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Abstrakt: Prispévek popisuje nové mozZnosti statistické grafiky z programového systému SAS
pfi vytvdreni statistickych graft na vysoké grafické urovni. Mohutnym ndstrojem pro tvorbu
vSech statistickych grafu jsou procedury (programové moduly) statistické grafiky, z nichZ
zakladem pro tvorbu statistické grafiky je predevsim procedura SGPLOT. Procedura statistické
grafiky SGPLOT (ve verzi systému SAS 9.4) umoZiiuje uZivateliim systému SAS vytvdret vsechny
typy statistickych grafi - od jednoduchych sloupcovych grafii az po komplexni business grafy
s prostorovymi efekty, které dokdZi zprostredkovat data jednoduchym a primym zplsobem
s minimdlnim rozptylenim uzivatele. Statistickd grafika SAS pfi vhodném vyuZiti zabudovanych
ndstroju vizualizace dat umi upoutat pozornost ¢tendre uprostred more informaci. Procedury
statistické grafiky SAS umoZnuji vkladat do vystupnich grafu takové vizudlni prvky, které
zvyrazni nejdilezitéjsi informace a zatraktivni porizovany graf. Takové vizudlini prvky vklddaji
do grafu ozdobnou pfichut, aby pfildkaly oko Ctendre a povzbudily je ve sledovadni statistické
grafiky. Prispévek proto pojedndvd o novych moZnostech tvorby statistické grafiky pomoci
procedury SGPLOT.

Abstract: This paper describes new possibilities of statistical graphics from the SAS program
system for creating high-level statistical graphs. Powerful tools for creating all statistical
graphs are procedures (program modules) of statistical graphics. The statistical graphics’
SGPLOT procedure (in SAS 9.4) allows SAS users to create all types of statistical graphs - from
simple bar graphs to complex business graphs with spatial effects, which can convey data in
a simple and straightforward manner with minimal user distraction. Using SAS's built-in data
visualization tools, SAS statistical graphics can capture the reader's attention in the middle of
a sea of information. SAS statistical graphics procedures allow adding visual elements to the
output charts that highlight the most important information and make the graph more
attractive. Such visual elements add a decorative flavour to the chart to attract the eye of the
reader and encourage them to observe statistical graphics. The paper therefore discusses new
possibilities of creating statistical graphics using the SGPLOT procedure.

Klucoveé slova: procedura SGPLOT, SAS, statistickd grafika, vizualizace.
Key words: SGPLOT procedure, SAS, statistical graphics, visualization.

1 Uvod

NejdUlezitéjSim nastrojem statistické grafiky v systému SAS se stala procedura
SGPLOT, ktera je dokumentovana skrze SAS Institute (2019). Tento programovy
modul dokaze vytvaret grafy, které nazorné sdéluji predavané informace
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¢tenarlim jasnym a efektivnim zplisobem. Pomoci uvedené procedury je mozné
vytvaret grafy od jednoduchého sloupcového grafu po komplexni business grafy.
Vétsinou se jednda o takové statistické grafy, které vyhybaji zbyteénym tfpytdm
nebo ozdobam.

Prispévek chce ukazat, jak vytvofit dekorativni statistické grafiky, priblizit
moznosti vizualizace dat efektnim a neobvyklym zptsobem. VSechny ilustrované
statistické grafy budou vytvareny pomoci syntaxe procedury SGPLOT
a uZivatelsky vytvofenych datovych souboru. Prikazy ke vSem vytvarenym
statistickym grafikdm jsou zaznamenany v Pfiloze. Kazidy vytvoreny graf je
popsan nejen vtextu, ale také i sekvenci prikazu, jimiz byl vytvoreny graf
naprogramovan. VSechny predkladané statistické grafiky a datové vizualizace,
které budou prezentovany v pfispévku, jsou plné funkéni a pouzitelné pro dalsi
Upravy. Je vsak treba spravné nastavit cesty k obrazovym souborq, které jsou
potfebné pro dekorativni grafiku. Prispévek o statistické grafice vychazi zejména
z technické dokumentace k systému SAS dostupné na webovej strance https://
support.sas.com/en/documentation.html. DalSimi zdroji informaci jsou vybrané
prispévky komunity uzivatel( systému SAS.

2 Dekorativni statisticka grafika programu SAS

2.1 Jak ucinné upoutat pozornost ¢tenaru

Nejdllezitéjsi informace ze stranek ¢asopisi nebo rdznych brozur jsou c¢asto
skryty v balastu méné podstatnych poznatk(l. Navic rlizné ¢lanky na strance
soupefi navzajem o pozornost Ctenare. Jak se da vyniknout poZadované
informaci mezi ostatnimi Udaji? A je to viibec mozné? Jednim ze zpUsobd, jak
uc¢inné upoutat pozornost C¢tendrll, je poutziti efektnich dekorativnich
statistickych grafik.

Dekorativni statistickou grafiku Ize nejlépe definovat ndzorné -pomoci
obrdazk(. Tradi¢ni sloupcovy graf ro€nich pfijm{ zobrazuje Obrazek 1. Ackoliv graf
vyuziva specidlniho efektu k vytvoreni sloupcl valcového vzhledu, jedna se
o zcela standardni graf. Graf z Obrazku 2 zobrazuje stejna data, ale vyuziva
sloupec redlnych minci k prezentovani rocnich pfijmU0. Na strance preplnéné
textem a grafikou maze graf na Obrazku 2 vyniknout a upoutat pozornost
Ctenare daleko vice nez standardni graf z Obrazku 1.

V dekorativnim grafu na Obrazku 2 je mozné, Ze statisticka grafika nezobrazuje
zcela presné velikost sledovanych ptijmQ, a tedy kazdy sloupec nemusi byt zcela
presné umérny datlm. Na Obrdzku 2 jsou tyto detaily sekundarni, protoze cilem
grafu je zachytit pozornost ¢tenare.
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Obrazek 1 Sloupcovy graf rocnich pfijmi Obrazek 2 Sloupcovy graf rocnich pfijma
(v milionech) (Zdroj: vlastni zpracovdni) (v milionech) (Zdroj: vlastni zpracovdni)

2.2 Klicova funkce pro vytvareni dekorativni statistické grafiky

Klicovou vlastnosti procedury SGPLOT, ktera je pouzita ke tvorbé dekorativni
statistické grafiky v ¢lanku, je jeji schopnost vyuzivat obrazky k definovani znacek
v bodovém grafu pomoci prikazu SYMBOLIMAGE. Prikaz byl poprvé zaveden do
programu SAS verze 9.4. Obecny tvar tohoto prikazu v ramci syntaxe procedury
SGPLOT je nasleduijici:

Symbollmage name=symbolname image="file-name” </ options>;

Podporovanymi hodnotami parametrd jsou nasleduijici:

HOFFSET = Horizontalni posun k bodu umisténi symbolu v soufadnicové soustaveé,
ROTATE = Uhel rotace symbolu ve stupnich,

SCALE = Skalovaci faktor symbolu ke zméndm velikosti znac¢ky a

VOFFSET = Vertikdlni posun k bodu umisténi symbolu v soufadnicové soustavé.

Prikaz lze pouzit k definovani symbolu se jménem uréenym parametrem
name=, parametrem image= jméno obrazového souboru véetné cesty v daném
systému soubor(l. Po definovani symbolu jménem a odkazem na soubor obrdzku
se tento symbol pomoci pfifazeného nazvu da pouzit k zobrazeni znacek
v bodovém grafu. Takové symboly se mohou vyuzit i k reprezentaci skupin. Jako
obrazky se zpravidla pouzivaji obrazky formatu JPG, PNG nebo PCX,
i s transparentnim (pruhlednym) pozadim. Pouziti prdhlednych obrazk( jako
symbol( pro znacky umoziiuje poutzit je jako tvary nebo masky nebo podoby
(vzhledy).

2.3 Pouziti obrazovych soubori pro nastaveni tvarl v grafu
Pouziji-li se na misto znacek transparentni obrazky, ve kterych jsou pixely
mimo pozadovany tvar prihledné, potom tyto symboly mohou opticky vytvaret

rozlicné tvary v grafech. Priklady takovych statistickych graf(i jsou uvedeny déle.
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2.3.1 Priklad 1 - Graf hodnot rocnich pFijmu

Datovy soubor rocnich vynosU Bar, ktery bude pouzit do nasledujicich grafd,
je vytvoren pomoci ptikaz( uvedenych v Pfiloze. Nejprve se vytvofi sloupcovy
graf znazornény na Obrazku 3 pomoci pfikazu VBAR procedury SGPLOT. Aby bylo
mozné pouzit obrazek mince jako znacky k vytvoreni sloupce minci, je nutné
namisto prikazu VBAR pouZit v prikazu procedury SGPLOT pfikaz SCATTER
(umozniiuje pouziti pfikazu SYMBOLIMAGE) pro tvorbu bodového grafu (viz
Pfiloha).

Pri pouziti prikazu SCATTER vznika bodovy graf a pro ro¢ni prijem se v grafu
vytvoli pouze 1 znacka, kterd odpovidd ro¢nimu ptijmu (vysSce sloupce) ve
sloupcovém grafu na Obrdzku 3. Pfikazem TEXT se zobrazi Ciselné hodnoty
rocnich prijma u kazdé znacky. Prikazy XAXIS a YAXIS slouZi ke zneviditelnéni os
grafu. Bodovy graf je zobrazen na Obrazku 4.

15 14

;
I D

201 2012 2013 2014 2011 2012 2013 2014

[+]

Obrazek 3 Sloupcovy graf rocnich pfijmi Obrazek 4 Bodovy graf rocnich pfijma
(v milionech) (Zdroj: vlastni zpracovdni) (v milionech) (Zdroj: vlastni zpracovdni)

JelikoZ se jednd o bodovy graf (pfikaz SCATTER v proceduie SGPLOT), je pro
kazdy rok nutné vytvofit v grafu sloupec znacek odpovidajici rocnim vynosim.
Prvni sloupec ptijmu potfebuje osm znacek atd. Proto je potfebné plivodni data
upravit tak, aby bylo vytvoreno vice pozorovani rocné. Pro Upravu plvodnich dat
se vyuzZije sekvence prikazd. Upravena puvodni data se uloZi do datového
souboru Coins. Do vytvorenych dat se zapracuje nova proménna YVAL, jejiz
hodnota odpovida ro¢nim pfijmim a ktera slouzi k popisu vzniklého sloupce.
Takto upravena data slouzi jako vstup procedury SGPLOT pfi tvorbé bodového
grafu (s pfikazem SCATTER). Vznika tak graf, ktery je zndzornén na Obrazku 5.
Nasleduje krok nahrazeni kazdé znacky minci. Pfikazem SYMBOLIMAGE se
vytvori novy symbol pro znacku v podobé mince. Tento symbol se pak pouzije
v parametru MARKERATTRS v prikazu SCATTER o velikosti = 110. Ve vysledném
grafu je kazda znacka ve sloupci nahrazena symbolem mince, jak je znazornéno
na Obrazku 6.
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Obrazek 5 Graf sloupcl znacek prijmG Obrazek 6 Graf sloupcl symboll pFijm0
(v milionech) (Zdroj: vlastni zpracovdni) (v milionech) (Zdroj: vlastni zpracovadni)

2.3.2 Priklad 2 - Graf porovnani Uspésnosti studentli soukromych a statnich
skol
Ukolem grafu je porovnani Uspé&$nosti studentd soukromého a statniho
Skolstvi. Z pohledu poskytnuti nejucinnéjsiho zplsobu provedeni srovnani by byl
nejlepsi skupinovy (klastrovy) sloupcovy graf zndzornény na Obrazku 7. Z ného
je velmi snadné porovnat Uspésnost studentli soukromého skolstvi se studenty
Skol statnich, kdyz jsou vysledky zobrazeny vedle sebe pro kazdou kategorii.

100%

Ukonéeni Z8§ B q SEBEEEEN et WEEEEE 11 100%
- ITRTRROORY o PROTROTINY

Ukongeni S5 88 eeee LR RN RO
TrrTerY reerTRRYY

Piijeti na V§ s 0800
mmn Teeee

Studium na V& oriare —

Ji'.: -,'l“\ ‘ Studum na V& ' ' '1 31%

Typ Skol ] Soukromé @ Statni

Obrazek 7 Graf srovnani uspésnosti (v %) Obrazek 8 Graf srovnani Uspésnosti (v %)
studentd (Zdroj: vlastni zpracovadni) studentu (Zdroj: vlastni zpracovadni)

| kdyZ se na Obrazku 7 jednd o velmi nazorny graf, nepatti do skupiny grafd,
které upoutaji pozornost Ctenare. Z hlediska atraktivity grafického provedeni je
mozné vyuzit grafu z Obrazku 8, ktery vyuziva kvyjadreni hodnot symboly
s rlznymi barvami. Graf srovnani Uspésnosti (v %) student( podle Obrazku 8 je
vytvoren pomoci prikaz(l SAS v Priloze.

Hodnoty sledované Uspésnosti (odezvy) jsou zaznamendany v procentech, od
0% do 100%. Proto je moziné vytvorit pozorovani pro kazdych 10% hodnoty
Uspésnosti (odezvy), a to zvlast pozorovani Uspésnosti (odezvy) pro soukromé
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a zvlast pro statni Skolstvi na vsech sledovanych trovnich. K nakresleni grafu jsou
pouzity symboly zndzornéné na Obrazku 8. Pokud je hodnota pro Uspésnost
nasobkem 10%, zobrazi se s plnobarevnym symboly (v pfikazech jako symbol Al
nebo B1). Pokud uUspésSnost predstavuje pouze ¢ast 10%, pouZije se ¢astecné
zbarveny symbol (v prikazech jako symbol A2 a B2). Pro hodnoty Uspésnosti
(odezvy), ktera je vétsi nez zjisténa hodnota a mensi nez 100%, se uplatni Sedy
symbol C1.

2.4 Pouziti obrazovych soubori pro nastaveni tvarl v grafu a jako masky

Pokud jsou vnéjsi pixely neprlihledné (obvykle barvy, které odpovidaji pozadi
grafu) a vnitini pixely jsou prihledné, |ze obrdzek pouzit jako masku. Obrazek 9
ukazuje obrazovy soubor $alku, ve kterém jsou vSechny pixely uvnitf prahledné.
KdyzZ je tento obrazek vloZen na ¢erveném pozadi, jsou viditelné pouze Cervené
pixely uprostred, zatimco ostatni pixely jsou prekresleny neprihlednymi pixely
obrazu $dalku, jak je znazornéno na obrdazku 10.

Obrazek 9 Vsechny pixely uvnitf $adlku jsou Obrazek 10 Obrazek salku je vlozen na
prahledné) (Zdroj: vlastni zpracovdni) Cervené pozadi (Zdroj: vlastni zpracovani)

Tuto techniku m@Zeme pouzit k tvarovani prvkd grafu. Prikladem tohoto
mohou byt ndsledujici obrazky, ve kterém znazornény recepty na Ctyti rGzné
popularni kavové napoje.

Espresso Macchiato Cafe Latte Cafe Mocha Espressa Macchiato Cafe Latte Cafe Macha

Obrazek 11 Graf sloZeni kavovych ndpojli Obrazek 12 Graf receptl kavovych ndpojl
(Zdroj: vlastni zpracovani) (Zdroj: vlastni zpracovani)

Pozndmka: Ptikazy SAS potfebné pro tvorbu grafll na Obrazku 11 i na Obrdzku 12 jsou
v Pfiloze.
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2.5 Pouziti obrazovych souborl pro nastaveni tvaru, jako masky a podoby
v grafu

Prvnim krokem je vytvoreni sloupcového grafu obratu obchodt s Coca-Colou
(v mil §) zndzornéném na Obrazku 13. Dal$im krokem je tvarovani vsech sloupce
do podoby ldhve od Coca-Coly (viz Obrdzek 14). Jako maska je pouzit obrazek
klasické lahve od mineralni vody, kterd se vlozi do plvodniho grafu jako dalsi
(pfekryvny) graf. Pro podobu lahve od Coca-Coly se pouZije obrazovy soubor
zprava z Obrazku 16. Tento obrazek je opacné transparentni nez pouZzita maska.
Vnéjsi pixely jsou prahledné a pixely tvofici tvar lahve se zvyraznénim a odrazy
ve skle jsou neprlihledné. K navrstveni tohoto obrazku na predchozi tvarovany
graf se poutzije dalsi bodovy graf. Obrazek lahve od Coca-Coly se na pavodni
tvarovany graf navrstvi s ¢aste¢nou prihlednosti. To umozZiuje, aby se barvy
tvarovanych sloupcl i barvy lahve ukazaly jako smichané dohromady. Vysledny
dekorativni graf je znazornén na obrazku 15.

2.6 Symboly statistické grafiky jako uzivatelsky definované znaky

Dalsi dllezitou funkci procedury SGPLOT, kterou je mozné vyuzit ke tvorbé
efektnich statistickych grafi systému SAS, je prikaz SYMBOLCHAR. Ptikaz
umoznuje nahradit plvodni znacku ve statistickém grafu uZivatelsky
definovanym znakem. UZivatel do pfikazu vklada znak v kddové strance Unicode?
v hexadecimalnim tvaru (Unicode 12.1 Character Code Charts, 2019). Ptikaz byl
poprvé zaveden do programu SAS ve verzi 9.4. Obecny tvar tohoto pfrikazu
v ramci syntaxe procedury SGPLOT je nasledujici:

SymbolChar name=symbolname char="hex-value” </ options>;

Podporovanymi hodnotami argumentu jsou ndasleduijici:

HOFFSET = Horizontalni posun k bodu umisténi symbolu v soufadnicové soustaveé,
ROTATE = Uhel rotace symbolu ve stupnich,

SCALE = Skalovaci faktor symbolu ke zmé&nam velikosti znacky a

VOFFSET = Vertikalni posun k bodu umisténi symbolu v soufadnicové soustavé.

Parametry prikazu SYMBOLCHAR jsou stejné jako hodnoty parametr(
u prikazu SYMBOLIMAGE. Znak pouZity v uvedeném ptikazu nahrazuje plvodni
znacku grafu a mQze byt ddle upravovan vramci procedury SGPLOT podle

! Unicode je mezindrodni standard, kterého cilem je definovat kddovaci schéma schopné
reprezentovat vétsinu znak( pouZivanych v psanych jazycich spolu s dal$imi symboly. Definuje
konzistentni kddovani pro reprezentaci a zpracovavani textd pouZitelné pro vétsinu v soucasnosti
pouzivanych pisem.
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pozadavkl uZivatele. Jako znaky se nepouZivaji pouze pismena a Cislice, ale
mohou se vyuZit riizné emotikony? ¢&i piktogramy?.

10 1.0
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Obrazek 14 Graf obratl obchodu s Coca-
Colou (tvarované sloupce maskou) (Zdroj:
vlastni zpracovadni)

0.7
0.6 0.6
0e
0.5
By
(3 i
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Obrazek 13 Sloupcovy graf obratl obchodu
s Coca-Colou (Zdroj: vlastni zpracovani)

=1
B

Canada Mexico Brasil Chile

Obrazek 15 Graf obratl obchodu s vodou ve Obrazek 16 Pivodni sloupec, soubor masky
tvaru ladhve od Coca-Coly (Zdroj: vlastni a soubor lahve od Coca-Coly (Zdroj: viastni
zpracovadni) zpracovani)

Pozndmka: Ptislusny kdd pro vSechny vyse uvedené grafy je zaznamenan v Pfiloze.

2.7 Emotikony a piktogramy jako symboly pro znacky ve statistickém grafu

Priklad grafu s piktogramy je ilustrovan na Obrazku 17. Piktogramy predstavuji
symboly pro predpovéd pocasi pro jednotlivé dny v tydnu. Pro zndzornéni
piktogramu v grafu na Obrazku 17 byl v ramci syntaxe procedury SGPLOT pouzit
prikaz SYMBOLCHAR, do kterého byly vlozeny hexadecimalni znaky v kodové

2 Emotikon (téZ emotikona) je text pfipominajici tvarem a seskupenim znak( vyraz tvére, ktery
vyjadfuje pisatelovu naladu, postoj ¢i emoce. Obvykle je sloZeny z interpunkénich a specidlnich znakd,
pismen nebo dislic.

3 piktogram je graficky znak (ideogram) znazorfiujici pojem nebo sdéleni obrazové. Vétsinou jde o maly
a srozumitelny nakres véci.
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strdnce Unicode vybranych piktogramG. Pro kazdy piktogram byl pouzit
samostatny prikaz SYMBOLCHAR. Podobnym zplUsobem vznikl také i graf obratu
s emotikony z Obrazku 18. Zdrojové kédy k obéma graflim jsou uvedeny v dalsim
textu Prilohy.

Pohlavi O Female O Male

@
-1
I

125

. i ]
: >

e} e}

1004

o
75+
60+

79 80 79 73

-

~
]

Nejvyssi dosalend teplota
@ ~
& El

Objem trieb [tis €]

50 4

Maxima 73 78 75
Minima 61 80 59 80 64 63 64
7 s u

. 5 : :
Pondéli  Utery Stleda  Ctvrtek  Patek  Sobota  Nedéle
Den v tydnu

254

i ®
‘ Predpovéd — Cloudy T Showers Sunny

Pat Bob Cody Sue Val

Obrazek 17 Graf s piktogramy predpovédi Obrazek 18 Graf obratu s emotikony (Zdroj:
pocasi (Zdroj: vlastni zpracovani) vlastni zpracovadni)

3 Zavér

Cilem tohoto prispévku je informovat odbornou verejnost o méné znamych
moznostech statistické grafiky programového systému SAS. Nejvétsi pozornost
byla zamérena na funkce procedury SGPLOT, kterd podporuje tvorbu
dekorativnich statistickych grafl. Tato procedura umoziuje jakykoliv obrazek,
piktogram nebo emotikon pouzit jako symbol pro znacky ve statistickém grafu.
Pokud se jako znacky pouzivaji priihledné obrdzky, mohou se pouzit jako tvary,
masky nebo vzhledy. Vytvoreni velmi efektnich statistickych grafd pomoci
syntaxe procedury SGPLOT a nezbytnych datovych soubori lze dosdhnout
kreativni kombinaci znacek vystupujicich jako tvary, masky nebo vzhledy.

Poznani procedur statistické grafiky programového systému SAS a pochopeni
jejich moznosti predstavuje vyznamny prvek pro zefektivnéni prace vétSiny
datovych analytik(i i ostatnich uzivatelli, ¢emuz ma napomoci i predkladany
prispévek.
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Priloha

/*—-Macro na prevod RGB hodnoty na Hexadecimdlni--*/

S$macro RGBHex (rr, gg, bb);
$sysfunc (compress (CX%$sysfunc (putn (&rr, hex2.)) $sysfunc (putn (&gg,
hex2.)) %sysfunc (putn (&bb, hex2.))))

$mend RGBHex;

ODS listing CLOSE;
/% XXXXXXXXXXXXXXXXXXXXXXXXXXKXXKXKXX Prom@nné XXXXXXXXXXXXXXXXXXXXXXXXXXXX */
%$let path=D:\SASData\odbor320\0_PAVELKA\SAS ODS GRAPHICS EXAMPLE\Images;

$LET coinIndian=&path.\2_annas_transparent. jpg;
$LET coinEuros=&path.\2_Euros_transparent. jpg;

$let filel=g&path.\Al.png;
$let file2=&path.\Bl.png;
$let file3=&path.\Cl.png;
%$let filed=gpath.\A2.png;
%$let fileS=&path.\B2.png;

%$let fileb6=&path.\Coffee 800_t4_Cleaned.png;
%$let file7=&path.\CoffeeSteam 800.png;

%let In=&path.\Coke_280_In.png;
%$let Out=&path.\Coke_300_Out_Gray.png;

ods graphics / reset width=640px height=480px attrpriority=none;

title 'XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrazek 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';
data Bar;
input Year Resp;
datalines;
2011 8
2012 14
2013 3
2014 12

4

proc Sgplot data=Bar noborder noautolegend;
vbar year / response=resp dataskin=pressed datalabel
datalabelattrs=(family="Arial" size=24pt color=red style=italic
weight=bold) ;
xaxis display=(noline noticks nolabel) integer;
yvaxis display=(noline noticks nolabel) integer grid;

run;
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title

' XXX XX XXKKXKXXKXKKXXXKKKXKKXKKKX Obrdzek 2 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';

data Coins;

run;

set bar;
YVal=resp+1l;
do Val=1l to Resp by 1; output; YVal=.; end;

proc Sgplot data=Coins noborder noautolegend;

run;

title

symbolimage name=Indian image="&coinIndian" / rotate=0 hoffset=0
voffset=0 scale=1.00;

scatter x=year vy=val / markerattrs=(symbol=Indian size=110) Jjitter
jitterwidth=0.05;

text x=year y=YVal text=resp / strip position=top backlight=0.75
textattrs=(family="Arial" size=32pt color=red style=italic
weight=bold) ;

xaxis display=(noticks noline nolabel) offsetmin=0.15 offsetmax=0.15
INTEGER;

yaxis display=none offsetmin=0.2 offsetmax=0.2;

T XXX XXX XX KXXXXXKKKXXXXXKXKKXKXKXX Obrdzek 3 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';

proc Sgplot data=Bar noborder noautolegend;

run;

title

vbar year / response=resp dataskin=pressed datalabel
datalabelattrs=(family="Arial" size=24pt color=red style=italic
weight=bold) ;

xaxis display=(noline noticks nolabel) integer;

yvaxis display=(noline noticks nolabel) integer grid;

T XXX XXX XK KXXXXXXKKXXXXXKXKKXKXKXKXX Obrdzek 4 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';

proc Sgplot data=bar noborder noautolegend;

run;

title

scatter x=year vy=resp / markerattrs=(symbol=circlefilled =size=100)
filledoutlinedmarkers dataskin=gloss;

text x=year vy=resp text=resp / strip position=top backlight=0.75
textattrs=(family="Arial" size=24pt color=red style=italic
weight=bold) ;

xaxis display=(noticks noline nolabel) offsetmin=0.15 offsetmax=0.15
integer;

yaxis display=none offsetmin=0.2 offsetmax=0.2;

XXX XX XXKXKXXXXKKXXXXKKXXKKXKKXX Obrdzek 5 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';

proc Sgplot data=Coins noborder noautolegend;

run;

title

scatter x=year vy=val / markerattrs=(symbol=circlefilled size=100)
filledoutlinedmarkers dataskin=gloss;

text x=year vy=Yval text=resp / strip position=top backlight=0.75
textattrs=(family="Arial" size=24pt color=red style=italic
weight=bold) ;

xaxis display=(noticks noline nolabel) offsetmin=0.15 offsetmax=0.15
integer;

yaxis display=none offsetmin=0.2 offsetmax=0.2;

T XXX XX XXKXKXXXXKKXXXXKXKKKXXKKXKKXX Obrdzek 6 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';

proc Sgplot data=Coins noborder noautolegend;

symbolimage name=Euros image="&coinEuros" / rotate=0 hoffset=0
voffset=0 scale=1.00;

scatter x=year vy=val / markerattrs=(symbol=Euros size=110) Jjitter
jitterwidth=0.05;
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text x=year y=YVal text=resp / strip position=top backlight=0.75
textattrs=(family="Arial" size=32pt color=red style=italic
weight=bold) ;
xaxis display=(noticks noline nolabel) offsetmin=0.15 offsetmax=0.15
INTEGER;
yaxis display=none offsetmin=0.2 offsetmax=0.2;

run;

title "XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrdzek 7 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';
data Readiness;

format value percent.;

input 'Typ Skoly'n $1-9 Level $10-22 Value;

datalines;

Soukromé Ukonéeni 2§ 1.00
Soukromé Ukoncéeni S$§ 0.72
Soukromé Ptijeti na VS 0.45
Soukromé Studium na VS 0.24
Statni Ukonéeni Z$ 1.00
Statni Ukon&eni S$§ 0.80
Statni  P¥ijeti na VS 0.50

0.31

Statni Studium na VS$§

r
run;

proc Sgplot data=Readiness;
styleattrs datacolors=(%rgbhex (254, 145, 104) %rgbhex (130, 109, 146));

hbarparm category=level response=value / group="'Typ Skoly'n
groupdisplay=cluster dataskin=sheen
datalabel datalabelattrs =(Color=Green Family=Arial Size=12

Style=Italic Weight=Bold)

outlineattrs=(color=black);

xaxis values=(0 to 1.1 by 0.10) labelattrs=(size=lé6pt weight=bold

color=gray33) valueattrs=(size=10pt weight=bold color=gray33)
offsetmax=0 grid minor minorcount=1 display=(noticks NOLABEL

NOVALUES) ;
yaxis labelattrs=(size=1lé6pt weight=bold color=gray33)
valueattrs=(size=10pt weight=bold color=gray33) display=(noticks
NOLABEL) ;

keylegend / border location=inside position=bottomright opagque
titleattrs=(weight=bold) valueattrs=(weight=bold);
run;

title "XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrazek 8 XXXXXXXXXXXXXXXXXXXXXXXXXXXX';
/*——Replicate observations by value and School-—*/
data Readiness3;

format valuelblA ValuelblB percent.;

set Readiness;

x120=1.2; x0=-0.2; x130=1.3; x270=2.7;

start_School=0; start_State=2.5;

xmiss=1;
if 'Typ Skoly'n eqg 'Soukromé' then
/*——Replicate values for "Soukromé"--—*/

do; valuelblA=value; do Val=0.1 to 1 by 0.1; Group='Cl'; if Val
<= value then Group='Al';
else 1f Val > wvalue and Val < wvalue+0.099 then Group='A2';
output; wvaluelblA=.; end;
end;
else
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/*——Replicate values for "Statni"--*/
do; wvaluelblB=value; do i=0.1 to 1 by 0.1; Group='Cl'; if 1 <=
value then Group='Bl';
else 1if i > value and i < value+0.099 then Group='B2'; val=i+1.5;
output; wvaluelblB=.;
end;
end;
run;

/*--Append data for headers—--*/

data Readinessi;
set Readiness3 end=last;
output;
if last then
do; call missing (val, level); x1bl1=0.5; text="'Soukromé

Skolstvi'; output; x1lbl=2.05; text='Statni Skolstvi'; output; end;
run;

proc Sgplot data=Readiness4 noborder noautolegend;
symbolimage name=Al image="&filel";
symbolimage name=Bl image="&file2";
symbolimage name=Cl image="&file3";
symbolimage name=A2 image="&filed";
symbolimage name=B2 image="&fileb";
styleattrs datasymbols= (Al A2 Ccl Bl B2/* Cl*/)
datacontrastcolors=(%rgbhex (254, 145, 104) %rgbhex(130, 109, 146));
xaxistable text / x=x1lbl colorgroup=text location=inside position=top
nolabel valueattrs=(weight=bold size=10);
scatter y=level x=val / group=group markerattrs=(size=40);
text x=x0 y=level text=valuelblA / textattrs=(color=%rgbhex (254, 145,
104) size=9);
text x=x270 y=level text=valuelblB / textattrs=(color=%rgbhex (130, 109,
146) size=9);
text x=x130 y=level text=level /
splitchar='."' splitpolicy=splitalways;
xaxis display=none max=2.7 offsetmin=0.05 offsetmax=0.0;
yaxis display=none reverse splitchar="'."
fitpolicy=splitalways splitjustify=center;

textattrs=(color=gray size=8)

offsetmin=0.1
run;

title "XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrdzek 11 XXXXXXXXXXXXXXXXXXXXXXXXXXX';

ods graphics / width=640px height=240px attrpriority=none;

data AttrMap;
length id value fillcolor $15;
id="'Coffee'; value='Espresso'; fillcolor='cx4f2f00'; output;
id='Coffee'; value='Cokolada'; fillcolor='cx7f2f2f'; output;
id='Coffee'; value='Horké mléko'; fillcolor='cream'; output;
id='Coffee'; value='Mlécné péna'; fillcolor='cxefe7e0'; output;

run;

data coffee;
input Name $1-20 Group $21-40 Value low high;
mid=(low+high) /2; y=0; y=y+0.013; ys=1.2;

datalines;
Espresso Espresso 0.25 0.0 0.25
Macchiato Espresso 0.25 0.0 0.25
Macchiato Ml1éEnéd péna 0.25 0.25 0.5
Cafe Latte Espresso 0.25 0.0 0.25
Cafe Latte Horké mléko 0.50 0.25 0.75
Cafe Latte M1éc¢na péna 0.25 0.75 1.0
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Cafe Mocha Espresso 0.25 0.0 0.25
Cafe Mocha Cokolada 0.25 0.25 0.50
Cafe Mocha Horké mléko 0.25 0.50 0.75
Cafe Mocha M1léc¢néd péna 0.25 0.75 1.0
7
run;
proc Sgplot data=Coffee noborder noautolegend nocycleattrs dattrmap=attrmap
pad=(bottom=10pct) ;
highlow x=name low=low high=high / group=group type=bar nooutline
barwidth=0.7 intervalbarwidth=0.5 name='a' attrid=Coffee;
text x=name y=mid text=group / backlight=0.4 textattrs=(color=cyan
SIZE=10) ;
xaxis display=(nolabel noticks) offsetmin=0.12 offsetmax=0.12;
yvaxis display=none min=0 max=1 offsetmin=0.20 offsetmax=0.42;
run;
title 'XXXXXXXXXXXXXXXXXXXXXXXKXXXX Obrazek 12 XXXXXXXXXXXXXXXXXXXXXXXXXXX';
proc Sgplot data=Coffee noborder noautolegend nocycleattrs dattrmap=attrmap
pad=(bottom=10pct) ;
symbolimage name=Cup image="&file6" / voffset=0.15;
symbolimage name=Steam image="&file7" / voffset=0.00;
highlow x=name low=low high=high / group=group type=bar nooutline
barwidth=0.7 intervalbarwidth=0.5 name='a' attrid=Coffee;
scatter x=name y=y / markerattrs=(symbol=Cup size=190);
scatter x=name y=ys / markerattrs=(symbol=Steam size=110);
text x=name y=mid text=group / backlight=0.4 textattrs=(color=cyan
SIZE=10) ;
xaxis display=(nolabel noticks) offsetmin=0.12 offsetmax=0.12;
yaxis display=none min=0 max=1 offsetmin=0.20 offsetmax=0.42;
run;
title 'XXXXXXXXXXXXXXXXXXXXXXXXXXX Obradzek 13 XXXXXXXXXXXXXXXXXXXXXXXXXXX';
data coke;
format high 3.1;
input Region $1-10 Product $11-20 Value Low Highj;
Mid= (low+high) /2; y=0; ylbl=0.1; low=low+0.01;
datalines;
USA Coke 0.7 0.0 0.699
Canada Coke 0.6 0.0 0.6
Mexico Coke 0.5 0.0 0.5
Brasil Coke 0.6 0.0 0.6
Chile Coke 0.3 0.0 0.3
7
run;

ods graphics / width=640px height=480px attrpriority=none;
/*——Bars Only——*/

proc

run;

Sgplot data=coke noborder noautolegend nocycleattrs;

highlow x=Region low=low high=high / type=bar nooutline barwidth=0.7
fillattrs=(color=cx2f0£00) highlabel=high labelattrs=(size=10
weight=bold color=cx3£3£00);

refline 0.2 0.4 0.6 0.8 / transparency=0.8;

xaxis display=(nolabel noticks) offsetmin=0.12 offsetmax=0.12;

yaxis display=(nolabel noticks noline) min=0 max=1 offsetmin=0
offsetmax=0 values=(0 to 1 by 0.2);
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title 'XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrdzek 14 XXXXXXXXXXXXXXXXXXXXXXXXXXX';
/*--Bars with Masks——*/
proc Sgplot data=coke noborder noautolegend nocycleattrs;
symbolimage name=In image="&In" / voffset=0.5 hoffset=0.01;
highlow x=Region low=low high=high / type=bar nooutline barwidth=0.7
fillattrs=(color=cx2f0£00) highlabel=high labelattrs=(size=10
weight=bold color=cxFFOOFF) ;
scatter x=Region y=y / markerattrs=(symbol=In size=300);
refline 0.2 0.4 0.6 0.8 / transparency=0.8;
xaxis display=(nolabel noticks) offsetmin=0.12 offsetmax=0.12;
yaxis display=(nolabel noticks noline) min=0 max=1 offsetmin=0
offsetmax=0 values=(0 to 1 by 0.2);
run;

title !'XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrazek 15 XXXXXXXXXXXXXXXXXXXXXXXXXXX';
/*——Bars with Masks and Skins—-*/
proc Sgplot data=coke noborder noautolegend nocycleattrs;
symbolimage name=In image="&In" / voffset=0.5 hoffset=0.01;
symbolimage name=0Out image="&Out" / voffset=0.5;
highlow  x=Region low=low high=high / type=bar nooutline
barwidth=0.7 fillattrs=(color=cx2f0£00);
scatter x=Region y=y / markerattrs=(symbol=In size=300);
scatter x=Region V=Y / markerattrs=(symbol=0ut size=300)
transparency=0.5;
highlow x=Region low=low high=high / type=bar nooutline barwidth=0.7
fillattrs=(transparency=1.0) highlabel=high labelattrs=(size=12
weight=bold color=cx3£3£00);
refline 0.2 0.4 0.6 0.8 / transparency=0.8;
xaxis display=(nolabel noticks) offsetmin=0.12 offsetmax=0.12;
yvaxis display=(nolabel noticks noline) min=0 max=1 offsetmin=0
offsetmax=0 values=(0 to 1 by 0.2);
run;

title "XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrazek 17 XXXXXXXXXXXXXXXXXXXXXXXXXXX';

data temperatures;
input Day : $9. High Low Forecast $7.;
datalines;

Pondéli 73 61 Cloudy

Utery 76 60 Showers

St¥teda 79 59 Sunny

Ctvrtek 80 60 Sunny

Patek 79 64 Showers

Sobota 73 63 Cloudy

Nedéle 75 64 Showers

7

run;

data myattrmap;
input id $ value $ markercolor $ markersymbol $;
datalines;

myid Cloudy blue Cloud

myid Sunny orange Sun

myid Showers black Umbrella

4
run;
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proc Sgplot data=temperatures dattrmap=myattrmap;
symbolchar name=Cloud char="'2601"x / voffset=.35
textattrs=(weight=bold);
symbolchar name=Sun char="'2600"x / voffset=.35
textattrs=(weight=bold);
symbolchar name=Umbrella char="'2602"x / voffset=.35
textattrs=(weight=bold);
styleattrs datacontrastcolors=(black);
highlow x=day low=low high=high / lineattrs=(color=biyg thickness=20pt)
dataskin=sheen;
scatter x=day y=high / markerattrs=(size=25pt) attrid=myid
group=forecast name='a';
xaxis label="Den v tydnu' labelattrs=(size=9pt weight=bold)
valueattrs=(size=9pt weight=bold);
xaxistable high / label='Maxima' labelattrs=(size=9pt weight=bold)
valueattrs=(size=9pt weight=bold) location=inside;
xaxistable low / label='Minima' labelattrs=(size=9pt weight=bold)
valueattrs=(size=9pt weight=bold) location=inside;
vaxis grid gridattrs=(pattern=MediumDash) label='Nejvyssi dosazené
teplota' labelattrs=(size=9%pt weight=bold) valueattrs=(size=9pt
weight=bold) ;
keylegend 'a' / title='PY¥edpoved';

run;

title 'XXXXXXXXXXXXXXXXXXXXXXXXXXX Obrazek 18 XXXXXXXXXXXXXXXXXXXXXXXXXXX';

data bars;

Pat
Bob
Cody
Sue
Val
run;
data
myid
myid
myid
run;

proc

length Status $6;

input Cat $ Sex $ Sales;

loc=Sales-10;

if Sales GE 100 then Status='Great'; else if Sales GE 60 then
Status='Good'; else Status='Poor';

if Sales=120 then do; Ribbon=1l; rloc=110; end;

datalines;

Female 100
Male 80
Male 50

Female 120
Female 70

myattrmap;
input id $ value $ markercolor $ markersymbol $;
datalines;
Great white Great
Good white Good
Poor white Poor

Sgplot data=bars dattrmap=myattrmap noautolegend;

symbolchar name=Great char='263A"'x / voffset=-0.15;

symbolchar name=Good char='2639'x / voffset=-0.15;

symbolChar name=Poor char='261D"'x / voffset=-0.15;

symbolChar name=Ribbon char='270C'x / voffset=0.30 rotate=15;

vbarparm category=cat <response=Sales / group=sex dataskin=gloss
groupdisplay=cluster filltype=gradient name='x"';

scatter x=cat y=loc / markerattrs=(color=yellow size=80pt) attrid=myid
group=status;
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run;

scatter x=cat y=rloc / group=ribbon discreteoffset=0.25
markerattrs=(symbol=Ribbon size=80 color=gold) dataskin=crisp ;
xaxis display=(nolabel noticks) valueattrs=(size=9pt weight=bold)

offsetmin=0.1 offsetmax=0.1;

yvaxis offsetmin=0 offsetmax=0.1 grid gridattrs=(pattern=MediumDash)
label="'Objem trzeb |[tis €]' labelattrs=(size=9pt weight=bold)

valueattrs=(size=9pt weight=bold);

keylegend 'x' / title='Pohlavi' ©position=topright location=inside

noopaque;

ods graphics / reset;

title;
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Abstract: Population ageing presents a serious problem for the economy of Slovakia.
This negative demographic trend leads to an increase of the population in the post-productive
age and a decline in the productive population. This situation has a negative impact not only
on the social and pension systems but also on other sectors of the economy; for example,
on health services. In this paper we explain an impact of the population ageing on the total
production in the economy, with further implications for the public sector, through
a computable general equilibrium model. Since a lower public income leads also to a lower
income in the sector of health services, we can evaluate an impact of the population ageing on
the financial situation in this highly important economic sector. We conduct a case study for
Slovakia based on a model simulation of different demographic projections from the baseline
year 2016 to the target year 2030, including the population ageing scenario as well as potential
improvements in the productive population.

Abstrakt: Starnutie populdcie predstavuje vdzny problém pre ekonomiku Slovenska. Tento
negativny demograficky trend vedie k ndrastu populdcie v poproduktivnom veku a poklesu
v produktivnej populdcii. Tdto situdcia negativne vplyva nielen na socidlny a déchodkovy
systém, ale aj na ostatné sektory ekonomiky, napriklad zdravotné sluzby. V tomto ¢lanku za
pomoci modelu vseobecnej spocitatelnej rovnovadhy vysvetlujeme vplyv starntcej populdcie na
celkovu ekonomicku produkciu, vratane dalSich implikdcii na verejny sektor. KedZe niZsi verejny
déchodok vedie tieZ k nizsiemu déchodku v sektore zdravotnych sluzieb, méZeme vyhodnotit
vplyv starnutia populdcie na finanénu situdciu tohto vyznamného ekonomického sektora.
Realizujeme pripadovu Studiu pre Slovensko zaloZenu na modelovej simuldcii rozlicnych
demografickych projekcii zo zdkladného roku 2016 do cielového roku 2030 zahrfiujuceho
scendr starnutia populdcie, ako aj potencidlne zlepsenia v produktivnej populdcii.

Klucové slova: starnutie populdcie, zdravotné sluzby, vseobecnd tedria rovnovdhy.

Key words: population ageing, health services, general equilibrium theory.

1 Introduction

Population ageing is generally characterized as an upward structural change
in the median population age, due to a decline in the fertility rates or an increase
in the life expectancy. This negative demographic trend has several serious
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implications for the economic development and structure. First, more people in
the post-productive age put higher pressure on the public expenditures, mostly
on the social and pension systems and the health services. Second, less people
in the productive age lead to a decline in the public income from taxes and
contributions and thus additional pressure on the government budget. Finally,
the population ageing leads to a decline in the labour supply factor and thus
supresses the potential production in the economy. In the end, these
implications lead either to higher taxes and contributions or higher public deficit
to fund additional government spending.

Structural economic changes should be made to absorb the impact of
demographic factors, for example an increase in the retirement age or a linkage
between the retirement age and the life expectancy. On the other hand, we
should ask what are the drivers of this negative demographic trend, what
measures could be adopted to maintain sustainable demographic situation and
finally, what is the true impact of these improvements. In this article, we propose
a simple general equilibrium model to simulate the impact of demographic
factors on the total production in the economy through the production function
theory. Subsequently, we evaluate an impact of the population ageing on the
public finance, with a focus on the health services as one of the most affected
sectors in the economy. Finally, we compare the actual demographic projection
with the potential improvements in the productive population and their impact
on the domestic economy. The article is based on a case study for Slovakia from
the baseline year 2016 to the target year 2030.

Confronting the theoretical concept with the statistical data of a population
structure, we observe significant differences between the actual demographic
situation compared to the historical dataset for the economy of Slovakia
(Figure 1). While the productive population from 15 to 64 years is declining since
2012, the population in the post-productive age is rising through the history with
the strongest dynamics in the last years. Recent changes in the population
structure are thus in line with the process of population ageing.

There are two explanations of this development. First, declining fertility rates
lead to a downswing in the productive population observed in the last years and
expected also in the future (Figure 2). Second, while the mortality and fertility
rates are on a similar level, the population problem is characterized by the
population ageing rather than a decline in the total population (Figure 3). The
paper is organized as follows. First, we propose a literature review with focus on
the international and domestic research of the population ageing. Second, we
define a simple general equilibrium model suitable for the demographic
projections, further enriched for the public expenditures on the health services.
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Finally, we propose the details of model simulations and the discussion of
simulation results.

This research was supported by project APVV-15-0722 Social trap — costs and
the way out.

2 Related literature

There is a number of papers evaluating an impact of the population ageing on
the economic situation in particular countries. We should mention the work of
Ignaciuk et al. (2008) arguing that the standard connection between the labour
and population dynamics widely used in the macroeconomic models is
oversimplified, especially for various demographic projections. Subsequently,
they propose an alternative solution based on the endogenous connection
between the demographic and macroeconomic models and evaluate different
structural changes in the population structure, for example a decline in the
fertility and mortality rates.

Authors argue that the process of population ageing and subsequent changes
in the dependency ratio have a substantial effect on the economic growth,
especially in the European countries. According to this, they propose a number
of policy implications to compensate this negative demographic trend, for
example an increase in the fertility and participation rates or a modification of
the retirement age. However, despite positive simulation results, these changes
are not able to fully compensate the impact of the population ageing. Similarly,
the paper by Mcgregor et al. (2008) proposes a link between the demographic
and macroeconomic models to evaluate an impact of the population ageing on
the economy of Scotland.

Population ageing becomes a relevant topic also for the economy of China, as
proposed by Peng (2009). The paper argues that this negative demographic
trend leads to a decline in the economic growth according to the explicit
decrease of the labour supply through the population projection and the implicit
decrease
of the capital formation through the investment channel. However, the living
standards of households improve and a decline in the savings is overcame by a
decline in the investments, thus creating a surplus on the capital market and a
positive current account balance. Furthermore, the model by Peng and Mai
(2013) analyses an impact of the retirement age extension on the economic
growth, under the population ageing scenario in the economy of China.

On the other hand, the paper by Turner (2009) evaluates an impact of the
population ageing on the economy of Great Britain. The author argues that the
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standard assumptions based on the fertility and immigration factors as the
optimal compensation of this negative demographic trend under the fixed
retirement age are overstated and essentially wrong. Subsequently, he proposes
an alternative solution in the form of a welfare optimizing model incorporating
additional factors like increase in the life expectancy, increase in the retirement
age, capital inheritance and population density to capture the evolution of the
dependency ratio and possible implications for the public policies.

We should mention also the work of Szreter (1993), describing the process of
demographic transition from a developing economy characterized by higher
fertility and mortality rates to a developed economy with advanced technologies
and education system characterized by rather low fertility and mortality rates.
Furthermore, the paper by Rosero-Bixby and Casterline (1993) analyses a decline
in the fertility rates through the diffusion effects that depart from the standard
theory based on the economic and social progress as the main explanation of the
fertility dynamics, thus proposing more complex look on the population
projection.

Finally, the work by Pdlenik et al. (2014) analyses the problem of population
ageing in the context of Slovakia. They evaluate implications of the population
ageing for the potential production as well as an impact on the macroeconomic
development through a general equilibrium model of an open economy. The
model distinguishes between the productive and post-productive population as
well as the individual consumption sectors. Population ageing leads to a decline
in the total employment and consumption of the productive households partially
compensated by the post-productive households and the government.

3 Macroeconomic model

Evaluation of demographic implications for the economy of Slovakia is
performed by a standard Computable general equilibrium (CGE) model of an
open economy. We apply a regular two-level production function to model the
production chain of the value added and the intermediate consumption,
similarly to Shen and Whalley (2013). In the first step, we incorporate two
production factors, the labour factor (L) and the capital factor (K:), to explain the
value added in the economy under the Cobb-Douglas function form. In the
second step, we model the total production in the economy as a function of the
value added (VA:) and the intermediate consumption (IC;) under the Leontief
function form, thus assuming complementarity of the production factors.
Corresponding prices of the production factors are determined by the first order
conditions, in line with a standard assumption of a zero profit.
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VA, = CobbDouglas|L;, K¢] (1)
Y, = Leontief [V A, IC¢] (2)

Export and import of commodities are captured by the Armington model of
international trade with the Constant elasticity of substitution (CES) function
incorporating the imported commodities (M) to the total consumption (Q:) and
the Constant elasticity of transformation (CET) function incorporating the
exported commodities (X:) to the total production (Y:). Both equations are closed
by the domestic component (D:). Furthermore, export and import prices are
determined by the external factors, including external deflators and exchange
rates, while the domestic price is chosen as the model numeraire. Trade
elasticities are estimated by a time-series econometric approach based on the
first order conditions, similarly to Gallaway et al. (2003). Estimation results are
in line with the standard literature, assuming relatively high substitutability
between the domestic and external markets. For further information about the
estimation process and results see Priesol (2018). Again, the system of trade
equations is closed by the first order conditions.

Qt—)ﬁ — al—hﬂlDt—h + a’l_h(l _ .Bl)Mt_h (3)
YP? = a?BoD + az’ (1 — B)X[? (4)

Calibration of the model is based on constant depreciation and saving rates
and constant ratios between the structural variables (public deficit and current
account) and the gross domestic product. We thus assume that the agents in the
economy maintain either their personal preferences or their domestic market
share. Private consumption (C:) and public consumption (G:) are determined by
the budget restrictions of households and government, while the gross capital
formation (lt) results from the market clearing condition. The model is closed by
the exogenous intersectoral transfers. Finally, share of the public spending on
the health services (H:) is captured by the ratio between the natural social
transfers and the public consumption in the reference year.

Budget of households is driven by the income from labour and capital and
intersectoral transfers from corporates (property income), government (social
transfers) and external world (external households). Private consumption is then
determined by the savings of households. Income of corporates is mostly driven
by the operating surplus, with the expenditures distributed between savings,
households, government and external world. Budget of government is driven by
taxes and contributions from the labour and capital income together with the
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indirect taxes from consumption, import and production. Public deficit then
determines the disposable income distributed between social transfers and
public consumption. Finally, the external sector is captured by the trade balance
and intersectoral transfers and closed with the current account.

Dynamization of the model variables is performed trough the labour and
capital production factors, with the first one captured by an expected projection
of the employment dynamics and the latter one by a capital accumulation
process based on the perpetual inventories method (PIM). Furthermore,
dynamization of the model prices is captured by an expected projection of the
price numeraire, specifically the producer price index (PPI). Although the
population ageing leads to a decline in the productive population, significant part
of this decline is compensated by higher participation rate (pension workers),
better migration balance (external workers) and lower unemployment
(requalification).

Relationship between the population and employment decline is obtained
from the Ageing Report of the European Commission (2018). While we operate
with the official population projection for Slovakia, the employment projection
is derived from the participation and unemployment rates of the European
Union, due to additional domestic factors not influenced by the population
ageing, for example a different view of the structural participation and
unemployment in the medium-term horizon.

Model calibration is based on the Social accounting matrix (SAM) in the
reference year 2016. Historical data are obtained from the Statistical Office of
the Slovak Republic, specifically from the sectoral national accounts proposing
the necessary information for a construction of the calibration matrix (the
nul028rs table in the DataCube database available on the internet at http://
datacube.statistics.sk). Projection of the inflation rate is based on the historical
values from the latest year to capture the most actual price development.
Estimation of the model is based on a set of 13 structural equations, including
the production and trade functions, the first order conditions and the market
clearing condition, that are solved by a standard trust-region algorithm in
Matlab.

4 Discussion of results

In line with the historical data of the population structure, we simulate a
decline in the productive population, in contrast to the neutral demographic
scenario, to capture an impact of the population ageing on the labour supply.
Furthermore, we simulate a positive population projection at the levels of 1%
(conservative scenario) and 2% (optimistic scenario). While leaving other
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parameters of the model unchanged, we could thus evaluate an impact of the
demographic improvement on the economy of Slovakia through the dynamic
simulations. Model evaluation is based on the 15-years simulation horizon from
the baseline year 2016 to the target year 2030. Results are proposed in the
Appendix.

When compared to the neutral demographic scenario, the population ageing
results in a negative projection of the productive population and total
employment affecting the sector of health services by 0.8% in 2030. In contrast,
the conservative scenario leads to a potential improvement by almost 2.2% of
the population ageing projection and the optimistic scenario results in the
improvement by more than 3.6% in 2030. However, if we consider that the
additional publicincome is transferred to the sector of health services, according
to higher requirements on the public health driven by the post-productive
population, we obtain more than 8.1% additional income under the conservative
scenario and almost 13.5% under the optimistic scenario.

Furthermore, we compare the results with the international case studies of
Peng and Mai (2013) and McGregor et al. (2008). While the first one calculates
an impact of the retirement age extension on the economic growth, the second
one analyses different macroeconomic projections under the population ageing
scenario. Improvement of the domestic employment by 1.4% leads to an
increase of the economic performance by 1.3%, according to Peng and Mai
(2013). On the other hand, the baseline simulation by Mcgregor et al. (2008)
assumes that a decline in the domestic employment by 6.1% leads to worse
economic performance by approximately 5.4%. These numbers are mostly in line
with the proposed results, in terms of the elasticity between the domestic
employment and the gross domestic product, since an increase in the total
employment by 1.0% implied by the neutral demographic scenario leads to
better economic performance by almost 0.8%.*

Finally, we compare the results with the model of Palenik et al. (2014),
calibrated on the domestic dataset. We assume that the population ageing leads
to a decline in the total employment by approximately 1.0% in the target year
2030, in line with 0.9% estimated by Palenik et al. (2014). Dropout in the
domestic employment leads to a decline in the final consumption by
approximately 0.8% in the target year 2030, in contrast to 0.4% proposed by
Palenik et al. (2014), driven mostly by a dynamization of the model and thus
higher cumulative impact on the economy compared to the static specification.

* While the model by Peng and Mai (2013) operates on a time horizon from the baseline year 2014 to
the target year 2030, the model by McGregor et al. (2008) initiates at the baseline year 2000.
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The difference is even higher for the gross domestic product, explained by a
different approach to the model closure, based on fixed model ratios rather than
fixed model levels, together with a different reference year.

Although the simulation results do not produce any specific policy
implications, since we have no additional information about the structure of the
population changes, we could propose some explanations of a reasonable
structure of the demographic shift. According to the global factors beyond the
structure of a particular economy, rising the replacement ratio in a form of
higher fertility and immigration is not sustainable in the long-term horizon. On
the other hand, more effective development of the labour market in a form of
better participation and unemployment rates reaches the limits of the structural
inactivity and unemployment.

We thus argue that the structural changes in the pension system are
necessary to maintain sustainable economic development. For example, a
linkage between the retirement age and the life expectancy should stabilize the
dependency ratio and ensure the sustainability of the public finance, as
proposed by Porubsky and Novysedlak (2018). We should also mention that the
incorporation of the health services into the model is performed from a demand
side of the economy, specifically through the consumption of the public sector.
However, this approach does not incorporate the sectoral and production point
of view. To model a development of the economic sectors, we need to analyse a
supply side of the economy and perform a sectoral disaggregation of the general
equilibrium model.

5 Conclusions

In this article, we outlined negative implications of the population ageing for
the economy of Slovakia under no policy change scenario. We then constructed
a simple general equilibrium model of an open economy to evaluate the impact
of this negative demographic trend on the production sector and implicitly also
on the sector of health services. Subsequently, under two basic scenarios of the
population improvement, we evaluated an impact of positive changes in the
demographic projection on the public income and expenditures. Finally, we
argued that the structural changes in the pension system should be made to
maintain sustainable economic development under the population ageing
scenario.
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Appendix
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Fig. 1 Population structure in thousands of persons. Light blue describes the productive population

from 15 to 64 years and dark blue the post-productive population over 64 years. Data are proposed

on the annual basis from 2000 to 2017. (Source: Institute for the Financial Policy)
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Fig. 2 Fertility rates in percentage points obtained as the ratio between the number of life births and
total population. Light blue describes the annual fertility rates and dark blue the 5-year moving

averages. Data are proposed on the annual basis from 1990 to 2017. (Source: Eurostat)
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Fig. 3 Mortality rates in percentage points obtained as the ratio between the number of deaths
and total population. Light blue describes the annual mortality rates and dark blue the 5-year moving
averages. Data are proposed on the annual basis from 1990 to 2017. (Source: Eurostat)

Tab. 1 Simulation results under the population ageing scenario. Variables are stated in nominal terms
in million euros. (Source: Author)

L Kt Yi Q: (o Gt It Xt Mt Ht
2016 31835 41538 192584 192506 44372 15739 18666 75949 73 501 4238
2017 33121 43216 200363 200282 46165 16375 19420 79017 76 470 4410
2018 34364 44838 207883 207799 47897 16990 20149 81983 79 340 4575
2019 35574 46416 215200 215113 49583 17588 20858 84868 82133 4736
2020 36758 47960 222362 222272 51233 18173 21553 87 693 84 866 4 894
2021 37923 49481 229412 229319 52858 18749 22236 90473 87 557 5049
2022 39076 50986 236387 236292 54465 19319 22912 93224 90 219 5202
2023 40223 52481 243323 243224 56063 19886 23584 95959 92 866 5355
2024 41367 53975 250246 250145 57658 20452 24255 98689 95 508 5507
2025 42514 55471 257183 257079 59256 21019 24928 101425 98156 5660
2026 43667 56975 264158 264051 60863 21589 25604 104176 100818 5814
2027 44829 58492 271189 271079 62483 22163 26285 106948 103501 5968
2028 46004 60024 278294 278181 64120 22744 26974 109751 106213 6125
2029 47193 61576 285489 285374 65778 23332 27671 112588 108959 6283
2030 48400 63151 292789 292671 67460 23929 28379 115467 111745 6444
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Tab. 2 Simulation results under the neutral demographic scenario. Variables are stated in nominal
terms in million euros. (Source: Author)

2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Lt
31835
33131
34 388
35613
36 816
38 002
39179
40 351
41524
42 701
43 886
45 083
46 294
47 522
48 769

Kt
41 538
43 229
44 868
46 467
48 036
49 584
51120
52 649
54179
55715
57 261
58 822
60 402
62 005
63 632

Yi
192 584
200423
208 023
215436
222 711
229 890
237 008
244 100
251193
258 314
265 483
272722
280 048
287 476
295021

Q:
192 506
200342
207 939
215349
222 621
229797
236912
244 001
251092
258 209
265 376
272 612
279934
287 359
294 901

C:
44 372
46 179
47 930
49 638
51314
52968
54 608
56 242
57 876
59517
61 169
62 837
64 524
66 236
67 974

G:
15739
16 380
17 001
17 607
18 201
18788
19370
19949
20529
21111
21697
22 289
22 887
23494
24111

18 666
19 426
20163
20881
21586
22282
22972
23 660
24 347
25037
25732
26434
27 144
27 864
28 595

Xe
75949
79 041
82 038
84 962
87 831
90 661
93 469
96 266
99 063
101 871
104 698
107 553
110 442
113372
116 347

M
73 501
76 493
79 393
82223
84 999
87739
90 456
93 162
95 870
98 587
101 324
104 086
106 882
109 717
112 597

Ht
4238
4411
4578
4741
4901
5059
5216
5372
5528
5685
5843
6 002
6163
6327
6493

Tab. 3 Simulation results under more conservative scenario of 1% population growth. Variables are
stated in nominal terms in million euros. (Source: Author)

2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Lt
31835
33150
34 430
35685
36923
38 149
39 369
40 590
41 815
43 048
44 294
45554
46 834
48 134
49 457

Kt
41538
43 253
44 923
46 561
48 175
49775
51 368
52 960
54 558
56 168
57793
59 438
61 107
62 803
64 530

Yi
192 584
200 535
208 281
215 874
223 358
230775
238 159
245 542
252 951
260413
267 947
275575
283 314
291179
299 185

Q:
192 506
200 454
208 197
215787
223 268
230681
238 062
245 442
252 849
260 307
267 839
275 464
283199
291 061
299 064

o
44 372
46 204
47 989
49739
51463
53172
54 873
56574
58 281
60 000
61737
63 494
65 277
67 089
68 934

Gt
15739
16 389
17 022
17 643
18 254
18 860
19 464
20 067
20673
21283
21 898
22 522
23154
23797
24 451

18 666
19437
20188
20924
21649
22 368
23 084
23799
24517
25241
25971
26710
27 460
28 223
28 999

Xt
75949
79 085
82 140
85134
88 086
91 010
93 922
96 834
99 756
102 699
105 670
108 678
111730
114 832
117 989

Mt
73 501
76 536
79 492
82 390
85 246
88077
90 895
93713
96 541
99 388
102 264
105 175
108 129
111131
114 186

Ht
4238
4413
4584
4751
4916
5079
5241
5404
5567
5731
5 897
6 065
6235
6 408
6 585
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Tab. 4 Simulation results under more optimistic scenario of 2% population growth. Variables are stated
in nominal terms in million euros. (Source: Author)

Lt Kt Yi Q: Ci Gt It Xt Mt Ht
2016 31835 41538 192584 192506 44372 15739 18666 75949 73 501 4238
2017 33168 43277 200647 200565 46230 16398 19448 79129 76 578 4416
2018 34473 44979 208540 208455 48049 17043 20213 82242 79 591 4590
2019 35758 46656 216312 216224 49839 17678 20966 @ 85307 82 557 4761
2020 37030 48315 224006 223916 51612 18307 21712 88341 85494 4930
2021 38295 49966 231662 231568 53376 18933 22454 91360 88416 5098
2022 39560 51617 239313 239216 55139 19558 2319 94378 91 336 5267
2023 40829 53272 246990 246890 56908 20186 23940 97405 94 266 5436
2024 42107 54940 254720 254617 58689 20817 24689 100454 97216 5 606
2025 43397 56624 262527 262421 60488 21455 25446 103533 100195 5778
2026 44704 58329 270432 270323 62309 22101 26212 106650 103212 50952
2027 46031 60059 278456 278343 64158 22757 26989 109814 106275 6128
2028 47379 61819 286615 286499 66038 23424 27780 113032 109389 6308
2029 48753 63612 294926 294807 67953 24103 28586 116310 112561 6491
2030 50155 65440 303404 303281 69906 24796 29408 119653 115796 6677
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Abstract: In the paper, selected coefficients for evaluation of results obtained in classification
tasks are discussed. Classification of objects into three or more known groups is considered.
For this purpose, the following coefficients can be applied: the total success rate, the group
success rate, the kappa coefficient of agreement, and kappa-n and lambda-gamma
coefficients. In addition to these coefficients, we propose the SRGM (Success Rate for Groups /
Mutability) measure which extends the group success rate by its penalties in the cases when
the variability of agreements (observed and predicted assignments of objects into groups) and
the variability of the target variable differ. The nominal variance (mutability) is applied as
a variability measure. In comparison with the other five evaluation measures discussed in this
paper, the SRGM measure evaluates the prediction results most comprehensively.

Abstrakt: V ¢ldnku jsou diskutovdny vybrané koeficienty, které mohou byt pouZity pro
hodnoceni vysledk( ziskanych v klasifikacnich tlohdch. Je uvaZovadna klasifikace objekt( do tri
nebo vice skupin. K tomuto ucelu mohou byt aplikovdany ndsledujici koeficienty: celkovd mira
uspésnosti, skupinovd mira uspésnosti, koeficienty souhlasu kappa, kappa-n a lambda-gama.
K témto koeficientim je navic navrZena mira SRGM (Success Rate for Groups / Mutability),
kterd rozsiruje skupinovou miru uspésnosti o penalizaci v pfipadech, kdy se lisi variabilita
souhlast (pozorovaného a predikovaného prirazeni objekti do skupin) a variabilita
vysvétlované proménné. Jako mira variability je aplikovdn nomindlni rozptyl (mutabilita).
V porovndni s péti hodnoticimi mérami diskutovanymi v tomto ¢lanku mira SRGM hodnoti
vysledky predikce nejkomplexnéji.

Key words: classification task, success rate, measure of agreement.
Klicova slova: klasifikacni uloha, mira uspésnosti, mira souhlasu.

1 Introduction

One group of multivariate statistical methods for classification is created by
methods for data analysis with the known assignment of objects into classes
(groups). The assignment is expressed by a target nominal variable with codes of
groups. The aim of the classification task is to estimate a model or rules for the
assignment of new objects into the defined groups and to estimate the values of
the target variable for new objects.
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Different methods can be used in the classification task described above, e.g.
discrimination analysis, logistic regression (binary or multinomial), and
classification trees. Each approach is more suitable for a certain type of
explanatory variables (quantitative or qualitative), but generally, the
guantitative variable can be categorized and the qualitative variable can be
transformed into a set of binary variables. Thus, several methods can be used for
the analysis of the same data.

The analyst should compare results obtained by several methods and choose
the most suitable model or rules for the prediction of unknown values of the
target variable. Different approaches to such a comparison have been proposed
and some of them are implemented in software systems. The simplest way is to
use the percentage of successfully assigned objects (the success rate for
prediction) according to a certain method.

If only two groups exist, there are many measures for evaluation and
comparison of classification methods (see, e.g. Sokolova and Lapalme, 2009;
Rezankovd and Husek, 2015). In addition, the area under the receiver operating
characteristic (ROC) curve (AUC) is also often used as a criterion for choosing the
best method in the case of two groups (see, e.g. Fawcett, 2006).

For the case of three or more groups, there are two basic approaches to the
evaluation. The first one (two-step) consists in the application of the measures
for two groups to the individual groups considering one selected group and all
other groups joined into the second group. A final measure is based on these
individual measures (Sokolova and Lapalme, 2009). The success rates can be
computed in this way. The second approach is the computation of the evaluation
coefficients in one step. The coefficients of agreement can be mentioned, e.g.
Cohen’s kappa (see Cohen, 1960).

In this paper, we discuss the selected coefficients for comparison of prediction
results in the case of three or more groups. These coefficients are the total
success rate, the group success rate, the kappa coefficient of agreement, and
kappa-n and lambda-gamma coefficients. In addition to these coefficients, we
propose a new coefficient with some better properties than the other five
measures of interest have. This proposed SRGM (Success Rate for Groups /
Mutability) measure extends the group success rate by its penalties in the cases
when the variability of agreements (observed and predicted assignments of
objects into groups) and the variability of the target variable differ. The nominal
variance (mutability) is applied as a variability measure.

The total success rate and the group success rate can be computed using both
the two-step and one-step approaches mentioned above. So, in this paper, all
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coefficients are presented using the notation based on one classification table
for all individual groups.

2 Approaches to classification evaluation

The classification table is often prepared for the purpose of prediction
evaluation. Let us have such a table with frequencies (absolute N;; or relative
p;j) of cases in which a certain object of the ith group was predicted into the jth
group, wherei = 1,2, ...,n (the same is valid for the j index), n is the number of
rows and also the number of columns, i.e. the number of groups. The total
number of objects is denoted as N. The agreement occurs if the object of the ith
group is predicted into the ith group. The counts of such cases are expressed by
the frequencies on the main diagonal (absolute N;; or relative p;;), N;;, N,; are
the corresponding marginal absolute totals, similarly p;.,p.; are the
corresponding marginal relative totals.

The total success rate (SR) for predictions expresses the ratio of the number
of the correctly predicted objects and the total number of the objects, i.e.
i=1 Ny
SR==""—" (1)
It means that the value of SR is the sum of the relative frequencies on the main
diagonal and it takes on the values from the interval {0; 1). It is usually presented
as a percentage. Sometimes (e.g., in some statistical software products), it is
called overall percentage or classification accuracy. This measure can be also
expressed by a formula based on true positive and false positive counts (used for
the measure precision) applied to the individual groups separately. Sokolova and
Lapalme (2009) call this measure as precision,.

However, the total percentage does not consider the differences among the
percentages obtained for individual groups, when for one group the success rate
can be close to 100% and for some other group close to 0%. For this reason, the
use of other measures or coefficients is a better solution. In each group, the
number of correctly predicted objects should be as high as possible. The success
rates for the individual groups can be expressed in summary using the average.
This group success rate or success rate for groups (SRG) is calculated as

SRG = ! En Ni
N 1Ni+ . 2)
1=

This measure can be also expressed as an average of the precisions calculated
for the individual groups separately. Sokolova and Lapalme (2009) call this
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measure as precisionm. If the sizes of all groups are the same, then N;, = N/n
fori = 1,2,...,n, and the values of SR and SRG are equal.

The observed sizes of individual groups can be expressed relatively by row
marginal relative totals p;,.. The counts of agreements for individual groups can
be expressed relatively within the total sum of agreements. For the good
prediction, the variability of agreements should be the same (or similar) as the
variability of the row marginal totals. The nominal variance (i.e. the mutability)
proposed by Gini (1912), reviewed in (Light and Margolin, 1971) can be applied
as a variability measure.

The mutability of the row marginal totals is defined as

Mpyr = zn: <% <1 - %)) =Z(Pi+(1 —Dis)) - (3)

i=1
Generally, the mutability takes on the value zero for a constant. However, we
consider prediction into three or more groups, it means that the mutability of
the row marginal totals cannot be zero. It reaches its maximum, i.e. (n — 1)/n,
when all row marginal totals are equal. By dividing the maximal value, we
obtained the normalized mutability from the interval (0; 1).

Let us define — for the case where at least one N;; # 0 — the mutability of
agreements as

n

Ny; Ny;
MA=Z ’.‘—N<1_W> : (4)

=1 j=14%J j=1Y7

It takes on values from the interval (0; (n — 1)/n). By dividing by its maximal
possible value, we obtained the normalized mutability from the interval {0; 1).
Zero indicates that the objects are correctly assigned only into one group, which
means it makes no sense for the method to be used for prediction.

In this paper, we propose a new measure for the classification evaluation
based on the SRG measures and the mutability ratio. We will denote it as the
SRGM measure. If the mutability of agreements is the same as the mutability of
the row marginal totals then the mutability ratio is one and SRG and SRGM are
equal. All other cases are “penalized” by the mutability ratio which has to take
on values less than one (the lower value is divided by the greater value). If
objects are assigned only into one group, then the mutability is zero and SRGM
is also zero (some objects are assigned correctly but the applied method cannot
be used for prediction).
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We can express the calculation of the SRGM measure in the following way:

SRGM =0 for Y=, N;; =0, (5)

SRGM = (% o M)ﬁ for X7y Ni; # 0 and My < Mgy, (6)

=1 Ni+/ MpmT

1 Ni\ M
SRGM = (= ?le—:);—“f for Y7y Ny # 0and My > Mgy . (7)
This measure takes on values from the interval from 0 (no agreement or correct
assignments only to one group) to 1 (complete agreement for all groups).

Rezankova and Husek (2015) proposed the RH coefficient for prediction
evaluation. The authors consider only a special case with the same sizes of
groups when the values of SR and SRG are equal. The mutability of agreements
is expressed in the normalized form with the values from the interval (0; 1). Then
this measure is expressed by the formula

n
n N. n N.. N..
=1"'u 12 l
RH =250 | s <1_ m N) ' (8)
i=1

j=1"Y]j j=1"YJ

where the ratio n/(n — 1) normalizes the mutability. It is a special case of the
general SRGM measure because, in the case of the same sizes of groups, the
normalized mutability of the row marginal totals is one (in Egs. (6) and (7), the
ratio n/(n — 1) is omitted because there would be the same value in the
numerator and denominator).

The well-known coefficient of agreement, which is used for the prediction
evaluation, is the kappa coefficient of agreement. It was proposed by Cohen
(1960) for the purpose when two psychologists independently categorize
psychological test protocols into a certain number of categories. However, its
use is wider. Its application for the prediction evaluation is often described in the
literature (e.g. Powers, 2012). This coefficient is implemented in some software
systems, usually as a part of the contingency table analysis for the square tables.

The basic features of kappa are the following. If all predicted groups
correspond to observed groups, the value of this coefficient is one. If the counts
in the classification table are the same as the frequencies expected under the
condition of independence (according to the Pearson chi-square test considering
marginal totals for predictions the same as they were really predicted), the value
of this coefficient is zero. The values of kappa can be also negative. The lower
limit depends on the marginal distributions, e.g. for two groups with the same
group sizes it is —1.
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In this paper, the sample coefficients based on the observed frequencies in
the classification table are considered. Using the relative or absolute
frequencies, kappa (k) is expressed as

1
CXRapu — X P Zi=a N — g Ziza Nia Vo

—ymn = (9)
1 i=1 Pi+P+i N — %Z?:l N, N,

If all frequencies in the contingency table except for the diagonal ones are zero,
then the sum of all diagonal relative frequencies ), p;; is one and also kappa is
one. If the diagonal frequencies correspond to the frequencies expected under
statistical independence, then Y p;; = Y. p;+p+; and kappa is zero. Many
modifications of the kappa coefficient were proposed; for their survey, see e.g.
(Warens, 2013).

One of the several modifications of the kappa coefficient is kappa-n (k»), based
on free marginal proportions when the random assignment of objects into
groups can be characterized by value 1/n for all relative marginal totals. Kappa-
nis derived as

11 1 1
XLabu—nyy Xiabi—y XimaNa—N-g
n= 1 T 1
.= 1-— N-N-=
nn n n

(10)

This coefficient was firstly proposed by Bennet et al. (1954) as the S coefficient.
Several other authors later proposed this coefficient under different names. The
well-known name kappa-n was introduced by Brennan and Prediger (1981). For
the history of this coefficient, see e.g. (Zwick, 1988; Hsu and Field, 2003).

The lower limit of kappa-n depends on the number of groups. It corresponds
to the situation when the sum of frequencies on the main diagonal is zero. In the
case of two groups, it is —1. However, in classification evaluation, row marginal
proportions p;, are known. Considering the known row marginal totals and the
free column marginal total, we can write kappa as

1
i=1Pi — n i=1 P~ n i=1Pi+
Ky = 1 = T, (12)
1-2 1— =it Pis

Both kappa and kappa-n have their negatives. Kappa considers the marginal
totals for prediction the same as they were really predicted, it does not consider
the free proportions. On the other hand, kappa-n is not dependent on the
observed marginal totals.
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Before Cohen’s kappa, the lambda-gamma (A,) coefficient was proposed by
Goodman and Kruskal (1954). It is expressed as

1 1
i=1Pi — 53 Max(Pi++p4)  Nisg Ny — 53 max(Niy +N,;)
1- jmax(pH +D+i) N — jmaX(Ni++N+i)

For obtaining the values greater than zero, the sum of the frequencies on the
main diagonal must be greater than half of the sum of the two largest marginal
totals.

The value -1 characterizes a situation where non-zero frequencies are only
either in the first row and in the first column or in the last row and in the last
column of the classification table, and the frequency in the corner cell is equal
or greater than other frequencies. However, the value -1 can be a result of some
corner frequencies lower than other frequencies.

Table 1 shows a summary of the properties of the six coefficients described
above. The coefficients achieve their maximum in the case of complete
agreement. They achieve their minimum if the sum of agreement frequencies
for all groups is zero.

3 Discussion of prediction evaluation

Let us consider a classification task with three groups with frequencies 12, 9
and 15. For SR equal to one, we obtain the classification table denoted as Table
2 (the frequencies of agreements are in bold). For this situation, the values of all
coefficients mentioned in this paper are equal to one.

If the predicted marginal totals are free (the same group sizes are considered),
asitisshowninTable 3, SR =0.333,SRG =0.333, SRGM =0.333, k=0, k,=0and
A,=—0.067.

If a certain method assigns (predicts) all objects only into one group, then the
success rate can be promising but kappa cannot be computed. The user can
obtain the zero value by some software product because the observed and
expected frequencies are the same. If all 36 objects considered in Tables 2 and 3
are predicted only into group 3, then SR =0.417, SRG =0.333, SRGM =0, k=0,
Kn=0.125and 4,=— 1.
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Tab. 1 Summary of properties of the selected coefficients for classification evaluation (Source:

the author)

Coefficient | Maximum Minimum Disadvantages Advantages
SR is commonly available in | The success rates in
SR 1 0 statistical software individual groups are not
systems. taken into account.
The variability of the
The success rates in agreements and the
SRG 1 0 individual groups are taken | variability of the row
into account. marginal totals are not
taken into account.
The variability of the
agreements and the . . .
- SRGM is not available in the
SRGM 1 0 variability of the row
. software.
marginal totals are taken
into account.
It depends on
the marginal .
- g . Kappa considers the
distributions Kappa is commonly .
. . L marginal totals for
kappa 1 (-1 for two available in statistical -
. predictions the same as
groups with software systems. .
they were really predicted.
the same
group sizes).
It depends on .
P . Kappa-n does not take into
the number of | Kappa-n is based on the
kappa-n 1 : . account the observed
groups (-1 for free marginal proportions. .
group sizes.
two groups).
It depends on . Lambda-gamma is not
lambda- pend The assumptions for value 10038 .
1 the marginal 1 are defined available in commercial
gamma distributions. ’ software systems.

For an illustration of coefficient value changes depending on the changes of
frequencies in the classification table, let us consider marginal frequencies both
for rows and for columns the same as they are in Table 2, i.e., 12, 9 and 15. In
Table 4, there are frequencies in individual cells (i, j) of the classification table for
nine different situations. These situations are considered from the completely
correct prediction to the completely wrong prediction. The values of coefficients
SR, SRG, SRGM, kappa, kappa-n, and lambda-gamma are included.
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Tab. 2 A classification table for the 100% success rate (Source: the author)

Prediction Prediction Prediction .
. . . Marginal total
into group 1 into group 2 into group 3
Observed group 1 12 0 0 12
Observed group 2 0 9 0 9
Observed group 3 0 0 15 15
Marginal total 12 9 15 36

Tab. 3 A classification table for the uniform assignment of objects into groups (Source: the

author)
Prediction Prediction Prediction .

. . . Marginal total

into group 1 into group 2 into group 3
Observed group 1 4 4 4 12
Observed group 2 3 3 3 9
Observed group 3 5 5 5 15
Marginal total 12 12 12 36

The SR, SRG, SRGM coefficients, take on values from the interval 0 to 1. Kappa,
kappa-n, and lambda-gamma have their maximum also in 1 but the lower limits
are different. For these coefficients, the definitions of lower limits may be
interesting from a mathematical point of view, but from a practical point of view
(for prediction evaluation) they have no meaning.

The SR coefficient equals 0.5 (the middle of the value interval) for Situation 4
in Table 4. The values of SRG and SRGM are lower for this situation. Kappa-n
equals O for Situation 6 and lambda-gamma equals O for Situation 5. Kappa
cannot have a value equal 0 for the considered marginal totals because some
expected values under statistical independence are not integers.

In the illustration example mentioned above, the values of all coefficients are
ordered from 1 to the last one. However, in some other cases, the orders are not
the same, see below. For practical use, the SRG and SRGM coefficients should be
greater than 0.5. There are only the first three situations in the example. In the
case of the kappa coefficient, the situations with kappa greater than 0.4 are
recommended. The first three situations also satisfy this condition.

In Table 5, there are frequencies in individual cells (i, j) of the classification
table for different nine situations for the 36 objects. The values of SR and SRG
coefficients are greater than 0.5. We can compare them with the values of the
other coefficients studied in this paper.
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Tab. 4 Frequencies for the individual cells (described by the row and column orders) of the
classification table for 9 situations with marginal totals 12, 9 and 15 (both for rows and for
columns) and values of the selected measures (Source: the author)

Cell Sit.1 | Sit.2 | Sit.3 | Sit.4 | Sit.5 | Sit.6 | Sit.7 | Sit.8 | Sit.9
(1,1) 12 10 8 6 5 4 2 0 0
(1,2) 0 1 2 3 3 4 5 6 6
(1,3) 0 1 2 3 4 4 5 6 6
(2,1) 0 1 2 3 4 4 4 3 0
(2,2) 9 7 5 3 2 1 0 (] 0
(2,3) 0 1 2 3 3 4 5 6 9
(3,1) 0 1 2 3 3 4 6 9 12
(3,2) 0 1 2 3 4 4 4 3 3
(3,3) 15 13 11 9 8 7 5 3 0

Coefficient

SR 1.000 0.833 0.667 0.500 0.417 0.333 0.194 0.083 0.000
SRG 1.000 0.826 0.652 0.478 0.391 0.304 0.167 0.067 0.000
SRGM 1.000 0.818 0.635 0.447 0.351 0.252 0.104 0.000 0.000
kappa 1.000 0.745 0.489 0.234 0.106 | -0.021 | -0.234 | -0.404 | -0.532
kappa-n 1.000 0.750 0.500 0.250 0.125 0.000 | -0.208 | -0.375 | -0.500
lambda-

gamma 1.000 0.714 0.429 0.143 0.000 | -0.143 | -0.381 | -0.571 | -0.714

In Situations 1, 2 and 3, the number of correctly predicted objects is 27, in
Situation 4 it is 21 and for the rest situations, it is 19. The values of the SR
coefficient are 0.75, 0.783 and 0.528 for these three different numbers. The
values of the SRG coefficient are equal for Situations 3 and 4 because all objects
from two groups and none object from the third group were correctly predicted.
The different values for Situations 1 and 2 were obtained only for kappa and
lambda-gamma because these coefficients take into account the column
marginal totals, compared to the other studied coefficients.

The order of the values of the SRGM coefficient is similar to the order of the
SRG values. Situation 5 was evaluated as the worst by both the SRG and SRGM
coefficients. However, in some cases (Situations 3, 4 and 5), the SRGM values are
lower by more than 0.1 due to the greater difference between the mutability of
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agreements and the mutability of the row marginal totals, in comparison with
other situations.
Tab. 5 Frequencies for the individual cells (described by the row and column orders) of the

classification table for 9 situations with different marginal totals and values of the selected
measures (Source: the author)

Cell Sit. 1 Sit. 2 Sit. 3 Sit. 4 Sit. 5 Sit. 6 Sit. 7 Sit. 8 Sit. 9
(1,1) 12 12 12 12 12 10 8 6 6
(1,2) 0 0 0 0 0 1 3 3 0
(1,3) 0 0 0 0 0 1 1 3 6
(2,1) 0 0 4 0 0 0 0 0 0
(2,2) 9 9 0 9 1 2 3 5 8
(2,3) 0 0 5 0 8 7 6 4 1
(3,1) 0 9 0 15 0 2 4 6 6
(3,2) 9 0 0 0 9 6 3 1 4
(3,3) 6 6 15 0 6 7 8 8 5

Coefficient

SR 0.750 0.750 0.750 0.583 0.528 0.528 0.528 0.528 0.528
SRG 0.800 0.800 0.667 0.667 0.504 0.507 0.511 0.530 0.574
SRGM 0.787 0.787 0.504 0.500 0.385 0.448 0.486 0.529 0.573
kappa 0.640 0.629 0.597 0.394 0.282 0.277 0.277 0.277 0.292
kappa-n 0.625 0.625 0.625 0.375 0.292 0.292 0.292 0.292 0.292
lambda-

gamma 0.538 0.500 0.514 0.000 0.209 0.190 0.190 0.190 0.244

As concerns the coefficients of agreements, kappa-n takes on the values
0.625, 0.375 and 0.292, depending only on the number of correctly predicted
objects, as well as the SR coefficient. The values of kappa and kappa-n are the
same in the case when the column marginal totals are equal (Situation 9). The
lowest value was found by lambda-gamma for Situation 4. For classification
evaluation, the coefficients of agreement are not as suitable as the SRG and
SRGM measure; they evaluate the obtained results in a very different way.

4 Conclusion

In the paper, selected coefficients for result evaluation in classification tasks
with three or more groups of objects were discussed — five already proposed
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coefficients and one newly proposed coefficient. Although some coefficients of
this type were proposed more than 50 years ago (the first of them more than
100 years ago), they are still discussed in the literature (Powers, 2012; Warrens,
2013). In recent years, the interest in these coefficients again increases with the
increasing need to evaluate results obtained in classification tasks.

We can distinguish two groups of these coefficients: success rates and
coefficients of agreement. The success rates discussed in this paper (the total
success rate, the group success rates, and the new SRGM measure) take on the
values from the interval 0 to 1. Coefficients of agreement (kappa, kappa-n, and
lambda-gamma) have the upper limit also equal to 1 but they can also take on
negative values. The lower limit depends on the marginal distributions and the
value of zero is achieved in different situations.

The total success rate is well known and commonly available in the software.
However, it does not take into account the success rates in individual groups.
Hence, the average of the success rates for the individual groups (the group
success rate) characterizes the predictions better. In the paper, a new measure
is proposed which extends the group success rate by its penalties in the cases
when the variability of agreements (observed and predicted assignments of
objects into groups) and the variability of the target variable differ. The nominal
variance (mutability) is applied as a variability measure. Thus, this SRGM
measure evaluates the prediction results most comprehensively. Moreover, the
correct assignments of objects only to one group are evaluated by the value zero.

Coefficients of agreement are represented by coefficients kappa, kappa-n and
lambda-gamma. The kappa coefficient of agreement is well-known and
commonly available in the software. However, it considers the marginal totals
for predictions the same as they were really predicted. Kappa-n is based on the
free marginal proportions but it does not take into account the observed group
sizes. Lambda-gamma evaluates the correct assignments of objects only to one
group by low values.

As shown in this paper, the application of coefficients of agreement is not
suitable for classification evaluation in some cases. These coefficients were
proposed for other purposes and they do not take into account the specifics of
the prediction. For that reason, using success rates is a better way. The total
success rate does not distinguish some different situations. Thus, we can
recommend either the group success rate or the newly proposed SRGM measure
for prediction evaluation.

This paper was supported by Grant IGA F4/44/2018 of the University of
Economics in Prague
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Abstract: Investment strategies may have a positive impact from the investor's perspective on
multisource financing of business activities and directly or indirectly affect the financial health
of a company. However, the dynamic development of the financial market can cause that any
investment strategy may show also very unpredictable behavior in terms of performance
parameters. Many authors use trend definition in their trend following trading systems. In our
paper, we understand respective trend definition as a decision-making algorithm tool for
a company which is actively managing a portfolio of investment strategies (trading systems)
to maximize profit and minimize drawdowns in its equity curve. The goal of this paper is to test
and evaluate the ability of respective trend definition to bring higher performance parameters
versus a passive diversification of capital.

Abstrakt: Investicné stratégie mézu mat z investorovho pohladu pozitivny vplyv na
viaczdrojové financovanie podnikatelskych aktivit a mézu tak priamo alebo nepriamo ovplyvnit
aj financné zdravie spolocnosti. Dynamicky vyvoj finanéného trhu méze spésobit, Ze akdkolvek
investicnd stratégia vie z hladiska vykonnostnych parametrov vykazovat aj nepredvidatelné
sprdvanie. Vela autorov pouZiva definiciu trendu vo svojich trendovych obchodnych systémoch.
V ¢lanku vSak chdpeme prislusnu definiciu trendu ako rozhodovaci algoritmus pre spolo¢nost,
ktord aktivne riadi portfdlio viacerych investi¢nych stratégii (obchodnych systémov) s cielom
maximalizovat zisk a minimalizovat prepady v krivke jeho vykonnosti. Cielom prispevku je
otestovat a vyhodnotit schopnost prislusnej definicie trendu dosiahnut aktivnou diverzifikdciou
vysSie parametre vykonnosti oproti pasivnej diverzifikdcii kapitdlu.

Key words: trend definition, active diversification, passive diversification, portfolio mana-
gement.

Klucové slova: definicia trendu, aktivna diverzifikdcia, pasivna diverzifikdcia, riadenie port-
fdlia.
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1 Introduction

The financial market brings investment opportunities not only to individuals
but also to businesses. While an individual investor invests his savings, the
company can invest its free cash. Corporate cash holding is one of the most
essential issues and strategies of corporate financial management, which not
only relates to corporate operation and development, but also relates to the
corporate governance. Cash is the most liquid asset, but on the other hand, it is
also one of the least profitable assets. Especially when we talk about today's
historically lowest interest rates. The benefit of holding cash will decrease in case
the company has ,,redundant” cash on balance. Whether is this situation short
or long term the fact is that each company can invest it on financial market.
Opportunities on the capital market create space for creation investment
strategies. Tomasini and Jeakle (2011) characterize the investment strategy as a
detailed set of rules that automatically and without any human intervention
define buy or sell signals. And today, there is not only the possibility of investing
cash in conventional financial instruments (stocks, bonds, ETF, mutual funds
etc.), but thanks to advances in the financial industry also in new financial
services. These solutions allow investors to invest in complex investment
strategies (trading systems). PAMM (percent allocation money management)
systems and other similar financial services bring them a lot of new financial
opportunities. The biggest advantage of these solutions is that, unlike hedge
funds, they are already available at very low investments and allow investors to
spread their capital into an unlimited investment strategy portfolio. The main
disadvantage of these solutions may be the fact that some strategies, in terms
of their risk settings, may bring the investor a total loss of invested money.
Therefore, diversification plays a key role in this case. Some investors spread
their capital between various managers who prefer different investment
strategies and financial instruments. This approach can be understood as a
passive one. On the other hand, there can be also an active approach to
diversification, which in the biggest simplicity means that in some inappropriate
circumstances, some investment strategy is excluded from the final portfolio.
This approach requires, of course, some effective system or tool. Each investor
would like to have portfolio of investment strategies that are forever only in
uptrend. The dynamic development of the financial market causes that this is
impossible in reality. However, from our point of view, the idea of the need for
an ever-growing trend is interesting. Therefore, our article deals with three
different ways of defining the trend, that we are using as a tool for actively
managed investment strategies portfolio.
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2 Diversification

The principle of diversification consists in redistributing the investor’s capital
into the various financial instruments. The basic capital distribution approach is
naive diversification. The principle of this kind of diversification means, that the
investor evenly distributes his capital into the financial instruments. This
approach is also understood as passive, because naive diversification concept
does not require a deeper analysis of assets included in the portfolio. Conversely,
the concept of active diversification requires a deeper analysis of assets and
selects only potentially better assets into the portfolio. The goal of an active
approach is to overcome the passive approach. The main question is whether
these active approaches are capable to overcome the passive diversification of
capital.

DeMiguel et al. (2009) compared 14 different diversification models with 1/N
approach. All these models were constructed with regular portfolio rebalancing.
Author’s results point to the fact that none of 14 diversification models was
consistently better than naive diversification in terms of Sharpe ratio. This fact
was due to author’s opinion caused by estimation error in parameters. Their
results are confirmed by Allena et al. (2016). By analyzing portfolios created from
European indices, these authors did not confirm the higher performance of
actively diversified portfolios over the naive diversification performance.
Authors Hwang et al. (2018) also tested the performance of naive diversification
compared to the optimal portfolio. Like DeMiguel et al. (2009), they
demonstrated that the naive diversification overcame by its performance the
optimal portfolio. They argue that the portfolio created on the base of naive
diversification is characterized by increased exposure in the left tail. It means
that such a portfolio tends to have not only a negative coefficient of skewness,
but also an increased positive coefficient of kurtosis compared to normal
distribution. Statistical data has rather concaved properties, which again
confirms the fact, that naive diversification tends to overcome the optimal
portfolio. The last factor that results in an increase in performance is associated
with the number of assets held in the portfolio. A higher number of assets in the
portfolio results in an increase the characteristics in the naive diversification.
According to Tu and Zhou (2011) Markowitz’s modern theory of portfolio and all
its extensions lag behind the principle, what is in line with the results of previous
authors. The authors understood the concept of total portfolio diversification as
a combination of principle with four other models. Ultimately, the authors
achieved better results of the risk-return profile compared to the principle.
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3 Methodology

3.1 Investment strategies portfolios

For the purposes of our research, we have used our own generator that
artificially simulates the development of investment strategies. This generator
randomly sorts the daily returns of Dow Jones Industrial Average in 5294
business days. These data were obtained from the web site
www.finance.yahoo.com. Based on this generator we created 10 investment
strategies. These strategies are divided into two groups. First group (IS1, 1S2, IS3,
IS4, 1S5) represents only growth investment strategies, which bring to investor
high final return. Second group (IS6, 1S7, 1S8, 1S9, IS10) represents those
investment strategies, which reached significant loss in a term of Total return.
IS6-1S10 also represents a risky part of investment. Figure 1 shows performance
of selected investment strategies (1S1-1S10) in 5294 business days.
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Fig. 1 Investment strategies (growth/loss) (Source: the authors)

From these investment strategies we created final portfolios. Each portfolio
consists always of 5 investment strategies. From the point of view of
combinations, we could create exactly 252 portfolios. Our first boundary
portfolio consists only of 5 growth and the second only of 5 loss investment
strategies. We created another 50 final portfolios using random selection
without repetition. It means that each created portfolio consists of 5 different
investment strategies. Each strategy has 20% weight in the portfolio (systemic
benchmark = passive diversification).

3.2 Performance evaluation indicators

We evaluate performance of simulated final portfolios by Maximum
drawdown, Total return and Recovery factor. We focus on return indicator (Total
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return), on risk indicator (Maximum drawdown) and on whole performance
indicator (Recovery factor).

Maximum drawdown

Maximum drawdown is the largest % difference between the local maximum
and minimum over the observed period. It expresses the largest percentage
decline in the value of a fund, financial instrument or investment strategy over
time. Pospisil and Vecer (2008) understand the maximum drawdown as a
contingent claim that is valuable and so the investor (or the manager) can hedge
against it by using hedging tools. If P; is the close price of an investment strategy
at time t, then maximum price in time t is defined as:

P, = max{P,,u € [0, t]}. (1)

Then maximum drawdown (MDD,) at the close price of an investment
strategy is defined as:

MDD, = max{M,, — P,,u € [0, t]}. (2)

Total return

Investment strategy return is an important quantitative indicator of overall
strategy performance. Fernandez (2018) points to the way, in which was easy to
outperform the US S&P 500 index performance. The author states that if a
rational investor invests in the long-term, he cares about the state of his
investment at the end of the investment horizon (e.g. retirement). Furthermore,
he defines a rational investor as one that diversifies the portfolio in order to
prevent concentration of risk in individual investments. Rational investors do not
care about using the "best model" on the market. The author says that investors
are not even interested in maximizing Sharp's ratio or minimizing the volatility
of their portfolios. The only thing the investor is interested in is the final return
when the investment horizon is met. He demonstrates his thoughts on 137
students. He shows to these students 2 types of investment for 10 years. The
first investment reaches an average annual return of 16% with a Sharpe ratio of
0.4 and the second investment reaches an average annual return of 13%, but the
Sharpe ratio is higher, reaching 1.3. All the students surveyed preferred the first
investment.

In this paper we use discrete returns.
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Recovery factor

Recovery factor is calculated as the ratio of the final return (%) and the
absolute value of the maximum drawdown over observed time (%). This
indicator shows how many return units the investor earned for 1 unit of
maximum risk in form of the largest % loss he had to “survive” as an investor in
the past. It compares the return per unit of risk measured by the maximum
drawdown in the investment strategy. The recovery factor (RF) is defined as:

total return of investment strategy
RF = , (3)
|MDD|

where MDD is defined by (2).

3.3 Trend definition

We have decided to test 3 kinds of trend definitions: moving average, moving
minimums and ideal equity curve. First two are very good known for each trading
system developer and the third is our own idea.

1. Moving average — if the investment strategy equity curve > moving average
of the respective period, then we can say, that this investment strategy is in
uptrend.

2. Moving minimums - if the investment strategy equity curve > moving
minimums of the respective period, then we can say, that this investment
strategy is in uptrend.

3. ldeal equity curve - if the investment strategy equity curve > line of the
respective slope (exponential curve), then we can say, that this investment
strategy is in uptrend.

Moving average (MA) and breakout system (BO)

We use the Moving average system as a tool for selecting investment
strategies into the portfolio. We decided to use three different moving average
periods (X = 50, X = 100 and X = 200). The algorithm for selecting investment
strategies into the final portfolio is based on the cutting principle. If the closing
value of the investment strategy is higher than its moving average, investment
strategy is selected into the final portfolio.

Second tool for managing investment strategy portfolio is Breakout system.
This tool generates entry or exit signals based on closing the strategy out of
defined range. We define the range based on moving maximums and minimum
in investment strategy values. Entry signal is defined if the closing value of
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respective investment strategy is higher than its moving maximum (Mmax) and
exit signal is defined if the closing value of investment strategy is below its
moving minimum (Mmin). We decided to test the same three different periods
as in case of moving averages (X =50, X = 100 and X = 200). Compared to Moving
average strategy, entry or exit signals are given by 2 variables (Mmax and Mmin).
But we set them both always at the same level.

Table 1 shows the condition for entering/exiting investment strategies in the
final portfolio.

Tab. 1 Buy and sell conditions for the MO and BO system (Source: the authors)

Condition for ENTRY Condition for EXIT
Moving Average System Close price > MA (X) Close price < MA (X)
Breakout System Close price >Mmax (X) Close price < Mmin (X)

Ideal equity curve (IEC)

Third tool is our own idea for managing the investment strategies portfolio. It
is a curve that represents the condition of a hypothetical and ideal investment
strategy over time. A hypothetical ideal investment strategy may be that which
only grows at the same rate and without any volatility (exponential curve), or
that which never grows or falls and has no volatility (straight line). We decided
to test three different “slopes” - parameters (0%, 0.0297%/day = 7.7% per year,
0.0382%/day = 10% per year). These parameters were estimated by counting
changes displayed by the MSCI World Index available on the internet at https://
www.msci.com/end-of-day-data-search. An example of an EIC is displayed in
Figure 2.

Setting IEC slope to O is a specific situation when investor does not gain any
returns, but he also never gains negative returns. From this point of view, IEC is
therefore "ideal" and only theoretical, so investor cannot invest in it. However,
the IEC concept may be helpful in investment strategies selecting process. The
investor will never know the future performance of investment strategies
portfolio, but he can have minimum performance requirements on these
investment strategies. If these investment strategies do not comply with his
requirements, they are excluded from the final portfolio. The additional capital
can be invested in those investment strategies which comply with requirements.

Il three approaches (tools) are based on the idea that, if some investment
strategy is excluded from the final portfolio, weights of the other investment
strategies will proportionally rise (e.g. if one investment strategy is excluded =
then weight of other strategies in portfolio will rise up to 25%). In case that all
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investment strategies are exited from the portfolio, we calculate only with
holding cash.
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Fig. 2 Ideal equity curve (Source: the authors)

4 Results and discussion

Table 2 summarizes the most important results of our research. The figures in
the table (# 1, # 2) represent the number of cases in which the use of portfolio
investment management tools has achieved a better performance parameter
than the passive diversification.

The figures in the third part of the table (# 3) reflect the frequency of cases
where:

a) Final portfolios achieved total return > 0 (profit) while passive diversification
reached total return > 0 (profit);

b) Final portfolios reached total return < 0 (loss) while passive diversification
reached total return > 0 (profit);

c) Final portfolios achieved total return > 0 (profit) while passive diversification
reached total return < 0 (loss);

d) Final portfolios achieved total return < 0 (loss) while passive diversification
reached total return < 0 (loss).

The first part of the table (# 1) compares the results of the final portfolios with
the passive approach based on the values of the monitored performance
indicators. These results point to the fact that the use of tools based on the
moving parameter concept on the one hand contributes to higher returns (TR)
than passive diversification but on the other hand also to higher maximum
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drawdowns (especially when using a lower period). In this comparison, the IEC
tool seems to be the most capable of ensuring a lower maximum drawdown and
a higher overall return on invested capital.

At first sight, the use of MA, BO and IEC systems seem to be a suitable
management tool. In the first part of the table (# 1) we compared the
performance of passive diversification and active portfolio management
approach. However, there are also situations in which the active approach is
better than passive diversification but shows low values of the TR and RF
indicators, or very high maximum drawdowns values (for example - BO 50
system: TR=-88%; passive diversification: TR=-95%).

Tab. 2 Testing portfolios results (Source: the authors)

#1: Performance indicator comparison (52 simulations)

BO, MA length 50 100 200
IEC parameter (“slope”) IEC=0 IEC=0,0297 IEC=0,038
Performance indicators TR | MDD | RF | TR | MDD | RF | TR | MDD RF
MA 46 10 42 | 49 14 50 | 52 20 48
BO 46 27 43 | 51 27 44 | 51 29 49
IEC 51 39 51 | 51 38 51 | 51 37 51
#2: Performance indicator comparison (52 simulations)
BO, MA length 50 100 200
IEC parameter IEC=0 IEC=0.0297 IEC=0.038
Performance indicators TR | MDD | RF | TR | MDD | RF | TR MDD RF
MA 26 null 18 | 37 | null | 35| 40 null 36
BO 33 null 30 | 41 | null | 34 | 44 null 42
IEC 50 null 50 | 50 | null | 50 | 50 null 50
#3: Total return comparison (52 simulations)
Length/parameter 50 100 | 200 | 50 100 [200| O | 0.0297 | 0.038
Strategy MA| MA | MA | BO | BO BO | IEC IEC IEC
Strategy + Naive + 26 26 26 | 26 26 26 | 26 26 26
Strategy - Naive + 0 0 0 0 0 0 0 0 0
Strategy + Naive - 2 11 14 | 13 16 19 | 25 25 25
Strategy - Naive - 24 15 12 | 13 10 7 1 1 1
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For this reason, in the second part of the table (#2) we added the non-negative
condition of the TR and the RF indicator. Thus, figures in the second part of the
table represent the number of cases (out of 52 simulations) in which the use of
the active management tool (MA, BO, IEC) is more advantageous than the
benchmark, but the investment also has to achieve positive values of TR and RF
indicator. The maximum drawdown takes values from the interval <-1.0> and
therefore the non-negativity condition is unfounded. The most significant
change in the figures versus the first part of the table (# 1) is observed in MA and
BO systems. Especially with the MA tool, we can see an increase in the number
of cases when final portfolio (strategy) claims better TR and RF values than
benchmark by using a longer period for MA. Kisela et al. (2015) also deal with
the management of individual equity curves of investment strategies in their
research. The authors' study looked at the use of various technical analysis tools,
one of which was the moving average. Their research indicates that the use of
moving averages to manage an individual investment strategy is linked to the
optimization process. However, results from the second part of the table (# 2)
show that the IEC tool was the only one capable to achieve a positive return in
50 cases or positive value of the RF indicator while at the same time overcoming
naive diversification.

IEC: Strategy (-) Naive (-)
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Fig. 3 Performance of IEC final portfolios (FP) in case of result: Strategy (-) Naive (-) (Source:
the authors)

An interesting finding from the last part of the table (#3) is the fact that none
of the simulations had a situation where final portfolio (strategy) would made
loss and passive approach made profit (Strategy - Naive +). Our attention was
logically most interested in the situation when the IEC tool made loss same as



54 FORUM STATISTICUM SLOVACUM 2/2019

the passive approach. Each investor would like to avoid tools that bring him a
low possibility of outperforming the passive approach plus with loss result. And
there was only one situation for each slope, when the IEC tool made loss same
as the passive approach (Figure 3). So, the rest of the simulations ended with
making IEC tool a profit for the investor (51 simulations). The fact is that this
situation is different when using MA or BO systems.

Our last Table 3 summarizes some additional figures. We tested our
performance parameters (indicators) from the point of view of all 52 simulations.

Tab. 3 Testing portfolios results (Source: the authors)

Length/slope 50 100 200 50 100 200 0 0.0297 | 0.038
Strategy MA MA MA BO BO BO IEC IEC IEC

MDD Max -096 | -0.97 | -0.94 | -092 | -0.90 | -0.91 | -0.69 | -0.61 | -0.60
MDD Avg. -0.62 | -0.61 | -0.57 | -0.55 | -0.56 | -0.52 | -0.38 | -0.37 | -0.42
RF Min -0.99 | -0.99 | -0.96 | -0.96 | -0.92 | -0.95 | -0.8 -0.78 | -0.77
RF Avg. 5.06 7.32 9.91 5.03 7.31 | 10.79 | 28.25 | 27.53 | 18.97
TR Min -095 | -095 | -091 | -0.89 | -0.83 | -0.86 | -0.44 | -0.33 | -0.34
TR Avg. 1.99 3.12 3.64 2.00 3.23 4.44 8.97 8.98 6.70

This table brings us some new findings. For example:

— |EC was always the best in case of Maximal Drawdown (each slope).

— |EC was always the best in case of average Maximal Drawdown (each slope).

— |EC was always the best in case of minimal Recovery Factor (each slope).

— |EC was always the best in case of average Recovery Factor (each slope).

— |EC was always the best in case of minimal Total Return (each slope).

— |EC was always the best in case of average Total Return (each slope).

— The second best in terms of active management was BO system and the worst
MA system (nearly in all periods).

— Setting the “signal” period (MA, BO) just like slope (IEC) plays key role for
better final results (performance indicators), thus from our results “more is
better” (MA, BO period) and “less is more” (IEC slope).

5 Conclusion

Today's historically lowest interest rates make from free cash one of the least
profitable assets. The benefit of cash holdings will be reduced if the company has
"redundant” cash. Whether this situation is short-term or long-term, the fact is
that every company can invest it in the financial market, just as individual
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investors do with their savings. Today, financial market brings opportunities not
only in form of conventional financial instruments like stocks, bonds, ETF etc.,
but due to advances in the financial industry also in new financial services. The
biggest advantage of these solutions is that, unlike hedge funds, they are already
available at very low investments and allow investors to spread their capital into
an unlimited investment strategy portfolio. These strategies may often bring a
high return in a relatively short time, but also a very risky environment. Thus,
diversification plays a key role for final portfolio creating. There are two main
approaches to diversification - passive and active. In active diversification an
investor or company needs some tool that will signalize some inappropriate
circumstances in strategy performance and thus some investment strategy have
to be excluded from the final portfolio. We have tested 3 such tools via different
trend definitions.

We simulated 10 investment strategies in 5294 business days, based on Dow
Jones Industrial Average returns. From these 10 investment strategies (IS1 —
IS10) we randomly choose 52 simulations. Each of this simulation was created
by 5 different investment strategies. In these simulations we tested 3 tools via
different trend definitions: moving average system, breakout system and ideal
equity curve. We compared final portfolios performance with passive approach
by three indicators: return indicator (Total return), risk indicator (Maximum
drawdown) and whole performance indicator (Recovery factor).

At first sight, the use of MA, BO and IEC systems seemed to be a suitable
management tool. One interesting finding was the fact that none of the
simulations had a situation where final portfolio (strategy) would make loss and
passive approach profit (Strategy - Naive +). However, there were also situations
(in case of MA and BO) in which the active approach was better than passive
diversification but showed low values of the TR and RF indicators, or very high
maximum drawdowns values. Results from our research showed that the IEC
tool was the only one capable to achieve a positive TR in 50 cases or positive
value of the RF indicator while at the same time overcoming naive diversification.
There was only one situation for each slope, when the IEC tool made loss same
as the passive approach (Strategy - Naive -). In another comparison and in case
of all 52 simulations, IEC was always the best tool from the point of view of
Maximal Drawdown, average Maximal Drawdown, minimal Recovery Factor,
average Recovery Factor, minimal Total Return and average Total Return. We
have found out that setting the “signal” period (MA, BO) just like slope (IEC) plays
key role for better final results (performance indicators), thus from our results
“more is better” (MA, BO period) and “less is more” (IEC slope).
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From our point of view, the trend definition via IEC has the most effective
impact on final performance parameters. Surely and of course, we used in our
research 5 plus 5 absolutely different investment strategies on one clear
purpose. To demonstrate, that only very simple method (IEC) can be very useful
and effective in active diversification of investment strategies portfolio. In fact,
no investor or company knows in advance what direction of investment will
occur, but IEC was able in absolute most cases bring to investor positive TR, RF
and also better results than naive (passive) diversification.

The paper arose in fulfilment of the tasks associated with grant scheme VEGA
1/0767/18 SMART model - a decision support tool in management of enterprises
provided by the Ministry of Education, Science, Research and Sport of the Slovak
Republic.
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Vypoctova Statistika 2019

Informacia o udalosti SSDS

Computational Statistics 2019
Information about an event by SSDS

V dnoch 5. az 6. decembra 2019 sa uskutocnil 28. rocnik medzinarodného
vedeckého semindra Vypoctova Statistika 2019. Miesto konania je tradi¢ne
Prirodovedecka fakulta UK, Prezenta¢né centrum AMOS, pavilén B1, Mlynska
dolina, Bratislava 4. Prvy den, Stvrtok 5. decembra 2019, sa niesol v znameni
prezentacii prispevkov Ucastnikov seminara.

Spolu odznelo 10 prispevkov zréznych oblasti Statistiky aj demografie.
Napriklad G. Szlics (FMFI UK v Bratislave) sa venoval ocerfiovaniu spojenych
dochodkov v pripade zavislosti Zivotov poistenych osob, P. Jindrova (FES
Univerzita Pardubice) rieSila modelovanie extrémnych poistnych Skod
v dbsledku prirodnych katastrof. Prispevky z oblasti demografie na tému
strednej dizky Zivota v dobrom zdravi a jej regionalnym rozdielom v CR predniesli
D. Moravek, T. Fiala, J. Langhamrova a J. Vrabcova (vietci z VSE v Prahe). Dalej
odzneli prispevky s tematikou urcenia velkosti vzorky pre aplikovany vyskum
(. Stankovicova, FM UK v Bratislave), definovanie financnej tiesne podniku
pomocou metdd panelového zhlukovania (M. Stachova, UMB v B. Bystrici),
kvalita Zivota a ludsky rozvoj v krajinach EU (A. Mojsejova, TU Kosice), pouZitia
Statistickych mier v odvetvovych Statistikdch (M. Boda, UMB v B. Bystrici),
modelovanie mzdovych rozdeleni 4-parametrickym lognormalnym rozdelenim
(D. Bilkovd, VSE v Prahe) a dalsie.

Obrazok 1 ukazuje atmosféru pocas seminara.
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Obr. 1: Pohlad na ucastnikov vedeckého seminara VS 2019 v Prezentachom centre AMOS.



58 FORUM STATISTICUM SLOVACUM 2/2019

Popoludni vystupilo 12 Studentov v ramci Prehliadky prac mladych Statistikov
a demografov 2019 a prezentovali vysledky svojej prace pocas studia. Tento rok
sa ich vystupenia venovali hlavne demografickym a geografickym témam, lebo
az 9 Studentov zcelkového poctu 12 prihlasenych Studentov bolo
z Prirodovedeckej fakulty UK v Bratislave. Zucastneni Studenti ziskali knizné
odmeny a 3 vitazné prace aj finan¢né odmeny.

Odborna porota vedend Martinom Bodom vybrala nasledovné tri vitazné
prace z prednesenych prac Studentov:
1. Nikoleta Slavikova (PriF UK): Stahovanie v uliciach mesta Skalica v rokoch

2010-2018 (c¢erveny kruh).

2. Dominika Zorvanova (FMFI UK): Aplikacia data miningu v marketingu (zeleny
kruh).

3. Ondrej Oravec (PriF UK): VyuZitie nepriamo Standardizovanych hrubych mier
pri tvorbe Webbovej typoldgie celkového prirastku obyvatelstva v obciach SR
v obdobi 1988 — 2016 (modry kruh).

Obrazok 2 predstavuje sutaziacich a identifikuje vitazov.

- v i - : e

Obr. 2: Studenti - G€astnici Prehliadky prac mladych $tatistikov a demografov 2019.

V piatok 6. decembra 2019 pre Studentov vysokych $kél bolo zorganizované
zasluhou SSDS pasmo prednadok pod nazvom ,Analytika ocami profesiondlov*.
Ucast $tudentov bola bohatd (cca. 130 $tudentov). Pridli $tudenti z Univerzity
Komenského v Bratislave (FM UK, FMFI UK, PriF UK), ale aj z Ekonomickej
univerzity v Bratislave (FHI) a Slovenskej polnohospodarskej univerzity v Nitre.

Studentom prednasali odbornici z praxe, ktori maju skdsenosti v oblasti
analyzy udajov. Témy prednasok boli nasledovné:

1. Milan Schnorrer a Marek Kovacik (Pricewise): Priklady pouZitia zakaznickych
dat v maloobchode, resp. retaile.
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2. Jaroslav Burian (PFF UP Olomouc): Statistické metédy v Uzemnom planovani.
3. Samuel Hudec (Mall.cz): Optimalizacia marketingovych nakladov.

4. Mdria Kulova (SU SR): Novy koncept Sé&itania obyvatelov, domov a bytov
v roku 2021.

Fotosnimka z priebehu podujatia je obsahom obrazku 3.

Obr. 3: Pohlad do auditdria pocas pasma prednasok pre Studentov ,Analytika ocami
profesiondlov”.

Informdcie o predndsajucich

Mgr. Milan Schnorrer je zakladatelom a partnerom Uspesnej slovenskej
spolocnosti Pricewise. Vzdelanie ziskal na Fakulte managementu UK v Bratislave
(Bc. stupen) a v Holandsku na University of Groningen (Mgr. stupen, odbor
Marketing), kde dnes posobi ako hostujuci profesor. Studijny odbor, ktory
Studoval v Holandsku bol zamerany na analyzu udajov o zakaznikoch a vyuzivanie
marketingovych modelov na skumanie sprdvania spotrebitefov. Dnes je
expertom s 10 ro¢nymi skisenostami na priamu komunikaciu v oblasti analyzy
udajov o zdkaznikoch a ma rozsiahle skusenosti s navrhovanim a spravou
zakaznickych programov.

Mgr. Marek Kovacik absolvoval Fakultu matematiky, fyziky a informatiky
Univerzity Komenského v Bratislave, odbor aplikovana matematika. Pocas
bakalarskeho Studia zacal pracovat ako business analytik v spolo¢nosti Pricewise.
Od absolvovania Studia vedie v Pricewise tim, ktory pomaha klientom ako NAY,
MALL.CZ alebo Curaprox lepsie pracovat s datami a vyuzivat ich na zvySovanie
trzieb.

doc. RNDr. Jaroslav Burian, Ph.D. od roku 2007 pracuje na Katedre
geoinformatiky PFF UP Olomouc, kde vyucuje geoinformatiku v odboroch
humanna geografia, verejna sprava a uzemné planovanie. Jeho vedeckym
zamarenim je predovsetkym oblast implementécie geoinformacnych technoldgii
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do priestorového planovania a analyzy, modelovanie a simulacie mestského
prostredia pomocou kvantitativnych metdd. Od roku 2009 vyvija software Urban
Planner, uréeny pre modelovanie scendrov potencidlu uUzemia, ktory bol
nasadeny v niekolkych mestach a krajoch. Popri pedagogickej a vyskumnej
cinnosti spolupracuje s verejnou spravou a komerénym sektorom. Od roku 2019
pdsobi ako externy spolupracovnik na Katedre geoinformatiky (UK v Prahe) a na
Ustave informatiky a aplikovanej matematiky (MVSO). Aktivne pdsobi v Ceské
asociaci pro geoinformace v odbornej skupine ,,GIS a Uzemni planovani“.

Mgr. Samuel Hudec, PhD. absolvoval Fakultu prirodnych vied na Univerzite
Mateja Bela v Banskej Bystrici, kde ziskal Mgr. titul v odbore Financna
matematika a Matematickd Statistika (2013). Doktorandské studium ukoncil
vauguste 2019 tiez na tejto univerzite v odbore pravdepodobnost
a matematicka Statistika. V sucasnosti pracuje ako datovy vedec - analytik
a modelar v spolocnosti Internet Mall, a.s. v Prahe. Tato spoloc¢nost pokryva
e-commerce trh prevazne v strednej Eurdpe.

Mgr. Maria Kulova absolvovala Fakultu socialnych vied, Univerzity sv. Cyrila
a Metoda v Trnave. Pracuje na Statistickom Urade SR na sekcii socidlnych tatistik
a demografie. V sucasnosti je veducou oddelenia scitania obyvatelov, domov
a bytov a prierezovych Statistik. Vo svojej praci sa venuje najma pripravnym
Statistickym cinnostiam, ktoré suvisia s cenzom.

Iveta Stankovicova
predsednicka SSDS
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Spomienka na doc. Ing. Jozefa Chajdiaka, CSc.
(* 18-03-1952 + 22-10-2019)
Smutocny oznam

A memory of doc. Ing. Jozef Chajdiak, CSc.
(* 18-03-1952 t 22-10-2019)
Obituary

V oktdbri 2019 sme sa naposledy rozlUcili s jednou z najvyraznejsich osobnosti
Slovenskej $tatistickej a demografickej spolo¢nosti (SSDS), s doc. Ing. Jozefom
Chajdiakom, CSc. Zomrel vo veku 67 rokov po tazkej a dlhotrvajucej chorobe.
Posledna rozlucka sa konala 25. oktobra 2019 v Bratislavskom krematoriu.

Niektoré fakty z jeho Zivota

Jozef Chajdiak sa narodil 18.3.1952 v Bratislave. V rokoch 1970 — 1975
$tudoval na Fakulte riadenia Vysokej $koly ekonomickej (FR VSE) v Bratislave
Specializaciu Ekonomicko-matematické vypocty. V rokoch 1975 — 1978 uUspesSne
absolvoval internu vedecku aspiranturu na Moskovskom institute riadenia, kde
ziskal vedecki hodnost kandidata ekonomickych vied v Specializacii
Matematické metddy a pouZitie vypoctovej techniky v planovani a riadeni
narodného hospodarstva a jeho odvetuvi.

V rokoch 1978 - 2006 pracoval na Katedre $tatistiky FR VSE (teraz Katedre
Statistiky Fakulty hospodarskej informatiky Ekonomickej univerzity v Bratislave)
ako odborny asistent (1978 - 1984), od roku 1984 ako docent a od roku 2003 ako
mimoriadny profesor. V rokoch 1982 az 1990 bol zastupcom veduceho katedry.
V oblasti pedagogickej Cinnosti viedol rézne predmety z oblasti Statistickych
metdd a ekonomickej $tatistiky: Statistika, Ekonomicka $tatistika, Hospodarska
Statistika, Ekonomicko-Statistické analyzy a podobne.
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V rokoch 2008 - 2018 pracoval ako docent na Ustave manaimentu STU
v Bratislave. V roku 1991 zalozil spolocnost STATIS a spolupracoval s praxou na
rieSeni uloh z oblasti ekonomickych analyz a aplikacie kvantitativnych metdd na
podporu rozhodovania. Pracoval hlavne v oblasti financno-Statistickych analyz
podnikov, aplikacie Statistickych metdéd v procesoch riadenia kvality
a progndzovania ekonomického a demografického vyvoja Slovenska resp. nizsich
uzemnych celkov.

Jozef Chajdiak vstupil do SSDS v roku 1980 a zarover sa stal aj élenom Vyboru
SSDS. V rokoch 1984 — 2010 zastaval funkciu vedeckého tajomnika a v obdobi
2010 — 2014 bol predsedom SSDS. Vyznamnou mierou prispel k ,oZiveniu“
¢innost tejto Spolo¢nosti. Prispel k tomu, Ze SSDS aj v si¢asnosti aktivne pdsobi
na Slovensku. Spolu s kolegom RNDr. Jankom Luhom, CSc. zalozil v roku 2005
vedecky casopis Forum Statisticum Slovacum (FSS) a bol desat rokov jeho
Séfredaktorom. Bol inicidtorom, organizatorom alebo spoluorganizatorom
desiatok podujati a autorom mnohych prispevkov o histérii Spolocnosti.
Organizoval resp. spoluorganizoval Slovensku Statisticku konferenciu, Slovensku
demograficku konferenciu, zalozil tyzdriovu Skolu Statistiky ECOMSTAT (r. 1988),
medzinarodny seminar Vypoctova Statistika (r. 1991), konferenciu Pohlady na
ekonomiku Slovenska (r.2002), Prehliadku prac mladych Statistikov
a demografov a dalsie akcie.

Docent Chajdiak bol zndmy slovensky odbornik v oblasti metdd na podporu
rozhodovania, Statistiky a ekondmie. Je autorom 46 kniznych publikacii, 22 skript
a vySe 400 publikovanych casopiseckych alebo konferenénych prispevkov.
Predstavuje priekopnika zavadzania vypoctove] techniky do vyucby aj do praxe
pri rieSeni Statistickych uloh a ich aplikdcii. V slovenskych podmienkach
organizoval osvojenie systémov SAS a SPSS na salovych pocitatoch a systému
Statgraphics na osobnych pocitacoch. Aktivne pracoval na Sireni postupov prace
s tabulkovymi procesormi (Lotus, SuperCalc, Quattro). Neskor venoval
pozornost popularizacii rieSenia Statistickych uloh pomocou funkcii, nastrojov
(PivotTable) a doplnkov riedeni (Data Analysis) v Exceli (publikacie: Statistika
v Exceli; Statistické ulohy a ich riedenie v Exceli; Statistika v Exceli 2007; Statistika
jednoducho v Exceli).

Vo svojej vedecko-vyskumnej cinnosti sa venoval meraniu a analyze
makroekonomickych indikatorov hospodarskeho rastu ekonomiky Slovenska,
financnym analyzam v podnikoch, aplikacii Statistickych a demografickych metod
v oblasti rozhodovania. Bol az neskuto¢ne aktivny pri vypracovavani a podavani
réznych internych grantovych projektov a grantov na zdklade vyziev Ministerstva
Skolstva SR. Mnohé jeho projekty boli prijaté a teda bol ich Uspesnym riesitelom.
K spolupraci na projektoch pozyval aj mnohych svojich spolupracovnikov.



FORUM STATISTICUM SLOVACUM 2/2019 63

Niekolko reminiscencii lenov SSDS a kolegov na Jozefa Chajdiaka

Docent Chajdiak patri medzi osobnosti, ktoré znacnou mierou prispeli
k rozvoju Statistiky na Slovensku. Nalezi mu vyznamné miesto v historii
Slovenskej Statistickej a demografickej spolo¢nosti. Sice opustil tento svet, ale
jeho nezmazatelnd stopa v histdrii SSDS zostala a bude pretrvavat. Nielen Ze stal
pri zrode mnohych akcii SSDS, ale sa ich aj aktivne zG¢astfioval. Vidy tam
prichadzal s Usmevom a skvelou naladou. Svojim eldnom a optimizmom dokazal
,nakazit” vSetkych ucastnikov konferencie ¢i seminara.

Do prace vSSDS av oblasti $tatistiky vedel prildkat svojim prikladom
a aktivnou pracou aj mnohych mladych kolegov a Studentov. Aj ja som mu
vdacna, Ze som po skon&eni §koly mohla ostat pracovat na Katedre $tatistiky VSE
v Bratislave. Je to aj jeho zasluha, Ze dnes som odbornicka na Statistické metédy
v SASe aZe som dlhé roky aktivnou ¢&lenkou v SSDS. Ked mu ta?kd choroba
obmedzila okruh jeho aktivit, prevzala som vedenie Spoloc¢nosti a pokracujem
v jeho praci a aktivitach.

Jozef bol velky bojovnik narocny na seba, ale aj na spolupracovnikov. Jeho
odbornost a fudské kvality ndm budu v SSDS trvale chybat. Vietci sme ho poznali
ako mimoriadne pracovitého a c¢inorodého cloveka so zmyslom pre osobity
humor. Vidy nartho budeme spominat a bude ndm chybat.

Jozef, cest Tvojej pamiatke!

Iveta Stankovicova
predsednicka SSDS

Poznal som Jorka este zo Studentskych ¢&ias na Fakulte riadenia VSE
v Bratislave, kde sa sme obaja snafili presadit v Studentskej vedeckej a odbornej
¢innosti, ¢o predznamenalo naSe neskorSie pracovné zaujmy. Neskor,
v sedemdesiatych rokoch, sme spolu bojovali srustinou arieSenim nasich
dizertacnych tém na Moskovskom institute riadenia, ¢o sme aj Uspesne zvladli.
Studovalo tam vela $tudentov z Ciech, Moravy a Slovenska, s ktorymi nds spojili
a az doteraz spajaju priatelstva. Jozko sa tu mimo naro¢ného Studia prejavoval
aj ako vyspely Sachista, nadSeny Sportovec a turista, ale aj ako vyborny kuchar
a kamarat, ktory nikdy nepokazil Ziadnu zdbavu. To, Ze vie zvladnut nielen
vedecku, ale aj tvrdu fyzicku pracu dokazal aj svojou pracou na stavbe Bajkalsko-
amurskej magistraly. V osemdesiatych rokoch sme opéat posobili ako kolegovia
na Fakulte riadenia VSE, on na Katedre &tatistiky a ja na katedre ASR. Nade
profesionalne drahy sa rozisli v devatdesiatych rokoch, ked on zostal na VSE a ja
som odisiel do praxe, aby sme sa zili opat v r. 2008 na Ustave manazmentu STU.

Doc. Ing. Jozef Chajdiak, CSc. bol nasim milym kolegom a priatelom pocas
svojho pracovného Zivota na Ustave manaZmentu STU. Bol som ten, ktory ho
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presvedcil prist medzi nas na tento Ustav. Pocas tohto obdobia sa prejavil ako
zapaleny ucitel ekonomickych predmetov a Statistiky, ktory vedel uputat
Studentov, Uspesny vyskumnik a autor desiatok vedeckych ¢lankov, publikacii
a ucebnic, ktoré aj sam vydaval. Popri tom pdsobil ako tajomnik Slovenskej
Statistickej a demografickej spolo¢nosti a tiez ako agilny a schopny organizator
vedeckych konferencii a seminarov zameranych na ekonomiku Slovenska
a aplikaciu  Statistickych a demografickych metdd vriadeni podnikov
a ekonomiky. Vedel sa pritom obklopit timom [udi, ktori mu boli podobni. Poznali
sme ho ako milého, kompetentného a mimoriadne pracovitého cloveka so
zmyslom pre osobity humor, ochotného komukolvek kedykolvek pomdct. Je
Skoda, Ze nestastny Uraz a neskor nelahka choroba mu obmedzili okruh aktivit,
ale napriek tomu bol Jozef stale bojovnik naro¢ny na seba a vedeny snahou
zvladat ¢o najviac z toho, ¢o zvladal, ked bol v plnej forme. Jeho odbornost
a ludské kvality ndm budud na Ustave manaimentu STU trvale chybat.

Mily Jozko, 1G¢im sa s Tebou za kolegov z Ustavu manaZmentu a tie? za éesko-
moravsko-slovenskd $tudentski komunitu z Moskvy. Budeme Ta postradat
a uchovame si Ta v pamati z ¢ias Tvojej najlepsej formy. Nech Ti je zem slovenska
lahka.

Marian Zajko
riaditel’ Ustavu manaZmentu STU v Bratislave

Pan docent Chajdiak bol jednym z prvych ucitelov, s ktorym som sa po svojom
nastupe na Fakultu riadenia VSE v roku 1981 stretol ako so svojim pedagégom
nielen na poéde fakulty, ale aj v neformalnych rozhovoroch o vyzname studia,
o Zivote, ale aj o priatelstve a spolupraci. Pokial viem, rovnaku skidsenost mali aj
dalsi Studenti, ktori si ho ako pedagdga vazili a resSpektovali jeho narocnost ako
snahu odovzdat im maximalne mnoiZstvo svojich poznatkov. Verim, Ze docent
Chajdiak ostal v spomienkach svojich Studentov ako ucitel, na ktorého prednasky
chodili s dychtivym ocakavanim preniknut do tajov Statistiky a pokial bude
$tudijny program Statistika nadalej Uspedne pripravovat $tudentov, potial mu
budeme aj my vsetci vzdavat hold ako jednému z jeho protagonistov.

Vieme, Ze nikto z nas nepozna den, ani hodinu konca krivky Zivotnej pute.
Zostava nam urobit vSetko preto, aby sme mali v tej chvili Cisté svedomie a ti, ¢o
po nas zostanu, spominali na nas len v tom najlepSom. Verim, pan docent, ze Ty
si to z velkej casti dokazal. Chcel by som preto v mene vedenia Fakulty
hospodarskej informatiky, v mene jej terajsich aj byvalych pracovnikov, v mene
Tvojich Studentov, a v mene svojom vyjadrit presvedcenie, Ze pre nas vsetkych
odchadza s docentom Chajdiakom mudrost a svojsky pristup k rieSeniu
problémov.
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Okrem toho, Ze sa s docentom Chajdiakom |u¢im ako predstavitel institucie,
na ktorej dlhodobo v rokoch 1975 az 2006 p6sobil, chcel by som sa nim rozlicit
aj za skupinu priatelov, s ktorymi v dobrej atmosfére ¢asto rozoberal zakladné
problémy ludstva, nosné problémy Statistiky, ale aj politické problémy a nazory
na kvalitu vina a dobrého jedla. Lu¢ime sa s kolegom, na ktorého urcite
nezabudneme, nezabudneme na jeho ,El pueblo, unido, jama sera vencido”.
DnesSnym dnom sa sice konci jedna zZivotna krivka, ale v naSich srdciach
a mysliach ostanu vysledky jej rieSenia ako stale zZivy odkaz a nasledovaniahodny
priklad.

Cest Tvojej pamiatke!

Ivan Brezina
dekan Fakulty hospodarskej informatiky EU v Bratislave

Jozefa (spolu s Jankom Luhom) som spoznal ako ,mladé ucho” na jednej
z demografickych konferencii. Stacilo mi par okamihov, aby som skonstatoval:
“Tak s tymito chlapmi bude sranda...” A bola. Pacilo sa mi, Ze Jozo bol vidy
,V stave” (ako to on rad pouzival) akceptovat, prijat, zmenit nazor, vypocut si
iného. Nikdy, ale skuto¢ne nikdy sa neurazil, aj ked mal niekto iny nazor alebo
mu povedal nieco kritické. Nikdy som ho nepocul zvysit hlas. ,Nedotklivost” je
jedna z najvzacnejSich ludskych cnosti a Jozo bol jeden z mala ludi, ktory fnou
oplyval.

Aj ked som uz skonstatoval, Zze JoZo bol stelesnenim dobrej nalady a humoru,
dokazal (aj) vedenie spolocnosti robit s lahkostou a nonsalantnostou, a tykalo sa
to tieZ organizovania konferencii. Co mi véak utkvelo a bude tkviet v pamiti asi
najviac, je jeho neutichajlca energia aj v dobe, kedy to uz po zdravotnej stranke
naozaj nemal lahké a Uprimne, asi iba malokto z nds by v takej situacii, napriklad
vobec prisiel na zasadnutie vyboru Spolo¢nosti. Na to si spomeniem, ked' pride
nejakd tazka chvila, spomeniem si, Ze Jozo by tu palicku z kita opat zobral
a prisiel tam kam treba...

Branislav Bleha
podpredseda SSDS pre demografiu

Kdyz jsem se dozvédéla velmi smutnou zpravu o umrti Jozefa Chajdiaka, velmi
mne to zasahlo. Jozef patfil bezesporu spolu s Jankom Luhom
k nezapomenutelnym osobnostem Slovenské statistické a demografické
spolecnosti. Opustil svoji milovanou statistickou partu v relativné nizkém véku,
coz je o to smutnéjsi. Rozhodné nelze zapomenout na jeho milou, vstficnou
a optimistickou povahu. Kdyz jsem se pred mnoha lety poprvé ucastnila
konference (Fernstat ¢i Vypoctova Statistika), méla jsem tu Cest se s nim a jeho
kolegou Jankom poprvé setkat. Ohromila mé Jozefova vstficnost, obrovska
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ochota a komunikativnost a nezapomenutelny smysl pro humor. Od té doby jsem
si konference poradané Slovenskou statistickou a demografickou spole¢nosti bez
jeho ucasti ani neuméla predstavit. Byl zarukou nejenom dobré zdbavy, ale také
odborného prinosu. Vzdy se snaZil jednoduse vysvétlit sloZitosti statistiky a dafilo
se mu to. | kdyzZ byl v posledni dobé jiz nemocny, tak bylo vidét, Ze v ném stale
diimda mlady kluk, ktery se nebrani Zadné legraci, a vSichni jsme ho méli radi. Do
posledni chvile Zil pro svoji praci, kterou bezesporu ovladal a miloval. Pro mne
byl a zGstane Jozef nezapomenutelnou osobnosti slovenské statistiky. Bude mi
na akcich Slovenské statistické a demografické spole¢nosti vyrazné chybét.

Jitka Langhamrova

Fakulta informatiky a Statistiky VSE v Prahe
predsednicka Ceskej demografickej spoloénosti

Velmi mé zasahla zprava o umrti Joza Chajdiaka. Poznala jsem ho na zacatku
svého profesniho plsobeni v oblasti statistiky a s jeho osobnosti mam spojenu
celou fadu rliznych aktivit. Od spolecné pfipravy vyuky vypocetni statistiky na
Vysoké Skole ekonomické v Bratislavé a Vysoké Skole ekonomické v Praze, pfi niz
jsem Joza poznala, pres statistické konference konané na Slovensku, napfiklad
tzv. seminare Vypoctova Statistika, az po casopis Informacie, pozdéji Forum
Statisticum Slovacum.

ProtoZe v Cechach v mych mladych letech neexistovala statisticka spoleénost,
stala jsem se Clenkou Slovenské demografické a statistické spolecnosti, pozdéji
existujici pod nazvem Slovenska statisticka a demograficka spoloc¢nost. | v niJoZo
dlouha léta zastdval dllezité funkce. Spolu s Jankem Luhou podporovali zaloZeni
Ceské statistické spolenosti v roce 1990.

Jozo byl autorem mnoha knih, inspirativni pro vyuku byly zejména knihy
predavani zkusenosti mezi statistiky, a to nejen na Slovensku, ale i v Cechach
a dalSich sousednich zemich. Navic stale usmeévavy, pratelsky a humorny. Takovy
byl a stale je v mych vzpominkach JoZzo Chajdiak.

Hana Rezankova
Fakulta informatiky a $tatistiky VSE v Prahe

Jozefa som spoznal ako zacinajuci asistent na Katedre Statistiky Vysokej Skoly
ekonomickej v Bratislave po jeho ndvrate z vedeckej aspirantury na moskovskej
univerzite. Od samého zaciatku bol pre mna odbornou autoritou a imponoval mi
jeho inovativny pristup k vyucbe nie velmi oblUbenej statistiky medzi Studentmi,
hlavne vtahovanim prvkov vypoctovej techniky a snahou ¢o najviac pracovat
s udajmi z realnej praxe. Aj ked sa neskor nase asistentské cesty rozisli, vedeli
sme o sebe a pravidelne sme sa stretdvali na réznych akciach Slovenskej
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Statistickej a demografickej spolocnosti, ktorych bol dlhé roky nadSenym
organizatorom. Blizko k sebe sme mali aj [udsky. Nase manzelky boli spoluziacky,
takze napriklad pri stretnutiach na pamatnych fakultnych plesoch bolo aj vdaka
Jozefovi o zdbavu vidy postarané.

Odchodom Jozefa do vecnosti doslo k velkej strate pre slovensku Statistiku

a demografiu, ale taky je Zivot. Ja osobne si na neho vidy spomeniem s velkou
Uctou a poklonou za jeho nesmiernu pracovitost.

Mikulds Car

Narodna banka Slovenska

s manzelkou Blankou

Prvykrat som meno Jozef Chajdiak pocula ako Studentka Vysokej Skoly
ekonomickej v druhej polovici osemdesiatych rokov. Statistiku ndm neprednasal
ani nemal s nami cvicenia, tak bolo v tom ¢ase nemozné posudit, ¢i chyry o jeho
prisnosti, ktoré kolovali po chodbach skoly boli pravdivé. No a pred cca 22 rokmi
som ho spoznala osobne. Ako velkého odbornika, vobec nie prisneho, ale milého
a priatelského cloveka. Neboli to iba akcie, ktoré organizoval spolu s Jankom
Luhom, ktoré nds spajali. Okrem viacerych knih Statistika v Exceli (s roznymi
obmenami v nazve) pisal aj publikdcie o Finan¢nej analyze. K niektorym sme mu
vo firme pripravovali podkladové Udaje, neraz sme debatovali o konstrukcii
pomerovych financénych ukazovatelov — najma ak sme na nu nemali rovnaky
nazor. ISlo vsSak o konstruktivny dialég averim, Ze nas obidvoch odborne
obohacoval a posuval. Rozpisanu knihu Zial uz nestihol dopisat a zostane mi sice
pre nu prazdne miesto na policke, ale v mojom srdci spomienka na neho bude
navzdy zachovana.

Jana Markova
hlavna analytic¢ka v CRIF — Slovak Credit Bureau, s. r. o.

Pre mna sa nazov nasej spolocnosti stale personifikuje do dvoch osobnosti
slovenskej Statistiky — Janka Luhu a JoZa Chajdiaka. Obaja od roku 1990 pdsobili
po dlhé roky ako funkcionari vyboru SSDS. Boli inicidtormi a netdnavnymi
organizatormi viacerych pravidelnych podujati, ktoré prezili az do dnesnych dni.
Stali pri vzniku vedeckého casopisu Forum Statisticum Slovacum, ktory aj
redigovali a C¢asto itechnicky pripravovali do tlade. Vo svojej praci vramci
spolocnosti sa snaZzili aktivizovat tiez mladsich kolegov — Statistikov a demografov
a pripravovat svojich pokracovatelov v organiza¢nych $trukttrach SSDS. To, Ze i
rovnako obetavych, nadsenych, kreativnych a erudovanych, ukaze az buducnost.
Som nazoru, Ze prave zasluhou Janka a Jozefa moéZzeme s hrdostou hovorit
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o Uspe$nej a bohatej historii SSDS, o jej velmi dobrej kondicii v si¢asnosti a snad’
o dalSom pozitivnom rozvoji v buducnosti.

Necely rok po odchode Janka Luhu sme sa v oktébri tohto roku navzdy rozldcili
aj s Jozefom. Tradi¢ne sa hovori o odchode do vecnosti. Pri tychto slovach sa
mnohi z nas zahladia do neba a predstavuju si ve¢nost niekde daleko, mimo
priestor ludskych pohladov. Malokto si uvedomuje, Ze to naSe, ludské
nekonecno je v nds, v nasich srdciach, spomienkach a pribehoch.

Na Jozefom parte bolo — okrem iného — napisané: , Pracoval vzdy do umoru,
kludu si nedoprial. Srdce jeho zlaté bolo, kazdému len blaho prial.”

V tomto prispevku si mame pripomenut najma Jozefa. Ale pripominat si Jozefa
bez Janka nie je pre mna velmi predstavitelné. Preto aj zdver rozSirim zo
spomienky, ktord som pred rokom napisal v pripade Janka Luhu: Jozef a Janko,
prisli sme o povest, o peniaze a mozZno aj o zdravie. Ale bolo to krdsne a bola to
velkd sranda. Dakujem Vam obom za moZnost byt pri tom.

Vladimir Uradni¢ek
podpredseda SSDS pre akademicku $tatistiku

Moje prvé stretnutie so Slovenskou Statistickou a demografickou
spolocnostou pred viac ako dvadsiatimi rokmi sa viaze s menami Jozef Chajdiak
a Jan Luha. Bol som vtedy éerstvym predsedom Statistického Uradu SR a tato
nerozlu¢nd dvojica prisla za mnou diskutovat o moznostiach pokracovania
pripadne rozsirenia spoluprace Spolo¢nosti s novym vedenim uradu. Rychlo sme
sa dohodli apo kratkej dobe som sa stal aj priamou sucastou vedenia
Spolo¢nosti. Bol to prave Jozef Chajdiak, vtom c¢ase vedecky tajomnik
Spoloc¢nosti, ktory ma dokazal ziskat pre spolupracu. Tesim sa, Ze som jeho
ponuku prijal a prave nasa tesna vzajomna spolupraca mi pomahala. Mal som
moznost spolupracovat sJozefom Chajdiakom, cast z tych uctyhodnych
25 rokov, ktoré bol vedeckym tajomnikom Spolo¢nosti, a mézem zodpovedne
povedat, Ze vyznamne prispel k rozvoju jej ¢innosti.

Nemal som moznost preniknut do vsetkych odbornych oblasti, v ktorych sa
Jozef pohyboval, ale vysoko som si vazZil jeho nasadenie a angaZzovanost pri
priprave odbornych podujati Spolo¢nosti. Bol som priamo pri tom, ked' sa v jeho
hlave zrodil napad pozvat na podu Spolo¢nosti prognostické timy, aby pravidelne
prezentovali svoje predikcie vyvoja ekonomiky. Tak sa pred dvadsiatimi rokmi
zrodila konferencia Pohlady na ekonomiku Slovenska. Jozef bol dusSou tohto
podujatia, komunikoval s prednasatelmi, generoval napady, ako spravit
podujatie pritazlivejsSim. To je len jeden zviacerych prikladov, lebo niektoré
podujatia, ktoré Jozef zakladal, uz vtedy bezali a iné vznikli neskor.
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Jozef Chajdiak sice nestdl pri vzniku nasej Spolocnosti, ale v jej strednom veku
bol jednym z tych, ktori ju formovali do dnesnej podoby. Zasluzi si nasu vdaku
a trvall spomienku.

Peter Mach
podpredseda SSDS pre medzindrodné vztahy

Doc. Ing. Jozefa Chajdiaka, CSc. som prvykrat stretol v marci 1990, ked som po
rozhovore s byvalym spolupracovnikom a priatefom z Ustavu tedrie merania
SAV, Jankom Luhom, rozsiril rady ¢lenov novo premenovanej Slovenskej
Statistickej a demografickej spoloénosti (SSDS) o skupinu matematickych
Statistikov. Jozef bol vidy vedicou osobnostou SSDS. Spolo¢nost bola jeho
srdcovou zaleZitostou, aj akousi prileZitostou pre realizaciu jeho predstav, vizii
Sirenia a organizacie Statistiky na Slovensku. Od Jozefa som pochopil, Ze Statistika
bola prenho predovsetkym nastrojom na podporu rozhodovania v ekonémii,
demografii, ale rovnako aj vo vSetkych spolocenskych aj prirodnych vedach,
v medicine, farmacii, ... .

Jozef mal svoju jasnu predstavu o postaveni, ¢leneni a obsahu samostatného
$tudijného odboru Statistika, rozdielneho od suéasnych $tudijnych odborov
Ekondmia a manaiment alebo Matematika. Absolvoval som snim vela
rozhovorov so $tatistikmi z réznych oblasti. Zial tento smer jeho Usilia uz nestihol
dotiahnut do uspesného konca. Mozno, Ze aj pre jeho zhorsujlci sa zdravotny
stav. Pritom bol Jozef bytostne presvedéeny, 7e Statistika si miesto medzi
Studijnymi odbormi plnym pravom zasluhuje.

Jozef bol cinorody, aktivny avelmi schopny organizator vedeckych aj
odbornych akcii, semindrov, zameranych na ekonomiku (hlavne Slovenska), na
moderné aplikacie Statistickych a demografickych metdd v riadeni ekonomiky
a podnikov. Akykolvek problém z tejto oblasti by som Siel pokonzultovat prave
s nim. Jeho knizky, ktoré vydaval vo ,,svojom“ vydavatelstve STATIS odporucam
kazdému, kto chce , pricuchnit” k statistike a riesit zakladné, ale aj pokrocilé
Statistické problémy. S ismevom mi hovoril, Ze ked' sa pokusal ziskat informacie
o moznosti dosiahnutia titulu DrSc., nazvali jeho knizky samizdatmi.

Jozef bol zapdleny ucitel Statistiky. Nie tej matematickej Statistiky, ale
Statistiky aplikovanej, najma v ekondmii. Bol predstaviteflom, akymsi novatorom,
zavadzania modernej vypoctovej techniky do vyucby aj do praxe, a tiez pri rieSeni
Statistickych uloh a ich aplikacii. Pritom tuto vypoctovu techniku aj vyborne
ovladal. Bol velmi kriticky ku svojej praci, ale aj k praci svojich kolegov. Mal
zmysel pre ,,0sobitny” humor, ¢o mi bolo velmi blizke. Jozko, budes nam velmi
chybat. Cest Tvojej pamiatke.

Gejza Wimmer
Matematicky Ustav SAV
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