
5
1
9
.
4
2
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
3
9
3
.
5
0
1
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
2
0
9
.
9
1
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
4
5
2
.
3
0
6
0
0
0
 
1
1
6
.
8
0
0
2
0
0
 
2
0
9
2
.
0
4
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
5
5
4
.
9
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
6
7
.
9
9
2
2
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
6
5
7
.
0
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
9
5
.
9
8
5
6
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
7
8
5
.
6
0
1
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
4
7
9
.
6
6
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

4
8
4
4
.
6
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
1
2
9
.
9
7
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

5
0
3
2
.
5
0
4
0
0
0
 
1
1
9
.
9
9
6
1
0
0
 
1
7
7
9
.
2
1
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

6
2
5
5
.
3
0
5
0
0
0
 
1
1
9
.
8
9
2
3
0
0
 
7
8
6
5
9
.
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
6

1
3
8
7
.
5
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
2
.
4
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
8

1
4
8
3
.
3
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
3
.
5
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
8

2
0
4
7
.
6
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
4
.
5
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
8

3
0
2
8
.
9
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
9
.
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
8

3
2
7
0
.
9
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
1
8
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
7

3
5
1
3
.
8
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
1
3
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
8

3
9
6
6
.
9
0
0
0
0
0
 
1
1
6
.
8
0
0
0
0
0
 
1
3
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
8

−
5
8
4
.
1
8
6
7
0
0
 
1
2
0
.
0
7
0
5
0
0
 
1
5
1
3
.
4
5
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

−
5
5
2
.
7
3
8
0
0
0
 
1
2
0
.
1
7
1
3
0
0
 
4
1
5
1
.
6
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

−
4
.
6
4
8
2
9
8
0
0
 
1
2
0
.
5
6
7
1
0
0
 
3
.
1
9
2
4
4
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
.
7
1
8
8
7
8
6
1
7
 
1
0
1
.
5
8
0
9
7
1
 
2
.
1
0
0
0
9
3
4
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
.
8
9
6
4
8
7
0
0
0
 
1
0
8
.
5
1
6
8
0
0
 
.
0
3
2
7
9
3
6
6
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
.
2
5
7
6
9
4
0
0
0
 
1
2
0
.
8
7
9
4
0
0
 
.
0
4
0
2
6
4
0
6
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

1
6
.
2
4
1
6
0
0
0
0
 
6
2
.
2
5
1
1
2
0
0
 
2
9
.
0
2
3
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
9
.
6
8
8
9
5
0
0
0
 
1
1
4
.
4
2
7
1
0
0
 
1
.
0
2
4
6
4
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

3
5
.
8
0
0
5
1
0
0
0
 
1
0
7
.
2
7
4
4
0
0
 
1
3
.
5
9
8
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
0
.
2
6
9
9
4
0
0
0
 
1
0
8
.
3
3
5
2
0
0
 
3
.
3
5
2
2
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

5
5
.
9
3
2
9
5
0
0
0
 
1
3
6
.
5
2
4
1
0
0
 
2
6
.
8
8
3
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

5
9
.
0
5
3
2
9
0
0
0
 
1
0
4
.
5
1
6
8
0
0
 
1
0
6
.
8
1
3
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
6
.
1
4
4
0
0
0
0
0
 
1
0
8
.
4
4
5
7
0
0
 
8
.
5
4
4
8
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
2
.
0
4
1
5
4
0
0
0
 
1
0
8
.
5
4
7
7
0
0
 
4
.
3
6
3
3
7
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
5
.
4
2
8
7
6
0
0
0
 
1
0
8
.
5
6
8
8
0
0
 
3
.
6
5
0
3
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
9
.
0
2
5
8
2
0
0
0
 
1
0
8
.
4
3
1
7
0
0
 
2
0
.
8
6
0
4
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
6
.
3
1
0
6
1
0
0
0
 
1
0
8
.
5
6
3
1
0
0
 
1
.
2
5
6
9
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
4
.
1
4
2
3
7
0
0
0
 
1
0
8
.
2
2
2
2
0
0
 
1
9
.
3
8
9
0
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
0
5
.
8
7
2
4
0
0
0
 
1
1
8
.
8
8
0
8
0
0
 
6
6
.
8
3
6
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
0
7
.
2
0
6
6
0
0
0
 
1
1
0
.
0
3
0
9
0
0
 
3
9
.
4
0
6
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

1
2
0
.
3
9
8
3
0
0
0
 
1
0
8
.
5
2
9
9
0
0
 
9
.
7
4
4
9
1
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
2
6
.
6
4
2
5
0
0
0
 
1
0
8
.
6
8
8
6
0
0
 
1
6
.
8
5
6
7
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
2
7
.
5
0
4
6
0
0
0
 
1
0
8
.
6
2
3
5
0
0
 
1
3
.
2
4
0
6
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
3
5
.
3
7
7
7
0
0
0
 
1
0
8
.
5
8
5
4
0
0
 
5
.
7
2
8
2
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
4
3
.
4
8
0
6
0
0
0
 
1
0
8
.
5
4
5
2
0
0
 
1
6
.
7
5
1
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

1
4
5
.
0
1
0
7
0
0
0
 
1
0
3
.
7
5
4
6
0
0
 
5
4
.
2
5
2
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

1
5
5
.
1
0
7
7
0
0
0
 
9
9
.
9
6
6
3
1
0
0
 
1
0
6
.
0
0
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9



1
6
3
.
8
9
3
1
0
0
0
 
1
0
8
.
5
2
8
8
0
0
 
1
1
.
2
0
0
0
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
7
7
.
2
5
1
1
0
0
0
 
1
0
8
.
5
8
3
2
0
0
 
3
.
7
3
2
0
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
8
5
.
2
0
3
6
0
0
0
 
1
0
8
.
5
7
2
9
0
0
 
4
.
3
5
9
3
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
8
9
.
0
3
6
8
0
0
0
 
1
0
8
.
5
9
6
4
0
0
 
4
.
2
2
4
5
2
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
0
2
.
9
8
4
1
0
0
0
 
1
0
5
.
9
6
2
5
0
0
 
2
2
.
1
6
9
1
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
0
5
.
3
5
6
9
0
0
0
 
1
0
0
.
3
2
9
9
0
0
 
5
4
.
1
8
6
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
1
3
.
8
3
9
6
0
0
0
 
1
0
8
.
6
0
1
3
0
0
 
6
.
3
5
0
0
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
2
3
.
9
4
8
5
0
0
0
 
1
0
1
.
1
6
6
3
0
0
 
1
9
0
.
9
2
0
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
2
4
.
6
2
0
2
0
0
0
 
1
0
8
.
1
8
6
6
0
0
 
3
0
.
0
4
4
8
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
3
3
.
6
6
9
7
0
0
0
 
1
0
8
.
6
0
0
9
0
0
 
6
.
1
7
8
3
9
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
5
0
.
7
3
2
0
0
0
0
 
1
0
8
.
6
0
6
8
0
0
 
1
5
.
6
4
1
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
6
1
.
3
1
5
5
0
0
0
 
9
9
.
9
7
6
0
1
0
0
 
1
0
7
.
6
2
5
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
6
8
.
1
5
6
7
0
0
0
 
9
8
.
8
8
0
0
7
0
0
 
1
3
3
.
5
3
7
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
7
4
.
3
5
7
9
0
0
0
 
1
1
5
.
9
3
6
1
0
0
 
3
7
.
4
9
9
1
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
8
1
.
1
8
8
7
0
0
0
 
1
1
0
.
5
5
2
3
0
0
 
2
7
.
8
2
4
4
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

2
8
9
.
0
5
3
2
0
0
0
 
9
4
.
7
4
5
1
2
0
0
 
1
4
5
.
6
9
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
9
5
.
9
4
7
7
0
0
0
 
1
0
8
.
5
9
5
7
0
0
 
7
.
8
5
9
8
1
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
9
7
.
3
1
5
8
0
0
0
 
1
0
8
.
2
6
7
9
0
0
 
1
2
.
9
4
0
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

2
9
8
.
0
8
9
2
0
0
0
 
9
2
.
5
8
4
8
9
0
0
 
9
2
.
5
2
6
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
2
3
.
0
7
3
5
0
0
0
 
1
0
3
.
6
1
6
6
0
0
 
2
5
5
.
9
7
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

3
2
4
.
7
4
9
0
0
0
0
 
1
0
0
.
9
9
9
3
0
0
 
2
6
0
.
1
2
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

3
2
7
.
1
7
8
1
0
0
0
 
1
0
8
.
7
1
1
0
0
0
 
3
3
.
9
2
3
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
2
9
.
6
6
5
2
0
0
0
 
1
0
8
.
6
1
2
0
0
0
 
1
9
.
2
8
8
3
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
4
3
.
0
8
0
7
0
0
0
 
1
0
8
.
6
3
4
7
0
0
 
2
0
.
0
2
7
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

3
4
8
.
3
9
4
2
0
0
0
 
9
5
.
9
9
2
7
1
0
0
 
2
9
8
.
3
5
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
6
8
.
8
1
9
9
0
0
0
 
1
3
4
.
5
8
2
4
0
0
 
2
1
5
.
1
9
3
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
7
5
.
4
2
5
1
0
0
0
 
1
0
8
.
5
9
6
4
0
0
 
3
.
2
5
8
0
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

3
8
2
.
4
4
9
5
0
0
0
 
1
0
8
.
5
9
3
0
0
0
 
6
.
0
9
0
3
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
8
7
.
2
7
5
6
0
0
0
 
1
1
2
.
1
4
2
9
0
0
 
3
2
.
9
7
1
0
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

3
9
0
.
6
2
2
3
0
0
0
 
8
9
.
9
6
0
3
7
0
0
 
4
5
.
0
6
5
5
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

4
0
0
.
3
7
6
6
0
0
0
 
1
0
9
.
3
8
4
6
0
0
 
3
4
.
5
8
6
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

4
0
3
.
0
5
3
5
0
0
0
 
1
0
8
.
5
9
6
5
0
0
 
4
.
0
4
2
8
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

4
1
1
.
3
7
1
4
0
0
0
 
1
7
5
.
6
7
1
0
0
0
 
6
2
9
.
9
2
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

4
2
0
.
8
4
7
7
0
0
0
 
1
0
8
.
5
9
9
4
0
0
 
2
.
5
0
3
8
0
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

4
2
9
.
6
3
3
9
0
0
0
 
6
7
.
3
7
3
8
0
0
0
 
3
6
.
1
3
4
6
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

4
5
5
.
1
0
8
4
0
0
0
 
1
4
7
.
8
0
2
2
0
0
 
7
5
.
8
3
0
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

4
5
9
.
5
1
2
6
0
0
0
 
1
0
7
.
7
6
3
6
0
0
 
2
2
.
4
5
7
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

4
6
5
.
5
3
7
6
0
0
0
 
1
0
8
.
6
0
8
3
0
0
 
2
0
.
6
9
1
2
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

4
7
9
.
4
0
9
8
0
0
0
 
1
4
8
.
5
0
1
9
0
0
 
8
5
.
0
2
4
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

4
8
3
.
9
8
6
3
0
0
0
 
1
2
0
.
1
4
3
2
0
0
 
9
4
.
8
0
5
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
0
2
.
7
2
5
4
0
0
0
 
1
0
8
.
2
7
2
0
0
0
 
9
.
3
2
0
5
9
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
0
4
.
4
6
6
7
0
0
0
 
1
0
8
.
2
6
3
8
0
0
 
2
2
.
5
3
3
9
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
0
5
.
2
2
4
7
0
0
0
 
6
2
.
0
8
6
2
8
0
0
 
1
2
7
.
1
2
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
1
6
.
5
1
7
7
0
0
0
 
1
1
4
.
0
0
2
8
0
0
 
2
5
.
8
4
5
6
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

5
1
9
.
3
7
0
3
0
0
0
 
1
0
1
.
2
0
5
1
0
0
 
1
9
.
5
2
9
1
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
2
0
.
4
2
5
3
0
0
0
 
1
0
8
.
2
6
2
3
0
0
 
1
4
.
1
0
1
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
3
3
.
6
2
8
3
0
0
0
 
1
2
2
.
0
4
7
3
0
0
 
2
4
8
.
7
9
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
4
2
.
6
8
0
6
0
0
0
 
1
2
5
.
1
4
8
8
0
0
 
3
4
2
.
6
2
4
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
6
4
.
6
3
1
3
0
0
0
 
8
7
.
3
6
7
1
5
0
0
 
7
6
.
6
7
3
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
6
9
.
4
0
2
5
0
0
0
 
1
5
7
.
1
3
1
7
0
0
 
1
5
7
.
7
0
3
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

5
8
1
.
1
3
6
5
0
0
0
 
1
2
6
.
2
1
4
3
0
0
 
7
3
.
2
0
8
6
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

5
9
4
.
8
2
1
8
0
0
0
 
1
1
2
.
3
5
8
6
0
0
 
8
6
.
8
5
3
4
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
0
1
.
5
3
4
0
0
0
0
 
1
4
3
.
8
5
8
2
0
0
 
1
9
9
.
5
4
4
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
1
6
.
2
1
9
4
0
0
0
 
7
3
.
0
6
9
8
6
0
0
 
5
7
.
2
2
8
9
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
2
1
.
0
2
0
1
0
0
0
 
1
2
2
.
4
3
1
6
0
0
 
1
3
4
.
5
2
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
3
2
.
7
4
1
2
0
0
0
 
9
5
.
5
6
8
5
8
0
0
 
1
5
5
.
1
0
8
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
3
7
.
5
5
2
4
0
0
0
 
1
3
5
.
6
9
4
0
0
0
 
1
9
6
.
6
8
1
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
4
2
.
4
1
4
1
0
0
0
 
7
7
.
2
1
7
6
9
0
0
 
1
1
1
.
8
4
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
4
6
.
7
7
4
7
0
0
0
 
1
5
1
.
1
2
8
8
0
0
 
1
0
2
.
0
9
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
5
2
.
6
1
9
2
0
0
0
 
1
0
8
.
6
0
0
7
0
0
 
7
.
4
0
3
5
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
6
6
.
8
2
7
1
0
0
0
 
1
0
8
.
2
6
5
2
0
0
 
4
9
.
4
6
4
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
8
5
.
2
2
6
4
0
0
0
 
1
0
8
.
2
7
2
3
0
0
 
6
.
6
1
8
0
4
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
8
7
.
5
9
8
4
0
0
0
 
1
0
8
.
5
9
7
9
0
0
 
2
2
.
2
5
7
9
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

6
9
3
.
9
6
9
9
0
0
0
 
1
0
8
.
2
7
0
1
0
0
 
1
2
.
5
9
0
1
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

6
9
6
.
3
3
1
0
0
0
0
 
1
1
8
.
9
3
9
0
0
0
 
1
9
9
.
8
5
6
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
1
0
.
3
1
5
5
0
0
0
 
1
0
8
.
6
0
1
7
0
0
 
1
0
.
1
0
1
1
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
1
2
.
8
0
3
4
0
0
0
 
9
4
.
2
5
0
1
7
0
0
 
9
0
.
3
5
3
7
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
1
4
.
1
1
9
8
0
0
0
 
1
0
8
.
2
6
5
9
0
0
 
2
0
.
7
6
0
7
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
2
1
.
7
4
2
1
0
0
0
 
7
5
.
1
7
5
5
0
0
0
 
7
3
.
0
7
7
0
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
3
2
.
4
3
9
1
0
0
0
 
1
0
8
.
6
0
2
9
0
0
 
1
7
.
0
2
9
4
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
3
6
.
4
2
4
6
0
0
0
 
1
0
8
.
5
9
9
5
0
0
 
1
7
.
3
9
3
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
4
2
.
4
0
9
6
0
0
0
 
1
0
8
.
5
9
5
2
0
0
 
1
9
.
7
7
3
8
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
4
7
.
2
6
6
9
0
0
0
 
1
0
8
.
5
9
9
3
0
0
 
8
.
3
8
1
0
6
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
5
6
.
4
2
0
3
0
0
0
 
8
2
.
3
9
2
3
0
0
0
 
4
1
.
7
0
9
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
5
8
.
4
7
7
4
0
0
0
 
1
0
8
.
2
7
0
7
0
0
 
1
3
.
1
8
5
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
6
4
.
5
0
8
2
0
0
0
 
1
0
8
.
6
0
0
1
0
0
 
2
2
.
0
3
3
5
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
6
7
.
4
5
0
3
0
0
0
 
1
0
8
.
2
6
9
4
0
0
 
1
4
.
9
5
7
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

7
7
0
.
6
3
9
5
0
0
0
 
1
0
8
.
5
9
8
6
0
0
 
5
.
7
5
3
1
2
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
7
6
.
7
1
9
4
0
0
0
 
1
0
7
.
9
7
8
1
0
0
 
2
4
.
2
9
1
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
9
4
.
5
1
8
5
0
0
0
 
1
1
0
.
0
2
3
3
0
0
 
4
7
.
4
3
2
9
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

7
9
6
.
0
8
3
3
0
0
0
 
1
0
8
.
2
7
6
1
0
0
 
2
3
.
0
7
7
4
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
1
0
.
2
2
6
4
0
0
0
 
1
3
8
.
7
5
4
5
0
0
 
3
6
2
.
7
6
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
1
3
.
1
8
0
1
0
0
0
 
1
1
7
.
8
4
0
5
0
0
 
6
9
.
7
8
4
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
2
3
.
4
0
7
8
0
0
0
 
1
0
9
.
2
6
2
6
0
0
 
4
1
.
9
1
4
4
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

8
3
1
.
5
6
3
6
0
0
0
 
1
0
9
.
6
8
5
2
0
0
 
1
0
5
.
4
2
3
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
3
4
.
9
0
3
7
0
0
0
 
1
0
8
.
2
7
2
2
0
0
 
1
1
.
4
4
8
5
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

8
4
5
.
9
3
5
0
0
0
0
 
1
0
8
.
5
9
7
6
0
0
 
1
1
.
2
4
2
4
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

8
5
0
.
4
7
7
1
0
0
0
 
1
0
8
.
2
6
5
5
0
0
 
2
4
.
1
2
0
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
5
1
.
9
6
5
4
0
0
0
 
1
0
8
.
4
7
2
9
0
0
 
1
9
2
.
6
0
3
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
5
8
.
4
0
9
1
0
0
0
 
1
1
2
.
6
1
9
1
0
0
 
7
5
.
3
1
4
3
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
6
4
.
0
5
8
2
0
0
0
 
1
0
8
.
2
6
5
3
0
0
 
2
6
.
6
7
0
9
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

8
6
5
.
8
6
0
1
0
0
0
 
1
0
5
.
8
1
2
5
0
0
 
5
9
.
3
3
4
1
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

8
7
4
.
2
4
1
1
0
0
0
 
1
0
8
.
2
1
7
6
0
0
 
1
0
0
.
7
6
4
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
0
0
.
7
5
5
1
0
0
0
 
9
7
.
2
6
7
8
1
0
0
 
2
1
0
.
2
2
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

9
1
9
.
1
6
4
4
0
0
0
 
1
0
5
.
0
1
4
1
0
0
 
7
3
.
9
9
1
6
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
2
0
.
7
1
4
8
0
0
0
 
1
0
8
.
2
6
9
4
0
0
 
4
1
.
1
9
0
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
3
0
.
4
7
8
6
0
0
0
 
9
8
.
3
9
4
8
9
0
0
 
2
4
0
.
3
2
3
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

9
3
6
.
0
4
0
1
0
0
0
 
1
0
8
.
7
9
1
0
0
0
 
3
2
.
5
1
4
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
4
0
.
1
3
7
6
0
0
0
 
8
6
.
3
4
1
7
0
0
0
 
2
0
8
.
2
2
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
4
9
.
9
5
8
3
0
0
0
 
1
0
3
.
4
7
2
2
0
0
 
1
6
9
.
5
9
1
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

9
5
4
.
6
0
6
1
0
0
0
 
1
0
8
.
2
7
2
4
0
0
 
1
5
.
3
2
8
6
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

9
5
8
.
1
5
6
0
0
0
0
 
1
0
9
.
4
9
5
5
0
0
 
3
1
.
2
9
2
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
6
7
.
4
6
7
1
0
0
0
 
1
1
1
.
3
9
7
7
0
0
 
6
0
.
7
5
3
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

9
7
3
.
6
7
9
0
0
0
0
 
1
2
0
.
8
0
8
2
0
0
 
2
9
5
.
0
8
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

9
8
0
.
8
5
9
7
0
0
0
 
1
0
8
.
5
9
9
5
0
0
 
1
1
.
3
2
4
1
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

9
9
7
.
3
0
6
6
0
0
0
 
1
0
9
.
8
0
7
3
0
0
 
6
6
.
3
1
2
8
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

1
0
0
7
.
2
4
0
0
0
0
 
1
2
0
.
0
0
5
7
0
0
 
2
9
4
.
9
2
8
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

1
2
7
5
.
2
7
4
0
0
0
 
1
2
0
.
0
7
1
3
0
0
 
4
8
8
3
.
4
8
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
2
7
5
.
4
9
9
0
0
0
 
1
2
0
.
0
0
1
1
0
0
 
7
4
.
8
3
1
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
0

1
2
9
6
.
5
8
0
0
0
0
 
1
2
0
.
0
8
7
4
0
0
 
8
6
3
1
.
9
3
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
 
9

−
2
0
3
7
.
0
4
9
0
0
 
8
3
.
6
0
0
0
1
0
0
 
4
6
6
2
9
.
7
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

−
1
0
2
.
4
9
2
3
0
0
 
8
3
.
6
0
0
0
5
0
0
 
3
1
0
.
2
5
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

−
1
.
8
7
9
7
6
8
0
0
 
6
3
.
5
3
0
8
9
0
0
 
5
0
.
0
6
5
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
4
7
.
1
0
6
7
0
0
0
 
9
0
.
4
4
1
2
6
0
0
 
8
3
2
.
8
7
8
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
5
0
.
5
4
1
7
0
0
0
 
7
2
.
6
9
5
6
3
0
0
 
2
6
8
.
8
6
7
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
3
6
.
6
5
5
0
0
0
0
 
6
3
.
5
4
6
7
5
0
0
 
1
0
6
.
4
7
9
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
4
9
.
1
9
1
7
0
0
0
 
1
1
4
.
2
3
7
0
0
0
 
6
.
9
0
7
6
8
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

8
5
4
.
3
8
2
0
0
0
0
 
8
2
.
3
5
3
3
6
0
0
 
5
2
0
.
0
7
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

9
8
3
.
7
2
3
8
0
0
0
 
1
1
0
.
4
1
5
0
0
0
 
1
0
5
.
8
4
5
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
0
5
2
.
1
8
2
0
0
0
 
1
0
5
.
0
9
1
3
0
0
 
2
3
0
.
5
3
0
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
2
0
7
.
9
4
5
0
0
0
 
1
1
4
.
3
3
2
3
0
0
 
6
6
6
.
6
2
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
3
2
4
.
0
6
6
0
0
0
 
1
1
4
.
4
4
6
8
0
0
 
9
2
4
.
9
6
8
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
5
8
8
.
4
8
1
0
0
0
 
1
1
5
.
0
5
6
1
0
0
 
2
2
0
.
3
1
7
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
6
4
4
.
7
4
5
0
0
0
 
1
1
4
.
2
0
4
2
0
0
 
2
3
.
0
3
3
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
8
9
7
.
0
8
5
0
0
0
 
1
1
4
.
3
2
8
6
0
0
 
2
0
3
7
.
2
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

1
9
6
0
.
8
6
1
0
0
0
 
1
1
4
.
3
0
3
3
0
0
 
1
2
4
9
.
5
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

2
0
6
5
.
0
7
6
0
0
0
 
1
1
4
.
2
0
8
2
0
0
 
4
6
.
1
3
5
8
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

2
3
2
0
.
2
2
2
0
0
0
 
1
1
4
.
2
7
6
3
0
0
 
1
9
0
5
.
3
2
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

2
3
9
7
.
2
1
1
0
0
0
 
1
1
4
.
2
3
6
8
0
0
 
4
2
1
.
2
8
6
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

2
5
3
7
.
2
1
3
0
0
0
 
1
1
4
.
2
4
2
0
0
0
 
6
5
9
.
5
2
1
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

2
8
7
1
.
7
6
6
0
0
0
 
1
1
4
.
2
7
8
2
0
0
 
2
4
9
6
.
2
0
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

2
9
7
0
.
1
0
8
0
0
0
 
1
1
4
.
2
4
8
0
0
0
 
3
1
5
4
.
5
0
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

3
2
8
1
.
8
8
5
0
0
0
 
1
1
4
.
2
0
4
1
0
0
 
2
1
9
.
9
2
4
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

3
4
8
1
.
9
7
3
0
0
0
 
1
1
4
.
2
0
9
6
0
0
 
1
8
7
6
.
3
8
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1



3
7
3
4
.
7
7
1
0
0
0
 
1
1
4
.
2
0
6
2
0
0
 
7
2
7
.
8
9
8
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
1
3
5
.
2
1
1
0
0
0
 
1
1
4
.
2
0
0
2
0
0
 
4
8
8
.
2
2
7
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
2
3
1
.
5
3
1
0
0
0
 
1
1
4
.
2
0
0
6
0
0
 
2
1
6
8
.
0
7
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
4
4
5
.
8
4
0
0
0
0
 
1
1
4
.
2
0
0
9
0
0
 
4
8
6
2
.
0
7
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
7
5
7
.
6
0
1
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
3
9
.
9
0
9
7
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
7
8
0
.
1
0
7
0
0
0
 
1
1
4
.
2
0
0
2
0
0
 
1
4
8
9
.
7
7
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
8
1
0
.
1
5
0
0
0
0
 
1
1
4
.
2
0
1
4
0
0
 
1
0
2
8
5
.
3
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

4
9
5
4
.
9
0
1
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
6
9
.
8
7
9
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
1
6
9
.
9
0
7
0
0
0
 
1
1
4
.
2
0
0
2
0
0
 
2
0
8
3
.
3
8
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
2
1
1
.
9
4
0
0
0
0
 
1
1
4
.
2
0
1
2
0
0
 
1
2
3
8
2
.
8
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
5
9
2
.
1
0
4
0
0
0
 
1
1
4
.
2
0
0
1
0
0
 
1
5
9
1
.
8
5
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
7
0
2
.
5
0
1
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
3
9
.
8
2
3
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

5
9
2
3
.
3
1
9
0
0
0
 
1
1
4
.
2
0
0
6
0
0
 
1
0
1
9
0
.
7
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
0
9
6
.
8
0
3
0
0
0
 
1
1
4
.
2
0
0
1
0
0
 
1
7
9
1
.
3
4
9
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
1
0
9
.
8
0
3
0
0
0
 
1
1
4
.
2
0
0
1
0
0
 
2
0
8
8
.
2
7
8
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
2
8
0
.
7
1
0
0
0
0
 
1
1
4
.
2
0
0
3
0
0
 
6
7
8
0
.
5
5
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
4
4
4
.
7
0
3
0
0
0
 
1
1
4
.
2
0
0
1
0
0
 
2
2
8
7
.
3
2
3
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
6
2
1
.
1
0
5
0
0
0
 
1
1
4
.
2
0
0
2
0
0
 
3
7
6
7
.
1
6
4
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
8
5
4
.
2
0
1
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
1
9
6
.
9
2
6
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

6
9
9
6
.
3
0
1
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
9
9
7
.
9
4
4
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

7
1
0
2
.
1
1
1
0
0
0
 
1
0
0
.
0
0
0
0
0
0
 
1
1
3
2
.
6
0
2
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

9
0
1
5
.
6
3
3
0
0
0
 
1
0
0
.
0
0
0
0
0
0
 
9
8
6
5
3
.
6
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
1

8
0
4
.
2
4
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
8
.
8
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

9
4
0
.
9
8
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
.
4
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

1
2
8
6
.
5
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
4
.
3
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

1
4
0
5
.
8
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
3
.
2
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

1
5
6
7
.
4
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
4
.
9
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

1
7
0
9
.
0
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
9
.
9
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

2
0
3
8
.
7
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
4
.
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

2
2
5
0
.
7
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
4
.
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

2
2
8
5
.
1
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
3
1
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

2
3
5
2
.
6
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
8
.
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

2
7
2
3
.
2
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
7
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

2
8
0
4
.
4
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
8
.
0
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

3
0
4
8
.
2
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
8
.
5
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

3
1
0
0
.
0
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
9
.
5
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

3
2
0
9
.
0
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
6
.
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

3
4
1
6
.
8
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
3
.
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

3
4
6
0
.
5
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
8
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

3
5
2
0
.
3
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
7
1
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

3
6
2
1
.
0
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
7
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
2

3
9
1
1
.
6
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
7
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

4
0
9
5
.
8
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
3
0
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

4
3
4
8
.
8
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
2
5
.
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

4
3
8
9
.
2
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
1
4
.
5
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

4
9
1
6
.
0
0
0
0
0
0
 
1
1
4
.
2
0
0
0
0
0
 
4
2
.
0
0
0
0
0
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
1
 
1
 
 
 
 
1
3

1
.
0
0
0
0
0
0
0
0
0

C
h
a
n
n
e
l
 
r
a
d
i
i
 
i
n
 
k
e
y
−
w
o
r
d
 
f
o
r
m
a
t

R
a
d
i
i
=
 
 
7
.
5
0
0
0
0
0
,
 
 
7
.
5
0
0
0
0
0
 
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
3
7
5
0
0
,
 
 
7
.
5
0
0
0
0
0

 
 
 
G
r
o
u
p
=
 
 
1
 
 
 
C
h
a
n
=
 
 
1
,

R
a
d
i
i
=
 
 
7
.
4
0
0
0
0
0
,
 
 
7
.
4
0
0
0
0
0
 
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
3
7
0
0
0
,
 
 
7
.
4
0
0
0
0
0

 
 
 
G
r
o
u
p
=
 
 
2
 
 
 
C
h
a
n
=
 
 
1
,

R
a
d
i
i
=
 
 
7
.
4
5
6
1
2
7
0
 
 
7
.
4
5
6
1
2
7
0
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
4
0
0
0
0
,
 
 
7
.
4
5
6
1
2
7
0

 
 
 
G
r
o
u
p
=
 
 
3
 
 
 
C
h
a
n
=
 
 
1
,

R
a
d
i
i
=
 
 
7
.
4
6
9
9
9
7
,
 
 
7
.
4
6
9
9
9
7
 
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
4
0
0
0
0
,
 
 
7
.
4
6
9
9
9
7

 
 
 
G
r
o
u
p
=
 
 
4
 
 
 
C
h
a
n
=
 
 
1
,

 
 
 
G
r
o
u
p
=
 
 
5
 
 
 
C
h
a
n
=
 
 
1
,

R
a
d
i
i
=
 
 
5
.
9
0
0
0
0
0
,
 
 
5
.
9
0
0
0
0
0
 
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
3
0
0
0
0
,
 
 
5
.
9
0
0
0
0
0

 
 
 
G
r
o
u
p
=
 
 
6
 
 
 
C
h
a
n
=
 
 
1
,

 
 
 
G
r
o
u
p
=
 
 
7
 
 
 
C
h
a
n
=
 
 
1
,

 
 
 
G
r
o
u
p
=
 
 
8
 
 
 
C
h
a
n
=
 
 
1
,

R
a
d
i
i
=
 
 
7
.
4
9
7
5
4
0
,
 
 
7
.
4
9
7
5
4
0
 
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
4
0
0
0
0
,
 
 
7
.
4
9
7
5
4
0

 
 
 
G
r
o
u
p
=
 
 
9
 
 
 
C
h
a
n
=
 
 
1
,

 
 
 
G
r
o
u
p
=
 
1
0
 
 
 
C
h
a
n
=
 
 
1
,

R
a
d
i
i
=
 
 
7
.
5
1
1
2
1
3
,
 
 
7
.
5
1
1
2
1
3
 
 
 
 
F
l
a
g
s
=
0
,
−
1

 
 
 
U
n
c
e
r
t
a
i
n
t
i
e
s
=
 
 
0
.
0
3
6
5
5
3
,
 
 
7
.
5
1
1
2
1
3

 
 
 
G
r
o
u
p
=
 
1
1
 
 
 
C
h
a
n
=
 
 
1
,

 
 
 
G
r
o
u
p
=
 
1
2
 
 
 
C
h
a
n
=
 
 
1
,

 
 
 
G
r
o
u
p
=
 
1
3
 
 
 
C
h
a
n
=
 
 
1
,

P
r
i
o
r
 
u
n
c
e
r
t
a
i
n
t
i
e
s
 
i
n
 
k
e
y
−
w
o
r
d
 
f
o
r
m
a
t

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
1
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
2
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
3
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
4
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
5
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
6
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
7
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
8
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
9
 
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
1
0
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
1
1
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
1
2
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
G
r
o
u
p
=
1
3
 
C
h
=
1

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
1
0
 
 
p
p
=
c
a
p
t
u
r
e

 
 
 
R
e
l
a
t
i
v
e
 
u
n
c
e
r
t
a
i
n
t
y
 
=
 
0
.
0
0
5
 
p
p
=
e
n
e
r
g
y

Figure 43. SAMMY parameter file containing particle-pair definition for seven Dy isotopes and re-
lated quantum number information. Resonance parameters (energy and resonance widths) are also
shown.



Multiplication factor to increase uncertainty from 1.e−5 up 0.5 eV
factors defined below for each isotope.
spin group = 1
0.0       1.
0.5       1.

spin group = 2
0.0       1.
0.5       1.

spin group = 3
0.0       1.
0.5       1.

spin group = 4
0.0       3.
10.       3.

spin group = 5
0.0       3.
10.       3.

spin group = 6
0.0       5.
10.       5.

spin group = 7
0.0       1.
0.5       1.

spin group = 8
0.0       1.
0.5       1.

spin group = 9
−3000.0   2.
0.0       2.

spin group = 10
−3000.0   2.
0.0       2.

spin group = 11
−3000.0   10.
0.        10.

spin group = 12
0.0       1.
0.5       1.

spin group = 13
0.0       1.
0.5       1.

Figure 44. SAMMY energy dependent uncertainty file containing the multiplication factors applied
on a specific energy range defined by the energy levels of a specific isotope.


	LIST OF FIGURES
	LIST OF TABLES
	ABBREVIATIONS
	ACKNOWLEDGMENTS
	ABSTRACT
	INTRODUCTION
	GENERAL CONDITIONS AND EVALUATION METHODOLOGY
	Dysprosium isotopes
	Quantification of the external functions
	Dysprosium thermal characteristics

	THE EXPERIMENTAL DATABASE
	RESULTS OF THE R-MATRIX ANALYSIS
	UNCERTAINTY QUANTIFICATION

	STATISTICAL PROPERTY OF THE RESONANCE PARAMETERS
	REPOSITORY
	CONCLUSIONS
	APPENDIX A. SAMMY inputs
	APPENDIX B. Resonance parameters

