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The work is devoted to construct and investigate a new method of calculating a
size of losses by kinds with long settlement: a modification method of the
nearest neighbour. The proposition method is to define a size of losses in the
worst condition of system and is based on using of so-called model of numbers
tree. By using this method for model, data showed and carried out some

computational experiments.
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» Method of the nearest neighbour (NN - Nearest Neighbor). It is the most
widespread method of comparison and extraction of precedents. It rather
easily allows to calculate a degree of similarity of the current problem
situation and precedents from BP (Libraries of precedents - the saved up experience)
systems. With the purpose of definition of a degree of similarity on set of
the parameters used for the description of precedents and the current
situation, the certain metrics is entered. Further, according to the chosen
metrics, the distance from the target point appropriate to the current
problem situation up to the points representing precedents from BP is
defined, and the nearest gets out to target a point.

« The method of definition of the nearest neighbour (the nearest neighbours)
also is widely applied to the decision of problems of classification, clasters,
regresses and recognition of images.
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From all the methods, the method of the nearest
neighbour is most distributed. This method is known also
under the name, a method of single connection.

» Cross-check - a known method of reception of estimation of
unknown parameters of model. The basic idea - division of the
sample of data on v "Warehouse part". V " Warehouse parts "
here essence in the casual image allocated and isolated

samples. Method of " the nearest neighbour ". An estimation of parameter
Kk, @ method of cross-check
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Method of "' the nearest neighbour "
The decision of a problem of forecasting.
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The method of the nearest neighbour - the most simple B

method of interpolation of function of one or several variables. | = _N\e
As the interpolated value the nearest known value of , _\’\
function gets out. ICA%elo CiA
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In most general view algorithm the nearest neighbours is

T
alu) = argmai E . =vylwlzu
1 =1
W{ﬁ,u} Is given weight function which estimates a degree of importance

:Ef-.:"u is object of training sample which L
]
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As is known, the forecast of the future losses, using observably average
development of the nearest neighbours, usually define under the following

circuit:

Irena Kaiser Instructions of the Eurounion on compensation of the harm caused to life and health and tariffing
OSAGO. V the international conference « Obligatory insurance of a civil liability of owners of vehicles in the
Russian Federation: tariffing and regulation. The first actuaries congress of the CIS » November, 27-28, 2008,

Moscow.
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Methods for development of losses by kinds with long SN,
settlement method of the nearest neighbour iICA2el0 CiA

The forecast of individual losses by direct comparison with the observably tendency of
losses. Identification k, similar losses given supervision. Use of a method of the nearest
neighbour for development of the considered loss

20?2?27 7?

x[x[]x]
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On the basis of given to the circuit the model of the nearest
neighbour assumes the following
Kk
Y — Z a)iYi , where
- k
w >0,i=1..k 2 o=1 (1)
i=1
We shall consider more general model, than model (1):
K 1/s )
K :(Z w‘Y‘kj ;wﬁ:l n>s20 sl (2)
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Model of the worst development of losses iICA2070 CiA

K 1/s

Y, =max| > @Y, (4)

K n
M={0w:0<w <1 Za)jn_—s:].,n>5,8>0,k>l

=1

The equation (4), we shall call “Model of the worst development of losses”.
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Theorem 1 A
iICA2el0 CiA
Th - (4) k 1/s
e equation (4): V - max S
and the equation K weM [.21: iTik

K
Ykn — E Y "ik (5)
i=1

are equivalent.
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Algorithm of solution of the equation of worst . .

development of losses: | o
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Let X' = 44 X which is connected with discrete model equations

an =7,
X (Xllm’ Xr,nm’Z )’ Zr’n :[ixllnft/j ’

X :(le—l’XZm—l""’xm—lm YAy 1) Zm—l :( ZX m-1 )

where

/xto---ooo\
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For any natural n>1 between to the set of solutions (4),
I.e. under m=k-1 and m=K it takes place next presentation:

—~— —~— —~— —~—

Xik = X12%jk —1 "kk = *22%k —1' % T %2%k —10 I =12kl

This transformation may be written in the form of
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Proposition

 The transformation of ¢ transfers arbitrary point Em-1 and into some corresponding points
from Em metrics for all m=3,4,5.... and has semi-group properties: 0<t<tk, 0<s<tk, and it is
linear, uniformly bounded and uniformly continued. Besides, the engine - values of ut are
represented in the form of: Aj=xt , j=1,2...,.k-1; Ak=yt; Ak+1=zt; || ptﬁ=zt; || ut-1 || <00 2)

 The infinitesimal generating operator A= |jmt™(« - 1) is diagonal matrix and represented in

t—0

the following way: aii=Inx, i=1,... k-1, akk=Iny, ak+1k+1=Inz, and what is more R(m,A)=(ql-

A)-1, ut=etd, A=Inutllt. 3). The transformation M=url/t is also transferred Ek-1 into Ek under
corresponding condition x1/t+y1/t=z1/t, 0<t<tk, tk<oo, 4). The transformations pt, ut-1 may be
used for coding and decoding of corresponding input and output information. It is characterized
in the following way:

3 ’
2 ZN_ s X .n
ZN =% X" & ]
= |
=3 e
E‘?
s / Al
- __ -
1. 2.
|5 |5 [=Z | (5 [ (=1 1.
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From the developed method follows, that if we know VAN,
any solution of the equation (4) iICA2070 CiA

the appropriate decisions at k=m is defined under the formula X' =K X,

m

-1 }
n n
X im-1 )1

=1

m 1/n
where X':(Xl'm,...,xr:nm,zr;]), 4l :(in’r:j Zm—1:(
i=1

X :(le—l’ X2m—1""’ Xm—lm—l) m=2,3,...,
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Such any representation of type (4), (5), (6) with help of transformation (9)
Is transferred to the form

Yo = () _|_iZmZ:(mei Jiv2 )

%, %, 2 - are the solutions of the equation 2 = #* + %, For example, in a case H=2 af
g =234 knowing the decision, equatton }712+}r22 :YE on the basis of
ansformation (%), (103, (11) gradvally we shall define the decisions of the
quatimns}rlz +}’22+....+}’§3 :Fz. At =2 the equation Flg -I-Fzz :Fz we have

brious dectstons such as [1]:
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¥ ¥, ¥ ¥ ¥, ¥
35 ax 15;: 41,” 15,2;?1;2 17 m2/2
= 12 x 55 4 O F 35m1 /2 3?mf2
T e 24 x 415 S &3z /2 65 /2
D s 40 = 1 Oz DD 2 101 /2
Here K - natural number, 2 =28,
At =345, for '-F:l = 3,?2 =4, ¥ =5 the approprial
iolutions :F:PFE pee I’rm . rare given in the following takles:
=3 2 = < =25
¥ == }71:'2,7 FIZSI
¥o=12 Y, =36 ¥, =108
Yo = 20 };—3 — &0 }’73 =180
¥ = 25 }74:1':":' ¥, =300
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¥, = ¥, =27 ¥, =%1
¥,o=12 ¥, =36 ¥, =108
¥Yq = 20 ¥, = 60 ¥, =180
=22 ¥, =100 ? fggg
=125 5
¥ =625
Frz=—L =20 rre=2r7
¥, = 6561 ¥, — 10683 ¥, = 50040
¥, = B748 ¥, = 26244 ¥, = TET3Z
¥, = 14580 ¥, = 43740 I, = 131220
¥, = 24300 ¥, = 72900 ¥, = 218700
}75 = 40500 ¥. = 121500 I, = 3a4500
}75 = 67500 ¥. = 202500 . = a07¥s00
I’?? = 112500 Y. = 337500 ¥, = 1012500
FS = 187500 ¥ . = 562500 ¥, = 1a87500
Fg = 312500 . = 257500 . = 2812500
¥ = 390625 1, = 1562500 ¥, = <E87500
I = 1953125 ¥, = F&12500
I = Q7Fasals
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he Application of Model of Numhers Tree to Models of Development of Losses. !
Lats enter defiution a tree of numbers. Let & - some natural number. We shall tell, that the

;1111111:: er N forms a tree of numbers if there will be natural numbers #, m 2 2 and integers
é.:zl,.:xj,...,.:zm for which
N—cz1+c12+ +.:z , (12)

;ﬁn“ﬁ in turn some a; (or allj represented as

. iIJ—{IIJ+iIEJ+ +amﬂ,m1£m (13) |
m some @, of (13) also can be submitted as
: r:zj—rzzly+ +r11mﬂ, Mo =My,
and at last decomposition takes place
By = 01wy T D200y (14)
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Fig P Conceptiial AModel aof MNurbers Tree in general cases
=< last a level the tree consists of the sum such as (147, base elements can enter into each
lewvel a tree, therefore from each lewel we talke only those elements, which not oTpegcTaEsHMET
az (120, (137,
Thern irn resuli the nirnber N is iinigiie fv represeniesd as

_ o
A= E E::_;,-U Figh g - (150
Fo
irere ko, - mismber of cocurrence of a basic elemient Ry 5 12 & Lree o mriprrbors.
WWEETE Y, ey
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" WwWe shall consider a ig::rc::-l::-lerﬁ tor number £ and a vector a = Lc'zl,...cxkj', £ =2 trod

he equaticon Af = mﬁﬂﬂ ), where

K

3
Af =qiem.....ap)=a > . &F " =1L »#>=5=>=0, 0 <a,; <lp. The set M nd represents
F=1

neasured curvilinear sphercoid and at ==1, 2 =2 turns in usual tm-a measured spheroi.

Jzsing theorems 1 from worlc [2] we shall receive:
n n n
AT =t o+,
H hp
ﬂﬂr;=ﬂ1k+...+ﬂkk, .';:-22-

Thus, this equation 15 optirmmum in sense (160, and the tree of numbers appropriate &
his equation represented on rice. 1 also 15 an optirmurm tree.

13

Frotm the theoretn 2 follows, that it we have a tree to the appropriate equaticn

Root
g T .
Ve = Qyz Ao+ dag n
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- H L~ [ -

=tc. and the number of elements at top to the appropriate level 1 1s increased by unit anc
therefore, the received trees are "growing", that corresponds to value 2= 2.
At m =3, most hikely, it cannot be approved as the equation (18] integer numbers no

=olving But here, we can instead of A take any natural number E‘Ti"k and on the basis o

s arring s theorem to receive representation [2]

N o=ah tai, + Fan . (17

and numbers such as « @ roof - leveld 2, o fovel 2, g level 3, ., fhe loved 2 » in this case car
not exist. Butthere 15 a decision of a problem. For trees, such as « aroot, a level 1 » in a case
z2 = 4 we can make pasting with trees of numbers at 2 = 2 (see last tree)).

e shall consider the equation

_ kY £
Ny = al; +aag

1)
Ayl
MNoo=an, +al o+ al . =2, =2
The Theorem 3 Transtormation
Figg = Kidjpy_q- = l.rrz—1
X e = MESD, (1)
N, ==MN,, . where x" + 2" = ="

Franslates the salnition afthe raniation
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m—1
n
E :.":Iz'm—l = Nm—l 2]
=1
>t the solution of the equation
=212

rnm

H
E iy = I,
=1

Feally, we shall increase both parts of the equation (10 on x® <with the account =™ + ™ ==

e havwe
m—1

Z('ﬂim—lsxjx = I:-E_J’?H:INM—I -
N

Frowm here, wvalid (9 we shall receive (110 and more owver we have
aa—1

M, ==

'ﬂlm

I
L
z
L
X
b
#
I
i
p

g, = Mz x®t i =1, PR o= A, @2,
—uch anv representaticon of tvpe (18) with help of transformation (1%) 15 transferred to the

Forim

-~ o i-2 "
A, = [x™1T +Z[yxm—=z == ] Y
i
£t shotedd be ol Ehal transformaiions (170, 710) are described the process of nurmbers

frog grovrs ard _formidla (220 is formidda for defirnition of the size Losses in ke Wors: Corndiiios
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I o ware shall consider now examiples of IMumbers Tree for different numbers.

LY. Let A™= 25, » =2, then we hawve

Fig 2 Adodel of AMumbors Tree for AN =25 =272

() - means guantitwlamount) of an element of the given top of a tree. and number on edges
decomposition. From here follews, that representation (41) talkkes  the foellewing loind

252 =02 4 2.129 41167
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1y, Mow we shall consider number M =350

...........

................................

Fig 3. Model of Mumbers Tree jor N =50

Tence 50° = 18% 4+ 2. 242 4 327
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3 N=75
N
(3% 36,60 T S
|
136, 42)

Fig 4. Made!l of Mumbers Tree for N =75

Te 750 =277 42367 + 427
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Fig o, Adodel of Numibers Tree for AN =125
Then 125% = 272 4+32. 262 4+ 3. 48° 4+ 64~
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P8 g

L8]

Hence 625° =817 +4-108°% + 6-144° + 4 -192° + 25672
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{405, 540, 560, 1500, 25609
(243,324) (540, 720) {405, 540, 900, 1500, 2500) °

{720, 960) {432, 576) {576, 768)

(720,660, 1600)"
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: For cases when » = 2 not always it 15 possible to construct graceful examples. We shall
result one example. Let M =35 xn=3, then '

Hig. B

From the given example follows, that we have not recetved a tree, but only 1t(him) EIE:TI{j.i’

WE shall name such "trees" not growing trees. For growth of such tree 1t 15 necessary to mal-:e
‘cuttings" from another (for example) # = 2 atree and to insert them into not growing trees. F-::-:r'
Example '
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From the gmiven example follows, we hawve not received a tree, but received onlsy its
branches. "We shall name such "trees" not grovwing trees. For growth of such tree it 1s necessarwy

o malke "cuttings" from another (for example) 2 = 2 a tree and to insert them into not growing

Irees. For example

.2.3 or
1
2 2
l TLewel 2
(1, 4, 8}

e, 98 =17 + 2% +1° + 42 82,

Conclusion: The propose method basis on numbers tree model, 15 a simple and universal
rmnethod for definition of walue of Losses 10 the "Worst Condition bw Einds with Long SZettlement
and it 15 easv programmed on all computer languages. Eeceiving formulas (<0, (S0, (140, (220 are
controlled our calculations.
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Actuaries mathematics in Tajikistan ICA2elo CiA

 Development actuaries mathematics in Tajikistan for last 5 years was
connected as to efforts of the persons working at national university, and
with activity practising actuaries.

» Rates actuaries mathematics were read on branch of computer science of
2001. In 2004-2009 specialization in modelling actuaries processes there
was created within the framework of a speciality of "computer science™
which operates on present time. Preparation of students within the
framework of this specialization has allowed to sate initial demand on
actuaries in the insurance companies. Work on preparation of modern
textbooks on various sections actuaries the mathematics, reflecting
experience of reading of the specified rates now proceeds.
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Besides on the basis of institute of natural sciences the laboratory
which is engaged in modelling of economic processes in extreme
modes is created.

Experience of teaching of bases actuaries mathematics was
distributed on activity actuaries— other educational institutions and
the establishment specializing on preparation of experts for insurance
business. Subsequently actuaries rates began to be read and at some
other universities of city.

On faculty of computer science and in laboratory modelling of
Institute of natural sciences of national university the international
scientific - practical conferences devoted to the most actual problems
of development of mathematical models will traditionally be carried

out.
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 As the methodology actuaries calculations uses the probability theory,
given and the long-term statistical data, financial calculations that on
faculty are in full read to a demography rates connected with

. System mathematical and the statistical regularities establishing
mutual relation between the insurer and the insurant. They reflect as
mathematical formulas the mechanism of formation(education) and an
expenditure of insurance fund in long-term insurance operations. To
them also carry calculations of tariffs on any kind of insurance: lifes,
pensions, from accidents, property, work capacity. The methodology
actuaries calculations uses the probability theory, given to a
demography and the long-term statistical data, financial calculations.
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« By means of the last in tariffs the income which is received by the insurer
from use as credit resources of the accumulated payments of insurants is
taken into account. Except for that rates on actuaries are read to
calculations which is connected to one of the widespread problems(tasks)
of such -statistical calculations connected to definition of norms and
conditions of insurance, is, that the sum of insurance payments minus
relying payments guaranteed reception by insurance firm (or the state
organization) expected results.
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Main results: ;‘Cﬁlo,o C’\f“
m n m
4 \n —i_i-2 N — N
bty Sz ) Mt
i=2
Zn = x"+ yn
. 2y m
Y =(x"™) + g Y  =>X.h
Z:Xn+yn
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