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1 Santrauka

Isgyvenamumo funkcijos su atsitiktine mirtingumo galia

Santrauka

Zmoniy mirtingumo aproksimavimas statistiniais modeliais yra placiai naudojamas gyvybeés
draudimo rinkoje. Mirtingumui jvertinti naudojami jvairtis modeliai ir prielaidos. Laikui bégant
$iy modeliy skaicius tik auga, todél kyla klausimas, kurie modeliai ir prielaidos zmoniy mirtin-
gumga apibiidina tiksliausiai. Siame darbe nagrinéjami jvairiis mirtingumo modeliai su skirtinga
mirtingumo galia ir atsitiktiniu efektu. ISnagrinéti modeliai pritaikomi Baltijos saliy mirtingumo
statistikai. Pirmiausiai darbe bus pateikta teoriné dalis su iSgyvenamumo funkcijos skaic¢iavimais,
siai funkcijai pritaikant vis kita mirtingumo galig ir atstiktinj efekta. Gavus funkcijos israiska, bus
paskaiciuotos iSgyvenimo tikimybés ir lyginamos su empiriniais duomenimis siekiant issiaiskinti mo-
delio tinkamuma. Pagrindinis darbo tikslas - nustatyti, kuris i$ nagrinéjamy mirtingumo modeliy
yra tinkamiausias siekiant jvertinti Lietuvos, Latvijos ir Estijos populiacijy mirtinguma.

Raktiniai Zodziai : mirtingumas, modelis, iSgyvenamumo funkcija, atsitiktinis efektas, mirtingu-
mo galia

Survival functions with random force of mortality

Abstract

Approximation of human mortality with statistical models is widely used in life insurance
market. Variety of models and assumptions are used to estimate mortality. As time goes by, number
of models is increasing, therefore, a question is raised which models and assumptions fit mortality
the most. This work focuses on variety of mortality models with different force of mortality and
random effect. Analysed models are applied to mortality of Baltic countries. Firstly, theoretical
part will be presented with calculations of survival functions with different force of mortality and
random effect applied to it. After finding the expression of the functions, survival probabilities will
be calculated and compared to empirical data in order to assess the fit of the mortality model. The
main goal of this work is to determine which of the analysed models is the best while trying to
estimate mortality of Lithuanian, Latvian and Estonian population.

Key words : mortality, model, survival function, random effect, force of mortality



2 Jzanga

Zmoniy mirtingumas yra vienas svarbiausiy veiksniy gyvybés draudimo rinkoje. Mirtingu-
mas yra tiesiogiai susijes su zalomis ir draudimo iSmokomis, kurias turi mokéti draudikai
ivykus draudiminiam jvykiui. Norint nepatirti nuostoliy ir uztikrinti savo kuriamy drau-
dimo produkty pelningumg, draudimo jmoné nuolat privalo iS naujo jvertinti populiacijos
mirtingumo rodiklius tam, kad zinoty, kokio zaly skaiciaus gali tiketis ateityje. Mirtingumui
aproksimuoti draudimo jmonés naudoja mirtingumo lenteles su pateiktomis mirtingumo ti-
kimybeémis. Lentelés yra sudaromos naudojant jvairius mirtingumo modelius, kuriy bégant
laikui vis daugéja. Tai skatina draudikus vis tobulinti savo skaic¢iavimus ir naudojamas me-
todikas. Siame darbe nagrinésime rinkinj mirtingumo modeliy su jvairia mirtingumo galia
ir skirtingu atsitiktiniu efektu bei bandysime jvertinti, kuris i$ nagrinéjamy modeliy yra
tinkamiausias Baltijos Saliy mirtingumui prognozuoti. Modelius pritaikysime atskiroms Lie-
tuvos, Latvijos ir Estijos populiacijoms naudojant 2000 - 2017 mety statistinius duomenis.
Pries atliekant skaic¢iavimus, aptarsime svarbiausias sgvokas ir formules, kurios apibudina
populiacijos mirtinguma.

3 Apibrézimai ir formulés

Vienas svarbiausiy dydziy, apibudinanc¢iy mirtinguma, yra iSgyvenamumo funkcija. Ji nu-
rodo tikimybe, kad individas gyvens ne maziau negu x mety:

S(z) = P(Tp > x).

Cia Ty zymi naujagimio likusia gyvenimo trukme [1] laikant, kad atsitiktins dydis Ty yra
absoliudiai tolydus. I$gyvenamumo funkcija tenkina tokias savybes [2]:

1. S(x) nedidéja, kai > 0.

2. 5(0) =

3. S(4+o00) =

4. S(x) yra tolydi savo apibrézimo srityje.

Naudojantis iSgyvenamumo funkcija, galima paskaic¢iuoti kitus mirtinguma apibudinancius
dydzius. Vienas i$ ju yra mirtingumo galia [2]:

Sl S(w).
He="5(x) =~ " S(x) (1)

Cia f(x) zymi gyvenimo trukme apibiidinancio atsitiktinio dydzio Ty tankio funkcija. Mir-
tingumo galios funkcijos elgsena amziaus intervale [z, z 4+ 1) apibudina centrinis mirtingumo
daznis, Zymimas m, [1]:



_ Jo S(x + u) gy udu _ S(x) —S(x+1)
’ Jo S(x + u)du Jo Sz +u)du

Nagrinéjant realius duomenis, galima daznai pastebéti, kad statistikoje yra pateiktos bu-
tent centrinio mirtingumo daznio reiksSmeés, taigi, norint Zinoti empirinius mirtingumo galios
duomenis, reikia vadovautis prielaida, jog intervale [z, z + 1) mirtingumo galia yra pastovi:

fott = fbzy T E€[0,1). (2)

Remiantis Sia prielaida, sveikiems skai¢iams x centrinj mirtingumo daznj galima prilyginti
mirtingumo galiai:

My = fyy, € No={0,1,2,...}. (3)

Pagal (1) formule, Zinant mirtingumo galia, galime rasti ir iSgyvenamumo funkcijos reikSme
taske x:

S(z) = e Jo pude, (4)

[sgyvenamumo funkcija bus pagrindiné mirtingumo charakteristika, nagrinéjama Siame dar-
be - pagal jos reikSmes ir bus nustatoma, ar analizuojami mirtingumo modeliai yra tinkami
pritaikyti turimiems duomenims. Sekanciame skyrelyje skaitytojas bus supazindintas su ana-
lizéje naudojamais duomenimis ir skai¢iavimais, kurie padés jvertinti nagrinéjamy modeliy
tinkamumga.

4 Duomenys ir modelio tinkamumo nustatymas

Kaip ir buvo minéta jzangoje, empiriniams duomenims naudotas Lietuvos, Latvijos ir Esti-
jos populiacijy mirtingumas 2000 - 2017 metais. Statistika buvo imta i§ Human Mortality
Database [3]. Kiekviena Salis bus nagrinéjama atskirai. Paprastumo délei analizéje bus
naudojami bendri mirtingumo duomenis, t.y. neskirstysime rezultaty atskirai vyrams ir
moterims. Viena Sio pasirinkimo priezasciy yra 2012 metais Europos Sgjungoje priimtas
istatymas, pagal kurj draudimo jmonés yra jpareigotos naudoti bendras mirtingumo lente-
les abiems lytims. Taigi, pasirinkimas naudoti bendrus mirtingumo duomenis supaprastina
gauty rezultaty pritaikyma praktikoje. Empiriniams duomenims naudoti du parametrai - is-
gyvenamumo funkcijos ir centrinio mirtingumo daznio reiksmeés 0 - 110 amziaus populiacijos
imciai. Paprastumo délei vyresniy negu 110 mety individy duomenys atskirai neanalizuoti
ir buvo priskirti 110 mety amziaus duomenims. Empirinés reikSmés buvo gautos suvidurki-
nant 2000 - 2017 mety duomenis kiekvienai amziaus grupei. Dalis duomeny pateikti lenteléje
Zemiau.



Estija Latvija Lietuva
Amzius | m, S(x) my S(x) My S(x)

0 0,0045 1 0,0071 1 0,0058 1
1 0,0005 | 0,9954 | 0,0006 | 0,9929 | 0,0005 | 0,9942
2 0,0003 | 0,9949 | 0,0004 | 0,9923 | 0,0003 | 0,9936
3 0,0002 | 0,9946 | 0,0003 | 0,9918 | 0,0003 | 0,9933
4 0,0002 | 0,9944 | 0,0003 | 0,9915 | 0,0003 | 0,9930
5) 0,0003 | 0,9941 | 0,0003 | 0,9912 | 0,0002 | 0,9927
6 0,0002 | 0,9938 | 0,0002 | 0,9909 | 0,0002 | 0,9925
7 10,0002 | 0,9936 | 0,0003 | 0,9906 | 0,0002 | 0,9923
8 0,0002 | 0,9934 | 0,0002 | 0,9904 | 0,0002 | 0,9920
9 0,0001 | 0,9933 | 0,0002 | 0,9901 | 0,0002 | 0,9918
10 0,0002 | 0,9931 | 0,0002 | 0,9899 | 0,0002 | 0,9916
11 0,0002 | 0,9930 | 0,0002 | 0,9897 | 0,0002 | 0,9915
12 0,0002 | 0,9928 | 0,0002 | 0,9895 | 0,0002 | 0,9913
13 0,0002 | 0,9926 | 0,0002 | 0,9892 | 0,0002 | 0,9911
14 0,0002 | 0,9924 | 0,0003 | 0,9890 | 0,0003 | 0,9908
15 0,0004 | 0,9922 | 0,0003 | 0,9887 | 0,0004 | 0,9905
16 0,0004 | 0,9918 | 0,0006 | 0,9884 | 0,0005 | 0,9901
17 0,0005 | 0,9914 | 0,0006 | 0,9878 | 0,0007 | 0,9896
18 0,0008 | 0,9909 | 0,0007 | 0,9873 | 0,0009 | 0,9889
19 0,0008 | 0,9901 | 0,0009 | 0,9866 | 0,0010 | 0,98802
20 0,0010 | 0,9893 | 0,001 | 0,9857 | 0,0011 | 0,9869
50 0,0068 | 0,9172 | 0,0083 | 0,8972 | 0,0084 | 0,8950
51 0,0074 | 0,9109 | 0,0088 | 0,8897 | 0,0088 | 0,8875
52 0,0079 | 0,9042 | 0,0097 | 0,8819 | 0,0097 | 0,8797
53 0,0085 | 0,8971 | 0,0104 | 0,8734 | 0,0103 | 0,8711
54 0,0091 | 0,8895 | 0,0113 | 0,8643 | 0,0109 | 0,8622
55 | 0,0100 | 08815 | 0,0120 | 0,8546 | 0,0119 | 0,8529
56 0,0105 | 0,8727 | 0,0129 | 0,8444 | 0,0123 | 0,8428
o7 0,0115 | 0,8636 | 0,0136 | 0,8336 | 0,0133 | 0,8325
58 0,0121 | 0,8538 | 0,0145 | 0,8223 | 0,0141 | 0,8215
59 0,0131 | 0,8435 | 0,0162 | 0,8105 | 0,0153 | 0,8099
60 0,0144 | 0,8326 | 0,0167 | 0,7975 | 0,0163 | 0,7977
100 0,4641 | 0,0073 | 0,4873 | 0,0041 | 0,4799 | 0,0051
101 0,4966 | 0,0045 | 0,5187 | 0,0025 | 0,5109 | 0,0031
102 0,5291 | 0,0027 | 0,5500 | 0,0015 | 0,5414 | 0,0018
103 0,5614 | 0,0016 | 0,5808 | 0,0008 | 0,5711 | 0,0010
104 0,5932 | 0,0009 | 0,6110 | 0,0004 | 0,5998 | 0,0006
110+ | 0,7613 | 0,00001 | 0,7670 | 0,000007 | 0,7422 | 0,00001

1 lentelé: Empiriniy duomeny lentelé
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Remiantis ankstesniame skyrelyje nurodyta (2) prielaida, centrinio mirtingumo daznio
reiksmeés darbo metu bus prilygintos mirtingumo galiai (3). Analizuojant mirtingumo modelj
ir atsizvelgiant j empirinius duomenis, bus sudaryti nauji iSgyvenamumo funkcijos jverciai,
pagal kuriuos ir bus vertinamas modelio tinkamumas. Modelio tinkamumui nustatyti bus
naudojamas vidutinés kvadratinés paklaidos (angl. mean square error) ivertis:

A

(S(x) = S(x))?
N

v

MSE =

Cia S(z) - mirtingumo modelio i¥gyvenamumo funkcijos reikimes, N = 110.

Kuo mazesné vidutiné kvadratiné paklaida, tuo labiau mirtingumo modelio iSgyvenamumo
funkcija yra panasesné j empirinius duomenis. IS nagrinéjamy mirtingumo modeliy bus
isrinkti tie, kuriy M .SFE yra maziausia ir bus laikoma, jog Sie modeliai yra patys tinkamiausi
atitinkamy Saliy mirtingumui aproksimuoti ir prognozuoti. Mirtingumo modeliy sarasas su
savybémis, detaliais skaiciavimais ir rezultatais yra pateiktas sekanciame skyriuje.

5 Nagrinéjami modeliai ir skaic¢iavimai

5.1 Gamma - Weibull modelis

1979 metais viename savo straipsniy James W. Vaupel, Kenneth G. Manton ir Eric Stallard
pasiulé nagrinéti modifikuota mirtingumo galios funkcija [4]:

Cia Z yra atsitiktinis dydis, kuris mirtingumo modelyje vadinamas atsitiktiniu efektu. Bii-
tent tokio tipo modeliai Siame darbe ir bus nagrinéjami. Pradzioje sakykime, kad musy
mirtingumo galios funkcija turi Weibul pavidala [2]:

py=cx", x>0, ¢>0, n>0, (5)

tuo tarpu atsitiktinis efektas pasiskirstes pagal Gamma désnj (Z ~ I'(k, A)) su tankio funk-
cija:

)\k
fz(x) = a2 te™™ kL A>0, x>0 (6)

Cia I'(k) yra Gamma funkcija, t.y.



(k) = /0 Teti1gy, (7)

Norint surasti tokio modelio iSgyvenamumo funkcija, naudosime formule:

S(x) = Be~ Jo mazdty — g(e=2 Jy mty, 8)
Galima pastebéti, jog i$ sios formulés galima iSvesti ir (4) pavidalo formule, laikant, kad Z

yra issigimes atsitiktinis dydis, jgaunantis reikSme 1 su tikimybe, lygia 1. Gamma - Weibull
modelio atveju (8) formulé virsta tokia:

S(z) = /OOO e Jo mdt £ (2)dz.

Isistate Gamma - Weibull modelio mirtingumo galios ir tankio funkcijos reikSmes, randame
isgvenamumo funkcijos israiska:

00 k k 00
_ _ — fz zet™dt A k—1_—M\z _ A / fz(fz zet™dt+ ) Jk—1
Sew () /0 e Jo —F(k) 2FTreMdz —F(k) ; e *Yo 2" dz.

Paprastumo délei pazymékime w := z( [y zct"dt + ) ir teskime lygybe:

Sf o Ak o —w w k—1 1 d
aw () = I'(k) /o ‘ (f(f ctrdt + /\) Jo ctndt + A v
)\k 1 o —w,, k—1
T T(k) (JF ctndt + /\)k/o ¢t dw.

Pasinaudoje (7) lygybe, gauname:

N 2\ \F cp L —k
S = = = +1) . 9
ow (@) (& ctndt + N)F (2D a)k <(n TN > (9)

Gavus isgyvenamumo funkcijos israiska, galima paskaic¢iuoti ir Gamma - Weibull modelio
mirtingumo galios funkcija. Pradzioje suskaic¢iuojame isgyvenamumo funkcijos isvestine [5]:

a( cx"t1 + 1)7k Ck‘l’n( catl + 1)71671
N n+1)A A(n+1
S () = = = )

ox A




Pasinaudojant (1) formule, randame modelio mirtingumo galios funkcijos israiska:

f, = ( cxt N 1>k Ckxn((f:r)lk + 1)1 B cka™ _ cka” (10)
T = /1Yy - cxn+1 T cxntl !
(n+ 1) A MeEs+1) St

Radus funkcijy israiskas, pereinama prie geriausiy funkcijos parametry jverciy nustatymo.
Tam bus naudojamas statistinés programos R paketas "MortalityLaws" [6]. Siame pakete
integruoti 28 mirtingumo modeliai ir 8 skirtingos paklaidy funkcijos, pagal kurias atitin-
kamiems modeliams galima rasti tiksliausius iSgyvenamumo ir mirtingumos galios funkcijy
parametry jvercius. Kadangi Gamma - Weibull modelis néra jtrauktas j integruoty modeliy
sarasa, R programai turi buti pateikta (10) pavidalo mirtingumo galios funkcijos iSraiska.
Taip pat bet kokio pasirinkto modelio atveju turi buti nurodoma paklaidos funkcija, pagal
kurig bus nustatomi geriausi parametry jverciai. Platesnis modelio aprasymas programoje
skaitytojui pateiktas priede. Apacioje pateikti empiriniy duomeny ir funkcijos su geriausiais
paramety jverciais reiksmiy grafikai visoms trims Salims.



Gamma - Weibull modelio pritaikymas Lietuvos duomenims

E - —=— Empiring s(x)
—— MSE = 0.4527426
—— MSE =0.002594971
oo
@
w |
(]
>
w
= _|
Lam]
™~
(]
(]
2

AmZius

1 pav.: Gamma - Weibull modelis Lietuvos duomenims

Programai paduodant skirtingus tikrinimo rézius, gautos dvi skirtingos (9) pavidalo is-
gyvenamumo funkcijos. Raudona linija pazyméta funkcija yra aiskiai netinkama, todél ji
nebus nagrinéjama. Pakankamai tiksliai empirinius duomenis aproksimuoja mélyna linija
pazymeéta (9) pavidalo funkcija. Sios funkcijos parametrai yra:

c=2,66789 -10710 k = 72703226, A = 1.504718 - 102, n = 6,749719. Gauta vidutiné
kvadratiné paklaida (MSE) lygi 0,002594971.



Gamma - Weibull modelio pritaikymas Latvijos duomenims

E - —=— Empirine s(x)
—— MSE=0.4535852
—— MSE=0.00221522
—— MSE=0.0136764
oo
@
w |
(]
>
w
= _|
Lam]
™~
(]
(]
2

| | | | | |
0 20 40 60 80 100

AmZius
2 pav.: Gamma - Weibull modelis Latvijos duomenims
Tiksliausios funkcijos gauta paklaida yra lygi 0,00221522, o gauti (9) pavidalo funkcijos

parametrai:
c=1,901038 - 1078 k = 1404841626, \ = 133942,2, n = 6,661427.
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Gamma - Weibull modelio pritaikymas Estijos duomenims

S ] —=— Empiring s(x)
—— MSE=0.470308
—— MSE=0007546827
MSE=0.116889
oo
@
©« ]
(]
=
w
|
Lam]
™
(]
(]
2

0 20 40 60 80 100

AmZius

3 pav.: Gamma - Weibull modelis Estijos duomenims

Tiksliausios funkcijos vidutiné kvadratine paklaida, lygi 0,007546827, yra Siek tiek didesne
negu Latvijos ir Lietuvos atveju. Geriausios (9) pavidalo funkcijos parametrai yra:

c=1,2969-10713, k =19,51278, \ = 14552726, n = 9, 244725.

Galima pastebéti, jog Gamma - Weibull modelis Baltijos Saliy mirtinguma jvertina kiek
optimistiskiau negu is tikryju - mazdaug iki 80 mety modelis vertina, jog populiacijos iSgy-
venimo tikimybés yra didesné negu rodo empiriniai duomenys. Taip pat verta paminéti, kad
Estijos atveju (9) pavidalo modelio paklaida yra mazdaug 3 kartus didesné negu Lietuvos ir
Latvijos atveju.

5.2 Poisson - Weibull modelis

Poisson - Weibull modelyje mirtingumo galios funkcija turi Weibull (5) pavidala, o atsitiktinis
efektas Z turi Poisson skirstinj su parametru A, t.y. Z ~ Poiss()):

)\k

— — _>\.7
P(Z=k)=e L

k=0,1,2,... A>0. (11)
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Norint surasti isgyvenamumo funkcijos pavidala, (8) formulé Poisson - Weibull modelio at-
veju del atsitiktinio efekto diskretumo virsta tokia:

S(z) = i P(Z = k)e ko mat. (12)

[sistate mirtingumo galios funkcija, surandama iSgyvenamumo funkcijos israiska:

A

A _ [T in _ T n )\2
Spw(z) =1-e>+e Jo et dt-e_/\-i—i-e 2 [ et dt-e_)‘-§+...
00— [Fetndt k
e Jo A
o *
k=0 !
. x n o . .
Kadangi e* = 3~ % visiems z € R, tai
n=0 "
S NP VL e
> o = : (13)
k=0 :
Tesdami gauname
A — [T ctma — [* ctmat _eamtl
Spw(x) =e e J = e Jy D = gMe D), (14)
Apskai¢iuojame iSgyvenamumo funkcijos iSvestine [5]:
_ cwn—‘—l
N 86)\(6 nHl 71) _7cxn+1 cz"+1
12 o . n A(e n+1 _1)_
(1) = ————— = —cAz"e nil
Ox
Pagaliau randame mirtingumo galios funkcijos israiska.
a1l n+1
) n o Me  SRFT _p)_cz
x cAz"e nF ca+1
floo = — APW( ) = p =cA\x"e . (15)
Spw () eAe” nFl 1)

Norint rasti modelio iSgyvenamumo funkcijos parametry geriausius jvercius, R programai
paduodame (15) pavidalo mirtingumo galios funkcijos iSraiska. Gauti rezultatai pateikti
Zemiau.
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Poisson - Weibull modelio pritaikymas Lietuvos duomenims

—=— Empiring s(x)
—— MSE = 04527792
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AmZius

4 pav.: Poisson - Weibull modelis Lietuvos duomenims
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Poisson - Weibull modelio pritaikymas Latvijos duomenims

B —=— Empiriné s(x)
\\\ —— MSE = 0.4535679
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5 pav.: Poisson - Weibull modelis Latvijos duomenims
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Poisson - Weibull modelio pritaikymas Estijos duomenims

E -1 % —=— Empiring s(x)
\\ —— MSE =0.4703148
"o
oo .o
= ,
@ | .'.
(] -
3 e
w L]
q.. ] [ ]
[ '.
o~ .
(] L]
= .."!.-
(o]
I I I I I I
0 20 40 60 80 100

AmZius

6 pav.: Poisson - Weibull modelis Estijos duomenims

Visy trijy saliy atveju gauta vidutiné kvadratiné paklaida buvo didelé - svyravo tarp 0,45
ir 0,47. 1Is grafikuose pavaizduotos (14) pavidalo modelio iSgyvenamumo funkcijos akivaiz-
dziai matyti, kad Poisson - Weibull modelis néra tinkamas populiacijy mirtingumui jvertinti.

5.3 Geometrinis - Weibull modelis

Geometrinio - Weibull modelio mirtingumo galios funkcija turi Weibull pavidala (5), o atsi-
tiktinis efektas Z turi geometrinio atistiktinio dydzio skirstinj:

P(Z=k)=(1-pfp pe(0,1), k=0,1,23,.. (16)
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[Sgyvenamumo funkcijos iSraiskai rasti naudojame (12) formule:

o
Cz’rL«l»l

)
SGEW Z kf t"dt p pZe kcfwrl Z e n+l 1_ )

k
SRy
e nl

Norint testi skaiciavimus, reikia pasinaudoti nykstancios geometrinés progresijos sumos sa-

(17)

o
vybe Y art = %, kai [r| < 1. Musy atveju:
k=0

1 _
r=—m. (18)

e n+1

n+1

Kadangi p € (0,1) = (1—p) € (0,1),0¢>0,n > 0,2 >0 = ent > 1 (i5 (5) formulés
salygu), tai

1—
cz”+1 < 1
e n+1

Tai reiskia, kad galima naudotis nykstanc¢ios geometrinés progresijos sumos savybe. Tesiame
isgyvenamumo funkcijos israiskos formule:

cxnt1

k
& p p pe !
SGEW pz ( cz"+1> 1 1-p = cantl = cant1 : (19)
e n+i  Tgntl e ntl —14p et —1+40p
e n+l can+1
e n+1
leskome isgyvenamumo funkcijos iSvestinés [5]:
c;cn+1 ! ca:"+1 251”"'1
& (z) = pe nFl _ cpxle it cpxte n+l
GEW xTr) = can+1 - cxn+1 I PR
el —1+p e +p—1 (en+1+p—1>

Randame modelio mirtingumo galios funkcijos israiska:

~ 20$n+1 an+1 n+1
. Seew(x) cpxe ni cpxe ni e ST —14p
He = _S - I T T gnt1 can+1
GEW('x) (e n+1 —'— p J— 1) e n+1 + p - 1 p€ n+1
cxnt1 cxnt1 cxnt1 n n <20)
cxe nHl n Cx'e nFtT —cxe T —cxp + cx
= T gntl —cr = an 1
et +p—1 et +p—1
ca”(1 —p)
- cxn+1
e "l 4+ p— 1
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Geometrinis - Weibull modelis taip pat néra integruotas "MortalityLaws"' pakete R prog-
ramoje, todél programai paduodame paskaiciuoty (20) pavidalo modelio mirtingumo galios
funkcijos israiska. Apacioje pateikti gauti rezultaty grafikai.

Geometric - Weibull modelio pritaikymas Lietuvos duomenims

E -1 % —=— Empiring s(x)
—— MSE = 0.1606038
oo
@
w |
(]
>
w
= _|
Lam]
™~
(]
= | .\huo—
Lam]

| | | | | |
0 20 40 60 80 100

AmZius

7 pav.: Geometrinis - Weibull modelis Lietuvos duomenims
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Geometric - Weibull modelio pritaikymas Latvijos duomenims

E 1 tem —=— Empiring s(x)
—— MSE =0.1626114
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AmZius

8 pav.: Geometrinis - Weibull modelis Latvijos duomenims
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Geometric - Weibull modelio pritaikymas Estijos duomenims

E -1 % —=— Empiring s(x)
—— MSE = 0.1693397
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AmZius
9 pav.: Geometrinis - Weibull modelis Estijos duomenims
Visy triju saliy atveju gauta vidutiné kvadratiné paklaida buvo apie 0,16. IS grafikuose

pavaizduotos (19) pavidalo modelio iSgyvenamumo funkcijos akivaizdziai matyti, kad Geo-
metrinis - Weibull modelis taip pat néra tinkamas populiacijos mirtingumui jvertinti.

5.4 Diskretus - tolygus - Weibull modelis

Diskreciame - tolygiame - Weibull modelyje mirtingumo galios funkcija turi Weibull pavidala
[6] su modaliniu mirties amziumi:

1 /2\%1
M:() M >0, o>0. (21)

Cia M zymi modalinj mirties amziy - §iame amziuje populiacijoje mir§ta daugiausia zmoniy
[7]. Atsitiktinis efektas Z turi diskrety - tolygu skirstinj:
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Siame darbe bus nagrinéjami du atvejai: kai N = 2 ir N = 3. Tai reiskia, kad atistiktinis
efektas Z gali jgauti atitinkamai 2 ir 3 skirtingas reikSmes, kuriy kiekvieno pasirodymo
tikimybé lygi atitinkamai % ir % leskome iSgyvenaumo funkcijos israiskos, kai N = 2:

- 2
Sprwa(r) = Be 2 Jo i = S P(7 = k)e o 7

k=1

w1, M _q T 1t \E—
<€_f0 E(H)U dt +@_2 0 E(ﬁ)a

+e -

u=x

| = DN =
T

_s

S

Sk

1 rx M _4 2, 1\M_q px , M_4
Jo to Tt 107 R dt)

Ly F 2y o (22)

|=
—
5|
~—

o

u=0 + €

N~ DN — N | —

~ 1 2\ M M /
Sprwa(r) = (2 (e(M) T et ))
M MA !
s (“’) ) L Ll ¥ (L (x) ’
2 M 2 M
M o (23)
_ L@ (1 R R X (1) T M
2 M M
M
(G e )
Randame mirtingumo galios funkcijos iSraiska:
z \ M —(Z % —2.(x %
G 20 (@ @)
DTW2(SC) <e_(M) T Le2(p)e )
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Atveju N = 3 (22) - (24) formuliy skaic¢iavimas yra analogiskas N = 2 atveju, todél pateik-
sime tik suskaic¢iuoty funkcijy israiskas:

A 1 s\ M oM oM
Sprws(z) = 3 (6_(1”) T e e e tGr e ) ; (25)
M
. e\NT 11 _ e u 2 Y, Y,
& __() ( ()T L2 () 3<M>a),
prws(T) i - \3¢ +3 e te
M
fi = N . M N (26)
<€(M> F 23T 4 () )

Norint rasti geriausius modelio parametry jver¢ius, (24) ir (26) pavidalo mirtingumo galios
funkcijy israiskas paduodame R programai. Gauti rezultatai pateikti apacioje.
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Diskretaus-tolygaus-Weibull modelis LT duomenims, kai N=2

S ] —=— Empirine s(x)
—— MSE =0.0713619
— MSE=00211203
—— MSE =0.03081447
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AmZius

10 pav.: Diskretus-tolygus-Weibull (N = 2) modelis Lietuvos duomenims
Tiksliausios gautos (22) pavidalo isgyvenimo funkcijos (M SE = 0,0211203) parametry

iverciai yra:

o =17,23138, M = 72, 95209.
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Diskretaus-tolygaus-Weibull modelis LV duomenims, kai N=2

S ] —=— Empirine s(x)
—— MSE =0.07129243
—— MSE =0.01851307
—— MSE =0.02912054
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11 pav.: Diskretus-tolygus-Weibull (N = 2) modelis Latvijos duomenims
Tiksliausios gautos (22) pavidalo isgyvenimo funkcijos (M SE = 0,01851307) parametry

iverciai yra identiski Lietuvos jverc¢iams:

o =7,23138, M = 72, 95209.
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Diskretaus-tolygaus-Weibull modelis EE duomenims, kai N=2

B (— —— Empiriné s(x)
—— MSE =0.0757026
—— MSE =0.02583433
—— MSE =0.01679365
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12 pav.: Diskretus-tolygus-Weibull (N = 2) modelis Estijos duomenims
Tiksliausios gautos (22) pavidalo isgyvenimo funkcijos (M SE = 0,01679365) parametry

iverciai yra:

o = 6,442403, M = 75, 78119.
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Diskretaus-tolygaus-Weibull modelis LT duomenims, kai N=3

S ] —=— Empirine s(x)
—— MSE = 0.08178688
—— MSE =0.0265539
—— MSE = 003752946
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13 pav.: Diskretus-tolygus-Weibull (N = 3) modelis Lietuvos duomenims
Tiksliausios gautos (25) pavidalo isgyvenimo funkcijos (M SE = 0,0265539) parametry

iverciai yra:

o =17,23138, M = 72, 95209.
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Diskretaus-tolygaus-Weibull modelis LV duomenims, kai N=3

S ] —=— Empirine s(x)
—— MSE = 0.08194669
—— MSE =002372321
—— MSE =003567214
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14 pav.: Diskretus-tolygus-Weibull (N = 3) modelis Latvijos duomenims
Tiksliausios gautos (25) pavidalo iSgyvenimo funkcijos (M SE = 0.02372321) parametry

iverciai yra identiski Lietuvos jverc¢iams:

o =7,23138, M = 72, 95209.
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Diskretaus-tolygaus-Weibull modelis EE duomenims, kai N=3

B (— —— Empiriné s(x)
—— MSE =0.08648919
—— MSE =0.03236605
—— MSE=0.02113871
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15 pav.: Diskretus-tolygus-Weibull (N = 3) modelis Estijos duomenims

Tiksliausios gautos (25) pavidalo iSgyvenimo funkcijos (M SE = 0.02113871) parametry
jverciai yra:

o = 6,442403, M = 75,78119.

Is rezultaty aiskiai matyti, kad tiek atveju N = 2, tiek atveju N = 3 gauti parametry
iverciai atitinkamoms Salims yra identiski, todél galima daryti prielaida, kad N didinimas
neturés jtakos geriausios iSgyvenamumo funkcijos parametry jverciams. Taip pat i$ grafiky
matyti, kad Diskretus - tolygus - Weibull modelis populiacijyu mirtinguma vertina labai
pesimistiskai, taigi, Siuo modeliu aproksimuoti Baltijos saliy mirtinguma néra tikslinga.

5.5 Weibull modelis

Tarkime, kad mirtingumo galios funkcija turi Weibull pavidala su modaliniu mirties amziumi
(21):

M_q
i)

Q=

Ly = M >0, o>0.
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Laikykime, kad atsitiktinis efektas Z yra issigimes taske 1:

Tokiu atveju gauname standartinj Weibull mirtingo modelj su modaliniu amziumi. Taip pat
galima pastebéti, kad Weibull modelj galima gauti ir i§ Diskretaus - tolygaus - Weibull mo-
delio, laikant, kad N = 1. Standartinio Weibull modelio su modaliniu amziumi isgyvenimo
funkcijos israiska jau buvo paskaic¢iuota (22) formuléje kaip sudétiné Diskretaus - tolygaus
- Weibull modelio isgyvenamumo funkcijos israiskos dalis, todél iskart pateikiame funkcijos
israiska tik su pagrindiniais skaiciavimais:

Swi(z) = Eefzfoz”tdt =PZ=1 -e*foz‘“dt
w () ( M) ; @)

e Jomdt _ = [T T —()

Weibull modelis su modaliniu amziumi yra integruotas "MortalityLaws" pakete programoje
R, todél programai nereikia paduoti mirtingumo galios funkcijos jvertinio. Dél Sios priezasties
jvertinio skaic¢iavimai nebus pateikti, o bus pereita tiesiai prie gauty rezultaty grafiky ir
isgyvenamumo funkcijos geriausiy parametry jverciy pateikimo.
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Weibull modelio pritaikymas Lietuvos duomenims

1.0

—=— Empiring s(x)
—— MSE = 0.002469996
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AmZius
16 pav.: Weibull su modaliniu amziumi modelis Lietuvos duomenims
Tiksliausios gautos (27) pavidalo isgyvenimo funkcijos (M SE = 0,002469996) parametry

jverciai yra:
o =10, 38606, M =79, 78316.
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Weibull modelio pritaikymas Latvijos duomenims

7] —=— Empiring s(x)
—— MSE = 0.002065417
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17 pav.: Weibull su modaliniu amziumi modelis Latvijos duomenims
Tiksliausios gautos (27) pavidalo isgyvenimo funkcijos (M SE = 0,002065417) parametry

jverciai yra:
o =10,4192, M = 79, 16829.
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Weibull modelio pritaikymas Estijos duomenims

1.0

—=— Empiring s(x)
—— MSE = 0.001795006
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18 pav.: Weibull su modaliniu amziumi modelis Estijos duomenims

Tiksliausios gautos (27) pavidalo isgyvenimo funkcijos (M SE = 0,001795006) parametry
jverciai yra:

o = 10,18063, M = 80, 8873.

IS rezultaty matyti, kad visy trijuy saliy atveju Weibull modelio pasiulyta (27) pavida-
lo iSgyvenamumo funkcija populiacijos mirtinguma iki mazdaug 70 mety amziaus vertina
optimistiskiau negu empiriniai duomenys, o nuo 70 mety prognozuojamas mirtingumas yra
didesnis negu pateikta statistikoje. Nepaisant Siy skirtumy, remiantis gauta labai nedidele
paklaida, daroma isvada, kad standartinis Weibull modelis su modaliniu amziumi yra pa-
kankamai tikslus Baltijos Saliy mirtingumui jvertinti. Tokia prielaidg stiprina ir modelio
siilomas modalinis amzius (apie 79 metus Lietuvai ir Latvijai bei apie 80 mety Estijai),
kuris atspindi ir realia situacija.

5.6 Gamma - Gompertz modelis

Siame ir likusiuose skyriuose bus nagrinéjami modifikuoti Gompertz mirtingumo modeliai.
Sie modeliai kartu su Lietuvos duomenimis taip pat buvo nagrinéjami 2019 mety bakalauro
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studenciy Nedos Maiksténaités ir Konstancijos Zemaitytés darbe "ISgyvenamumo funkcija
su atsitiktine Gompertz mirtingumo galia". Siame darbe tie patys modeliai bus pritaikyti
platesniam duomeny diapazonui - modeliy tinkamumas bus patikrintas ne tik Lietuvos, bet
ir Latvijos bei Estijos populiacijy mirtingumui.

Gamma - Gompertz modelyje mirtingumo galios funkcija turi Gompertz pavidala [2]:

e = Be®™ x>0, B>0, a>0. (28)

Atsitiktinis efektas Z turi Gamma pavidala, identiska Gamma - Weibull modelio atveju
(6) - (7). Norint rasti modelio modifikuotos iSgyvenamumo funkcijos jvertinj, naudojami
identiski skaiCiavimai tiems (8) - (9), kurie buvo atliekami nagrinéjant Gamma - Weibull
modelj, pakei¢iant pointegrinj reigkinj ct"dt nagrinéjamu Gompertz reiSkiniu Be®dt. Dél
Siy priezasciy detalus skaiciavimai nebus kartojami. Taigi, atlikus nurodytus pakeitimus ir
naudojantis (9) formule, iSgyvenamumo funkcijos israiska tampa:

SGG4($) =

AP 2K
U Bectdt +2)" (B(ear — 1) 42" (

(67

—k
1+Oi(ew—1)) o (29)

[eskoma isSgyenamumo funkcijos iSvestiné:

Lieka rasti modelio mirtingumo galios israiska:

_ Shaale) _ kRe (14 Fe - ) _ ke
x SGG4<37) (1 + %(GO“T _ 1))*]c (1 + %(60@ —_ 1)) .

I$ isgyvenamumo funkcijos ir mirtingumo galios israisky matyti, kad modelyje yra 4 nezinomi
parametrai. Pakete "MortalityLaws" tokio Gamma - Gompertz modelio néra, tiesa, pakete
yra integruotas Gamma - Gompertz modelis su 3 nezinomais parametrais - tokiame modelyje
daroma prielaida [6], kad £ = A. Tokiu atveju modelio iSgyvenamumo funkcijos israiska (29)
turi pavidala:

Suas(z) = (1 4 Oi(ew _ 1))A. (30)

Zemiau pateikti tiek 4-iy, tiek 3-iy nezinomy parametry Gamma - Gompertz modeliy grafikai
ir gauti skaic¢iavimo rezultatai.
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Gamma-Gompertz modelis su 3 parametrais LT duomenims

7] —=— Empirine s(x)
—— MSE =0.01067008
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19 pav.: Gamma-Gompertz 3 parametry modelis Lietuvos duomenims
Tiksliausios gautos (30) pavidalo isgyvenimo funkcijos (M SE = 0,01067008) parametry

jverciai yra:
B =3,028194-107% a = 0,1250734, A = 7, 798495.
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Gamma-Gompertz modelis su 3 parametrais LV duomenims

7] —=— Empiring s(x)
—— MSE = 0.007832387
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20 pav.: Gamma-Gompertz 3 parametry modelis Latvijos duomenims
Tiksliausios gautos (30) pavidalo isgyvenimo funkcijos (M SE = 0,007832387) parametry

jverciai yra:
B =6,45048 - 107%, a = 0, 1171701, A = 9, 04615.
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Gamma-Gompertz modelis su 3 parametrais EE duomenims
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21 pav.: Gamma-Gompertz 3 parametry modelis Estijos duomenims
Tiksliausios gautos (30) pavidalo isgyvenimo funkcijos (M SE = 0,002462033) parametry

jverciai yra:
B =1,317173-107°, a = 0, 1081533, A = 11, 23144.

35



Gamma-Gompertz modelis su 4 parametrais LT duomenims
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22 pav.: Gamma-Gompertz 4 parametry modelis Lietuvos duomenims
Tiksliausios gautos (29) pavidalo isgyvenimo funkcijos (M SE = 0,006248828) parametry

jverciai yra:
B =3,133328 - 10716, a = 0, 06950325, A = 0,0009527909, k = 1147302637.
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Gamma-Gompertz modelis su 4 parametrais LV duomenims

7] —=— Empiring s(x)
—— MSE =0.007836447
—— MSE = 0003566793
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23 pav.: Gamma-Gompertz 4 parametry modelis Latvijos duomenims
Tiksliausios gautos (29) pavidalo isgyvenimo funkecijos (M SE = 0,003566793) parametry

jverciai yra:
B =0,003359441, a = 0,1071846, A = 2184, 861, k = 10, 74998.
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Gamma-Gompertz modelis su 4 parametrais EE duomenims

1.0

—=— Empiring s(x)
—— MSE =0.006171221
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24 pav.: Gamma-Gompertz 4 parametry modelis Estijos duomenims

Tiksliausios gautos (29) pavidalo isgyvenimo funkcijos (M SE = 0,006171221) parametry
verciai yra:

B =0,03077626, « = 0,1198032, A = 61698, 92, k = 8, 989365.

Is grafiky ir gauty paklaidy matyti, kad Lietuvai ir Latvijai tinkamesnis yra Gamma
- Gompertz modelis su 4 parametrais, tac¢iau Estijos populiacijos mirtinguma tiksliau ap-
roksimuoja Gamma - Gompertz modelis su 3 parametrais. Taip pat jdomu pastebéti, kad
vieninteliu Lietuvos atveju 4 parametry Gamma - Gompertz modelis populiacijos mirtingu-
ma laiko didesniu negu empiriniai duomenys, o visais kitais atvejais matyti, kad atitinkamy
populiacijy atitinkamos modelio iSgyvenamumo funkcijos rodo mazesnj mirtinguma negu
pateikta statistikoje.

5.7 Poisson - Gompertz modelis

Poisson - Gompertz modelyje mirtingumo galios funkcija turi Gompertz (28) pavidala, o
atsitiktinis efektas Z turi Poisson skirstinj su parametru A (11) - identiska skirstiniui, ku-
ris buvo nagrinétas Poisson - Weibull modelyje. Ieskant modelio iSgyvenamumo funkcijos
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israiskos, naudojami identiski skaiciavimai tiems, kurie buvo atliekami analizuojant Poisson

x
- fo ct"dt./\)k

- Weibull modelj (12) - (14). Vienintelis pakeitimas - eilute Z(e kei¢iame eilute

k!
. k=0
= (e_fo Be®ldt, L . . e . .
Z# ir pasinaudoje¢ (13) laipsninés eilutés savybe (taip pat naudota Poisson -
k=0
Weibull modelyje) gauname, kad
00 (e~ Jy Beotdt )\)k ~ [7 Beatar

e
2 il = ™

k=0

Belieka analogiskai perrasyti (14) formule:

. - [ Betar - [ Beotar _B(aw_y) B (1_caw)

SPG’(x) — e—>\ . e)\e 0 _ e)\(e 0 -1) _ e)\(e o -1) _ e/\(ea —1). (31)
Poisson - Gompertz modelis néra integruotas pakete "MortalityLaws", todél reikia suskaiciuo-
ti modelio mirtingumo galios funkcijos iSraiska. Pradzioje randama iSgyvenamumo funkcijos
iSvestine:

Spa(r) = (eMeg“ea‘”—l))' _ Med0m (A(eB0=) — )Y’
N ax B ! ~ ax B
= S(z) - A-eall=e™). ((1 _ em)) = —S(@) N-eall=e) 2 gar g
« «

= —8(z) A ea0=) . B.e® = _§(z) - B-\-gall-c")tos
=—S8(z)-B-\- o~ Bt tant

Modelio mirtingumo galios funkcijos isSraiska randama suprastinant iSgyvenamumo funkcijos
israiskas:

A A~ _ B _ax B
la = _SQDG(‘/E) _ S(l’) B A-emat ety =B-\- efge‘”“raaﬂrg
Tz — = = .

Spa(x) S(z)

Gavus funkcijy israiskas, pereinama prie iSgyvenamumo funkcijos geriausiy parametry ies-
kojimo. Gauti rezultatai ir grafikai skaitytojui pateikti zemiau.
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Poisson-Gompertz modelis Lietuvos duomenims

1.0

—=— Empiring s(x)
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25 pav.: Poisson-Gompertz modelis Lietuvos duomenims
Tiksliausios gautos (31) pavidalo isgyvenimo funkcijos (M SE = 0,004949636) parametry

iverciai yra:
B =8,197368 - 1077, o = 0, 1056833, A\ = 18, 69732.
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Poisson-Gompertz modelis Latvijos duomenims

1.0

—=— Empiring s(x)
—— MSE = 0.003516497
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26 pav.: Poisson-Gompertz modelis Latvijos duomenims
Tiksliausios gautos (31) pavidalo isgyvenimo funkcijos (M SE = 0,003516497) parametry

jverciai yra:
B =1,143894 - 1075 o = 0, 1016428, A = 20, 28972.
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Poisson-Gompertz modelis Estijos duomenims

1.0

—=— Empiring s(x)
—— MSE =0.002793434
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AmZius

27 pav.: Poisson-Gompertz modelis Estijos duomenims

Tiksliausios gautos (31) pavidalo isgyvenimo funkcijos (M SE = 0,002793434) parametry
iverciai yra:

B =7,861097 - 1077, o = 0, 1049897, A\ = 19, 61776.

I$ gauty rezultaty matyti, kad Poisson - Gompertz modelis labiausiai tinka Estijos po-
puliacijos mirtingumui aproksimuoti. Taip pat visuy triju saliy atveju (31) pavidalo modelio
isgyvenamumo funkcija rodo, kad populiacijos mirtingumas yra Siek tiek mazesnis negu rodo
empiriniai duomenys.

5.8 Geometrinis - Gompertz modelis

Geometrinio - Gompertz modelyje mirtingumo galios funkcija turi Gompertz (28) pavidala,
o atsitiktinis efektas Z turi geometrinio atsitiktinio dydzio skirstinj (16). Ieskant modelio
iSgyvenamumo funkcijos iSraiskos, remiamasi Geometrinio - Weibull modelio (5.3 skyrelio)
skaic¢iavimais, keiCiant pointegrinj reiskinj ct"dt reiskiniu Be®'dt. Taigi, (17) formulé Geo-
metrinio - Weibull modelio atveju pakei¢iama Sia:
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0o > wt 00 k
Sepc(z) =3 el Py — pyhp = PZ( (o1 ) '

k=0

(18) formuléje nagrinéjamas reiskinys tampa:

o _Ll=p (32)

eg(eaz_l)

Norint pasinaudoti nykstancios geometrinés progresijos sumos savybe (naudota Geometri-
niame - Weibull modelyje), reikia parodyti, kad (32) formuléje esantis reiskinys yra mazesnis
uz 1. IS tiesy, pastebéjus, kad p € (0,1) = (1 —p) € (0,1), 0 B > 0, > 0,2 > 0 =

B

e > 1 (is (28) formulés salygy), gauname, kad

I—p

eg(eal_l)

< 1.

Taigi, galima naudotis nykstancios geometrinés progresijos sumos savybe. Tesiame isgyve-
namumo funkcijos israiskos uzrasyma;:

(e =)

00 k
p pe
SGEG =P ( o ) = — = pom . (33)
Z e 1 1_% 6§(€ *1))_|_p_1

Randama isgyvenamumo funkcijos isvestiné:

(peg(e‘” 1) . g . 0T, Oé) (eg(eazfl) +p— 1) _ (peg(e‘“*l)> (eg(e‘””*l) . B e . Oé)
(eg(eaz—l) tp— 1)2
(peg(em’l) .B. eaw) (eg(ewq) tp— 1) _ (pegwfl)) (eg@wn .B. eam)
(eg(eo‘f—l) +p— 1)2
B-p?- ea(e=1)  car _ B - en (e =1)  cax _ B-p-(p—1)- ea(e*=1)  caz
(eg(ew,l) +p— 1)2 (eg(emq) tp— 1)2
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Lieka suskaiciuoti modelio mirtingumo galios funkcijos israiska:

A

G ax B 0T _
_ S&EG(J;) . B'p'(p—1)~€§(e —1)_eax (ea( 1))+p_1)
- Soral®) (eate =D 4 p— 1>2 pea(e-1)
(1—p) B-e~

B (eg(ew_l)) +p— 1)

(34)

Suskaiciuota (34) pavidalo modelio mirtingumo galios funkcijos israiska buvo paduotas R
programai siekiant rasti geriausius iSgyvenamumo funkcijos parametry jvercius ir suskaic¢iuoti
modelio paklaida. Gauti rezultatai skaitytojui pateikti zemiau.

Geometric-Gompertz modelis Lietuvos duomenims

= .u\
oo
@
[0
<
=
w
<
(]
L
(]
—=— Empiriné s(x)
g ——— MSE =0.09403518

| | | | | |
0 20 40 60 80 100

AmZius

28 pav.: Geometrinis - Gompertz modelis Lietuvos duomenims
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Geometric-Gompertz modelis Latvijos duomenims

=
%.
oo (]
o ] -
[0
.
<
(]
L
(]
—=—  Empiriné s(x)
—— MSE=0.1748362
g —— MSE=003777856
| T | T | |
0 20 40 60 80 100
AmZius

29 pav.: Geometrinis - Gompertz modelis Latvijos duomenims
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Geometric-Gompertz modelis Estijos duomenims

=
\E
oo e
@
[0
.
=
w
<
(]
L
(]
—=— Empiriné s(x)
g ——— MSE =0.08806613

| | | | | |
0 20 40 60 80 100

AmZius

30 pav.: Geometrinis - Gompertz modelis Estijos duomenims

Grafikuose matyti, kad (33) pavidalo modelio iSgyvenamumo funkcija turi laiptinés funk-
cijos pavidalg, kuris néra budingas standartinéms isgyvenamumo funkcijoms, todél neat-
sizvelgiant | gautas paklaidas ir iSgyvenamumo funkcijos parametrus daroma isvada, jog
Geometrinis - Gompertz modelis néra tinkamas populiacijy mirtingumui jvertinti.

5.9 Rezultatai ir iSvados

Darbo metu istirts mirtingumo modeliy rinkinys, taikant skirtingas mirtingumo galios funkci-
jas ir jvairy atsitiktinj efekta. Nagrinéti modeliai buvo pritaikyti Lietuvos, Latvijos ir Estijos
populiacijos duomenims skaic¢iuojant iSgyvenamumo funkcijy israiskas. Modeliy tinkamumui
nustatyti buvo naudojamas vidutinés kvadratines paklaidos skaic¢iavimas - paklaidos buvo
skaiciuotos lyginant empirines iSgyvenamumo funkcijos reiksmeés ir pagal modelj pritaikytus
isgyvenamumo funkcijos jvercius. Gauti rezultatai kiekvienos populiacijos atveju pateikti
lentelése apacioje.
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Modelis Vidutiné kvadratiné paklaida (MSE)

Weibull 0,002469996

Gamma - Weibull 0,002594971

Poisson - Gompertz 0,004949636

Gamma - Gompertz su 4 parametrais 0,006248828
Gamma - Gompertz su 3 parametrais 0,01067008
Diskretus - tolygus - Weibull su N = 2 0,0211203
Diskretus - tolygus - Weibull su N = 3 0,0265539
Geometrinis - Gompertz 0,09403518
Geometrinis - Weibull 0,1606038
Poisson - Weibull 0,4527792

2 lentelé: Rezultatai Lietuvos populiacijai

Modelis Vidutiné kvadratiné paklaida (MSE)
Weibull 0,002065417
Gamma - Weibull 0,00221522
Poisson - Gompertz 0,003516497
Gamma - Gompertz su 4 parametrais 0,003566793
Gamma - Gompertz su 3 parametrais 0,007832387
Diskretus - tolygus - Weibull su N = 2 0,01851307
Diskretus - tolygus - Weibull su N = 3 0,02372321
Geometrinis - Gompertz 0,03777856
Geometrinis - Weibull 0,1626114
Poisson - Weibull 0,4535679

3 lentele: Rezultatai Latvijos populiacijai

Modelis Vidutiné kvadratine paklaida (MSE)
Weibull 0,001795006
Gamma - Gompertz su 3 parametrais 0,002462033
Poisson - Gompertz 0,002793434
Gamma - Gompertz su 4 parametrais 0,006171221
Gamma - Weibull 0,007546827
Diskretus - tolygus - Weibull su N = 2 0,01679365
Diskretus - tolygus - Weibull su N = 3 0,02113871
Geometrinis - Gompertz 0,08806613
Geometrinis - Weibull 0,1693397
Poisson - Weibull 0,4703148

4 lentelé: Rezultatai Estijos populiacijai
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Is gauty rezultaty daroma isvada, kad Lietuvos ir Latvijos populiacijoms i$ nagrinéty
modeliy tinkamiausi yra Weibull, Gamma - Weibull ir Poisson - Gompertz modeliai. Es-
tijos populiacijos mirtingumui aproksimuoti is analizuoty modeliy labiausiai tinka Weibull,
Gamma - Gompertz su 3 parametrais ir Poisson - Gompertz modeliai. Taip pat dél dideliy
paklaidy bei ankstesniuose skyreliuose grafikuose pateikty iSgyvenamumo funkcijy kreiviy
netinkamy pavidaly daroma isvada, kad Geometrinis - Gompertz, Geometrinis - Weibull
ir Poisson - Weibull modeliai néra tinkami populiacijy mirtingumui aproksimuoti. Svarbu
pamineti, kad auksciau iSvardinti tinkami modeliai néra vienareikSmiskai geriausi populiaci-
ju mirtingumui prognozuoti - Siame darbe iSnagrinéta tik labai nedidelé grupé mirtingumo
modeliy, kuriy yra labai daug. Taigi, tikslaus mirtingumo modelio, kuris buty vienareiks-
miskai tinkamas jvairiy populiacijy mirtingumui nagrinéti, ieSkojimas ir toliau islieka vienas
is neisspresty uzdaviniy, su kuriuo susiduria matematikai ir gyvybeés draudimo rinka.
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6 Priedai

6.1 Programos kodas

#nuskaitome Lietuvos, Latvijos ir Estijos mirtingumo duomenis
LT <- read.csv2("Lithuanian mortality 2000 - 2017.csv",h=T)
LT

head (LT)

ageLT <- c(0:110)

mxLT <- LT [,2]

sxLT <- LT [,4]

LV <- read.csv2("Latvian mortality 2000 - 2017.csv",h=T)
LV

head (LV)

ageLV <- c(0:110)

mxLV <- LV [,2]

sxLV <- LV [,4]

EE <- read.csv2("Estonian mortality 2000 - 2017.csv",h=T)
EE

head (EE)

ageEE <- c(0:110)

mxEE <- EE [,2]

SsxEE <- EE [,4]

#naudojame biblioteka, reikalingg mirtingumo modeliams
library (MortalityLaws)

#LIETUVA

#gamma-weibull (pirmas variantas)

gamma_weibull <- function(x,par=c(c=1,k=1,1=1,n=1))
{

#nurodoma modelio mirtingumo galios funkcija

hx <- with(as.list(par), (cxk*x"n)/((cxx~(n+1))/(n+1)+1))
return(as.list(environment ()))}

my_model _gamma <- Mortalitylaw (x= agelT, mx=mxLT,
custom.law = gamma_weibull, opt.method = "LF4")
#randami koeficientai

cp <- coef(my_model_gamma) [1]

kp <- coef (my_model_gamma) [2]

1lp <- coef (my_model_gamma) [3]

np <- coef (my_model_gamma) [4]

#nurodoma modelio iSgyvenamumo funkcija
sx_p1=((cp*ageLT” (np+1))/((np+1)*1p)+1)~ (-kp)

#c = 0,208822, k = 46672162, 1 = 89462272, n = 5,62020204 * 107-8

#skaiciuojama vidutiné kvadratiné paklaida
square = (sxLT-sx_pl)~2
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paklaida = sum(square)/(length(square)-1)
paklaida
#0,4527426

#gamma-weibull (antras variantas)

gamma_weibull <- function(x,par=c(c=2,k=1,1=1,n=1))

{

hx <- with(as.list(par), (cxk*x"n)/((c*x"(n+1))/(n+1)+1))
return(as.list(environment()))?}

my_model _gamma <- Mortalitylaw (x= agelT, mx=mxLT,
custom.law = gamma_weibull, opt.method = "LF4")

cp <- coef (my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

1p <- coef (my_model_gamma) [3]

np <- coef(my_model_gamma) [4]

sx_p2=((cp*ageLT" (np+1))/((np+1)*1p)+1) "~ (-kp)

#c = 2,66789%107-10, k = 72703226, 1 = 1,504718%10712, n = 6,749719
square = (sxLT-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,002594971

#grafikas

plot(main = "Gamma - Weibull modelio pritaikymas Lietuvos duomenims",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = ageLT)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = agelT)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.4527426",
"MSE = 0.002594971"),

col = c("black", "red", "blue"), lwd = 2, pch = 20)

#LATVIJA

#gamma-weibull (pirmas variantas)

gamma_weibull <- function(x,par=c(c=1,k=1,1=1,n=1))

{

hx <- with(as.list(par), (cxk*x"n)/((cxx~(n+1))/(n+1)+1))
return(as.list(environment ()))}

my_model_gamma <- MortalityLaw (x= agelV, mx=mxLV,
custom.law = gamma_weibull, opt.method = "LF4")

cp <- coef(my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

1lp <- coef(my_model_gamma) [3]

np <- coef(my_model_gamma) [4]

sx_pl=((cp*ageLV~ (np+1))/((np+1)*1p)+1)~ (~kp)

#c = 0,00705286, k = 898458648, 1 = 56358932, n = 2,461547*%107-9
square = (sxLV-sx_p1)~2
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paklaida = sum(square)/(length(square)-1)
paklaida
#0,4535852

#gamma-weibull (antras variantas)

gamma_weibull <- function(x,par=c(c=2,k=2,1=2,n=1))

{

hx <- with(as.list(par), (cxk*x"n)/((c*x"(n+1))/(n+1)+1))
return(as.list(environment()))?}

my_model _gamma <- Mortalitylaw (x= agelV, mx=mxLV,
custom.law = gamma_weibull, opt.method = "LF4")

cp <- coef (my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

1p <- coef (my_model_gamma) [3]

np <- coef(my_model_gamma) [4]

sx_p2=((cp*ageLV~ (np+1))/((np+1)*1p)+1)~ (-kp)

#c = 1,901038%107-18, k = 1404841626, 1 = 133942,2, n = 6,661427
square = (sxLV-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,00221522

#gamma-weibull (trelias variantas)

gamma_weibull <- function(x,par=c(c=2,k=0.1,1=0.1,n=1))
{

hx <- with(as.list(par), (cxk*x"n)/((cxx~(n+1))/(n+1)+1))
return(as.list(environment ()))}

my_model_gamma <- MortalitylLaw (x= agelV, mx=mxLV,
custom.law = gamma_weibull, opt.method = "LF4")

cp <- coef (my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

lp <- coef (my_model_gamma) [3]

np <- coef(my_model_gamma) [4]

sx_p3=((cp*ageLV~ (np+1))/((np+1)*1p)+1)~ (~kp)

#c = 1,359224%107-14, k = 14,06893, 1 = 13115012, n = 9,822215
square = (sxLV-sx_p3)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,0136764

#grafikas

plot(main = "Gamma - Weibull modelio pritaikymas Latvijos duomenims",
sxLV,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = agelLV)

lines(sx_p3, pch = 20, lwd = 2, col "brown", x = agelV)
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legend (bty="n","topright", legend = c("Empiriné s(x)", "MSE=0.4535852",
"MSE=0.00221522",
"MSE=0.0136764"),col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#ESTIJA

#gamma-weibull (pirmas variantas)

gamma_weibull <- function(x,par=c(c=1,k=1,1=1,n=1))

{

hx <- with(as.list(par), (cxk*x"n)/((c*x~(n+1))/(n+1)+1))
return(as.list(environment()))}

my_model_gamma <- MortalityLaw (x= ageEE, mx=mxEE,
custom.law = gamma_weibull, opt.method = "LF4")

cp <- coef(my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

1lp <- coef (my_model_gamma) [3]

np <- coef (my_model_gamma) [4]
sx_pl=((cp*ageEE~ (np+1))/ ((np+1) *1p)+1) "~ (-kp)

#c = 0,2365736, k = 29678318, 1 = 66024057, n = 1,110908%107-7
square = (sxEE-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,470308

#gamma-weibull (antras variantas)

gamma_weibull <- function(x,par=c(c=2,k=0.1,1=0.1,n=1))
{

hx <- with(as.list(par), (c*k*x"n)/((c*x~(n+1))/(n+1)+1))
return(as.list(environment()))}

my_model_gamma <- MortalityLaw (x= ageEE, mx=mxEE,
custom.law = gamma_weibull, opt.method = "LF4")

cp <- coef(my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

1lp <- coef (my_model_gamma) [3]

np <- coef (my_model_gamma) [4]

sx_p2=((cp*ageEE~ (np+1))/((np+1)*1p)+1)~ (-kp)

#c =1,2969%107-13, k = 19,51278, 1 = 14552726, n = 9,244725
square = (sxEE-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,007546827

#gamma-weibull (trelias variantas)

gamma_weibull <- function(x,par=c(c=2,k=0.0001,1=0.0001,n=1))
{

hx <- with(as.list(par), (c*k*x"n)/((c*x"(n+1))/(n+1)+1))
return(as.list(environment()))}

my_model_gamma <- MortalitylLaw (x= ageEE, mx=mxEE,
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custom.law = gamma_weibull, opt.method = "LF4")
cp <- coef(my_model_gamma) [1]

kp <- coef(my_model_gamma) [2]

1lp <- coef (my_model_gamma) [3]

np <- coef (my_model_gamma) [4]
sx_p3=((cp*ageEE" (np+1) )/ ((np+1) *1p)+1) "~ (-kp)
#c = 0,9190396, k = 0,004814763, 1 = 1,311606%107-5, n = 15,05727
square = (sxEE-sx_p3)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,116889

#grafikas

plot(main = "Gamma - Weibull modelio pritaikymas Estijos duomenims",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = ageEE)

lines(sx_p2, pch = 20, lwd = 2, col "blue", x = ageEE)

lines(sx_p3, pch = 20, 1lwd = 2, col "brown", x = ageEE)

legend (bty="n","topright", legend = c("Empiriné s(x)", "MSE=0.470308",
"MSE=0.007546827",

"MSE=0.116889"),col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#LIETUVA

#poisson-weibull (pirmas variantas)

poisson_weibull <- function(x,par=c(c=0.01,1=1,n=0.1))
{

hx <- with(as.list(par),c*l*x"n*exp(-(c*x~(n+1))/(n+1)))
return(as.list(environment()))}

my_model_poisson <- MortalitylLaw (x= agelLT, mx=mxLT,
custom.law = poisson_weibull, opt.method = "LF4")

cp <- coef (my_model_poisson) [1]

lp <- coef (my_model_poisson) [2]

np <- coef (my_model_poisson) [3]
sx_pl=exp(1p*(exp(-cp*ageLT" (np+1)/(np+1))-1))

#c = 8,736792107-10, 1 = 124467849, n = 1,490598%107-08
square = (sxLT-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,4527792

#grafikas

plot(main = "Poisson - Weibull modelio pritaikymas Lietuvos duomenims",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, 1lwd = 2, col = "red", x = agelLT)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.4527792"),
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col = c("black", "red"), lwd = 2, pch = 20)

#LATVIJA

#poisson-weibull (pirmas variantas)

poisson_weibull <- function(x,par=c(c=0.01,1=1,n=0.1))

{

hx <- with(as.list(par),c*l*x " n*exp(-(c*x~(n+1))/(n+1)))
return(as.list(environment()))}

my_model_poisson <- MortalitylLaw (x= agelLV, mx=mxLV,
custom.law = poisson_weibull, opt.method = "LF4")

cp <- coef (my_model_poisson) [1]

1p <- coef (my_model_poisson) [2]

np <- coef(my_model_poisson) [3]

sx_pl=exp(1p* (exp(-cp*agelLV~ (np+1)/(np+1))-1))

#cp = 9,989259%107-9, 1p = 11253903, np = 6,554277%x107-7
square = (sxLV-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,4535679

#grafikas

plot(main = "Poisson - Weibull modelio pritaikymas Latvijos duomenims",
sxLV,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.4535679"),

col = c("black", "red"), lwd = 2, pch = 20)

#ESTIJA

#poisson-weibull (pirmas variantas)

poisson_weibull <- function(x,par=c(c=0.0001,1=0.01,n=0.01))
{

hx <- with(as.list(par),c*1l*x"n*exp(-(c*x~(n+1))/(n+1)))
return(as.list(environment()))?}

my_model_poisson <- MortalitylLaw (x= ageEE, mx=mxEE,
custom.law = poisson_weibull, opt.method = "LF4")

cp <- coef(my_model_poisson) [1]

1lp <- coef (my_model_poisson) [2]

np <- coef (my_model_poisson) [3]

sx_pl=exp (1p* (exp(-cp*ageEE" (np+1)/(np+1))-1))

#c = 2,706965%107-10, 1 = 392866146, n = 1,500893%10"-17
square = (sxEE-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,4703148

#grafikas

54



plot(main = "Poisson - Weibull modelio pritaikymas Estijos duomenims",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, 1lwd = 2, col = "red", x = ageEE)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.4703148"),

col = c("black", "red"), lwd = 2, pch = 20)

#LIETUVA

#geometric-weibull (pirmas variantas)

geometric_weibull <- function(x,par=c(c=0.1,p=0.1,n=1))

{

hx <- with(as.list(par), (c*x n*(1-p))/(exp((c*x~(n+1))/(n+1))+p-1))
return(as.list(environment()))}

my_model_geometric <- MortalityLaw (x= ageLT, mx=mxLT,

custom.law = geometric_weibull, opt.method = "LF4")

cp <- coef (my_model_geometric) [1]

pp <- coef(my_model_geometric) [2]

np <- coef (my_model_geometric) [3]

sx_pl=pp*exp((cp*agelLT  (np+1))/(np+1))/(exp((cp*agelLT” (np+1))/(np+1))+pp-1)
#c = 6,37898%x107-10, p = 1,48104%107-8, n = 5,7195648%107-14

square = (sxLT-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,1606038

#grafikas

plot(main = "Geometric - Weibull modelio pritaikymas Lietuvos duomenims",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelT)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.1606038"),

col = c("black", "red"), lwd = 2, pch = 20)

#LATVIJA

#geometric-weibull (pirmas variantas)

geometric_weibull <- function(x,par=c(c=0.1,p=0.1,n=1))

{

hx <- with(as.list(par), (c*x n*(1-p))/(exp((c*x~(n+1))/(n+1))+p-1))
return(as.list(environment()))}

my_model_geometric <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = geometric_weibull, opt.method = "LF4")

cp <- coef (my_model_geometric) [1]

pp <- coef(my_model_geometric) [2]

np <- coef(my_model_geometric) [3]

sx_pl=pp*exp((cp*ageLV~ (np+1))/(np+1))/(exp((cp*agelV~ (np+1))/(np+1))+pp-1)
#c = 2,312435%107-9, p = 5,245348%107-8, n = 1,765705%x107-13
square = (sxLV-sx_p1)~2
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paklaida = sum(square)/(length(square)-1)
paklaida
#0,1626114

#grafikas

plot(main = "Geometric - Weibull modelio pritaikymas Latvijos duomenims",
sxLV,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)

legend ("topright", legend = c("Empiriné s(x)", "MSE = 0.1626114"),

col = c("black", "red"), lwd = 2, pch = 20)

#ESTIJA

#geometric-weibull (pirmas variantas)

geometric_weibull <- function(x,par=c(c=2.312435%10"(-9),p=5.245348%10"(-8),
n=1.765705%x10"(-13)))

{

hx <- with(as.list(par), (c*x"n*x(1-p))/(exp((c*x~ (n+1))/(n+1))+p-1))
return(as.list(environment()))}

my_model_geometric <- Mortalitylaw (x= ageEE, mx=mxEE,

custom.law = geometric_weibull, opt.method = "LF4")

cp <- coef (my_model_geometric) [1]

pp <- coef (my_model_geometric) [2]

np <- coef(my_model_geometric) [3]

sx_pl=pp*exp ((cp*ageEE™ (np+1))/(np+1))/(exp((cp*ageEE~ (np+1))/(np+1))+pp-1)
#cp = 1,776197%x107-9, pp = 4,218155%107-8, np = 9,754104%x107-13

square = (sxEE-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,1693397

#grafikas

plot(main = "Geometric - Weibull modelio pritaikymas Estijos duomenims",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = ageEE)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.1693397"),

col = c("black", "red"), lwd = 2, pch = 20)

#Paprastas Weibull su parametrais sigma ir M

#mul[x] = 1/sigma * (x/M)~(M/sigma - 1)

modelis <- MortalityLaw (x=agelLT,mx = mxLT,law=’weibull’,
opt.method="LF4")

sigma <- coef(modelis) [1]

M <- coef(modelis) [2]

mux_p <- 1/sigma * (ageLT/M)~(M/sigma - 1)

mux_p
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sx_pl <- exp(-(ageLT/M)~ (M/sigma))

sx_pl

#sigma LT = 10,38606, M LT = 79,78316
square = (sxLT-sx_pl)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,002469996

#grafikas

plot(main = "Weibull modelio pritaikymas Lietuvos duomenims",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLT)

legend ("topright", legend = c("Empiriné s(x)", "MSE = 0.002469996"),
col = c("black", "red"), lwd = 2, pch = 20)

modelis <- MortalitylLaw (x=agelLV,mx = mxLV,law=’weibull’,
opt.method="LF4")

sigma <- coef(modelis) [1]

M <- coef (modelis) [2]

mux_p <- 1/sigma * (ageLV/M)~(M/sigma - 1)
mux_p

sx_pl <- exp(-(ageLV/M)~ (M/sigma))

sx_pl

#sigma LV = 10,4192, M LV = 79,16829
square = (sxLV-sx_pl)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,002065417

#grafikas

plot(main = "Weibull modelio pritaikymas Latvijos duomenims",
sxLV,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.002065417"),
col = c("black", "red"), lwd = 2, pch = 20)

modelis <- MortalitylLaw (x=ageEE,mx = mxEE,law=’weibull’,
opt.method="LF4")

sigma <- coef(modelis) [1]

M <- coef (modelis) [2]

mux_p <- 1/sigma * (ageEE/M)~(M/sigma - 1)

mux_p

sx_pl <- exp(-(ageEE/M)~ (M/sigma))

sx_pl

#sigma EE = 10,18063, M EE = 80,8873
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square = (sxEE-sx_p1)~2

paklaida = sum(square)/(length(square)-1)
paklaida

# 0,001795006

#grafikas

plot(main = "Weibull modelio pritaikymas Estijos duomenims",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, 1lwd = 2, col = "red", x = ageEE)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.001795006"),
col = c("black", "red"), lwd = 2, pch = 20)

#LIETUVA

#diskretus tolygus - weibull su N = 2(pirmas variantas)

discrete2_weibull <- function(x,par=c(sigma = 10, M = 80))

{

hx <- with(as.list(par), (2*(x/M)~ (M/sigma)*(1/x)*(0.5%exp(-(x/M)~ (M/sigma))
+exp (-2* (x/M) "~ (M/sigma))) )/ (exp (- (x/M)~ (M/sigma))+exp (-2*(x/M) ~(M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageLT, mx=mxLT,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]

sx_p1=0.5% (exp(-(ageLT/Mp) ~ (Mp/sigmap))+exp (-2* (ageLT/Mp) ~ (Mp/sigmap)))
#sigmap = 7,988906,Mp = 62,06719

square = (sxLT-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,0713619

#diskretus tolygus - weibull su N = 2(antras variantas)

discrete2_weibull <- function(x,par=c(sigma = 3, M = 70))

{

hx <- with(as.list(par), (2*%(x/M)~(M/sigma)*(1/x)*(0.5%xexp(-(x/M)~(M/sigma))
+exp (2% (x/M) = (M/sigma))) )/ (exp (- (x/M) "~ (M/sigma))+exp (-2* (x/M)~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageLT, mx=mxLT,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef(my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]

sx_p2=0.5% (exp(-(ageLT/Mp) ~ (Mp/sigmap))+exp (-2* (ageLT/Mp) ~ (Mp/sigmap)))
#sigmap = 7,23138, Mp = 72,95209

square = (sxLT-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,0211203
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#diskretus tolygus - weibull su N = 2(trefias variantas)

discrete2_weibull <- function(x,par=c(sigma = 4, M = 60))

{

hx <- with(as.list(par), (2*(x/M)~ (M/sigma)*(1/x)*(0.5%exp(-(x/M)~ (M/sigma))
+exp (-2* (x/M) "~ (M/sigma))) )/ (exp (- (x/M)~ (M/sigma))+exp (-2*(x/M) ~(M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageLT, mx=mxLT,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]

sx_p3=0.5%(exp (- (ageLT/Mp) ~ (Mp/sigmap) ) +exp (-2* (ageLT/Mp) ~ (Mp/sigmap)))
#sigmap = 7,270838, Mp = 70,2159

square = (sxLT-sx_p3)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,03081447

#grafikas

plot(main = "Diskretaus-tolygaus-Weibull modelis LT duomenims, kai N=2",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLT)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = ageLT)

lines(sx_p3, pch = 20, lwd = 2, col "brown", x = agelLT)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.0713619",

"MSE = 0.0211203", "MSE = 0.03081447"),

col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#LATVIJA

#diskretus tolygus - weibull su N = 2(pirmas variantas)

discrete2_weibull <- function(x,par=c(sigma = 10, M = 80))

{

hx <- with(as.list(par), (2*(x/M)~ (M/sigma)*(1/x)*(0.5*exp(-(x/M)~ (M/sigma))
+exp (-2* (x/M) "~ (M/sigma))) )/ (exp (- (x/M)~(M/sigma))+exp (-2x(x/M)~(M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef(my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]
sx_p1=0.5%(exp(-(agelLV/Mp) ~ (Mp/sigmap) ) +exp (-2* (ageLV/Mp) ~ (Mp/sigmap)))
#sigmap = 8,002565, Mp = 61,51109

square = (sxLV-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,07129243
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#diskretus tolygus - weibull su N = 2(antras variantas)

discrete2_weibull <- function(x,par=c(sigma = 3, M = 70))

{

hx <- with(as.list(par), (2*%(x/M)~(M/sigma)*(1/x)*(0.5%exp(-(x/M)~(M/sigma))
+exp (2% (x/M) ~ (M/sigma))) )/ (exp (- (x/M) "~ (M/sigma))+exp (-2*(x/M)~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]
sx_p2=0.5%(exp(-(ageLV/Mp) ~ (Mp/sigmap))+exp (-2* (ageLV/Mp) ~ (Mp/sigmap)))
#sigmap = 7,23138, Mp = 72,95209

square = (sxLV-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,01851307

#diskretus tolygus - weibull su N = 2(treias variantas)

discrete2_weibull <- function(x,par=c(sigma = 4, M = 60))

{

hx <- with(as.list(par), (2*(x/M)~(M/sigma)*(1/x)*(0.5*xexp(-(x/M)~(M/sigma))
+exp (-2* (x/M) ~(M/sigma))) )/ (exp(-(x/M)~ (M/sigma) ) +exp (-2* (x/M) "~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]
sx_p3=0.5%(exp(-(ageLV/Mp) ~(Mp/sigmap) ) +exp (-2* (ageLV/Mp) ~ (Mp/sigmap)))
#sigmap = 7,125187, Mp = 69,89247

square = (sxLV-sx_p3)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,02912054

#grafikas

plot(main = "Diskretaus-tolygaus-Weibull modelis LV duomenims, kai N=2",
sxLV,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)

lines(sx_p2, pch = 20, lwd = 2, col "blue", x = agelLV)

lines(sx_p3, pch = 20, 1lwd = 2, col "brown", x = agelV)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.07129243",

"MSE = 0.01851307", "MSE = 0.02912054"),

col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#ESTIJA
#diskretus tolygus - weibull su N = 2(pirmas variantas)
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discrete2_weibull <- function(x,par=c(sigma = 10, M = 80))

{

hx <- with(as.list(par), (2*(x/M)~ (M/sigma)*(1/x)*(0.5%exp(-(x/M)~ (M/sigma))
+exp (2% (x/M)~ (M/sigma))) )/ (exp (- (x/M) "~ (M/sigma))+exp (-2*(x/M) " (M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalitylLaw (x= ageEE, mx=mxEE,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]
sx_p1=0.5%(exp(-(ageEE/Mp) ~ (Mp/sigmap) ) +exp (-2* (ageEE/Mp) ~ (Mp/sigmap)))
#sigmap = 7,86494, Mp = 63,20641

square = (sxEE-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,0757026

#diskretus tolygus - weibull su N = 2(antras variantas)

discrete2_weibull <- function(x,par=c(sigma = 3, M = 70))

{

hx <- with(as.list(par), (2*%(x/M)~(M/sigma)*(1/x)*(0.5xexp(-(x/M)~(M/sigma))
+exp (-2* (x/M) "~ (M/sigma))) )/ (exp (- (x/M)~ (M/sigma))+exp (-2*(x/M) ~(M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageEE, mx=mxEE,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef (my_model_discrete2) [2]

sx_p2=0.5% (exp (- (ageEE/Mp) ~ (Mp/sigmap) ) +exp (-2* (ageEE/Mp) ~ (Mp/sigmap)))
#sigmap = 7,23138, Mp = 72,95209

square = (sxEE-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,02583433

#diskretus tolygus - weibull su N = 2(treias variantas)

discrete2_weibull <- function(x,par=c(sigma = 4, M = 60))

{

hx <- with(as.list(par), (2*%(x/M)~(M/sigma)*(1/x)*(0.5%exp(-(x/M)~(M/sigma))
+exp (2% (x/M) ~ (M/sigma))) )/ (exp (- (x/M) "~ (M/sigma))+exp (-2* (x/M) "~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete2 <- MortalityLaw (x= ageEE, mx=mxEE,

custom.law = discrete2_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete2) [1]

Mp <- coef(my_model_discrete2) [2]

sx_p3=0.5% (exp(-(ageEE/Mp) ~ (Mp/sigmap) ) +exp (-2* (ageEE/Mp) ~ (Mp/sigmap)))
#sigmap = 6,442403, Mp = 75,78119

square = (sxEE-sx_p3)~2

paklaida = sum(square)/(length(square)-1)
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paklaida
#0,01679365

#grafikas

plot(main = "Diskretaus-tolygaus-Weibull modelis EE duomenims, kai N=2",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, 1lwd = 2, col = "red", x = ageEE)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = ageEE)

lines(sx_p3, pch = 20, 1lwd = 2, col "brown", x = ageEE)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.0757026",

"MSE = 0.02583433", "MSE = 0.01679365"),

col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#LIETUVA

#diskretus tolygus - weibull su N = 3(pirmas variantas)

discrete3_weibull <- function(x,par=c(sigma = 10, M = 80))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~ (M/sigma))
+(2/3) *xexp (-2% (x/M)~ (M/sigma) ) +exp (-3*(x/M) "~ (M/sigma))))

/ (exp (- (x/M)~ (M/sigma))+exp (-2* (x/M) ~(M/sigma))+exp (-3*(x/M)~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalityLaw (x= ageLT, mx=mxLT,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef(my_model_discrete3) [2]
sx_p1=(1/3)*(exp (- (agelLT/Mp) ~ (Mp/sigmap))

+exp (-2* (ageLT/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageLT/Mp) ~ (Mp/sigmap)))

#sigmap = 7,984935, Mp = 62,10088

square = (sxLT-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,08178688

#diskretus tolygus - weibull su N = 3(antras variantas)

discrete3_weibull <- function(x,par=c(sigma = 3, M = 70))

{

hx <- with(as.list(par), (3*x(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~(M/sigma))
+(2/3) *exp (-2*% (x/M) ~(M/sigma))+exp (-3*(x/M) " (M/sigma))))

/ (exp(-(x/M)~(M/sigma))+exp (-2*(x/M) ~(M/sigma))+exp (-3*(x/M) ~(M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalitylLaw (x= ageLT, mx=mxLT,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef(my_model_discrete3) [2]
sx_p2=(1/3)*(exp(-(ageLT/Mp) ~ (Mp/sigmap))

+exp (-2* (ageLT/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageLT/Mp) ~ (Mp/sigmap)))
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#sigmap = 7,23138, Mp = 72,95209

square = (sxLT-sx_p2)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,0265539

#diskretus tolygus - weibull su N = 3(treias variantas)
discrete3_weibull <- function(x,par=c(sigma = 4, M = 60))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~ (M/sigma))
+(2/3) xexp (-2*(x/M)~ (M/sigma) ) +exp (-3*(x/M) "~ (M/sigma))))

/ (exp (- (x/M) "~ (M/sigma))+exp (-2* (x/M) ~(M/sigma))+exp (-3*(x/M) "~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalityLaw (x= ageLT, mx=mxLT,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef(my_model_discrete3) [2]
sx_p3=(1/3)*(exp (- (ageLT/Mp) ~ (Mp/sigmap))

+exp (-2* (ageLT/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageLT/Mp) ~ (Mp/sigmap)))

#sigmap = 7,270838, Mp = 70,2159

square = (sxLT-sx_p3)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,03752946

#grafikas

plot(main = "Diskretaus-tolygaus-Weibull modelis LT duomenims, kai N=3",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelT)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = ageLT)

lines(sx_p3, pch = 20, 1lwd = 2, col "brown", x = agelT)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.08178688",

"MSE = 0.0265539", "MSE = 0.03752946"),

col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#LATVIJA

#diskretus tolygus - weibull su N = 3(pirmas variantas)

discrete3_weibull <- function(x,par=c(sigma = 10, M = 80))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~(M/sigma))
+(2/3) *xexp (-2% (x/M)~ (M/sigma) ) +exp (-3*(x/M) "~ (M/sigma))))

/ (exp (- (x/M)~ (M/sigma))+exp (-2* (x/M) ~(M/sigma))+exp (-3*(x/M)~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]
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Mp <- coef (my_model_discrete3) [2]
sx_pl1=(1/3)*(exp (- (ageLV/Mp) ~ (Mp/sigmap))

+exp (-2 (ageLV/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageLV/Mp) ~ (Mp/sigmap)))
#sigmap = 7,999113, Mp = 61,53972

square = (sxLV-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,08194669

#diskretus tolygus - weibull su N = 3(antras variantas)

discrete3_weibull <- function(x,par=c(sigma = 3, M = 70))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~(M/sigma))
+(2/3) *exp (-2* (x/M) ~ (M/sigma) ) +exp (3% (x/M) "~ (M/sigma))))

/ (exp (- (x/M)~ (M/sigma))+exp (-2* (x/M) " (M/sigma))+exp (-3*(x/M)~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef(my_model_discrete3) [2]
sx_p2=(1/3)*(exp (- (agelLV/Mp) ~ (Mp/sigmap))

+exp (-2* (ageLV/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageLV/Mp) ~ (Mp/sigmap)))

#sigmap = 7,23138, Mp = 72,95209

square = (sxLV-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,02372321

#diskretus tolygus - weibull su N = 3(trelias variantas)
discrete3_weibull <- function(x,par=c(sigma = 4, M = 60))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~ (M/sigma))
+(2/3) *xexp (-2%(x/M)~ (M/sigma) ) +exp (-3*(x/M) "~ (M/sigma))))

/ (exp(-(x/M)~ (M/sigma))+exp (-2* (x/M) ~(M/sigma))+exp (-3*(x/M) "~ (M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef(my_model_discrete3) [1]

Mp <- coef(my_model_discrete3) [2]
sx_p3=(1/3)*(exp (- (agelLV/Mp) ~ (Mp/sigmap))

+exp (-2* (ageLV/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageLV/Mp) ~ (Mp/sigmap)))

#sigmap = 7,125187, Mp = 69,89247

square = (sxLV-sx_p3)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,03567214
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#grafikas

plot(main = "Diskretaus-tolygaus-Weibull modelis LV duomenims, kai N=3",
sxLV,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = agelV)

lines(sx_p3, pch = 20, lwd = 2, col "brown", x = agelLV)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.08194669",

"MSE = 0.02372321", "MSE = 0.03567214"),

col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#ESTIJA

#diskretus tolygus - weibull su N = 3(pirmas variantas)

discrete3_weibull <- function(x,par=c(sigma = 10, M = 80))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~(M/sigma))
+(2/3) *exp (-2*(x/M) ~ (M/sigma) ) +exp (-3* (x/M) ~(M/sigma))))

/ (exp(-(x/M)~(M/sigma))+exp (-2*(x/M) ~(M/sigma))+exp (-3*(x/M)~(M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- Mortalitylaw (x= ageEE, mx=mxEE,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef (my_model_discrete3) [2]
sx_p1=(1/3)*(exp (- (ageEE/Mp) ~ (Mp/sigmap))

+exp (-2* (ageEE/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageEE/Mp) ~ (Mp/sigmap)))

#sigmap = 7,860668, Mp = 63,24315

square = (sxEE-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,08648919

#diskretus tolygus - weibull su N = 3(antras variantas)

discrete3_weibull <- function(x,par=c(sigma = 3, M = 70))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)~(M/sigma))
+(2/3) xexp (-2* (x/M) ~ (M/sigma) ) +exp (3% (x/M) "~ (M/sigma))))

/ (exp (- (x/M)~ (M/sigma))+exp(-2x(x/M) ~(M/sigma))+exp (-3*(x/M) " (M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- MortalityLaw (x= ageEE, mx=mxEE,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef(my_model_discrete3) [2]
sx_p2=(1/3)* (exp (- (ageEE/Mp) ~ (Mp/sigmap))

+exp (-2* (ageEE/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageEE/Mp) ~ (Mp/sigmap)))

#sigmap = 7,23138, Mp = 72,95209

square = (sxEE-sx_p2)~2

paklaida = sum(square)/(length(square)-1)
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paklaida
#0,03236605

#diskretus tolygus - weibull su N = 3(trefias variantas)
discrete3_weibull <- function(x,par=c(sigma = 4, M = 60))

{

hx <- with(as.list(par), (3*(x/M)~(M/sigma)*(1/x)*((1/3)*exp(-(x/M)"~(M/sigma))
+(2/3) *xexp (-2* (x/M) ~(M/sigma) ) +exp (-3*(x/M) " (M/sigma))))

/ (exp (- (x/M)~ (M/sigma) ) +exp (-2* (x/M) ~(M/sigma))+exp (-3*(x/M)~(M/sigma))))
return(as.list(environment()))}

my_model_discrete3 <- Mortalitylaw (x= ageEE, mx=mxEE,

custom.law = discrete3_weibull, opt.method = "LF4")

sigmap <- coef (my_model_discrete3) [1]

Mp <- coef (my_model_discrete3) [2]
sx_p3=(1/3)*(exp (- (ageEE/Mp) ~ (Mp/sigmap))

+exp (-2* (ageEE/Mp) ~ (Mp/sigmap) ) +exp (-3* (ageEE/Mp) ~ (Mp/sigmap)))

#sigmap = 6,442403, Mp = 75,78119

square = (sxEE-sx_p3)72

paklaida = sum(square)/(length(square)-1)

paklaida

#0,02113871

#grafikas

plot(main = "Diskretaus-tolygaus-Weibull modelis EE duomenims, kai N=3",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = ageEE)

lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = ageEE)

lines(sx_p3, pch = 20, lwd = 2, col "brown", x = ageEE)
legend("topright", legend = c("Empiriné s(x)", "MSE = 0.08648919",

"MSE = 0.03236605", "MSE = 0.02113871"),

col = c("black", "red", "blue", "brown"), lwd = 2, pch = 20)

#LIETUVA

#gamma-gompertz su trim parametrais

modelis <- MortalityLaw(x=ageLT,mx=mxLT,law=’ggompertz’,
opt.method="LF4")

Ap <- coef(modelis) [1]

Bp <- coef(modelis) [2]

1lp <- 1/coef (modelis) [3]

sx_p = (1+Ap/(Bpx1p)* (exp (Bp*ageLT)-1))"(-1p)

#Ap = 3,028194e-06, Bp = 0,1250734, 1lp = 7,798495
square = (sxLT-sx_p) 2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,01067008
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#grafikas

plot(main = "Gamma-Gompertz modelis su 3 parametrais LT duomenims",
sxLT,ylab="s(x)",

xlab = "Amzius", pch = 20, col = "black",lwd = 1, 1ty = 1,x
lines(sx_p, pch = 20, 1lwd = 2, col = "red", x = agelT)
legend(bty="n","topright", legend = c("Empiriné s(x)", "MSE
col = c("black", "red"), lwd = 2, pch = 20)

ageLT)

0.01067008"),

#LATVIJA

#gamma-gompertz su trim parametrais

modelis <- MortalityLaw(x=ageLV,mx=mxLV,law=’ggompertz’,
opt.method="LF4")

Ap <- coef(modelis) [1]

Bp <- coef(modelis) [2]

lp <- 1/coef(modelis) [3]

sx_p = (1+Ap/ (Bp*1p)*(exp(Bp*ageLV)-1))"(-1p)
#Ap = 6,45048e-06, Bp = 0,1171701, 1p = 9,04615
square = (sxLV-sx_p) 2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,007832387

#grafikas

plot(main = "Gamma-Gompertz modelis su 3 parametrais LV duomenims",
sxLV,ylab="s(x)",

xlab = "Amzius", pch = 20, col = "black",lwd = 1, 1ty = 1,x
lines(sx_p, pch = 20, 1lwd = 2, col = "red", x = agelV)
legend (bty="n","topright", legend = c("Empiriné s(x)", "MSE
col = c("black", "red"), lwd = 2, pch = 20)

agelLV)

0.007832387"),

#ESTIJA

#gamma-gompertz su trim parametrais

modelis <- MortalityLaw(x=ageEE,mx=mxEE,law=’ggompertz’,
opt.method="LF4")

Ap <- coef (modelis) [1]

Bp <- coef(modelis) [2]

1lp <- 1/coef (modelis) [3]

sx_p = (1+Ap/ (Bp*1lp)*(exp(Bp*ageEE)-1))~(-1p)

#Ap = 1,317173e-05, Bp = 0,1081533, 1lp = 11,23144
square = (sxEE-sx_p)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,002462033

#grafikas
plot(main = "Gamma-Gompertz modelis su 3 parametrais EE duomenims",
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sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x
lines(sx_p, pch = 20, 1lwd = 2, col = "red", x = ageEE)
legend(bty="n","topright", legend = c("Empiriné s(x)", "MSE
col = c("black", "red"), lwd = 2, pch = 20)

ageEE)

0.002462033"),

#LIETUVA

#gamma-gompertz su keturiais parametrais (pirmas variantas)
gamma_gompertz <- function(x,par=c(a=0.1,b=0.15,1=0.1,k=0.5))

{

hx <- with(as.list(par), (kxl*axexp(b*x))/(1+(a*xl)/b*(exp(b*x)-1)))
return(as.list(environment()))}

my_model_gammag <- MortalityLaw (x= ageLT, mx=mxLT,
custom.law = gamma_gompertz, opt.method = "LF4")

ap <- coef (my_model_gammag) [1]

bp <- coef (my_model_gammag) [2]

1lp <- 1/coef (my_model_gammag) [3]

kp <- coef (my_model_gammag) [4]
sx_pl=(1+(ap/ (bp*1lp)) * (exp (bp*agelLT)-1)) " (-kp)

#a = 3,133328e-16, b = 0,06950325, 1 = 0,0009527909, k
square = (sxLT-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,006248828

1147302637

#grafikas

plot(main = "Gamma-Gompertz modelis su 4 parametrais LT duomenims",
sxLT,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelT)
legend (bty="n","topright", legend = c("Empiriné s(x)", "MSE
col = c("black", "red"), lwd = 2, pch = 20)

ageLT)

0.006248828") ,

#LATVIJA

#gamma-gompertz su keturiais parametrais (pirmas variantas)
gamma_gompertz <- function(x,par=c(a=0.1,b=0.15,1=0.1,k=0.5))

{

hx <- with(as.list(par), (k*l*xa*xexp(b*x))/(1+(a*xl)/b*(exp(b*x)-1)))
return(as.list(environment()))}

my_model_gammag <- MortalityLaw (x= agelV, mx=mxLV,

custom.law = gamma_gompertz, opt.method = "LF4")

ap <- coef (my_model_gammag) [1]

bp <- coef(my_model_gammag) [2]

lp <- 1/coef(my_model_gammag) [3]

kp <- coef(my_model_gammag) [4]
sx_pl=(1+(ap/ (bp*1lp)) * (exp (bp*xagelLV)-1))~ (-kp)

#a = 3,52143e-13, b = 0,1171705, 1 = 4,939675e-07, k = 9,046049
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square = (sxLV-sx_p1)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,007836447

#gamma-gompertz su keturiais parametrais (antras variantas)
gamma_gompertz <- function(x,par=c(a=1,b=1,1=1,k=1))

{

hx <- with(as.list(par), (k*lxaxexp(b*xx))/(1+(a*xl)/b*(exp(b*x)-1)))
return(as.list(environment()))}

my_model_gammag <- MortalityLaw (x= agelLV, mx=mxLV,
custom.law = gamma_gompertz, opt.method = "LF4")

ap <- coef (my_model_gammag) [1]

bp <- coef (my_model_gammag) [2]

1lp <- 1/coef (my_model_gammag) [3]

kp <- coef (my_model_gammag) [4]
sx_p2=(1+(ap/ (bp*1lp)) * (exp (bp*xagelLV)-1)) ~ (-kp)

#a = 0,003359441, b = 0,1071846, 1 = 2184,861, k = 10,74998
square = (sxLV-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,003566793

#grafikas

plot(main = "Gamma-Gompertz modelis su 4 parametrais LV duomenims",
sxLV,ylab="s(x)",

xlab = "AmZzius", pch = 20, col = "black",lwd = 1, 1ty = 1,x
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)
lines(sx_p2, pch = 20, lwd = 2, col = "blue", x = agelV)
legend (bty="n","topright", legend = c("Empiriné s(x)", "MSE
"MSE = 0.003566793"),

col = c("black", "red", "blue"), lwd = 2, pch = 20)

ageLV)

0.007836447",

#ESTIJA

#gamma-gompertz su keturiais parametrais (pirmas variantas)
gamma_gompertz <- function(x,par=c(a=0.1,b=0.15,1=0.1,k=0.5))
{

hx <- with(as.list(par), (k*l*xa*xexp(b*x))/(1+(a*xl)/b*(exp(b*x)-1)))
return(as.list(environment()))}

my_model_gammag <- MortalitylLaw (x= ageEE, mx=mxEE,
custom.law = gamma_gompertz, opt.method = "LF4")

ap <- coef (my_model_gammag) [1]

bp <- coef(my_model_gammag) [2]

lp <- 1/coef(my_model_gammag) [3]

kp <- coef (my_model_gammag) [4]
sx_pl=(1+(ap/ (bp*1lp)) * (exp (bp*xageEE)-1)) ~ (-kp)

#a = 0,03077626, b = 0,1198032, 1 = 61698,92, k = 8,989365
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square = (sxEE-sx_p1)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,006171221

#grafikas

plot(main = "Gamma-Gompertz modelis su 4 parametrais EE duomenims",
sxEE,ylab="s(x)",

xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x
lines(sx_pl, pch = 20, 1lwd = 2, col = "red", x = ageEE)
legend (bty="n","topright", legend = c("Empiriné s(x)", "MSE
col = c("black", "red"), lwd = 2, pch = 20)

ageEE)

0.006171221"),

#LIETUVA

#poisson-gompertz (pirmas variantas)

poisson_gompertz <- function(x,par=c(a=0.000001,b=0.5,1=1))
{

hx <- with(as.list(par),l*a*exp((a/b)*(1-exp(b*x))+b*x))
return(as.list(environment()))}

my_model_poissong <- MortalityLaw (x= ageLT, mx=mxLT,
custom.law = poisson_gompertz, opt.method = "LF4")

ap <- coef (my_model_poissong) [1]

bp <- coef (my_model_poissong) [2]

1lp <- coef (my_model_poissong) [3]

sx_pl=exp (1p*(exp((ap/bp)* (1-exp(bp*ageLT)))-1))

#a = 8,197368e-07, b = 0,1056833, 1 = 18,69732

square = (sxLT-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,004949636

#grafikas

plot(main = "Poisson-Gompertz modelis Lietuvos duomenims", sxLT,ylab="s(x)",
xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLT)
legend(bty="n","topright", legend = c("Empiriné s(x)", "MSE = 0.004949636"),
col = c("black", "red"), lwd = 2, pch = 20)

#LATVIJA

#poisson-gompertz (pirmas variantas)

poisson_gompertz <- function(x,par=c(a=0.000001,b=0.5,1=1))
{

hx <- with(as.list(par),l*a*xexp((a/b)*(1-exp(b*x))+b*x))
return(as.list(environment()))?}

my_model_poissong <- MortalityLaw (x= agelLV, mx=mxLV,
custom.law = poisson_gompertz, opt.method = "LF4")
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ap <- coef (my_model_poissong) [1]

bp <- coef(my_model_poissong) [2]

1p <- coef (my_model_poissong) [3]

sx_pl=exp (1lp* (exp((ap/bp) * (1-exp (bp*agelV)))-1))
#a = 1,143894e-06, b = 0,1016428, 1 = 20,28972
square = (sxLV-sx_pl)~2

paklaida = sum(square)/(length(square)-1)
paklaida

#0,003516497

#grafikas

plot(main = "Poisson-Gompertz modelis Latvijos duomenims", sxLV,ylab="s(x)",
xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)
legend(bty="n","topright", legend = c("Empiriné s(x)", "MSE = 0.003516497"),
col = c("black", "red"), lwd = 2, pch = 20)

#ESTIJA

#poisson-gompertz (pirmas variantas)

poisson_gompertz <- function(x,par=c(a=0.000001,b=0.5,1=1))
{

hx <- with(as.list(par),l*a*xexp((a/b)*(1-exp(b*x))+b*x))
return(as.list(environment()))}

my_model_poissong <- MortalityLaw (x= ageEE, mx=mxEE,
custom.law = poisson_gompertz, opt.method = "LF4")

ap <- coef (my_model_poissong) [1]

bp <- coef (my_model_poissong) [2]

1lp <- coef (my_model_poissong) [3]

sx_pl=exp (1p*(exp((ap/bp)* (1-exp(bp*ageEE)))-1))

#a = 7,861097e-07, b = 0,1049897, 1 = 19,61776

square = (sxEE-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,002793434

#grafikas

plot(main = "Poisson-Gompertz modelis Estijos duomenims", sxEE,ylab="s(x)",
xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = ageEE)
legend(bty="n","topright", legend = c("Empiriné s(x)", "MSE = 0.002793434"),
col = c("black", "red"), lwd = 2, pch = 20)

#LIETUVA
#geometric-gompertz (pirmas variantas)
geometric_gompertz <- function(x,par=c(a=0.00000001,b=0.13,p=0.5))

{
hx <- with(as.list(par), ((1-p)*(axexp(b*x)))/(exp((a/b)*(exp(b*x)-1))+p-1))
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return(as.list(environment()))}

my_model_geometricg <- MortalitylLaw (x= ageLT, mx=mxLT,
custom.law = geometric_gompertz, opt.method = "LF4")

ap <- coef (my_model_geometricg) [1]

bp <- coef (my_model_geometricg) [2]

pp <- coef(my_model_geometricg) [3]
sx_pl=(pp*exp((ap/bp)* (exp (bp*ageLT)-1)))/ (exp((ap/bp) * (exp(bp*ageLT)-1))+pp-1)
#a = 1,495491e-34, b = 0,5624545, p = 2,470512e-11
square = (sxLT-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,09403518

#grafikas

plot(main = "Geometric-Gompertz modelis Lietuvos duomenims", sxLT,ylab="s(x)",
xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLT)
lines(sx_pl, pch = 20, 1lwd = 2, col = "red", x = agelLT)
legend(bty="n","bottomleft", legend = c("Empiriné s(x)", "MSE = 0.09403518"),
col = c("black", "red"), lwd = 2, pch = 20)

#LATVIJA

#geometric-gompertz (pirmas variantas)

geometric_gompertz <- function(x,par=c(a=0.00000001,b=0.13,p=0.5))

{

hx <- with(as.list(par), ((1-p)*(axexp(b*x)))/(exp((a/b)*(exp(bxx)-1))+p-1))
return(as.list(environment()))}

my_model_geometricg <- MortalitylLaw (x= agelLV, mx=mxLV,

custom.law = geometric_gompertz, opt.method = "LF4")

ap <- coef (my_model_geometricg) [1]

bp <- coef(my_model_geometricg) [2]

pp <- coef(my_model_geometricg) [3]

sx_pl=(pp*exp ((ap/bp)* (exp (bp*ageLV)-1)))/(exp ((ap/bp) * (exp (bp*agelLV)-1) ) +pp-1)
#a = 3,681239e-40, b = 0,8167693, p = 0,0007307024

square = (sxLV-sx_p1)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,1748362

#geometric-gompertz (antras variantas)

geometric_gompertz <- function(x,par=c(a=0.000003,b=0.14,p=5))

{

hx <- with(as.list(par), ((1-p)*(a*xexp(b*x)))/(exp((a/b)*(exp(b*x)-1))+p-1))
return(as.list(environment()))?

my_model_geometricg <- MortalityLaw (x= ageLV, mx=mxLV,

custom.law = geometric_gompertz, opt.method = "LF4")

ap <- coef (my_model_geometricg) [1]

bp <- coef (my_model_geometricg) [2]
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pp <- coef (my_model_geometricg) [3]

sx_p2=(pp*exp ((ap/bp) * (exp (bp*agelLV)-1)))/(exp((ap/bp) * (exp (bp*ageLV)-1))+pp-1)
#a = 1,818293e-32, b = 0,4168794, p = 3,506884e-16

square = (sxLV-sx_p2)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,03777856

#grafikas
plot(main = "Geometric-Gompertz modelis Latvijos duomenims", sxLV,ylab="s(x)",
xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = agelLV)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = agelLV)

lines(sx_p2, pch = 20, 1lwd = 2, col = "blue", x = agelLV)
legend(bty="n","bottomleft", legend = c("Empiriné s(x)", "MSE = 0.1748362",
"MSE = 0.03777856"),

col = c("black", "red","blue"), lwd

2, pch = 20)

#ESTIJA

#geometric-gompertz (pirmas variantas)

geometric_gompertz <- function(x,par=c(a=0.00000001,b=0.13,p=0.5))

{

hx <- with(as.list(par), ((1-p)*(a*exp(b*x)))/(exp((a/b)*(exp(b*x)-1))+p-1))
return(as.list(environment()))}

my_model_geometricg <- MortalitylLaw (x= ageEE, mx=mxEE,

custom.law = geometric_gompertz, opt.method = "LF4")

ap <- coef(my_model_geometricg) [1]

bp <- coef (my_model_geometricg) [2]

pp <- coef (my_model_geometricg) [3]
sx_pl=(pp*exp((ap/bp)* (exp (bp*ageEE)-1)))/ (exp((ap/bp) * (exp (bp*ageEE)-1) ) +pp-1)
#a = 1,334843e-32, b = 0,5650606, p = 3,836053e-09

square = (sxEE-sx_pl)~2

paklaida = sum(square)/(length(square)-1)

paklaida

#0,08806613

#grafikas

plot(main = "Geometric-Gompertz modelis Estijos duomenims", sxEE,ylab="s(x)",
xlab = "AmZius", pch = 20, col = "black",lwd = 1, 1ty = 1,x = ageEE)
lines(sx_pl, pch = 20, lwd = 2, col = "red", x = ageEE)
legend(bty="n","bottomleft", legend = c("Empiriné s(x)", "MSE = 0.08806613"),
col = c("black", "red"), lwd = 2, pch = 20)
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