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1. Uvod do data miningu




Co je to Data Mining?

e Data mining (DM), nebo také dolovani
z dat ¢i vytézovani dat, je analyticka
metodologie ziskavani netrividlnich skrytych
a potencialné uzite¢nych informaci.



Aplikace

Bankovnictvi: schvalovani uvért/kreditnich karet
e Predikce dobrych zakaznikd.

Pojistovnictvi: schvalovani pojistnych smluv
e Odhad pravdépodobnosti pojistné udalosti/vyse skody.
CRM (marketing):
e Identifikace zdkaznikd, ktefi maji v umyslu pfejit ke konkurenci.
e (Cross-selling.
e Up-selling.
Cileny marketing:
e Identifikace pravdépodobnych respondentti na nabidku.
Detekce fraudu: telekomunikace, finan¢ni transakce,
pojistné podvody

e Online/offline identifikace podvodného chovani.



Aplikace

Medicina: efektivita 1é¢ebné péce
e Analyza pacientovy historie (pfedchozi nemoci a jejich
pribéh): nalezeni vztahu mezi nemocemi.

Farmacie: identifikace novych lékl
Védecka analyza dat:

¢ Identifikace novych galaxii.

Design webovych stranek:

e Nalezeni vztahu navstévnika stranek a pfislusna zména
podoby stranek.



Aplikace

Rozpoznavani psaného textu, reci, obrazka.
Supermarkety

e Identifikace soucasné nakupovaného zbozi
Prémysl:

e automatické prenastaveni ovladacich prvka pri zméné
parametru procesu.

Sport:
e NBA-optimalizace herni strategie
dalsi...



Aplikace - Rozmisténi zbozi v supermarketech

e Cil: identifikovat zbozi, které je
nakupovano soubézné dostateCnym
mnozstvim zakaznikd.

* Vysledek: Jestlize zakaznik nakupuje
détskeé pleny a mléko, pak si velmi
pravdépodobneé koupi i pivo.



e Jedna z moznych interpretaci:

e Spravné interpretace vysledkt analyz je schopen
jen zkuseny analytik.



Ukazka pracovnich nabidek (rok 2011):

HOME
CREDIT l |

http://kariera.homecredit.cz/cz/analytik-rizeni-
rizik/job.html?id=493

Analytik Fizeni rizik

Napln prace:

« zodpovédnost za vyvoj rizikovych ukazatell na svéreném
portfoliu produktl (kreditni karty a hotovostni
uveéry)

- identifikace rizik v portfoliu daného produktu

«odborné posouzeni nestandardnich Zadosti o Gvér

PoZadujeme: 5

«VS, pripadné SS vzdélani (vyhodou zaméreni na
matematiku nebo ekonomii)

« velmi dobra znalost MS Office (zejména MS Excel)

« vyhodou zkusSenost ve finan¢nim sektoru

- analytické mysleni

- vyhodou znalost statistickych metod
a matematiky a zkusSenosti se skéringovymi modely
« velmi dobré komunikacni, vyjednavaci

a argumentacni schopnosti
« asertivita, smysl pro presnost, odolnost v{ci stresu

HOME
CREDIT l |

http://kariera.homecredit.cz/cz/specialista-analytik-
strategie-vymahani/job.html?id=487

V 4 V 4

Specialista - analytik strategie vymahani

Napln prace:

« méreni vymahaciho procesu

« analyzy a podpora pro vymahani
- testovani a podpora zmén

* Reporting

PoZadujeme:
« VS vzdélani — nejlépe matematika, ekonomie, informatika
« pokrocilou znalost MS Excel a SQL
« vyhodou znalost SAS a VBA
« sttredné pokrocilou znalost AJ
« velkou vyhodou praxe v oblasti analyz, reportingu, orientace v
oblasti vymahani
« aktivni pristup
« chut’ vyuzit své zkusSenosti a zapojit se do novych véci
- analytické mysleni a logické uvazovani
« komunikacni schopnosti, samostatnost pfi feSeni ukold,
spolehlivost, peclivost, odolnost v{ci stresu, flexibilita
10



Ukazka pracovnich nabidek (rok 2011):

— G

https://www.recrutement-

societegenerale.com/jpapps/kbLocal/jobs/jobview.jsp? TOKEN=ff7ec84a3a44

0fd12c7c783ebf&requestno=RQ00056954
Analytik Business Intelligence

Napln prace:

« Zajist'ovat Cinnosti spojené s podporou a rozvojem
systém{ Business Intelligence,

« V ramci vyvoje zajistovat analyzy uzivatelskych
pozadavk, definovat procesy, navrhovat controllingové
postupy, provadét datové modelovani, navrhovat
transformacni procesy, pripravovat uzivatelské rozhrani a
metodicky pfipravovat nasazeni novych nastrojt

PoZadujeme:

* VS nebo SS s praxi ve finan¢nim sektoru

« Znalost financni matematiky

« Znalost oblasti bankovnich aplikaci vyhodou, znalost
centralniho bankovniho systému KBI vitana

« Vyborna znalost MS Office

* Znalost SQL

« Znalost UcCetnictvi vitana

« Znalost controllingu / MIS / performance managementu
* Znalost AJ

» Peclivost, spolehlivost, schopnost komunikace a tymové
spoluprace

« Samostatnost, odolnost vidi stresu, flexibilita

B KB

https://www.recrutement-
societegenerale.com/jpapps/kbLocal/jobs/jobview.jsp? TOKEN=ff7ec84a3a
440fd12c7c783ebf&requestno=RQ00054440

Skoringovy analytik

Napln prace:

« Vlyvoj skoéringovych modeld, tvorba metodiky vyvoje modell

« Zpétné testovani skdringovych funkci a tvorba metodiky pro jejich
pouziti

« Statisticky reporting rizikovych parametrll portfolia a spoluprace na
jeho vyvoji

Pozadujeme:

« Vlysokoskolské vzdélani matematického nebo ekonomického
zaméreni se znalosti statistickych metod

« Analytické schopnosti, tvofivost, samostatnost a zodpovédnost

« Schopnost komunikovat v anglictiné (zejména pisemné)

« ZkuSenosti se statistickym software formou skriptl (vyhodou SAS a
S-Plus) a praci s databazemi (SQL)

« Znalost zakladnich ekonomickych pojm{ (¢asova hodnota penéz,
opravné polozky...)

« Znalost metodiky Basel 2 (konkrétné modelovani LGD, CCF, EAD)
vyhodou

« Zakladni znalost bankovnich produktd vyhodou

11



Ukazka pracovnich nabidek (rok 2011):

Kooperativa
VIENNA INSURANCE GROUP

http://www.onrea.com/pd/176680227?brand=g2&rcm=24045507&sourcebrand=g2&
source=3&exportRCM=24045507&trackingBrand=www.koop.cz

ANALYTIK DATA MININGU

Napln prace:

« Tvorba predikénich modell a pfiprava dat pro né

« Prezentace vysledk{ odborné i laickym uZivatelm

« Organizace datovych podkladd pro modely na Grovni zadavani
dalsim Gtvarlm

» Spoluvytvareni firemniho data skladu na strané uzivatel{

« Préibézna aplikace pro firmu novych metod data miningu, reportingu
a Cisténi dat

PoZadujeme:

VS — obor: ekonometrie, matematicka statistika, pojistna
matematika a podobné (mozno i student postgradualniho studia)
« Znalost vicerozmérnych statistickych metod

« Znalost alespon jednoho ze statistickych SW SPSS, KXEN,
Rapidminer, SAS (SAS - vyhodou)

« Alespon zakladni znalost relacnich databazi a SQL

« Znalost MS Excel alespor na Urovni maker / VBA (VBA — vyhodou)
« Analytické a komunikacni schopnosti

« Znalost AJ na alespon technické Urovni

« Praxe v oblasti tvorby predikénich modeld / data miningu / BI —
vyhodou

« Zkusenost v pojist'ovnictvi, telekomunikacich nebo financnim sektoru
— vyhodou

« Zkusenost s CRM / Camapaign managementem — vyhodou

-« i[ - :Mobile-

http://careers.peopleclick.com/careerscp/client_tmobile/external/cs/jobDetails.do?
functionName=getJobDetail&jobPostId=107551&localeCode=cs#

Specialista zakaznickych analyz

Napln prace:

» Analyzovat a interpretovat DWH data.

« Komunikovat se zadavateli analyz.

« Zdokonalovat strukturu zdrojovych dat v souladu s
potfebami datovych analyz.

« Vyuzivat analytické nastroje s ohledem na potreby a
rozvoj analyz.

« Hledat nové pristupy v oblasti datovych analyz.

Pozadujeme:
« VS/SS vzdélani ekonomického, technického,
matematického sméru
« ZkuSenost s analytickym SW - napr. SPSS, SAS, Access,
SQL
« Excel - vynikajici znalost (databazové funkce, makra,
formulare)
« Spolehlivost, peclivost
« Analytické mysleni
« Komunikace
12



Ukazka aktualnich pracovnich nabidek wixom:

www.jobs.cz
Klicové slovo ,SAS" :
, Raiffeisen
« RISK ANALYTIK — PROGRAMATOR BANK 5
« Pojistné technicky a datovy analytik -Usek pojisténi vozidel ’JCPP
. Risk Data Analyst & GE Money
» Pricing Specialist . - -Mobi P
« Fraud Analytik/-¢ka produktd spotrebnlho financovani CSOB

» Statistician (Brno) m

Klicové slovo , matematika" -
« POJISTNY MATEMATIK — JUNIOR WLEGON
« DWH/BI Specialista/tka B S55iovna
« Specialista ALM / pojistny matematik

PPF

csoB
PoZadovana kvalifikace a dalsi
pozZadavky

» zkusenost s dataminingem,
statistickymi prediktivnimi
metodami, ¢i neuronovymi sitémi

« vyhodou zkusenost s pouzivanim
nastrojd pro odhalovani podvod( a
nastrojli pro navrhovani a fizeni strategi
+ VS/SS vzdélani matematického, Ci
technického nebo ekonomického
zameéreni

+ dobra znalost MS Office, EXCEL,
ACCESS, SQL, vyborna znalost prace s
PC,

« znalost statistickych systému, i
systéml pro dolovani dat (SAS,
SPSS/Clementine, ...)

« komunikativni znalost anglického jazyka
nezbytna

» znalost vnitfnich informacnich systém(
banky vyhodou

AXA

We Require:

« university degree in statistics or
mathematics

« English language fluently written and
spoken

- excellent skills in MS Office (Excel, SQL
programmer for data mining)

« experience in insurance and ability to
use Pretium or SAS is advantage

+ analytical and statistical skills

13


http://www.sas.com/offices/europe/czech/reference/2009/tmobile.html

Ukazka aktualnich pracovnich nabidek wixom:

www.linkedin.com

e
* Modeling, Scoring, & Analysis Sr. Manager - CBNA Risk Management (Long Island City, NY) Cltl
« Head of level — Decision Science / Modelling (London, UK) LAR NHAQ

« Senior Credit Risk Analyst, Basel II Modeling (Detroit) C‘“y

« Statistician (Dallas) &:iif_ljfnder

4 4

- + dalsi TISICE volnych mist poZadujicich matematické/ekonomické vzdélani, znalost statistiky, SQL,
SASu

CcITY

« Master Degree with specialization in Statistics, Economics, Finance, Engineering or other quantitative fields, PhD preferred.

« 10+ years hand-on statistical risk modeling experience in financial industry with demonstrated proficiency in scorecard development.
« Diversified modeling experience in Fraud and/or Mortgage modeling strongly preferred.

« In-depth understanding of regulatory requirements, and proven experience in interacting with regulators and internal auditors.

« Strong communication and project management skills.

Santander

*Graduate degree in Statistics, Economics, Operations Research or other quantitative discipline required.

« Familiarity with logistic regression models, segmentation and variable reduction techniques, hypothesis testing, non-parametric testing, design of experiments,
ANOVA, CHAID analysis and linear regression.

+ SAS: SAS base, SAS/STAT, PROC SQL, SAS Macro programming, using SQL and SAS to extract data from different data sources. Ability to merge,
concatenate, import/export datasets, clean data and check for data consistency and accuracy. 14



Data mining a princip indukce

* Dedukce zachovava platné vztahy:
1. Koné jsou savci.
2. Vsichni savci maji plice.
3. Proto plati, Ze vSichni koné maji plice.

e Indukce pridava informace:
1. VSichni doposud pozorovani koné maji plice.
2. Proto plati, ze vSichni koné€ maji plice.

15



Probléem s indukci

e 7 platnych fakt mtzeme vyvodit nepravdivé tvrzeni

(model).

e Priklad:

- Evropskeé labuté jsou bilé

- Indukce: ,Labuté jsou bilé” jakoZto obecné
pravidlo.

- Objevenim Australie se objevili i cerné labuté...

- Problém: mnozina pozorovani nebyla ndhodna a
tudiz reprezentativni.

. http://cs.wikipedia.org/wiki/Labu%C5%A5_%C4%8Dern%C3%A1 16



Data mining —podpora business rozhodovani

A

Increasing potential
to support
business decisions

Making End User
Decisions
Data Presentation Business
; . . Analyst
Visualization Techniques
Data Mining Data
Information Discovery Analyst

Data Exploration
Statistical Analysis, Querying and Reporting

y:

Data Warehouses / Data Marts \
OLAP, MDA

DBA
Data Sources
Paper, Files, Information Providers, Database Systems, OLTP

17




Historie nazvu

1960 Data Fishing, Data Dredging (bagrovani):
* uzivano statistiky

1989 Knowledge Discovery (KD, KDD):
» uzivano komunitou zabyvajici se umélou inteligenci a
strojovym ucenim

1990 Data Mining (DM):
e uzivano v komer¢ni sféie a databazové komunité

Dalsi nazvy: Data Archaeology, Information Harvesting,
Information Discovery, Knowledge Extraction, ...

18



Data mining — nutnost?

; ’ Nejvétsi svétove databaze v r. 2005:
4 o * Max Planck Inst. for Meteorology ~ 222 TB
e * Yahoo ~100 TB
L E e . ATRT o4 TB
] V roce 2008:
gt —+—— ° Max Planck Inst. for Meteorology ~ 6000 TB
- * Yahoo ~ 2000 TB

Dalsi velké databaze:
* CIA, Amazon, Google, YouTube, AT&T,...

Vice napf. na http://www.focus.com/fyi/10-largest-databases-in-the-world/ 19



Data mining — nutnost?

Terabytes -- 10712 bytes: data obchodnich fetézc(i, bank,...

Petabytes -- 10715 bytes: geograficka data

Exabytes -- 10718 bytes: narodni databaze zdravotnich
zaznamu

Zettabytes -- 10”21 bytes: databaze meteo-snimki

Zottabytes -- 10”24 bytes: video-databaze

20



nutnost?

INg —

N

Data m
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ProC data mining? ProC dnes?

Data jsou produkovana.
Data jsou skladovana.

Vypocetni sila je dostupna.

Vypocetni sila je cenové dostupna.
Konkurenc¢ni tlak je velice silny:.

Komerc¢ni produkty (DM software) jsou k dispozici.

22



Data mining vs. Statisticka analyza

Data Mining Statisticka analyza
» P@ivodné vyvinuto pro expertni systémy Teséujle se statisticka korektnost
° A v’ /4 4 14 mo e u.
automaticky fesici zadané problémy. e
= Jsou statistickeé predpoklady
e Neklade takovy d@iraz na piesné modelu splnény?
porozumeéni pouzité metody. » Testovani hypotéz.
e Pokud néco dava smysl, pak to * Intervalove odhady.
pouzijme! « Pracuje se s vybérem hodnot.

e Standardni metody nejsou
optimalizovany pro rozsahla data.

e Funguje i pro velmi rozsahla data. o Vyzaduje pokro¢ilé statistické
e Vyzaduje porozuméni problému z znalosti.
datovému a business pohledu.

o Zadné piredpoklady o datech.

23



Data mining

Proces (polo-) automatické analyzy (rozsahlych) databazi
k identifikaci vztaht, které jsou:

e validni: plati na novych datech s urcitou jistotou obecné
platnosti

e nové: doposud neznamé
e uzitecné: daji se v praxi néjak pouzit

e srozumitelné: (vZdy) se nalezeny vztah da néjak vysvétlit

24



Data mining neni:

Brutalni hromadné
zpracovani dat.

Slepé pouziti algoritmai.

Hledani vztaha tam, kde
Zadné neexistuji.

25



/name # Zajimave

Zajimave jsou ty
vztahy, které se lisi
od obecnych
ocekavani.

Data mining se
vyplaci praveé diky
objevovani dosud
neznamych a
prekvapivych
vztahu.

Mlékoa
cerealie
prodavej

dohromady!/

Mlékoa
ceredlie
prodavej
dohromady!/

26



Vztah s ostatnimi disciplinami

Databazové
technologie

Statistika

o~

Strojove uceni

Data Mining

/

Informacni
technologie

S

Vizualizace

Ostatni védni
discipliny

27




L

Data mining -proces M

Ovéreni vztahu /I

Data Mininy
4

Relevantni Data
Vybér Dat
Transformace M
Data Warehouse 1

Cisténi dat

Integrace}<
” Databaze

28



Data Mining Methodology (2007)

Kterou metodologii pouzivate pro data mining?

CRISP-DM (63) I -
Vlastni (29) D 9%

SEMMA (19) B %

KDD Process (11) N 7%

Firemni (8) B 5%

Ostatni (20) N 14%

29



CRISP-DM

(CRoss Industry Standard Process for Data Mining)

1. pochopeni obchodnich

Business Data

Understanding Understanding

souvislosti

2. pochopeni dat

3. piiprava dat

4. mOdelOVénl, Modelling

5. vyhodnoceni modelu

6. nasazeni modelu do
obchodniho procesu

http://community.udayton.edu/provost/it/training/documents/SPSS_CRISPWPIr.pdf

30



SEMMA

(Sample, Explore, Modify, Model, Assess)

» Sample - identifikovat vhodna ucici data, urc¢it odpovidajici rozsah dat, a to jak z pohledu ¢asového okna tak i
z pohledu poctu piipada. Dale se doporucuje rozdélit data na 3 skupiny:
Trénovaci - vyuziva se pro vyvoj modelu.
Valida¢ni - vyuziva se pro vyhodnoceni modelu a pro prevenci proti preuceni (over fitting) modelu.
Testovaci — vyuziva se pro finalni vyhodnoceni modelu. Zajima nas pfedevsim jak dobfe se
model chova na datech disjunktnich s daty, na kterych byl model vyvinut.

* Explore - ptipravit popisné statistiky, které poskytnou zakladni piedstavu o obsahu a kvalité podkladovych dat.
Pomoci vizualiza¢nich technik odhalit skryté trendy a zavislosti v datech.

* Modify - na zakladé pfedchoziho kroku konsolidovat data a odvodit nové proménné. Nasledné transformovat
data do tvaru vhodného pro modelovani.

* Model - vytvorit prislusny model. Mezi Casto pouzivané techniky patfi napf. neuronové sité, rozhodovaci
stromy, logistické modely.

» Assess - vyhodnotit aspésnost modelu a pfipadné implementovat model do praxe.

31



Faze DM procesu (1 & 2)

Porozumeéni obchodu (Business
Understanding):

e Stanoveni business cili.

e Stanoveni data miningovych - .
cil Porozuméni dattim (Data

S e e nderstanding):
e Statnoveni kriterii uspéchu. Understand g)

e Prizkum dat a ovéreni
jejich kvality.
e Nalezeni odlehlych hodnot.

32



Faze DM procesu (3)

Priprava dat (Data preparation):

e Obvykle zabira pres 9o% celkové casu.
- Sbérdat

« Konsolidace a ¢isténi
Vazebni tabulky, agregace, chybéjici hodnoty;...
» Selekce
Ignorovani neuzite¢nych dat?
Odlehla pozorovani?
Vybér dat?
Vizualiza¢ni nastroje.
« Transformace - vytvateni novych odvozenych
proménnych

33



Faze DM Procesu (4)

Modelovani (Model building)

e Vybér vhodnych modelovacich technik
zavisi na stanovenych data miningovych
cilech.

* Modelovani je vétSinou iterac¢ni proces
propojeny s pfipravou dat

e Rozdilny pfistup pro ,supervised® a
yunsupervised learning”

34



Zakladni pristupy k modelovani

Prediktivni: jde o matematicky model predpovidajici (s ur¢itou
presnosti) budouci hodnotu/chovani néjaké velic¢iny (entity).

e Regrese/ Klasifikace

e Analyza ¢asovych fad
Deskriptivni: jde o matematicky model popisujici historické
udalosti a predpokladané nebo realné vazby mezi nimi.

e Klastrova (shlukova) analyza

e Asociacni pravidla

e Detekce deviaci/zloma

e Faktorova analyza / analyza hlavnich komponent

35



Klasifikace

Na zakladé znamych udaja o ,starych” zdkaznicich a jejich
platebni moralce mame predikovat platebni zptisobilost
noveho zadatele o uvér.

Pif, h i r l nl’ i « oy 1 ROZhO(.lOVElCI’
edchozi zakaznic Klasifikator pravidlo
Prijem > x
NG -, Dobry/
Zmezn . — Prol. =y | Spatny
amestnani
Bydligte P
Typ zdkaznika /
Data nového zadatele

36



Klasifikacni metody

Cil: Predikovat tfidu Ci = f(x1, x2, .. Xn)
Regrese: (linearni nebo polynomialni)
e a*x1+b*x2+c=Ci
Metody nejblizsiho souseda (KNN)
Rozhodovaci stromy
Pravdépodobnostni modely (GLM) - napt. logisticka regrese.
Diskriminacni analyza (LDA,...)
Neuronové site
Support vector machines (SVM)
Bayesovské modely

37



Deskriptivni modelovani

Zakladnim cilem je ziskani ucelenych a snadno
srozumitelnych informaci z dostupnych dat.

Nékdy soucasti prazkumové (exploracni)
analyzy predchazejici prediktivnimu
modelovani, nékdy je vytvoreni deskriptivniho

modelu hlavnim cilem DM projektu.

38



Klastrova analyza

Madame nalézt skupiny/ klastry stavajicich zdkaznik® na zakladé

latebni historie tak, aby podobni klienti byli ve stejné skupiné/

clastru.

Zakladni pozadavek: Kvalitni mira podobnosti

(http://cs.wikipedia.org/wiki/Shlukova_analyza).
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Supervised vs. unsupervised learning

Supervised learning:
e Supervize: Data (pozorovani, méfeni, atp.) jsou oznacena
predem definovanymi/znamymi tfidami.
e Nova/testovaci data jsou nasledné rozfazena do téchto tiid.
e Z pohledu kauzality dany model definuje vztah mezi
vstupnimi daty a daty vystupnimi.
Unsupervised learning:
e Pfedem nejsou definované zadné tridy.
* Pro dana data je cilem prokazat existenci néjakych tfid.

e 7 pohledu kauzality jsou vSechna data chapana jako
vystupni. Modelujeme zavislost danych dat na jakychsi
neznamych skrytych proménnych.
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Faze DM Procesu (5)

Vyhodnoceni modelu (Model
Evaluation):

e Evaluace modelu: jak se chova na
testovacich datech.

e Metody a kritéria zavisi na typu
modelu:

 Napft. koinciden¢ni matice pro klasifika¢ni
modely, primérna chyba pro regresni
modely;...
e Interpretace modelu: dtlezitost a
obtiznost interpretace zna¢né zavisi
na zvolené modelovacim algoritmu.
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Faze DM Procesu (6)

Nasazeni do praxe (Deployment)

e Je tfeba urcit, jak maji byt vysledky vyuzity.
e Kdo je bude vyuzivat?

e Jak ¢asto budou vyuzivany?
Nasazeni data miningovych vysledki pomoci:
e Skodrovani databaze.

e Vyuziti vysledki pomoci obchodnich pravidel.

e Interaktivni on-line scoring.
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SAS - struché seznameni

e 2 zakladni SAS rozhrani:

* SAS windowing e

Ty

[& SAS Enterprise Guide

File Edt Yiew Tasks Program  Toos Help | S~ S- @G | 8 o O3 04 X | 9 O [ [T+ |BegProcessFlow ~

Process Flow -

Project Tree - X
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SAS - strucné se

znameni

File Edit %iew Tools Run  Solutions  Window Help
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| |
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D 2d &R re e GElEX 0@
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/% jednoduchy priklad #/
SRR EEEERAAAEE AR ARG,

/% dopocteni hustory osidleni #/

= data czobec:
set cedata.czobec:
hustota=obyvatel/ (plocha+l) :

run;:

SAS
Output

Program
editor

g, window

/% nastaveni grafickych paremetru a volani procedury GHAP =/

goptions reset=all colors= (grayf0 grayed graydd graycO grayb0 grayad graySd grays0
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Sproc gmap data=czobes map=czdata.czobec map;
id idobee:

|' Output - [Untitled)
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Ln1, Coll

| E] Log - [Untitled) "@ mapy.sas 25| GRAPH1 WORK.GS. .. | [#) Results Viewer - S4...
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Output I I Editor I
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choro chyvatel:




SAS - struché seznameni

omoci klikani a pfetahovani mysi je budovan procesni tok.
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Hag Create Emply Process Flow
Add Items to Project
() Open From My Computer
F Open From SAS Server/Binder
@ Open OLAP Cube
& Open Exchange
5 Open OLEDB
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2 Import Diata
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[%* Bubble Plot
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Donut Chart
Line Plot
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A Radar Chart
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SAS Enterprise Guide (EG) Interface

EG automaticky generuje kod, ktery mozné dale editovat

BonusReport ~

gﬂ Program
[QSave v B Run ~ : Select Server | Export v Send To 2] Properties

-'data work.comp:
set orion.sales:;
Bonus=500;
Compensation=sum(Salarvy, Bonus) ;
BonusMonth=month (Hire Date):;
drop Gender 3Salary Job Title Country Birth Date;
format Bonus Compensation dollarS. Hire Date datef.;
label Ewployee ID="Employee ID"
First Nawe="First Nawe'
Last Name="Last Nawe'
BonusMonth="Month of Bonus"
Hire Date="Hire Date';
run;

-'proc print data=work.comp label:;
title 'Bonus report for 2009';
run;
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SAS Help

Use the SAS Enterprise Guide Help facility or SAS OnlineDoc for
additional direction on SAS Enterprise Guide or the SAS
programming language. Go to support.sas.com and select

Product Documentation @ Base SAS.

SAS Enterprise Guide Help:
I

i
Hide Back Frint

Contents | Index | Search || Favorites

(= ¢23 About 5A5 Enterprise Guide

(=] Wwhhere do | stan?
@ Tutarial and training for 545 Enter
@ Additional resources
(5] Accessibilty and compatibility fsatt
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@ What are 'tazks' and ‘projects'?
@ Can | still write SAS progranns?
[ What's New
(23 Using SA5 Enterprise Guids
(23 Warking with Frojects
23 Warking with Data
|23 Building Queries
[C0 Filtering and Soiting Data
[0 Warking with Pragrams
(23 Warking with Stored Processes
(23 Warking with Frompts
(23 Warking with Results
[0 Exporting and Sending Files
[ Publishing Data and Results
[ Customizing 545 Enterprise Guids
(23 Warking with Enterprise Guide Explore
(23 Running SAS Tasks

=
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Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Most Used Documentation
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PDF is.s1mB)y | HTML
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Procedures
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PDF (7.16mBy | HTML

SAS 9.2 Language Reference: Dictionary
PDF (7.44mB) | HTML
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- SAS pouzivaji napr.:

V0 ) iffei . . A A o=
KB @ GEMoney ERE™" ZUniCredit Bank SESKAS

SPORITELNA

Kooééativa .!épp % CESKA dlr t

POJISTOVNA

VIENNA INSURANCE GROUP VIENHMA INSURANCE GROUP

== T o u?\yltﬂ)ll(ln E SKUPINA EEZ

Vice na http://www.sas.com/offices/europe/czech/reference/

pojidfovna

PPPPPPPPPPPPPPP


http://www.sas.com/offices/europe/czech/reference/2009/tmobile.html
http://www.csas.cz/banka/appmanager/portal/banka;JSESSIONID_internet10=bswvLvvQ4fR0nph7gjW10J12tY7nkqsxzn0bs2V7bFRncNvmKmJ1!1803742236?_nfpb=true&_pageLabel=home
http://www.kb.cz/index.shtml
http://www.unicreditbank.cz/cz/uvod.html

SAS na webu

Michal Kulich: Maly manudl uzivatele SASu
http://www.karlin.mff.cuni.cz/~kulich/sas/SASMain.html

Phil Spector: An Introduction to the SAS System
http://www.stat.berkeley.edu/classes/s100/sas.pdf

Patric McLeod : Introduction to SAS 9
http://www.unt.edu/rss/class/sas1/

http://en.wikipedia.org/wiki/SAS_%28software%29
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Data miningovy software

* (Cca 20 az 30 dodavatelti
e Hlavni hraci na trhu:

e Clementine, } IBM SPSS Modeler
e [BM’s Intelligent Miner, (PASW Modeler)

e SGI's MineSet,
e SAS’s Enterprise Miner.

Vice napt. na:

* http://www.kdnuggets.com/software/

* http://www.dmoz.org/Computers/Software/Databases/Data_Mining/Publ
ic_ Domain_Software/

* http://dir.yahoo.com/Business_and_Economy/Business_to_Business/Com

puters/Software/Databases/Data_Mining/ 51



Software (dalsi

AcaStat
ADaMSoft
Analyse-it

ASReml|

Auquri
BioStat

BrightStat

Dataplot
EasyReg

Epi Info
EViews

Excel

GenStat

Golden Helix

MRDCL
NCSS

OpenEpi

Origin

gretl
JMP

MacAnova

Mathematica

Ox programming

language
OxMetrics
Origin
Partek

Matlab
MedCalc
modelQED
Minitab

Primer
PSPP
R

R Commander[4]

RATS StatsDirect
RKWard[4] Statistix
SalStat SYSTAT
The
SAS Unscrambler
SOCR UNISTAT
Stata VisualStat
Statgraphics Winpepi
STATISTICA WinSPC
Statlt XL Stat
StatPlus XploRe
SPlus
SPSS
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Software - SAS

Fie Edt Vew Took Run Soltions Window Help

SAS. www.sas.com
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SAS

Spolec¢nost SAS Institute

e Vznik 1976 v univerzitnim prostiedi

 Dnes:nejvétsi soukroma softwarova spole¢nost na svété (vice nez
11.000 zameéstnanci)

 pres 45.000 instalaci
 cca 9 miliont uzivatel® ve 118 zemich

« v USA okolo 1.000 akademickych zdkaznikt (SAS pouziva vétsina
vyssich a vysokych kol a vyzkumnych pracovist)
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L

SAS Soutéz o nejlepsi studentskou prdci

*lze prihlasit bakalarskou, diplomovou,

dizerta¢ni, semestralni nebo roc¢nikovou Ro¢nik 2010:

praci vyuzivajici SAS. *1. misto - Ucast na SAS Global

* 1. misto - letenky dle vlastniho vybéru v Forum M Las Vegas.

hodnoté 15.000 K¢ Vyherce mél hrazenou letenku,
' ' ubytovani a Gcastnicky poplatek.

SAS Prize 2011

20120rlandoFlorida

Apl’il 22-25 2012 http://www.sas.com/offices/europe/czech/academic/soutez.html
’
http://www.sas.com/offices/europe/czech/academic/poster.htmi
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SAS

Podpora studentu

= Moznost rozsireni licence na
domaci instalace pro studenty

= SAS Fellowship Program —
software zdarma pro diplomku
Ci dizertaci

= Zadavani a vedeni
diplomovych praci

= Sdileni informaci, zkusenosti
¢i prikladu v uzivatelskych
skupinach

= |nteraktivni moduly nebo
programovaci prostredi

Statisticka analyza
Matice

Casové rady
Operacni vyzkum
Kontrola kvality
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SAS

e Statisticka analyza:
e Popisna statistika
e Analyza kontingenc¢nich (frekvencnich) tabulek
 Regresni, korela¢ni, kovariancni analyza
» Logisticka regrese
e Analyza rozptylu
» Testovani hypotéz
e Diskriminac¢ni analyza
e Shlukova analyza
 Analyza preziti
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SAS

* Analyza c¢asovych rad:
» Regresni modely
e Modely se sezonnimi faktory

 Autoregresni modely
[ ARI MA ﬁ-und O-e-.nh‘mﬂ‘u:-m for ELECTRIC

e Metody exponencidlniho $=) ﬁ /| | \[\ f m
vyrovnani s P I = A
. SIS TEEIEREREER
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SAS

* Vice o SASu: http://www.sas.com/offices/europe/czech/

* (neuplny) seznam komerc¢nich spole¢nosti vyuZzivajici SAS:
http://www.sas.com/offices/europe/czech/reference/list.html

* 0 akademickém programu:
http://www.sas.com/offices/europe/czech/academic/index.html

* 0 konferenci SAS forum:
http://www.sas.com/reg/offer/cz/2010_sas_forum_2010
http://www.sas.com/reg/offer/cz/2011_sasforum
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Software -SPSS
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SPSS

* IBM SPSS/ PASW Modeler 13 (diive Clementine)

http://www.spss.cz/ibmspss_modeler.htm

PASW® Modeler 13

window  Help

> & nE x A @ R

Superhiode

Eile Insert Wiew Tools

O9E & %® 5 oo 0l %

Edit

[ woe oo
[z bayes_chum_retrain et
e x S—
5 fraud
select esmee 4 (genr‘w) o
o %o
F—— Anamaly w0 [fom T e o Lo
A A . T o = 100
. it
regiony mainerop .. it tge s o s I
; Anomaly Table ST d - fil-oan
am -~
> T
congr %
e e & Lot
at i
c\awrms claimvalue L
— —
CRISP-DM_Classes
claimalt (enerated) name = () Bayesian Network
(= Business Understanding
(= Data Understanding Type
Previe o oma ode eld 0 record ] L= Data Preparation VP
[SEile O Generate Preview @ = & Modeling @ Predictors
& L e ClEdit O cenerate [ 2% 8] x[@ (= Evaluation @ Target
) (= Deployment
id | name | region Yavms\zalvamta\\l\aﬂdquauw‘farmmcnma‘ Pl
1 802" name602 norin 1780 9 734118.000
Collapse All Expand All
@- & 5 % ov 2 id685 nameB85 southwest 600 AE 4 108645.000 e|an_state Inc Importance
(5 Peer group-1: 20 records 3 {4581 namebS1 southwest 620 108 9 925574000 orig_aphrd=-v @, 'S P
Anomalies: found 2 records from an estimated total of 20 records 4 0717 name717 southwest 1980 86 5 766081.000 1 o8
- Peer group profile 5 0773 namerr3 midands 500 15 7 56220900 @06
1. Peer group-2: 31 records o 14778 name778 norih 1700 68 3 337891000 ©o.4
2 Poer group-3: 23 recerds 7 4787 name?87 nerh 1520 37 3 178227000 o0
2 Peer group-4:17 tecords s 4883 namese3 nerih 1820 102 9 1208760.0 '
&) Poer group-5: 30 records s 0897 name8g7 miclands 580 27 4 60611200 o0
10 4899 name@92 norin 480 35 5 816094001
< : I iD
T —— Table | Annolatons
Apply Reset H O
rrowe saieie_—— Credit_sco

| € Favorites | ® soures | @ Recordops | @ FielOps | A Graphs | @ modeiing | M output | M Export |

B 2 @ O DDA @ OB ©@ @®LOEROD S

Featuie Selection Disoriminant Logistic Ganlin  Cox  SuM  BayesNet SLRM

Auto Classifier Auto Mumeric Auto Cluster Tims Series C&R Trae QUEST CHAID Decision List Regression RCA/Factor NeuralNet C5.0

Status

61



SPSS

* Vice o IBM SPSS Modeler 13 (dfive Clementine):
http://www.spss.cz/ibmspss_modeler.htm

* (neaplny) seznam zakaznika: http://www.spss.cz/zakaznici.htm

* Akademicky program: http://www.spss.com/academic/
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Software -Statistica

StatSoftt WwWWw.statistica.cz
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Statistica

* Vice o Statistica Data Miner: http://www.statistica.cz/produkty/5-
dataminingove-nastroje/21-statistica-data-miner/detail/

* (neuplny) seznam zakaznika: http://www.statsoft.com/customers/
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SAS Programs

* A SAS program is a sequence of steps that the user submits
for execution.

- DATA steps are typically used to create

SAS data sets.

— SAS — — Report
Data

Set

PROC steps are typically used to process SAS
data sets (that is, generate reports
and graphs, edit data, and sort data).

65
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SAS Programs

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;

proc print data=work.nonclub;

title "Non Club Members";

var Country Gender Customer Name;
run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Step Boundaries

SAS steps begin with either of the following:
m DATA statement
s PROC statement

SAS detects the end of a step when it encounters
one of the following:

= a RUN statement (for most steps)
= a QUIT statement (for some procedures)

m the beginning of another step (DATA statement
or PROC statement)

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Step Boundaries

!

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;

proc print data=work.clubmembers;

proc print data=work.nonclub;

title "Non Club Members'";

var Country Gender Customer Name;
run;

I 1113
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Submitting a SAS Program

» When you execute a SAS program, the results generated by SAS are
divided into two major parts:

SAS log contains information about the processing
of the SAS program, including any warning
and error messages.

SAS output contains reports generated by SAS
procedures and DATA steps.

» The Workspace includes tabs containing both the log and output, while
the Process Flow, by default, displays icons only for the output.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Log

PROC PRINT Output

15
15
Z0
21
Za
Z3

IOTE :
IOTE :
INCTE:
IOTE :

243
Z5
Z6
27
28

IOTE :
IOTE :

data work.coclubmetbers work.noneluab;
SEet oOrion.customer;
if Customer Type ID = 3010
then output work.nonclub;
2lse output work.clubmembers;
rumn;

There were 77 ohservations read from the data set ORICHN.CUITOMER.
The data set WOREK.CLUEMEMEERS has 6% observations and 12 warishles.
The data set WORE.NONCLUE has & ochservations and 12 wariables.

DATAE statement used [(Total process time) :

real time 0.06 seconds

cpu time 0,00 seconds

proc print datsa=work.nonclub noohs:
title "HNon Club Hembers'™:
war Country Gender Customer Name:

run;

There were & ohservations read from the data set WORK.NONCLUE.
PROCEDURE PRINT used (Total process time) :

real time 0,09 seconds

cpu time 0.00 seconds
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SAS Terminology

* SAS documentation and text in the SAS windowing
environment use the following terms interchangeably:

71
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SAS Syntax Rules

SAS statements have these characteristics:
m usually begin with an identifying keyword

m always end with a semicolon

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;

proc print data=work.nonclub;

title "Non Club Members";

var Country Gender Customer Name;
run;
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SAS Syntax Rules

SAS statements are free-format.

One or more blanks or special characters can be used to separate words.
Statements can begin and end in any column.
A single statement can span multiple lines.

Several statements can be on the same line.

Unconventional Spacing

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010

then output work.nonclub;

else output WOrk.clubmembers;run;
proc print data=work.nonclub; run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Syntax Rules

One or more blanks or special characters can be used to separate words.

Unconventional Spacing

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;run;
proc print data=work.nonclub; run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Syntax Rules

Statements can begin and end in any column.

Unconventional Spacing

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010

then output work.nonclub;
else output WOrk.clubmembers;run;

proc print data=work.nonclub; run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Syntax Rules

|
|
m A single statement can span multiple lines.
|

Unconventional Spacing

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010

then output wWork.nonclub;

else output WOrk.clubmembers;run;
proc print data=work.nonclub; run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Syntax Rules

Several statements can be on the same line.

Unconventional Spacing

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010

then output work.nonclub;
else output WOrk.clubmembers;run;

proc print data=work.nonclub; run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Comments

SAS comments consist of text that SAS ignores during
processing. You can use comments anywhere in a SAS program

to
m document the purpose of the program
m explain segments of the program
m mark SAS code as non-executing text.
Two methods of commenting are shown below:

[* comment */

* comment ;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Comments: Examples

/* Split data based on membership */
data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;

proc print data=work.nonclub;

title "Non Club Members'";

*var Country Gender Customer Name;
run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Syntax Errors

Syntax errors occur when program statements do not conform
to the rules of the SAS language.

Examples of syntax errors:
e misspelled keywords
e unmatched quotation marks
e missing semicolons
e invalid options

When SAS encounters a syntax error, SAS prints a warning or
an error message to the log.

ERROR 22-322: Syntax error, expecting one of the following:
a name, a quoted string, (, /, ;, _DATA , LAST ,
_NULL .

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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How Do You Include Data in a Project?

€2 SAS Enterprise Guide

Save Project As., ..

HL

& SAS Enterprise Guide

File: Edit Wigw Tasks

Program

File Edit Yiew Tasks Praogram Tools Help |‘£I A S"’ ‘% E
I%l Mew Process Flow -
=  ©Open @ Project Chrl4-O
Close Projeck -
(5] Data... :
¥ Save Project Chrl+5 &) Program... b,

Selecting File =
Open = Data
adds a shortcut
to a SAS data
source in the
project.

Tanls

Help

Project Tree

=l gqg Frocess Flow

Eid order_item

-

x

order_item
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How Do You Include Data in a Program?

One possibility is to include the full path and filename each
time that a SAS data set is referenced.

data "s:\workshop\cust age.sas7bdat";
set "s:\workshop\customer.sas7bdat";
/*Calculate each customer's age*/
Age=int (yrdif (Birth Date, today (), "actual"))
run;

proc print data="s:\workshop\cust age.sas7bdat";
var Customer Name Gender Country Age;
title "Customer Listing";

run;

ep02d03.sas

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS Libraries

You can think of a SAS
library as a drawer in a
filing cabinet and a SAS
data set as one of the file
folders in the drawer.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Assigning a Libref

*Regardless of which
host operating system
you use, you identify
SAS libraries by
assigning a  library
reference name (libref)

to each library. libref
*This libref can serve as
a shortcut in

SAS programs in place
of the full path

or filename.
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SAS Libraries

When a SAS session starts, SAS automatically creates one
temporary and at least one permanent SAS library that you can
access.

® work - temporary library >
(contents are deleted when SAS
closes)

sasuser

/F‘:‘

*sasuser - permanent library
(contents are permanently saved)
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SAS Libraries

® You can also create and access
your own permanent libraries.

orion - permanent library

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Assigning a Libref

You can use the LIBNAME statement to assign a libref
to a SAS library. The LIBNAME statement is a global statement.

General form of the LIBNAME statement:

LIBNAME libref 'SAS-data-library' <options>;

The rules for naming a libref are as follows:
e must be 8 or fewer characters
e must begin with a letter or underscore

* remaining characters are letters, numbers,
or underscores

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Two-Level SAS Filenames

*Every SAS file has a two-level name: [ libref.fllename

*The data set orion.sales is a SAS file
in the orion library.

o The first name (libref)

refers to the library. @

e The second name (filename)
refers to the file in the library.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



How Do You Include Data in a Program?

vyuzijeme knihovny (libraries)

libname orion "s:\workshop";
data work.cust age;
set orion.customer;
/*Calculate each customer's age*/

Age=int (yrdif (Birth Date,today (), "actual"));
run;

proc print data=work.cust age;
var Customer Name Gender Country Age;
title "Customer Listing";

run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Temporary SAS Filename

The default libref is work if the libref is omitted.

| cust_age | <y (ywork.cust age

libname orion "s:\workshop";
data work.cust age;
set orion.customer;
/*Calculate each customer's age*/
Age=int (yrdif (Birth Date,today (), "actual"));
run;

proc print data=cust age;
var Customer Name Gender Country Age;
title "Customer Listing";

run;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Import dat

%‘ ~ *.sas7bdat
ExampleDB
ﬁ ’
ORACLE" oo

SAS5 Dats Set

37 KE

o Ssener Zakladnich pét moZnosti importu dat:
23= 1. Importv SAS EG
- 2. Import wizard
3. Procimport
4. Datastep
5. Proc SQL
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Import Wizard

The Import Wizard is a point-and-click graphical
interface that enables you to create a SAS data set
from several types of external files including the
following:

o dBASE files (*.DBF)

 Excel spreadsheets (*.XLS)

e Microsoft Access tables (MDB)

e delimited files (*.*)

e comma-separated values (*.CSV)

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Import Wizard

™ |mport YWizard - Select import type

Edit Wiew Tools
D Mews Prograrm
ﬁv Dpen Progran...

lose

append. ..
ﬁ Cpen Object. .,

n Jawe
Save As..,
ﬁ Save As Object. ..

ﬁl mpark Data. ..

By Expott Data, .,

Page Setup...
Prinkt Setup...
a Print Preview

& Print...

Fun  Solutions

Window Help

CrlHM
ChrH-O

k-5

kP

i

B=1[ES

SAS
Import Wizard

Irnpaort
DL data

Wwhat type of data do you wizh ta import?

[v Standard data source

Select a data zource from the list below.

[ User-defined formats

Define a special file format using the Extemal File

Interface [EFI] faciliby.

| Mest » |

Help LCancel
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Import Wizard

™ |mport Wizard - Select library and member

Choose the SAS destination:
N I |mport Wizard - Create SAS Statements
Librany:
'WORK
) The Import ‘Wizard can create a file containing PROC IMPORT statements

Member:

- that can be uged in SAS programs o import thiz data again.
|m|:||e_tal:|ulkd

[F wou want these statements to be generated, enter the filename where
SAS they should be saved:
Impnrtfﬁ:-:pu:urt
Faciliyy import_dat Browse. . |
SAS Destination EAS [ Replace file if it exizts.
Irmpart *wizard
Select file
Help Cancel < Bach
Help Cancel < Back Einizh |
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PROC IMPORT

PROC IMPORT OUT= WORK.sales
DATAFILE= "S:\Workshop\sales.xIs"
DBMS=EXCEL REPLACE;

RANGE="Australia$";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES;

RUN;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC IMPORT

GETNAMES=YES | NO

determines whether SAS will use the first row
of data in a Microsoft Excel worksheet or range
as column names.

YES specifies to use the first row of data in

an Excel worksheet or range as column
names.

NO  specifies not to use the first row of data
in an Excel worksheet or range as column
names. SAS generates and uses the variable
names F1, F2, F3, and so on.

The default is YES.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC IMPORT

MIXED=YES | NO

specifies whether to import data with both
character and numeric values and convert
all data to character.

YES specifies that all data values will
be converted to character.

NO  specifies that numeric data will be

missing when a character type is assigned.

Character data will be missing when
a numeric data type is assigned.

The default is NO.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC IMPORT

SCANTEXT=YES | NO
specifies whether to read the entire data
column and use the length of the longest string
found as the SAS column width.

YES scans the entire data column and uses
the longest string value to determine the
SAS column width.

NO does not scan the column and defaults
to a width of 255.

The default is YES.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC IMPORT

SCANTIME=YES | NO
specifies whether to scan all row values in
a date/time column and automatically
determine the TIME data type if only time
values exist.

YES specifies that a column with only time values
be assigned the TIMES. format.

NO specifies that a column with only time values
be assigned the DATEq. format.

The default is NO.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC IMPORT

USEDATE=YES | NO

specifies whether to use the DATEq. format for
date/time values in Excel workbooks.

YES specifies that date/time values be assigned
the DATEq. format.

NO specifies that date/time values be assigned
the DATETIME16. format.

The default is YES.

100
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Proc import vs. Data step

PROC IMPORT OUT= WORK.MDATAL I‘la:;tpvork-mdataz
DATAFILE= BIRTHPLACE $ 25
"G:\dukumenty\diplomka-data.txt" AGE $ 25

DBMS=CSV REPLACE;
GETNAMES=YES; _
DATAROW=2; EDUCATION $ 25
RUN; ;

infile 'G:\dukumenty\diplomka-data.csv' delimiter ="}’
DSD Irecl=3276 firstobs=2 ;

input

BIRTHPLACE

AGE

EDUCATION

4

run;
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Import z SQL databaze

libname my data 'C:\Scoring\SASdata\';

proc sql;
connect to odbc as mssgl (complete="DRIVER=SQL Server;
SERVER=sglserv; Trusted connection=Yes ");

create view my data.wset of segments as select * from connection to mssqgl
(select * from dbl.rezac.segmenty):;
disconnect from mssqgl;

quit;

proc sql;
create table my data.set segments as

select
*

from my data.wset of segments

quit;
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Formats (Informats)

An informat is an instruction that SAS uses to read data values.

A format is an instruction that SAS uses to write data values.

SAS (in)formats have the following form:

<$> (in) format-namew. <d>

Indicates a
character
informat

Number of

decimal places

(In)format
e /

Total width

Required
delimiter

of the field
to read

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

103



Formats (Informats)

InFormats by Category:
Category Description
Character instructs SAS to read character data values into character variables.

Column Binary instructs SAS to read data stored in column-binary or multipunched form
into character and numeric variables.

Dateand Time  instructs SAS to read date values into variables that represent dates, times,
and datetimes.

ISO 8601 instructs SAS to read date, time, and datetime values that are written in the
ISO 8601 standard into either numeric or character variables.

Numeric instructs SAS to read numeric data values into numeric variables.

http://support.sas.com/documentation/cdl/en/Irdict/64316/HTML/default/
viewer.htm#a001239776.htm
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Formats (Informats)

Formats by Category:
Category Description
Character instructs SAS to write character data values from character variables.

Date and Time instructs SAS to write data values from variables that represent dates, times,
and datetimes.

ISO 8601 instructs SAS to write date, time, and datetime values using the ISO 8601
standard.
Numeric instructs SAS to write numeric data values from numeric variables.

http://support.sas.com/documentation/cdl/en/Irdict/64316/HTML/default/
viewer.htm#a001263753.htm
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Selected Informats

8.or 8.0

reads eight columns of numeric data.

Raw Data Value

1

2

3

4,

5

6

7

2

3

i

5

6

7

*
*

Informat

8.0

8.0

*

*

SAS Data Value

1

2

3

4

5

6

2

3

4,

5

6

8.2

reads eig|

nt columns of numeric data
and may insert a decimal point in the value.

Raw Data Value

1

2

3

4

5

6

7

*
*

1

2

3

4

5

6

7

Informat

8.2

8.2
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SAS Data Value

1

2

3

4

5

6

1

2

3

4

6
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Selected Informats

$8. reads eight columns of character data and removes
leading blanks.
Raw Data Value Informat SAS Data Value
JaAM[E|[s| |$8.| = |J|A|M|E|S
$CHARS. reads eight columns of character data and preserves
leading blanks.
Raw Data Value Informat _ SAS Data Value
J|amM|E|[S [-=$CHARS.—> J(a|m

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

107



Selected Informats

COMMAY. reads seven columns of numeric data and removes
selected nonnumeric characters
such as dollar signs and commas.

Raw Data Value Informat SAS Data Value
s{112]|,[5]|6|7 |[=»| COMMA7.0 |=p 1|2(5 [6]7
MMDDYYS. reads dates of the form 10/29/01.

Raw Data Value Informat SAS Data Value

10/29/01—>MMDDYY8.|—> 115121717

108
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Datumové formaty

Date values that are stored as SAS dates are special
numeric values.

A SAS date value is interpreted as the number of days
between January 1, 1960, and a specific date.

<+— 01JAN1959 —— 01JAN1960 —— 01JAN1961 —

informat
<+-—— -365 0 366 —

l format l l

<— 01/01/1959 — 01/01/1960 ——01/01/1961—

109
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Datumové formaty

SAS uses date informats to read and convert dates

to SAS date values.

Examples:
Raw Data Converted
Value Informat Value
10/29/2001 MMDDYY10. 15277
10/29/01 MMDDYYS8. 15277
290CT2001 DATEO. 15277
29/10/2001 DDMMYY10. 15277
A

Number of days between
01JAN1960 and 290CT2001

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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L
Optimalizace prace s daty v SAS

* Pro (velmi) velké datové soubory je vhodné pouziti
komprese a indexovani SASovskych tabulek. Vice na:

http://www2.sas.com/proceedings/sugi27/po23-27.pdf
http://www2.sas.com/proceedings/sugi28/003-28.pdf

http://support.sas.com/documentation/cdl/en/Irdict/64316/HTML/default
/viewer.htm#a001288760.htm

http://support.sas.com/documentation/cdl/en/Irdict/64316/HTML/default
/viewer.htm#a000131138.htm

Piiklad: data libi.tab2 (compress=binary index=(var1 varz));
set lib1.tabi;

run; 111



ODS — The Output Delivery System

The Output Delivegy System (ODS) enables you to produce
output in a variety of formats, including HTML, RTF, PDF, and the
default SAS listing.

Fd PROGZReview.sas *

likbname orion 's:‘\workshop':;
Hdata work.gtrlsalesrep;
Hproc sort data=work.gtrlsalesrep;
Hproc format;

options nodate pageno=1;

ods html file="galesrep.html' style=saswel;
Hproc print data=work.gtrlsalesrep lakel noobkbs;
ods html close;

The ODS statements above create an HTML file, salesrep.html,
using the output produced by the PROC PRINT step.

112
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The PRINT Procedure

The PRINT procedure prints the observations in a SAS data set
and uses all or some of the variables.

Fd PROGZReview.sas *

ods html file='salesrep.html' style=saswel;
Hproc print data=work.gtrlsalesrep label noobs;
var Last Name First_Name BonusMonth Bonus=;
- titlel "Quarter 1 Orion Sales Repsz';
title? "Malesz Onlv';
footnote "Cor ‘i1idential’;
format Bonus |dollar8.;
where Gender="M';
v Country;
run;
ocd=s html clo=se:

The PRINT procedure above includes TITLE and FOOTNOTE
statements, which are global statements and do not need to be
enclosed in a DATA or PROC step.
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Program Output

Partial PROC PRINT Output

(SAS Output window)
Quarter 1 Orion Sales Reps
Males Only

---------------------- Country=AU ---------=--------

First Month of
Last Name Name Bonus Bonus
Wills Matsuoka 1 $300
Surawski Marinus 1 $300
Shannan Sian 1 $300
Scordia Randal 2 $300
Pretorius Tadashi 3 $300
Nowd Fadi 1 $300
Magrath Brett 1 $300

Partial PROC PRINT Output
(HTML format)
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Last Name

Wills

Surawski

Shannan

Scordia

Pretorius

M owd

Quarter 1 Orion Sales Reps
Males Only
Country=AU
First Name Maonth Bonus
of Bonus
Matzuoka 1 $300
Marinus 1 §300
Sian 1 ¥300
Randal 2 F300
Tadashi 3 $300
Fadi 1 ¥300
Brett 1 ¥300

hagrath
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“

3. Organizace dat, uvod do SQL




L

Historie skladovani dat

* V minulosti byla data uklddana v jednom velkém souboru, ke
kterému se pristupovalo indexovanymi sekven¢nimi metodami.
Soubor byl indexovan na zdakladé predpokladanych zptisobii
dotazovani. Velkou nevyhodou bylo to, Zze se informace v
zaznamech opakovaly a typy dotazli byly predurceny.
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Relacni databaze

id_transakce

id_klient :

jmeno id_ucet
ij i datum

L Jath

adresa_ulice platba

adresa_mesto id_ucet zustatek

id_klient

SELECT klient.jmeno, klient.prijmeni, klient.adresa_ulice,
klient.adresa_mesto, ucet.cislo_uctu, transakce.zustatek
FROM Kklient, ucet, transakce

WHERE klient.id_klient = ucet.id_klient;

AND transakce.id_ucet = ucet.id_ucet;

AND transakce.zustatek < 100;

GROUP BY klient.adresa_mesto;
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Relacni databaze

Rela¢ni databaze je databaze zaloZena na relacnim modelu. Casto se timto pojmem
oznacuje nejen databaze samotna, ale i jeji konkrétni softwarové feseni.

Rela¢ni databaze je zaloZena na tabulkach, jejichz fadky obvykle chapeme jako
zaznamy a eventuelné nékteré sloupce v nich (tzv. cizi klice) chapeme tak, Ze
uchovavaji informace o relacich mezi jednotlivymi zdaznamy v matematickém slova
smyslu.

Termin relacni databdze definoval Edgar F. Codd v roce 1970.

zpusoby kladeni dotazi:
QBE (query by example)
SQL (structured query language)

Dle rela¢ni teorie lze pomoci zdkladnich operaci (sjednoceni, kartézsky soucin, rozdil,
selekce, projekce a spojeni) uskutecnit veskeré operace s daty a ostatni operace jsou jiz
jen kombinacemi téchto péti.
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Relacni databaze

Zakladem rela¢nich databazi jsou databazové tabulky. Jejich sloupce se nazyvaji atributy nebo
pole, tfadky tabulky jsou pak zdznamy. Atributy maji ur¢en svij konkrétni datovy typ -
doménu. Radek je fezem pres sloupce tabulky a slouzi k vlastnimu ulozeni dat. Konkrétni
tabulka pak realizuje podmnozinu kartézského souc¢inu moznych dat vsech sloupct - relaci.
Primarni kli¢
e Primarni kli¢ je jednoznac¢ny identifikator zaznamu, fadku tabulky. Primarnim klicem mitze byt
jediny sloupec ¢i kombinace vice sloupcii tak, aby byla zaruc¢ena jeho jednoznacnost. Pole klice musi
obsahovat hodnotu, tzn. nesmi se zde vyskytovat nedefinovana prazdna hodnota NULL. V praxi se
dnes casto pouzivaji umélé klice, coz jsou ciselné ¢i pismenné identifikatory - kazdy novy zaznam
dostava identifikator odlisny od identifikatort vSech pfedchozich zaznamt (poZadavek na unikatnost
kli¢e), obvykle se jedna o celociselné fady a kazdy novy zdznam dostava ¢islo vzdy o jednotku vyssi
(zpravidla zcela automatizované) nez je ¢islo u posledniho vlozeného zdznamu (¢iselné oznaceni
zdznamu s ¢asem stoupa).
Cizi kli¢
e Dalsim dtlezitym pojmem jsou nevlastni/cizi klice. Slouzi pro vyjadfeni vztahti, relaci, mezi
databazovymi tabulkami. Jedna se o pole ¢i skupinu poli, ktera nam umozni identifikovat, které
zaznamy z riznych tabulek spolu navzajem souvisi.
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Relacni databaze — vztahy mezi tabulkami

Vztahy, neboli relace, slouzi ke svazani dat, ktera spolu
souviseji a jsou umistény v riznych databazovych tabulkach. V
zasadeé rozliSujeme Ctyti typy vztaht.

mezi daty v tabulkdch neni zadna spojitost, proto nedefinujeme zadny vztah.

1:1 pouzivame, pokud zaznamu odpovida pravé jeden zaznam v jiné databazové
tabulce a naopak. Takovyto vztah je pouzivan pouze ojedinéle, protoze vétSinou neni
padny d@vod, pro¢ takovéto zaznamy neumistit do jedné databazové tabulky. Jedno
z mala vyuziti je zpfehlednéni rozsahlych tabulek. Jako ilustraci je mozné pouzit
vztah tidi¢ - automobil. V jednu chvili (diskrétni ¢asovy okamzik) fidi jedno auto
pravé jeden tidic a zaroven jedno auto je fizeno pravé jednim fidicem.
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Relacni databaze — vztahy mezi tabulkami

1:N pfifazuje jednomu zdaznamu vice zdznaml z jiné tabulky. Jedna se o
nejpouzivanéjsi typ relace, jelikoz odpovida mnoha situacim v redlném zivoté. Jako
redlny priklad maZe poslouzit vztah autobus - cestujici. V jednu chvili cestujici jede
pravé jednim autobusem a v jednom autobuse miZe zaroven cestovat vice
cestujicich.

M:N je méné castym. Umoznuje nékolika zaznamlm z jedné tabulky priradit
nékolik zaznam z tabulky druhé. V databazové praxi byva tento vztah z praktickych
divodli nejcastéji realizovan kombinaci dvou vztaht 1:N a 1:M, které ukazuji do
pomocné tabulky slozené z kombinace obou pouzitych kli¢t (tfeti resp. tzv. vazebni
tabulka). Prikladem z redlného Zivota by mohl byt vztah vyrobek - vlastnost.
Vyrobek mtize mit vice vlastnosti a jednu vlastnost mtize mit vice vyrobka. V
realném zivoté nicméné existuje velké mnozstvi vztah M : N, mimo jiné také proto,
Ze Casto existuje prakticka potieba zachovavat i adaje o historii téchto vztaht z
¢asového hlediska (jeden fidi¢ v delsim ¢asovém obdobi fidi vice rozli¢nych aut a
jedno auto v del$im ¢asovém obdobi mtiZze mit vice raznych fidi¢a).
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Slovnik pojmu

1 ODS

1 DWH

) DataMart
1 Meta Data
1 BI

1 OLAP

1 OLTP

1 ETL

J ELT

1 EAI

1 ERP

1 DBMS

- SQL

Operational Data Store
DataWareHouse

Business Intelligence

On Line Analytical Processing

On Line Transaction Processing
Extract, Transform, Load

Extract, Load, Transform
Enterprise Application Integration
Enterprise Resource Planning
Database Management System
Structured Query Language
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Slovnik pojmu

ODS: Short for operational data store, a type of that
serves as an interim area for a in order to store
time-sensitive operational data that can be accessed quickly and
efficiently. In contrast to a data warehouse, which contains large
amounts of data, an ODS contains small amounts of
information that is updated through the course of business
transactions. An ODS will perform numerous quick and simple

on small amounts of data, such as acquiring an account
balance or finding the status of a customer order, whereas a data
warehouse will perform complex queries on large amounts of data.
An ODS contains only current operational data while a data
warehouse contains both current and historical data.

DataMart: A , or collection of databases, designed to help
managers make strategic decisions about their business. Whereas a

combines databases across an entire enterprise,
data marts are usually smaller and focus on a particular subject or
department. Some data marts, called dependent data marts, are
subsets of larger data warehouses.

Meta Data: about data. Metadata describes how and when
and by whom a particular set of data was collected, and how the
data is formatted. Metadata is essential for understanding
information stored in and has become increasingly
important in -based Web applications.

SQL (nékdy vyslovovano anglicky es-kjd-el, nékdy téz skvi ) je
standardizovany pouzivany pro praci s daty v
relacnich databazich. SQL je zkratka anglickych slov Structured
Query Language (strukturovany dotazovaci jazyk).

DWH: Abbreviated DW, a collection of designed to support management
decision making. Data warehouses contain a wide variety of data that present a
coherent picture of business conditions at a single point in time.

Development of a data warehouse includes development of systems to extract
data from operating systems plus installation of a warehouse

that provides managers flexible access to the data.

The term data warehousing generally refers to the combination of many
different databases across an entire enterprise. Contrast with

BI: Most companies collect a large amount of from their business
operations. To keep track of that information, a business and would need to
use a wide range of programs , such as Excel, Access and different
applications for various departments throughout their organization.
Using multiple software programs makes it difficult to retrieve information in a
timely manner and to perform analysis of the data.
The term Business Intelligence (BI) represents the tools and systems that play
a key role in the strategic planning process of the corporation. These systems
allow a company to gather, store, access and analyze corporate data to aid in
decision-making. Generally these systems will illustrate business intelligence in
the areas of customer profiling, customer support, market research, market
segmentation, product profitability, statistical analysis, and inventory and
distribution analysis to name a few.

A Database Management System (DBMS) is a set of

that controls the creation, maintenance, and the use of a . Details on
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Slovnik pojmu

OLAP: Short for Online Analytical Processing, a category of software
tools that provides analysis of stored in a . OLAP tools
enable users to analyze different dimensions of multidimensional data.
For example, it provides time series and trend analysis views. OLAP
often is used in .
The chief component of OLAP is the OLAP , Which sits between a
and a . The OLAP server
understands how data is organized in the database and has special
functions for analyzing the data. There are OLAP servers available for
nearly all the major database systems.

ETL: Short for extract, transform, load, three functions
that are combined into one tool to pull data out of one database
and place it into another database.

Extract -- the process of reading data from a
database.

Transform -- the process of converting the
extracted data from its previous form into the form it needs to be
in so that it can be placed into another database. Transformation
occurs by using rules or lookup tables or by combining the data
with other data.

Load -- the process of writing the data into the
target database.

ETL is used to data from one database to another, to form
and and also to convert databases
from one format or type to another.

OLTP: Short for On-Line Transaction Processing. Same as

Transaction processing: A type of processing in which the
computer responds immediately to requests. Each request is considered to
be a transaction. Automatic teller machines for banks are an example of
transaction processing.

The opposite of transaction processing is , in which a batch of
requests is and then all at one time. Transaction processing
requires interaction with a user, whereas batch processing can take place
without a user being present.

EAIL: Acronym for enterprise application integration. EAI is the unrestricted
sharing of data and business processes throughout the

or data sources in an organization. Early programs in areas such as
inventory control, human resources, sales automation and
management were designed to run independently, with no interaction between
the systems. They were custom built in the technology of the day for a specific
need being addressed and were often proprietary systems. As enterprises grow
and recognize the need for their information and applications to have the ability
to be transferred across and shared between systems, companies are investing
in EAI in order to streamline processes and keep all the elements of the
enterprise interconnected.

ERP: Short for enterprise resource planning, a business management system
that integrates all facets of the business, including planning, manufacturing,
sales, and marketing. As the ERP methodology has become more popular,

have emerged to help business managers implement ERP
in business activities such as inventory control, order tracking, customer
service, finance and human resources.
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Datovy sklad (Data Warehouse)

Definice (W.H. Inmon 1996):
Datovy sklad je

subjektové orientovany
integrovany

casove promenny

staly

soubor dat, ktery slouzi pro podporu rozhodovani.
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Datovy sklad

prvotni koncepce datovana pocatkem 8o.let

vznik z potfeby jednoduchého pfistupu ke strukturovanému
ulozisti kvalitnich dat

pomaha ziskat odpovédi pro lepsi rozhodovani

umoznuje pouziti dat pro dotazovani, reportovani a analyzu
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Struktura datoveho skladu

trivrstva architektura:
datovy sklad
aplikacni vrstva

prezentacni vrstva

fyzicky centralizovany nebo distribuovany
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Datovy sklad

Pre-Data Data
Warehouse = Cleansing

COLTF Server

Meta-Data Repositony

Data Front-End
Repositories | Analytics
! ‘hﬂ ™ OLAP
Data 5 ﬁ:—
arehouse ! Data Mining

- —W Data
L A Visualization
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Reporting
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Datovy sklad
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Datovy sklad

Business Intelligence

OLAP
Amnalysis

© etl-tools.indo
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Datové Modely

« Star Schema

Star (hvézda)
D1l L= —
Do
C * Snowtlake Schema
Snowtflake (vlocka flake Sci
D3.1 |+{D32]
D21} +{D22
Starflake » Starflake Schema D1.J
= AE D3.1|+[D32
D2
Constellation
(s()uhvézdi) * Constellation Schema
F1 |F2
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Priklad schématu hvézda (star)

time

time_key

day

day of the week
month
quarter

year

branch

branch_key
branch_name
branch_type

Sales Fact Table

4

time_key

item_key ¢

branch_key

location_key 4

units_sold

dollars_sold

Measures

avg_sales

llll....*

Iitem

item_key
item_name
brand

type
supplier_type

location

location_key
street

city
province_or_street
country
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Priklad schématu vlocka (Snowflake)
time
time_key ..
day
day of the week .. Sales Fact Table
month o _
quarter T time_key
year item_key <
By branch_key
branch PRU location_key
branch_key A _
branch _name ’ units_sold
branch_type dollars_sold
= avg_sales
Measures

item
P !:em—key supplier
O el 4 SUPPTIET_Key
+ | brand ~" | supplier_type
y type K
supplier_key ¢’
location
"*=A |ocation_key
street
city_key . | city
’Acity_key
city
province_or_street
country
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Priklad schématu souhvézdi (Constellation)

time N N N RN RN RN AN AN NN AN AN NN NN ANA NN ANANgEEEEEEEEsEaEEEEEEEEEEE
time_key e item *. Shipping Fact Table
day "0 . | item_key v, “"‘ !
day_of_the_week *., Sales Fact Table & | item_name time_key
month R & | brand
* L4 ‘e 1
quarter time_key g type item_key
Al — | supplier_type shipper_key L.......
item_key :
) branch_key from_location
‘$
s - o .
branch ““" location_key ., |location| o . to_location
.
branCh_key A t Id ..‘ locati On_key dOI |aI’S_COSt
branch_name Al o S
branch_type dollars_sold city units_shipped
province_or_street I —
— avg_sales country PP .
k . L4
Measures p shipper_key | *
.......... shipper_name
"1 location_key
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Priklad datové kostky

Datum Celkovy rocni prodej]

V&’ thI' ZQtI‘ BQtr Qt sum TVv USA
F N 777
® PC—> 7 7 7 USA
VER/ Z VA Z £ ¥
sumd /] | Kanada >§
/ / )
AT | Mexiko ™
/
suma
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Datové , kvadry“ odpovidajici datoveé kostce

o-D(apex) cuboid

product .
1-D cuboids

product,date ate, country

2-D cuboids

3-D(base) cuboid

product, date, country
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Typické OLAP Operace

Roll up (drill-up): sumarizace dat

» Postoupeni v hierarchii o uroveri vyse nebo redukce dimenze (napft. z
kostky na ctverec).

Drill down (roll down): opak roll-up -zajima nas vétsi detail
e Z vyssi urovné sumarizace na nizsi turovern nebo zavedeni novych
datovych dimenzi.
Slice and dice (krdjet a kostkovat)
e Vyber datového podprostoru.
Ostatni operace:
e drill across: zahrnuti vice datovych tabulek (kostek)

e drill through: pres zdkladni uroveri datové kostky zpét k podkladovym
relacnim tabulkdm (pomoci SQL)

137



Architektura OLAP Serveru

Rela¢ni OLAP (Relational OLAP -ROLAP)

e Vyuziva relac¢ni nebo rozsifenou relacni DBMS pro ukladani a spravu dat
datového skladu a OLAPovou stfedni vrstvu pro podporu chybéjicich ¢asti.

e Zahrnuje optimalizacni moznosti DBMS, implementaci  agregacni
navigacni logiky a doplnkové nastroje a sluzby.

Vicedimenzionalni OLAP (Multidimensional OLAP - MOLAP)

e Technologie zalozena na vicedimenzionalnich datovych polich (v¢. technik
pro fidké matice).
e Rychlé indexovani pfedem spoc¢tenych sumarizovanych dat.
Hybridni OLAP (Hybrid OLAP - HOLAP)
e Uzivatelsky flexibilni, tj. low level: rela¢ni, high-level: pole.
Specializované SQL servery
 specializovana podpora pro SQL dotazy nad star/snowflake schématy.
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ROLAP

Data ulozena v rela¢ni databazi - nejsou duplikovana,
ovSsem neni k nim mozny pfistup bez pfipojeni k
zdrojové databazi.

dotazy OLAP se prevadéji do klasickych dotazti SQL -
miZe byt nevyhodou (limitované moznosti SQL,
pomalejsi odezva).

Vhodny jen pro omezené mnozstvi dat.
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MOLAP

y2tradicni® OLAP.

Data ulozena v multidimenzionalnich kostkdch mimo
rela¢ni databazi. Jsou tudiZz duplikovana a je mozny
pristup i bez spojeni s ptivodnim zdrojem dat.

Hlavni vyhodou je rychla odezva na dotazy. Vse je
predpocitano a ulozeno pri tvorbé kostek.
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HOLAP

ponechava ptvodni data v rela¢nich tabulkach,
agregace uklada v multidimenzionalnim formatu

poskytuje propojeni mezi rozsahlymi objemy dat v
relacnich tabulkach

vyhoda rychlejsiho vykonu multidimenzionalné
ulozenych agregaci
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Budovani datového skladu

metoda ,velkého tresku:
» analyza pozadavk® podniku
»vytvoreni podnikového datového skladu
»vytvoreni datovych trzist

prirtstkova (evolu¢ni) metoda
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Plneni datového skladu

pocatecni plnéni + pravidelna aktualizace

plnéni pomoci datovych pump
postupy ETL:

» extrakce

» transformace

»loading
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Co je SQL?

The SQL procedure uses Structured Query
Language to perform the following tasks:

* retrieve and manipulate SAS data sets

* create and delete SAS data sets

* generate reports

* add or modify values in a SAS data set

* add, modity, or drop columns in a SAS data set

144

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Uvod do SQL

General form of an SQL procedure query to
generate output:

PROC SQL;
SELECT variables
FROM SAS-gata-set;
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Uvod do SQL

* Create a listing report of product activity.

e Step 1: Invoke the SQL procedure.

lproc sql;

« Step 2: Identify the variables to display on the

report.

proc sql;

select CustomerID, CustomerFirstName,

CustomerLastName

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Uvod do SQL

e Step 3: Identify the input data set.

proc sql;
select CustomerlID, CustomerFirstName,
CustomerLastName
from univ.mastercustomers;

e Step 4: End the procedure with a QUIT statement.

proc sql;
select CustomerID, CustomerFirstName,
CustomerLastName
from univ.mastercustomers;

quit;
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Uvod do SQL

SQL joins have the following characteristics:
e They do not require sorted data.

e They can be performed on up to 32 data sets
at one time.

e They allow complex matching criteria using
the WHERE clause.
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Uvod do SQL

General form of an SQL procedure join to generate
output:

PROC SQL;
SELECT variables
FROM SAS-gata-setl AS aliasl,
SAS-data-set? AS alias’?
WHERE a&/iasl.variable=alias2.variable,
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Uvod do SQL

Create a listing report by joining data sets
univ.mastercustomers and

univ.customerorders by CustomerID.

e Step 1: Invoke the SQL procedure and list the variables
to display.

proc sql;
select CustomerID, CustomerFirstName,
CustomerLastName, OrderID,
UnitPrice, Quantity
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Uvod do SQL

e Step 2: Identify the data sets to join and provide
a table alias for each.

Because CustomerID exists in both data sets,
identify which CustomerID to use.

proc sql;
select m.CustomerID, CustomerFirstName,
CustomerlLastName, OrderID,
UnitPrice, Quantity
from univ.mastercustomers as m,
univ.customerorders as c
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Uvod do SQL

e Step 3: State the condition on which observations are
matched and terminate the query.

proc sql;
select m.CustomerID, CustomerFirstName,
CustomerlLastName, OrderID,
UnitPrice, Quantity
from univ.mastercustomers as m,
univ.customerorders as c
where m.CustomerID=c.CustomerlD;

quit;
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Uvod do SQL

Create a new variable named TotSale by multiplying

Quantity by UnitPrice. Name the new variable
TotSale.

proc sql;

CustomerLastName, OrderlD,
UnitPrice, Quantity,
Quantity * UnitPrice as TotSale
from univ.mastercustomers as m,
univ.customerorders as cC
where m.CustomerID=c.CustomerlD;

quit;

select m.CustomerID, CustomerFirstName,

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Uvod do SQL

General form of a PROC SQL query to create
a SAS data set:

PROC SQL;
CREATE TABLE SAS-data-set AS
SELECT ...
other SQL clauses,

154

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Uvod do SQL

Join the tables univ.mastercustomers and
univ.customerorders to create a new data set.

proc sql;
create table work.ordertotals as
select m.CustomerID,

CustomerFirstName,
CustomerLastName, OrderID,
UnitPrice, Quantity,
Quantity*UnitPrice as TotSale

from univ.mastercustomers as m,
univ.customerorders as cC

where m.CustomerID=c.CustomerID;

quit;
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Uvod do SQL

General form of an SQL procedure query using
labels and formats:

PROC SQL;
SELECT variable LABEL="'co/lumn-header
FORMAT=/ormat.
FROM SAS-data-set ;
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Uvod do SQL

Enhance the previous report.

proc sql;
select m.CustomerID,

CustomerFirstName format=$10.,

CustomerLastName format=$15.,

OrderlD,

UnitPrice format=dollar7.2,

Quantity,

Quantity * UnitPrice as TotSale
format=dollar8.2
label="Total Sale Amount'

from univ.mastercustomers as m,
univ.customerorders as c
where m.CustomerID=c.CustomerID;

quit;
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Uvod do SQL

Partial Output

Customer Customer Customer Unit Sale
ID First Name Last Name OrderID Price Quantity Amount
062096 Craig Knapmeyer 1240062267 $36.00 3 $108.00
062096 Craig Knapmeyer 1240832690 $27.00 4 $108.00
062284 Robert Britt 1238409388 $15.00 1 $15.00
062284 Robert Britt 1238409388 $33.00 1 $33.00
064810 Randall Goodman 1238248877 $175.00 4 $700.00
064810 Randall Goodman 1238248877 $283.00 1 $283.00
064810 Randall Goodman 1238273875 $220.00 1 $220.00
064810 Randall Goodman 1238768955 $52.00 1 $52.00
064810 Randall Goodman 1238842450 $24.00 1 $24.00
064810 Randall Goodman 1239353817 $59.00 2 $118.00
064810 Randall Goodman 1239489696 $11.00 2 $22.00
064810 Randall Goodman 1239608721 $22.00 3 $66.00
064810 Randall Goodman 1239608721 $46.00 3 $138.00
064810 Randall Goodman 1240590287 $21.00 2 $42.00
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Uvod do SQL

General form of an SQL procedure query to
generate summary output:

PROC SQL;
SELECT group-variable,
SUM(analysis-variable)
FROM SAS-data-set
GROUP BY group-variable;

[f a summary function is used in the SELECT clause
with only one argument, then an overall statistic is
calculated down the column.
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Uvod do SQL

e Step 1: Identify the variables to display, the input data
sets, and the matching criteria.

proc sql;
select m.CustomerID,
CustomerFirstName format=$10.,
CustomerLastName format=$15.,
sum (Quantity) label= 'Total Quantity',
sum (Quantity*UnitPrice) as TotSale
format=dollarl2.2

label="'Total Sale Amount'
from univ.mastercustomers as m,

univ.customerorders as c
where m.CustomerID=c.CustomerID;
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Uvod do SQL

e Step 2: Identify the grouping variable(s).

proc sql;
select m.CustomerID,
CustomerFirstName format=$10.,
CustomerLastName format=$15.,
sum (Quantity) label='Total Quantity’,
sum (Quantity*UnitPrice) as TotSale
format=dollarl2.2

label="Total Amount Purchased'
from univ.mastercustomers as m,

univ.customerorders as c
where m.CustomerID=c.CustomerID

group by m.CustomerID, CustomerFirstName,
CustomerLastName;

quit;
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Uvod do SQL

General form of an SQL procedure query to
generate ordered output:

PROC SQL;
SELECT group-variable,
SUM(analysis-variable)
FROM SAS-gata-set
GROUP BY group-variable
ORDER BY variablel <, variableZ> ;

The default is ascending order.
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Uvod do SQL

Order the report by total sale.

proc sql;
select m.CustomerID,
CustomerFirstName format=$10.,
CustomerLastName format=$15.,
sum (Quantity) label='Total Quantity',
sum (Quantity*UnitPrice) as TotSale
format=dollarl2.2
label="Total Amount Purchased'
from univ.mastercustomers as m,
univ.customerorders as c
where m.CustomerID=c.CustomerID
group by m.CustomerID, CustomerFirstName,
CustomerLastName
order by TotSale;

quit;
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Uvod do SQL

Order the report by total sale - v sestupném poradi

proc sql;
select m.CustomerID,
CustomerFirstName format=$10.,
CustomerLastName format=$15.,
sum (Quantity) label='Total Quantity',
sum (Quantity*UnitPrice) as TotSale
format=dollarl2.2
label="Total Amount Purchased'
from univ.mastercustomers as m,
univ.customerorders as c
where m.CustomerID=c.CustomerID
group by m.CustomerID, CustomerFirstName,
CustomerLastName
order by TotSale desc;

quit;
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Inner JOIN

® The INNER JOIN keywords can be used to join tables. The ON clause replaces
the WHERE clause for specifying columns to join. PROC SQL provides these
keywords primarily for compatibility with the other joins (OUTER, RIGHT, and
LEFT JOIN). Using INNER JOIN with an ON clause provides the same
functionality as listing tables in the FROM clause and specifying join columns

with a WHERE clause.

proc sql outobs=6;

title ’"0il Production/Reserves
of Countries’;

select p.country, barrelsperday
"Production’, barrels
"Reserves’

from sql.oilprod p,
sql.oilrsrvs r

where p.country = r.country
order by barrelsperday desc;
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proc sql ;

select p.country,
barrelsperday
"Production’ , barrels
"Reserves’

from sql.oilprod p inner
join sgl.oilrsrvs r

on p.country = r.country
order by barrelsperday
desc;
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Left JOIN

® Quter joins are inner joins that are augmented with rows from one table that do
not match any row from the other table in the join. The resulting output includes
rows that match and rows that do not match from the join’s source tables.
Nonmatching rows have null values in the columns from the unmatched table.
Use the ON clause instead of the WHERE clause to specify the column or
columns on which you are joining the tables. However, you can continue to use
the WHERE clause to subset the query result.

* A left outer join lists matching rows and rows from the left-
hand table (the first table listed in the FROM clause) that do
not match any row in the right-hand table. A left join is
specified with the keywords LEFT JOIN and ON.

proc sql;

select Capital format=$20., Name ’'Country’
format=$20.,

Latitude, Longitude

from sql.countries a left join sql.worldcitycoords b
on a.Capital = b.City and

a.Name = b.Country;
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Right JOIN

* A right join, specified with the keywords RIGHT JOIN and ON, is
the opposite of a left join: nonmatching rows from the right-hand
table (the second table listed in the FROM clause) are included
with all matching rows in the output.

proc sql outobs=10;

select City format=$20., Country
’Country’ format=$20., Population
from sql.countries right join
sql.worldcitycoords

on Capital = City and

Name = Country

order by City;
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Inner/Full Outer/Left/Right JOIN

* A full outer join, specified with the keywords FULL JOIN
and ON, selects all matching and nonmatching rows.

proc sql outobs=10;

select City '#City# (WORLDCITYCOORDS) '
format=$20.,

Capital ’#Capital# (COUNTRIES)’
format=$20.,

Population, Latitude, Longitude

from sql.countries full join

sql .worldcitycoords

on Capital = City and

Name = Country;
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Specialni typy JOIN

® Cross Join
A cross join is a Cartesian product; it returns the product of two tables.

¢ Union Join
A union join combines two tables without attempting to match rows. All
columns and rows from both tables are included.

® Natural Join

A natural join automatically selects columns from each table to use in
determining matching rows. With a natural join, PROC SQL identifies
columns in each table that have the same name and type; rows in which the
values of these columns are equal are returned as matching rows. The ON
clause is implied.
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Uvod do SQL

Dalsi filtrovani vystupu pomoci ,having”

proc sql;
select CustomerGroup,
sum (Quantity*UnitPrice) as TotSale
format=dollarl2.2
label="Total Amount Purchased',
from customers as m left join
customerorders as c
on m.CustomerID=c.CustomerID
group by m.CustomerGroup

having TotSale(ge 10000)and TotSale

order by TotSale de “

quit;

Razné od ,,missing’
Vétsi nebo rovno 10000 tj. chybé&jici hodnoty
170
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Uvod do SQL

Zjisténi poctu rozdilnych (distinct) klientd v danych
skupinach:

proc sql;

select CustomerGroup,

count (distinct m.CustomerID) as pocet,
from customers as m left join
customerorders as c

on m.CustomerID=c.CustomerID

group by m.CustomerGroup
order by TotSale desc

14

quit;
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Uvod do SQL

* Vypis prvnich deseti (obecné n) fadki a vsech sloupct:

proc sqgl outobs=10;

select
*

from customers
’

quit;
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/
Functions and CALL Routines

® cca 500 ,funkci®
* textove
* datumové
* matematicke
e statistické
» pravdépodobnostni
* financ¢ni

Vice na:
http://support.sas.com/documentation/cdl/en/lrdict/
64316/HTML/default/viewer.htm#a000245860.htm
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Math operators:

® Arithmetic Operators:

Symbol | Definition Example Result

B exponentiation a**3 raise A to the third power

* Multiplication 2%y multiply 2 by the value of Y

/ division var/s divide the value of VAR by 5

+ addition num-+3 add 3 to the value of NUM

- subtraction sale- subtract the value of DISCOUNT
discount from the value of SALE

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Math operators:

® Comparison Operators :

Symbol |Mnemonic Definition Example
Equivalent

= EQ equal to a=3

A= NE not equal to anes

—= NE not equal to

~= NE not equal to

> GT greater than nums>5

< LT less than num<8

>= GE greater than or equal to sales>=300

<= LE less than or equal to sales<=100
IN equal to one of a list num in (3, 4, 5)
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Math operators:

® |ogical Operators:

Symbol Mnemonic Equivalent | Example
& AND (a>b & c>d)
| OR (a>borc>d)
! OR
| OR
- NOT not(a>b)
) NOT
~ NOT
Vice na:

http://support.sas.com/documentation/cdl/en/Ircon/62955/HTML
/default/viewer.htm#a000780367.htm
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Special WHERE Operators

Special WHERE operators are operators that can only
be used in a WHERE expression.

BETWEEN-AND  an inclusive range

IS NULL missing value
IS MISSING missing value
? CONTAINS a character string

LIKE a character pattern

177
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BETWEEN-AND Operator

The BETWEEN-AND operator selects observations
in which the value of a variable falls within an inclusive range of values.

Examples:

| where salary between 50000 and 100000; |
‘where salary not between 50000 and 100000;‘

Equivalent Expressions:

| where salary between 50000 and 100000; |

| where 50000 <= salary <= 100000; |
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IS NULL and IS MISSING Operators

The IS NULL and IS MISSING operators select
observations in which the value of a variable is missing.

e The operator can be used for both character and numeric
variables.

* You can combine the NOT logical operator with
IS NULL or IS MISSING to select nonmissing values.

Examples:

‘where Employee ID 1s null;‘

‘where Employee ID 1s missing;‘
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CONTAINS Operator

The CONTAINS (?) operator selects observations that
include the specified substring.

e The position of the substring within the variable's values
does not matter.

e The operator is case sensitive when comparisons are made.

Example:

where Job Title contains 'Rep';

180

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



LIKE Operator

The LIKE operator selects observations by comparing
character values to specified patterns.

There are two special characters available for specifying a
pattern:

A percent sign (%) replaces any number of characters.
e An underscore (_) replaces one character.

Consecutive underscores can be specified.

A percent sign and an underscore can be specified in the
same pattern.

The operator is case sensitive.
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LIKE Operator

Examples:

where Name like '$N';
| |

This WHERE statement selects observations that begin
with any number of characters and end with an N.

|where Name like 'T_M%';|

This WHERE statement selects observations that begin
with a T, followed by a single character, followed by an M,
and followed by any number of characters.

Possible values include Tom and Tammy.
182
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Which WHERE statement will return the observations that have
a first name starting with the letter M for the given values?

d.lwhere Name like '_, M _';|

M arne
Elvizh, Irenie

b [where Name like 'S, M3 ' .| [, oo ihistne
. ©7 ° Hatstone, Kimiko

Dravrnond, Lucian

Hofmeizter, Fonig

c.|where Name like '_, M%';| [Denny.Satyskan
Clarkzon, Sharyn
Fletzchkuz, Monica

djWhere Name like '3, M v;‘ 1

| first name |

| last name |

183

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Which WHERE statement will return the observations that have
a first name starting with the letter M for the given values?

d.lwhere Name like '_, M _';|

M arne

Elvizh, Irenie

. MHgan, Chrstina
Dravrnond, Lucian
Hofrmeizter, Fong

c.|where Name like '_, M%';| [Denny.Satyskan
Clarkzon, Sharyn

Kletszchkus, Monica

d,‘Where Name like '3, M v;‘ 1

| first name |

| last name |
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Odkazy na prave vypoctené sloupce

When you use a column alias to refer to a calculated value, you
must use the CALCULATED keyword with the alias to inform
PROC SQL that the value is calculated within the query. The
following example uses two calculated values, LowC and HighC,

to calculate a third value, Range:

proc sql outobs=12;
title 'Range of High and Low
Temperatures in Celsius’;

as HighC format=5.1,

(AvgLow - 32) * 5/9 as LowC
format=5.1,

(calculated HighC - calculated
LowC)

as Range format=4.1

from sql.worldtemps;

select City, (AvgHigh - 32) * 5/9
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You can

specify

d

calculated column only in
a SELECT clause or a

WHERE clause
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Ve V

Podminéné prirazeni hodnoty

You can use conditional logic within a query by using a CASE expression to
conditionally assign a value. You can use a CASE expression anywhere that you
can use a column name. You must close the CASE logic with the END keyword.

proc sql outobs=12;
title 'Climate Zones of World Cities’;
select City, Country, Latitude,
case
when Latitude gt 67 then ’'North Frigid’
when 67 ge Latitude ge 23 then ’'North Temperate’
when 23 gt Latitude gt -23 then ’'Torrid’
when -23 ge Latitude ge -67 then ’'South Temperate’
else ’'South Frigid’
end as ClimateZone
from sql.worldcitycoords
order by City;
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Vice o procedure SQL

SAS® 9.3 SQL Procedure

User's Guide

http://support.sas.com/documentation/cdl/en/sqlproc/63043/PDF
/default/sqlproc.pdf

http://support.sas.com/documentation/cdl/en/sqlproc/63043/
HTML/default/viewer.htm#titlepage.htm
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Datova matice

J Nutny format dat pro modelovani.
J 2-rozmérnad matice n xp.

] Radky reprezentuji n statistickych jednotek (klienti)
J Sloupce reprezentuji p statistickych proménnych.

f\apps\spsswinibank.sawv

sy

o

id salbeg sex | time age salnow edlevel ok jobcat minaority
1 628 a400 0 aif 28.50 JE080 & 28 4 0
2 620 24000 Q 73 40.23 41400 6 12580 a o
3 632z TR200 o 83 31.05 29960 13 4.05 a o
4 633 &700 Q 93 37 {9200 6 {.83 4 Q
o] 633 17400 0 az 4192 23350 9 1200 il 0
[43 637 12998 Q ao 29.80 27280 18 2.42 4 o
7 Gt G900 o 79 28.00 TE080 13 397 7 o
g G649 5400 Q &7 2875 4100 15 &0 i Q

|
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Zasady tvorby datové matice

J Replikovatelnost tvorby dat. matice
» zadné manualni tpravy dat

) Srozumitelnost tvorby dat. matice
» podrobné komentaie

J Zpétna konektivita dat. matice
» primarni klice (id) vSech podkladovych
datovych tabulek
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L

4. Priprava dat —cCisténi, kategorizace,
agregace, transformace dat (WOE),

uvod do SAS Data Step

%
(? o 8
Pa ol

Ratio of bad loans in %
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Ci¢téni dat: Praktické zkusenosti

Pokud vase nova data obsahuji vice nez 30 cisel, tak je v nich
skoro jisté néjaka chyba.

Cisténi a priprava dat zabira obvykle 80 - 9o %
analytikova casu.

Pokud budete VELMI peclivi v této fazi, usetrite si daleko vic
Casu a nervu pozdéji - jinak stavite dim na pisku.

GIGO...Garbage in, Garbage out (smeti dovnitf, smeti ven)
> sebelepsi model (proces) nevyrobi ze smeti nic jiného nez

opet smeti.
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Co zpusobi nekvalitni data

Sprava nekvalitnich/nadbytec¢nych dat

Nedorucené zasilky (marketing, fakturace)

Nespravné vysledky zpracovani (reporting, analyzy, data mining)
Spatné fungovani systému (nekompatibilita)

Ztrata image, nespokojeni klienti
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Co zpusobi nekvalitni data

»  PFi mailingové kampani jedné britské maloobchodni spole¢nosti se
ukazalo, Ze jedna petina oslovenych uz zemrela. Presto (nebo pro to?)
byli obeslani s pozdravnym oslovenim ,Drahy pane Zesnuly“. ")

» Jista pojistiovna zjistila, Ze vétsSina jejich zakazniku ma |
zamestnani ,,Astronaut” — dalsi patrani ukazalo, ze ,Astronaut” je
prvni volba v seznamu v jejich CRM systému. 1)

» 44 000-98 000 Ameri¢anu rocné umira na zakladé odvratitelné
medicinské chyby jako prepsani pfi psani receptu, Spatné popsany
vysledek krevni zkousky, necitelna informace v pacientskych
zaznamech atd. Je to osma nejc¢astéjsi pricina umrti v USA 2

> 7.5.1999 bombardovaly ozbrojené sily USA cinskée velvyslanectvi v
Jugoslavii. Vysetrovani zjistilo: CIA pouziva zastaraly mapovy material;
jesté k tomu pracovnik predlozil v dusledku chyby v datech spatnou
adresu — ,Doslovné nakreslil X na nespravné misto® 3

1) Peel, M: Letters to the dead and other data dereliction. @ 2007 Financial Times Deutschland. http./f'www fid de, wydani z 2.10.2007

2) Cash, J. (1999): IT Can Reduce Medical Errors. ObsaZeno v: Wang, FPierce, Madnick: Information Quality, 2005
3) BBC: Americas chinese embassy warning ignored. @ 1999 BBC. hitp.//news/bbc_co.uk/1/hi/jworld/americas/37 775 stm, vydani z 2.10.2007
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Cisténi dat: Ovéreni souboru

Ovéreni souboru s daty / zdroj dat
> Jsou to spravna data (¢as vzniku, vyzkum...)?
> Jsou kompletni, bez duplicit, umim je Cist...

Zkoumani pripadt
> Maji identifikatory?
Al Jsou tyto ID spravné?
> Neopakuji se (duplicity)?

Existuji i ,,skoro” duplicity — dva podobné, ale ne presné totozné zaznamy o
tomtéz subjektu.

> Nejsou vynechany?
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Cisténi dat: Ovéreni proménnych

Zkoumani metadat o proménnych
> Jsou tam vSechny proménné a spravneé znacené?

> Je jasné, co znamenaji (kodovniky, definice...)? Dokumentace
OK?

Pozor na mezinarodni studie, produkty konsorcii agentur a opakované viny
vyzkumt. Jemné nuance metody mohou zptisobit hruby nesoulad !

> Neopakuje se néktera proménna vicekrat?
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Cisténi dat: Prdzkum proménnych

Nabyva pripustnych hodnot (x out of range)?

,Divné“ kédy (,,xxx“ ,,9999%..)

Duplicitni kédy pro stejnou véc (,Z% , %% ,Zena“, ,zena“..)
Kodovani Cestiny/rustiny/...

Preklepy apod.

> Editovaci distance (LevenShteinova (BJIa,zu/IMI/Ip Hocudosuu ]IeBeHIHTeI‘/’IH) ’ )
pomohou odhalit preklep

> Editovaci distance = pocet elementarnich editovacich krok® potfebnych
Ero zmeénu jednoho fetézce na druhy. Viz
ttp://www.merriampark.com/ld.htm k Levenshteinové distanci

Je zde aplet, ktery ji umi pocitat
» Shlukovani fetézcti podle ED
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Cisténi dat: Prdzkum proménnych

Sluc¢ovani podobnych kategorii (prodava¢ — prodejce -
prodavacka);

Malo cetné kategorie (narodnost brazilska...) - je tfeba
sloucit/prifadit k né&jaké(kym) vice cetné(nym)
kategorii(im) na zdkladé néjakého vhodného kriteria.

e distribuce priméfend nasemu ocekavani (interval
hodnot, rozptyl, Sikmost, Spicatost, modalni
hodnoty...)? Neni napi. prili§ ,ofezand“ ¢i naopak
roztazena“?

> Nékdy se obtizné poznava: Napft. vék v ¢asti dat mtze byt kodovan jako
posledni dvojcisli roku narozeni, a v jiné casti dat jako 2007 - rok
narozeni.

4\ n

197



Cisténi dat: Prdzkum proménnych

Shluky (clumping), typicky kolem zaokrouhlenych hodnot
> Prijem -lidé rddi zaokrouhluji smérem nahoru.

> Nebo tfeba kolem hranic vékovych kvot, vzniklé tim, jak tazatelé
yupravuji® véky respondentti, aby se vesli do kvot.

Chybéjici hodnoty (pii¢iny vzniku, zastoupeni,...)!!!
Pozor na kody ¢asti (amer. x evrop. konvence), regiont
apod.!
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Cisténi dat: Vazby mezi daty

Vice proménnych
> Kontingenc¢ni tabulky, box ploty s kategoriemi, bodové grafy a jejich
matice, korela¢ni koeficienty
> Logické vazby (napt. 1otilety nemtze byt Zenaty, 3otilety nemuize
pracovat 20let,...)

Hledani pomoci programu/kédu - podminky vyjadiime pomoci prostiedkii
matematické logiky a nechame pocitac, aby vyhledal pripady, kde nejsou
splnény.

» Extrémni hodnoty vicerozmérného rozdéleni

Bodovy graf

VVVVVVVV

x zkoumany bod a S kovarian¢ni matice

napt. P. Filzmoser (2004) A multivariate outlier detection method,
http://www.statistik.tuwien.ac.at/public/filz/papers/minsko4.pdf

> Dalsi vlastnosti; napf. existuji o¢ekavané korelace?
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http://en.wikipedia.org/wiki/Expectation-maximization_algorithm

Cisténi dat: Vazby mezi daty

korektni vkladani dat do DB

> text. pole s nazvem zbozi vs. rolovaci seznam

N4
s typem zbozi - <
100% 1 — — = =
90% 1 ——— +H— —
80% +— — H— — —H BvVT
70% 1+ — —H Bot
60% - — — — — HNA
50% H — — — — - — |owmr
4% — — — —1 1 — — |or
30% 4 M — 1 — — — |mcT
00 M1 171 e —1 [ |=BT
10% +H — 4 — —H — -
0% = B B
3 4 5 6 10 11 12
o /

» porfadi hodnot v rolovacim seznamu -
problém prvni (defaultni) hodnoty
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Cisténi dat: Odlehlé hodnoty

o odlehla hodnota
—‘7 —— horni vnitfni hradba nebo max. hodnota

— horni kvartil
— median

L — dolni kvartil

dolni vnitfni hradba nebo min. hodnota

w —— extrémni hodnota

» kvartilova odchylka: g= x, . - X,
» vnitini hradby: x, ,. - 1.5q, X, . +1.59

» vné€jsi hradby: x,, ,. - 39, X, . + 39

» Odlehla hodnota lezi mezi vnéjsimi a vnitinimi hradbami, tj. v intervalu

(x0,75:|- 1,50, Xo,75+ 3q) cvziv v interjf.avl,u (.XO’25 ~3Q, Xp 05~ 1 5q).
» Extrémni hodnota lezi za vnéj$imi hradbami, tj. v intervalu (x, . + 3q, ©°)
»&ivintervalu (-e0,x, . -3q).
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Cisténi dat: Opravy chyb

Zpét k pramentim!

Vytazeni podezielych pripadi:
> Zamérné podvody, napi. nespolehlivi tazatelé (shlukova analyza!).
> Neovéritelna data.

Vyrazeni podezielych hodnot.
Rekddovani na spravné hodnoty (imputace hodnot):

> imputace - primeérem, medianem, max./min. hodnotou, pomoci
modelu (ZET algoritmus, stromy;...).

> Vice viz Ilapf‘.: = http://nces.ed.gov/pubs2001/200117.pdf
http://people.oregonstate.edu/~acock/missing/King.pdf
http://link.springer.com/article/10.1023%2FA%3A1002814429456
http://en.wikipedia.org/wiki/Imputation_(statistics) 502



Cisténi dat: Opravy chyb — ZET algoritmus

Algoritmus publikovali N.G. ZAGORUINKO a V.N. ELKINA v roce 1982.

Primarné urcen pro pomeéroveé promeénneé.

Algoritmus probiha takto:

Charakteristiky

Objekty

1

k j]

1

Lineadrni transformaci normalizuj vSechny sloupce datoveé

matice na interval [o, 1] f‘

Vyber j-ty sloupec (obsahujici chybéjici hodnoty)

Pro kazdé dva sloupce j a k ur¢i miru zaplnéni a miru L (] #k)
podobnosti ‘rjk ‘

Odhadni hodnoty sloupce j pomoci hodnot sloupce k
(linedrni regresi). Pro I=ty fadek (pracujeme praveé s témi
fadky, které maji znamou (nechybéjici) hodnotu)
dostaneme g =b, -a, +c; (Di,Ci jsou reg. parametry)
Vysledny odhad zndmé hodnoty a;; spocti jako vazeny
primér hodnot af ,tj. _ > L, -‘rjk‘a ch

a

j —
>y [
Chybéjici hodnoty a; odhadni pomoci g; tak, Ze ve vzorci
pro &, polozime I=i, kdyZ pomoci popsané lin. regrese
odhadneme a; pro vs. sloupce k, které nemaji chybéjici
hodnotu v fadku i

Inverzni lin. transformaci spocti hledané hodnoty.

L

= pocet tadka, v
nichz soucasné ve
sloupcich j a k nejsou
chybéjici hodnoty

= abs. hodn.
korela¢niho koef.
mezi sloupci j a k.

takové, které
minimalizuje soucet
¢tvercli mezi a; a a,
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Transformace dat

J Binarizace (dummy promeénné)

Dummy proménné predstavuji techniku vyuzivajici
dichotomické proménné (kodované o nel};;g 1) pro
vyjadfeni  jednotlivych hodnot nominalnich
promeénnych.

Nazev ,dummy” poukazuje na fakt, ze pritomnost
znaku oznaceného kodem 1 reprezentuje faktor,
nebo soubor faktor, ktery neni méritelny zadnym
lepsim zptisobem v ramci dané analyzy.
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Dummy promenné

O Dummy proménna pfifazuje hodnotu 1 danému pozorovani vybrané proménné a
hodnotu o ve zbyvajicich piipadech.
2 Pro pohlavi (2 kategorie), napi. pfifadi 1 pro Zenu a o pro muze. V tomto pfipadé
je postacujici vytvoreni pravé jedné dummy proménné.
2 Pro rasu (4 kategorie), je tfeba vytvorit vice dummy proménnych.
P1=1, pokud rasa=,béloch” a o jinak.
P2=1, pokud rasa=,¢ernoch” a o jinak.
P3=1, pokud rasa=,asiat” a o jinak.
P4=1, pokud rasa=,ostatni” a o jinak.
O Dutilezité: VSechny 4 proménné nejsou zahrnuty do regrese (zptsobilo by to
perfektni multikolinearitu, P4=1-P3-P2-P1).
d Pocet dummy proménnych=pocet kategorii -1.
d Vynechand proménna je ,referencni” proménnou.
O Konstanta obsahuje informaci o této referen¢ni proménné.
O Koeficienty zahrnutych proménnych jsou brany ve vztahu ke konstanté.
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Transformace dat

J Kategorizace spojitych proménnych
» pokud chceme vyuzit WOE, je nutna
> decily, ale 1ze tvorit i tak aby byla maximalizovana napt.
informac¢ni hodnota

J Agregace
» podobnych hodnot (vécna podobnost, podobnost hodnot
ve vztahu k cilové proménné,...)
» malo ¢etnych hodnot

J Segmentace
» neni nezbytna, ale m@ize vyrazné zvysit predik¢ni silu

modelu, pripadné je vhodna z néj. business dtivoda.
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Categorization of predictors

Every variable should be categorized (divided to reasonable number of
categories

- Bestse z);lration (default rates within categories are different as much as
possible

- Time stability (ordering in categories by default rate is the same in different
periods of development sample%

age_def | Gini 0. / - é )
[Gini [ 02212 [infoValue | 0.1558] age,_def =
Lz pocet podil | badrate 14.0% U 1 e

1 35 059 82%| 1311% 12 r 12.00%

3 32 401 75%|  981% 10.0% 3 oot

6 41 807 97%| B61% 8.0% 1 r8.00%

38 510 90%| 807% 50 ree0%

32 36 271 54%| 679% 2.0% r3.00%
36 44648 104%] 6 11% 20% 1 200
a1 50 015]  116%| 5 74% o R
5 10099 3 39 5 219 L 21 23 26 20 32 36 41 45 51 &0 )
51 54526 127%| 452%
60 56551]  132%| 371%
Total 429887 1000%  679%
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L

Categorization of predictors

* We want to find out real statistical dependencies, not random
differences in default.

age pct risky
period=0

Peth 011 Sl

i C_oge

0 0 13.01
1 .3
25 BT

7| .
% age pct risky
3 period=0
3 |
i
45 Peth 011 SUM
5
- 20 13.01
15 8.34
b 1.4
40 | §.62
55 .14
599399 1.51
[ UL o UL U PR LU LTU JRUPUITL) [ UL LR ILI PRI LU LU UL LU LT AL UL |
R N T S TR T A S N [ NS N F SN K AT
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Transformace dat - WOE

O Good celkovy pocet dobrych klientii ve vzorku
O Bad celkovy pocet Spatnych klientii ve vzorku
O good;s, bad? pocet dobrych, resp. Spatnych klientd v i-té

kategorii prislusné s-té proménné.

3 8 ood
2  celkova sance odds _all = g
bad
v Sy . A v r Oods
O Sance i-té kategorie s-té proménné odds,® = 9 .S
bad.
31§ [ : odds;
0 pomér Sanci (OR) odds _ ratio,® = :
odds _ all
0 WOE (weights of evidence)
good.® good.’
WOE,* = In(odds_ratiois)z | 231, gooc:
good bad,
bad bad
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Transformace dat -WOE

cat. # bad clients | #good clients Def rate odds OR % bad [1] % good [2] | [3] =[2]/[1] | WOE = In[3]
1 4 1 80,0% 0,25 0,03 40,0% 1,1% 0,03 -3,58
2 2 6 25,0% 3,00 0,33 20,0% 6,7% 0,33 -1,10
3 2 18 10,0% 9,00 1,00 20,0% 20,0% 1,00 0,00
4 1 12 7,7% 12,00 1,33 10,0% 13,3% 1,33 0,29
5 1 53 1,9% 53,00 5,89 10,0% 58,9% 5,89 1,77
All 10 90 10,0% 9,00
ALL 100
80% = 4/ (4+1) 100,0% 4,00
0,25=1/4 v
0,03=0,25/9 20:0% 1 3,00
40% =4/10 80,0% \ 1400
1,1% =1/90 20.0% \ lE :
60,0% 7 1,00
?. 50,0% - \ I - 0,00 §
° a00m 1 \\! 1 -1,00
30,0% -+

20,0% -+ \ ] =%

10,0% \ \ 1

0,0% . . -4,00

1 2 3 4 5
N \VOE == Def_rate|
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1.

3.

Citlivost WOE

Zachovani Def rate,
ale zmenseni Cetnosti

1. kategorie (zména
%all)

Zména Def rate pfi
zachovani %all.

Jako u 2, navic zména
def rate u  dalsi
kategorie.

cat. # bad clients|#good clients| Def rate odds OR %all | %bad [1] | %good [2] | [3] =[2] /[1] | WOE = In[3]
1 400 100 80,0% 0,25 0,03 5,0% | 40,0% 1,1% 0,03 -3,58
2 200 600 25,0% 3,00 0,33 8,0% | 20,0% 6,7% 0,33 -1,10
3 200 1800 10,0% 9,00 1,00 20,0% | 20,0% 20,0% 1,00 0,00
4 100 1200 7,7% 12,00 1,33 13,0% | 10,0% 13,3% 1,33 0,29
5 100 5300 1,9% 53,00 5,89 54,0% | 10,0% 58,9% 5,89 1,77
All 1000 9000 10,0% 9,00
ALL 10000
cat. # bad clients|#good clients| Def _rate odds OR %all | %bad [1] | %good [2] [ [3] =[2] /[1] | WOE = In[3]
1 200 50 80,0% 0,25 0,03 2,6% | 25,0% 0,6% 0,02 -3,80
2 200 600 25,0% 3,00 0,33 8,2% | 25,0% 6,7% 0,27 -1,32
3 200 1800 10,0% 9,00 1,00 20,5% | 25,0% 20,1% 0,80 -0,22
4 100 1200 7,7% 12,00 1,33 13,3% | 12,5% 13,4% 1,07 0,07
5 100 5300 1,9% | 53,00 5,89 55,4% | 12,5% 59,2% 4,74 1,56
All 800 8950 82% [ 11,19
ALL 9750
cat. # bad clients|#good clients| Def _rate odds OR %all | %bad [1] | %good [2] [ [3] =[2] /[1] | WOE = In[3]
1 300 200 60,0% 0,67 0,07 5,0% | 33,3% 2,2% 0,07 -2,72
2 200 600 25,0% 3,00 0,33 8,0% | 22,2% 6,6% 0,30 -1,22
3 200 1800 10,0% 9,00 1,00 20,0% | 22,2% 19,8% 0,89 -0,12
4 100 1200 7,7% 12,00 1,33 13,0% | 11,1% 13,2% 1,19 0,17
5 100 5300 1,9% | 53,00 5,89 54,0% | 11,1% 58,2% 5,24 1,66
All 900 9100 9,0% 10,11
ALL 10000
cat. # bad clients|#good clients| Def rate odds OR %all | %bad [1] | %good [2] | [3] =[2] /[1] | WOE = In[3]
1 300 200 60,0% 0,67 0,07 5,0% | 30,0% 2,2% 0,07 -2,60
2 300 500 37,5% 1,67 0,19 8,0% | 30,0% 5,6% 0,19 -1,69
3 200 1800 10,0% 9,00 1,00 20,0% | 20,0% 19,8% 0,99 -0,01
4 100 1200 7,7% 12,00 1,33 13,0% | 10,0% 13,2% 1,32 0,28
5 100 5300 1,9% 53,00 5,89 54,0% | 10,0% 58,2% 5,82 1,76
All 1000 9000 10,0% 9,00
ALL 10000

211



The SORT Procedure

The SORT procedure rearranges the observations
inwork.gtrlsalesrep and places them in order
by descending Last Name within Country.

Py PROGZReview.sas *

likbname orion '"s:\workshop';
Hdata work.gtrlsalesrep:;

S proc sort data=work.gtrlsalesrep;
by Country descending Last Name;
run;

The OUT= option in the SORT procedure can be used
to create an output data set, instead of overwriting the input data
set.
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The FORMAT Procedure

The FORMAT procedure creates user-defined formats and
informats, and stores them in the SAS catalog work.formats by

defal-]lt . FY PROGZReview.sas *

libname orion 's:‘\workshop':

Hdata work.gtrlsalesrep;

Hproc sort data=work.dgtrlsalesrep:;

‘EI proc format;

value Sctryfmt "AU'="Australia’
'S '="TUInited States';
run;

Vice na: http://www2.sas.com/proceedings/sugi27/po56-27.pdf

Range(s) can be Labels
e single values e can be up to 32,767 characters in length
e ranges of values e are typically enclosed in quotation

e lists of values. marks, although it is not required.
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Character User-Defined Format

character discrete
format character
name values
I I
proc format; ! \
value Sctryfmt 'AU' = 'Australia'
'US' = 'United States'
other = 'Miscoded';
run, ? ?
| keyword | | labels |

The OTHER keyword matches all values that do not
match any other value or range.
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Character User-Defined Format

|proc format;

value Sctryfmt 'AU' = 'Australia'
‘ Part 1 ‘ 'US' = 'United States'
other = 'Miscoded';
run;

proc print data=orion.sales label;
var Employee ID Job Title Salary
Country Blrth Date Hire  Date;
label Employee _ ID='Sales ID'"
Job Title='Job Title'
Salary='Annual Salary'
Birth Date='Date of Birth'
Hire Date='Date of Hire'
format Salary dollarl0.0
Birth Date Hire Date monyy7.
Country S$ctryfmt. ;

‘ Part 2

run,
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Character User-Defined Format

Partial PROC PRINT Output

60
61
62
63
64
65
66
67
68
69
70
71
72

Obs

120178
120179
120180
120198
120261
121018
121019
121020
121021
121022
121023
121024
121025

Sales
Sales
Sales
Sales
Chief
Sales
Sales
Sales
Sales
Sales
Sales
Sales
Sales

Sales ID Job Title

Rep. II
Rep. III
Rep. II
Rep. III

Sales Officer

Rep. II
Rep. IV
Rep. IV
Rep. IV
Rep. IV
Rep. I

Rep. II
Rep. II

Annual

Salary

$26,165
$28,510
$26,970
$28,025

$243,190

$27,560
$31,320
$31,750
$32,985
$32,210
$26,010
$26,600
$28,295

4 Country )

Australia
Australia
Australia
Australia
United States
United States
United States
United States
United States
United States
United States
United States

|United States‘

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

Date of
Birth

NOV1954
MAR1974
JUN1954
JAN1988
FEB1969
JAN1944
JUN1986
FEB1984
DEC1974
0CT1979
MAR1964
SEP1984
0CT1949

Date of
Hire

APR1974
JAN2004
DEC1978
DEC2006
AUG1987
JAN1974
JUN2004
MAY2002
MAR1994
FEB2002
MAY1989
MAY2004
SEP1975
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Numeric User-Defined Format

| numeric ranges |

proc format;
value tiers 20000-49999 = 'Tier 1'
T 50000-99999 = 'Tier 2'
100000-250000 = 'Tier 3';
run; | numeric | *
{ format name | | labels I_
proc format;
value tiers low-<50000 = 'Tier 1'
50000- 100000 = 'Tier 2'
100000<-high = 'Tier 3';
run;

LOW encompasses the lowest possible value.
HIGH encompasses the highest possible value.
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Numeric User-Defined Formats

The less than (<) symbol excludes values from ranges.

e Put < after the value if you want to exclude the first value in
a range.

e Put < before the value if you want to exclude the last value

in a range.

50000 - 100000 Includes 50000 Includes 100000
50000 - < 100000 Includes 50000 Excludes 100000
50000 < - 100000 Excludes 50000 Includes 100000

50000 < - < 100000 Excludes 50000 Excludes 100000
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Multiple User-Defined Formats

Multiple VALUE statements can be in a single
PROC FORMAT step.
proc format;
value Sctryfmt 'AU' = 'Australia'
'US' = 'United States'
other = 'Miscoded';
value tiers low-<50000 = 'Tier 1'
50000- 100000 = 'Tier 2'
100000<-high = 'Tier 3';

run,

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The FORMAT Procedure

proc format;
value Sgoods t
VBT|=1A'
'BZ'='D,
''='missing’

' '='missing'
'.'='missing'

run,

proc tabulate data=1libl. tabl
missing;

title "D vs. goods type";
class goods type D;

table (goods type all), (D
all)*(n colpctn='c5%'
rowpctn="'r%") ;

format goods type S$goods t.;
run;
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The FORMAT Procedure

proc format;
value good typ
1=1

2=3

3=10

run,

proc format;
invalue good t2e
'BT'=4

'BZ'=5
'CK'=5
other=-1
run;

data 1libl. tabl;
set 1libl. tabl;
goods_type3=goods type2;
format goods_ typen3n good typ.;
run;

data 1libl. tabl;

set 1libl.tabl;

goods typel=upcase (goods type) ;

goods type3n=input (goods typel,good t2e.)
evid id=put (evid id,z10.);

run, 221



Replacing Missing Values

The COALESCE function enables you to replace missing values in a column with a
new value that you specify. For every row that the query processes, the COALESCE
function checks each of its arguments until it finds a nonmissing value, then returns
that value. If all of the arguments are missing values, then the COALESCE function
returns a missing value. For example, the following query replaces missing values in
the LowPoint column in the SQL.CONTINENTS table with the words Not Available:

Output 2.14 Using the COALESCE Function to Replace Missing Values

proc sql;
title 'Continental Low continental Low Folnts
Points’ : O O e
! Africa Lake Assal
Antarctl Hot Avallablse
select Name, Antarctica hot Avalla
- 1stralia ake re
Coalesce (LOWPOlnt / in:ral America and Caribbean Eot AEEF?;ilable
. Eurcpe Casplan Sea
’ Not Avallable’ ) as Horth Bmerica Death Valle.uy
Oceanla Hot Avallabls
LOWPOint socuth America Valdes Penilnsula

from sql.continents;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 222



The DATA Step

The SAS DATA step

¢ is the original SAS programming language for data
manipulation

 can be used as a complete programming language

e is generated by SAS Enterprise Guide when data is imported
or in support of other tasks.
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Advantages of the DATA Step over SQL

DATA Step

Can read data from many different
sources

Can create multiple tables in a
single pass of the data

Has comprehensive conditional
processing

Can deal with repetitive
programming using loops and
arrays

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

SQL
Can only read from SAS database
tables
Can only output one table at a time

Only has the CASE clause

Does not support loops or arrays
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Advantages of SQL over the DATA Step

SQL DATA Step

Is very flexible when joining Can require several steps to join
multiple tables with non-common multiple tables with different key
key variables variables

Can, in some cases, replace Can require several steps

multiple SAS steps

Is the native language of databases Might need to generate SQL to get
to data that is not SAS data

Choose the right tool for the task to be completed.
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The DATA Statement

The DATA statement begins a DATA step and provides
the name of the SAS data set being created.

General form of the DATA statement:

DATA output-SAS-data-set;
SET input-SAS-data-set;
<additional SAS statements>
RUN;

The DATA statement can create temporary or permanent
data sets.
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The SET Statement

The SET statement reads observations from a SAS data set for
further processing in the DATA step.

General form of the SET statement:

DATA output-SAS-data-set;
SET input-SAS-data-set;
<additional SAS statements>
RUN:;

By default, the SET statement does the following:
e names the SAS data set(s) to be read
e reads all observations and all variables from the input data set
 can read temporary or permanent data sets

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Business Scenario: Reading a SAS Data Set

This program does the following:

data work.comp;
m reads all the rows and all the set orion.sales;

columns from the sales datasetin | yyyn .
the orion library

m writes all the rows and all the
columns to a data set named
comp in the Work library

Partial Listing of comp

l@ EmplIlE_:,lEE ﬁ:-, Egﬂa ﬁx Iﬂa;;E .@5 Gender @ Salary .@5 Job_Title .@5 Country @ Birth_D ate @ Hire_Date
120102 Tam Zhou b4 108255 Sales Manager AU 2510 10744
120103 Wilzon Dawes i 37375 Sales Manager AL -39596 5114
120121 lrenie Elvizh F 2600 Salez Rep. 1l Al -BE30 5114
120122 Chriztina MHagan F 27475 Salez Rep. |l Al 1984 E7RBE
120123 Kirmiko Hotztone  F 267190 Salez Rep. | Al 1732 3405
120124 Lucian Daprmond b 26430 Salez Rep. | Al -233 E339
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Selecting Variables

You can control the variables written out to SAS data
sets using the following:

e the DROP statement to specify the variables that
you want excluded

e the KEEP statement to specify the variables that
you want included

General form of DROP and KEEP statements:

DROP variablel variable?2 ...:

KEEP variablel variable? ...:
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Business Scenario: Selecting Variables

data work.comp;
set orion.sales;

run,

drop Gender Salary Job Title
Country Birth | Date Hire _Date;

This program can do these tasks:

m read all the rows and columns from
orion.sales

m write all the rows and the three
columns not excluded via the DROP
statement to a data set called comp in
the Work library
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Partial Listing of comp

(@ Emelgree 4 fimts 0 o
120102 Tom < hio
120703 wilzon Dl awes
120127 lrenie E Ivizh
120122 Chnztina - Mgan
120123 Kirniko Hotztone
1207124 Lucian D ayrond
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Selecting Rows
Partial Listing of austemp

izl Empllc[livee K Egﬁ:; /% Last_Mame|/. Gender /20 Salary % Job_Titke |2 Country
1 120102 Tom £hou b 108255 Sales Manager AU
2 120103 Wilzon D awes b4 37375 Sales Manager Al
3 120125 Fong Hofmeizter k4 32040 Sales Rep. IV (AL
4 120128 Monica kletzchkus F 30830 Sales Rep. IV (AU
L 120129 Alvin Roebuck b4 30070 Sales Rep. 1 Al
6 120135 Alexel Platts k4 32490 Sales Rep. Y (AU
Fi 120144 iney Barbiz b4 J0265: Sales Rep. I Al
8 120154 Caterina Hayawardhana F 30430 Sales Rep. I Al
3 120158 Daniel Filgrirn kd JBE05: Sales Rep. Ml Al
10 120159 Lynelle Phournirath F J0VEE: Sales Rep. IV (AL
11 120161 : Rosette b artines F 30735 Sales Rep. I Al
12 120166 Fadi M owwd k4 J0EED: Sales Rep, IV (AL

Orion wants to subset the data to only include Australian
employees with a salary greater than $30,000.
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Selecting Rows with the WHERE Statement

You can control which rows are read from a SAS data set by using
the WHERE statement.

General form of the WHERE statement:

WHERE expression;

e Only one WHERE statement can be included
in a DATA step.

e The expressions that can be used are the same as
expressions built in the Filter Data tab using either the
Edit Filter window or the Advanced Expression Editor.
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Comparison Operators -examples

|where Gender = 'M';|

|where Gender eq ' ';|

|where Salary ne . ;|

|where Salary >= 50000; |

|where Country in ('AU','US');

|where Country in ('AU' 'US');

Values must be
separated by
commas or blanks.
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233



Arithmetic Operators - examples
| where Salary / 12 < 6000; |

| where (Salary / 12 ) * 1.10 >= 7500; |
|where Salary + Bonus <= 10000;|

Logical Operators - examples
|where Gender ne 'M' and Salary >=50000;|

|where Gender ne 'M' or Salary >= 50000;|

|where Country = 'AU' or Country = 'US';|

|where Country not in ('AU' 'US');|
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Multiple Choice Poll — Correct Answer

Which WHERE statement correctly subsets for numeric
months May, June, or July and character names with a missing
value?

a. whereMonths in (5 - 7) andNames=. ;

here Monthsin (5 , 6 , 7) andNames="' "';

c. whereMonthsin ('5', '6' , '7') andNames=".";
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Creating New Variables

Assignment statements are used in the DATA step to update existing
variables or create new variables.

An assignment statement does the following:
 evaluates an expression
e assigns the resulting value to a variable

General form of an assignment statement:

variable=expression;

DATA output-SAS-data-set;
SET input-SAS-data-set;
variable = expression;

RUN;
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SAS Expressions

An expression contains operands and operators
that form a set of instructions that produce a value.

Operands are Operators are
m variable names = symbols that request
m constants. arithmetic calculations

m SAS functions.

An expression entered in an assignment statement is identical
to an expression built using the SAS Enterprise Guide Advanced
Expression Editor.
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Operands

Operands are constants (character, numeric, or date)
and variables (character or numeric).

Examples:

‘Bonus = 500;|-—| numeric constant ‘

‘Gender = 'M' ;|<—| character constant ‘

‘NewSalary 1.1 * Salary;|—| variable ‘

|Hire Date = '01APR2008'd;|— dateconstant |
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SAS Date Constants

The constant 'ddMMMyyyy'd (example: '14dec2000'd) creates a
SAS date value from the date enclosed in quotation marks.

dd IS a one- or two-digit value for the day.

MMM Is a three-letter abbreviation for the month
(JAN, FEB, MAR, and so on).

yyyy Is a four-digit value for the year.

d IS required to convert the quoted string to a SAS
date.
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Operators

Operators are symbols that represent an arithmetic
calculation and SAS functions.

Examples:

|Revenue = Quantity * Price;|

| NewCountry = upcase (Country) ; |
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Arithmetic Operators

Arithmetic operators indicate that an arithmetic calculation is
performed.

b exponentiation I

- negative prefix I

* multiplication 1
/ division Il
+ addition 11
- subtraction 1]

If a missing value is an operand for an arithmetic operator, the
result is a missing value.
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Multiple Choice Poll — Correct Answer

What is the result of the assignment statement given
the values of varl and var2?

. (missing)
b. o

C. 5
varl var?2
d. 10

10

num = varl + var2 / 2;‘

If an operand is missing for an arithmetic operator,
the result is missing.
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Using SAS Functions

SAS functions can do the following:
e perform arithmetic operations

e compute sample statistics (for example: sum, mean, and
standard deviation)

e manipulate SAS dates
e process character values
e perform many other tasks

Sample statistics functions ignore missing values.

SAS functions can be used in the DATA step or in the
Advanced Expression Editor of the Query Builder to create new
columns or filter data.
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Multiple Choice Poll — Correct Answer

What is the result of the assignment statement given

the values of varl, var2, and var3?

a. . (missing)

b. o

C. 4
6

Varl

var2

Var3

9

3

|Average = mean(Varl,Var2,Var3) ;|
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Using Date Functions

You can use SAS date functions to do the following:
e create SAS date values
e extract information from SAS date values

Calendar Date

<+—  (1JAN1959 = 01JAN1960 —— 01JAN1961 —>
+—-365 0 366 >

SAS Date Value

245
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Date Functions: Creating SAS Dates

TODAY () obtains the date value from the
system clock.

MDY (month,day,year)  uses numeric month, day, and year
values to return the corresponding
SAS date value.

Example:

|Days_Since_Order = today () - Order Date;
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Date Functions: Extracting Information

YEAR(SAS-date)
QTR(SAS-date)

MONTH(SAS-date)

DAY (SAS-date)

WEEKDAY (SAS-date)

extracts the year from a SAS date and
returns a four-digit value for year.

extracts the quarter from a SAS date and
returns a number from 1 to 4.

extracts the month from a SAS date and
returns a number from 1 to 12.

extracts the day of the month from a SAS
date and returns a number from 1 to 31.

extracts the day of the week from a SAS
date and returns a number from 1 to 7,
where 1 represents Sunday, and so on.

Example: | BonusMonth

month (Hire Date); ‘
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The LABEL Statement

Permanent labels can also be assigned in the DATA step.
General form of the LABEL statement:

LABEL variable = 'label’
variable = 'label’
variable = 'label’;

e A label can be up to 256 characters.

e Any number of variables can be associated with labels in a single
LABEL statement.

e Using a LABEL statement in a DATA step permanently associates

labels with variables by storing the label in the descriptor portion
of the SAS data set.
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Business Scenario: Formats and Labels

data work.comp;
set orion.sales;
Bonus=500;
Compensation=sum(Salary,Bonus) ;
BonusMonth=month (Hire Date) ;
drop Gender Salary Job Title Country
Birth Date;
format Bonus Compensation dollar8.
Hire Date date9.;
label Employee ID="Employee ID"
First Name="First Name"
Last Name="Last Name"
BonusMonth="Month of Bonus"
Hire Date="Hire Date";

run,
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5. SAS Data Step — podminéné

kody, cykly, pole

DO index=start TO stop
BY increment;
SAS statements

END;

Other SAS
statements

Define start,
stop, and increment
values.

Set index=start.

Execute statements in loop.

index = index + increment

IFexpression THEN DO;
executable statements
END:;
ELSE DO;
executable statements
END:;
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Business Scenario

Listing of customer

Customer Type ID indicates
— -_— = Customer 4‘53.‘:- Customer Mame @ Customer
the type of club member. A value — N —Type_ID
. . 4 James Kwvarnig 1020
of 3010 indicates non-club e S50
members. 3 Comelia Krahl 2020
10: K.aren Ballinger 1040
11 Elke W allstab 1040
Orion wants to create two data 12: David Black 1040
13 Markus Sepke 2010
sets, one for club members and 16 Ulrich Houde 30
one for other customers. 17; Jimmis E vans 1030
Listing of clubmembers Listing of nonclub
123 E"E'j"_'DmE' .J:fj_a Customer_MName @ E{-‘:;DETF[; 123 Eus_tlunmer )_@5, Customer_Mame @ E{-‘;S;TF[;
4 James Kvarnig 1020 16 Ulrich Heyde 20110
5 Sandrina Stephano 2020 23 Tulio Devereaus 2010
9 Carnelia Krahl 2020 24 Robyn Klem 2010
10 K.aren Ballinger 1040 27 Cynthia Mocluney 2010
11 Elke*wallztab 1040 29 Candy Kinzey 3010

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 251



The DATA Statement

The DATA statement lists the data sets to be created.
General form of the DATA statement:

DATA <SAS-data-set(s)> <SAS-data-set(s)>;

By default, the same rows are written to every listed data set.

data work.clubmembers work.nonclub;
set orion.customer;
run;
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The OUTPUT Statement

The OUTPUT statement controls when the values are
written to the output SAS data set.

General form of the OUTPUT statement:

OUTPUT <SAS-data-set(s)>;

e If no data set is specified, then output goes to all of the
data sets listed in the DATA statement.
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Conditional Execution

General form of IF-THEN and ELSE statements:

IF expression THEN statement;
ELSE statement;

An expression contains operands and operators that form a set of
instructions that produce a value.

Operands are Operators are
m variable names m symbols that request
® constants. — acomparison
— alogical operation

— an arithmetic calculation
m SAS functions.

Only one executable statement is allowed in an IF-THEN or ELSE
statement.
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Program with Conditional Output

When Customer Type ID is equal to 3010, this
indicates that the customer is not a club member. Rows
where this expression is true are output to the
work .nonclub SAS data set.

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;

ep03d05.sas
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Program with Conditional Output

Otherwise, rows are written to the work . clubmembers
data set.

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;
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Business Scenario

Orion management wants to add an additional column to the
clubmembers data set to indicate the membership type.
Customer Type ID numbers between 1000 and 2000 are

Members, and between 2000 and 3000 are Gold Members.

Partial Listing of clubmembers

KO E:ittﬂg':e— [ Birth_Date |/ Customer_Address|z) Street_IDl/5 ﬁ:::.lehte_, i) E#:S;mr[; l}fiﬁ Type
1 | Kwvarnig 27IUN1974 4382 Gralyn Rd 9260106519 4382 1020 Clubr Member
2 |Stephano 03JUL1973 5468 Cog Hill Ct 9260114570 B468 2020 Gold Club Member
3 |Erahl 27FEB1974 - K.allstadterstr. 9 3940106659 9 2020 Giold Club Member
4 | Ballinger 180CT1984 425 Bryant Estates Dr 9260129395 425 1040 Clubr b ember
5 | Wallstab 164UG1974 Carl-Zeiss-Str. 15 2940108592 15 1040 Clubr b ember
6 |EBlack 124PR1969 1068 Haithcock Fid 9260103713 1068 1030 Clubr Member
7 | Sepke 21JUL1988 lese 1 3940105189 1 2010 Giold Club Member
8 |Evans 174UG1954 391 Greywood Dr 9260123306 391 1030 Clubr Member
9 |Azmuzzen NZ2FEB13954 117 Langtree Ln 92600112361 117 1020 Club Member
10/ Fiilling ZIFEB1964 Hechtzheimerstr, 18 3940106547 18 2030 Giold Club Member
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Executing Multiple Statements Conditionally

If Customer_Type_ID does not equal 3010, then these three
statements should be executed:

if Customer Type ID < 2000
then Type="Club Member";
else Type="Gold Club Member";

output clubmembers;

However, only one executable statement is allowed after THEN or ELSE.

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output work.nonclub;
else output work.clubmembers;
run;
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Executing Multiple Statements Conditionally

You can use the DO and END statements to execute
a group of statements based on a condition.

General form of the DO and END statements:

IFexpression THEN DO;
executable statements
END;
ELSE DO:;
executable statements
END;
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Program with Conditional Output

data work.clubmembers work.nonclub;
set orion.customer;
if Customer Type ID = 3010
then output nonclub;
else do;
if Customer Type ID < 2000
then Type="Club Member";
else Type="Gold Club Member";
output clubmembers;
end;
run;

ep03d06.sas
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Partial Listing of clubmembers

Business Scenario: Results

{E} E:E:ﬁr:ﬁ:g [ Eirth_Date}@ Eustumer_ﬁddlexs@ Street_IDFﬁ}. E::;EL—'@ E—}‘;Limf[:"g Type
1 | Kwamig 2AIUMTA74 4382 Gralyn Rd 260106519 4382 1020 Club Member
2 | Stephano 0UULT1979: 6463 Cog Hill Ct 9260114570 B463 20200 Gold Club b
3 |Krahl 2FFEB1974 : Kallztadterstr. 3 3340106659 9 20200 Gold Club b
4 | Ballinger 180CT1984 425 Brpant Estates Dr 2601292395 425 1040 Club Member
h [Wallztab 164UGT374  Carl-Leizz-5hr. 15 3340108592 15 1040 Club Member
6 |Black 124PR19639: 1068 Haithcock Rd 260103713 1063 1030 Club Member
7 | Sepke 21JULT1988  leze 1 33401051891 20108 Gold Club b
8 |Evans 1740G1954 391 Greywood Dr 9260123306 391 1030 Club Member
9 | Asmussen DZ2FEB1954 117 Langtree Ln 260112361 117 1020 Club Member
10 | Fulling Z3IFEB1964 : Hechtsheimerztr. 18 3340106547 18 2030 Gold Club b _J
Why are some values of Type truncated?
261

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Program with Conditional Output

When a program is compiled, each variable must
be defined with a name, type, and length. The length

of Type is set to 11 based on the first occurrence
in the program.

data work.clubmembers work.nonclub; , .
set orion.customer; Delka]e
if Customer_Type_ID = 3010 nastavena

then output nonclub;

then Type="Club Member";
else Type="Gold Club Member";
output clubmembers;
end;
run;
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else do; na 11 znaka.
if Customer Type ID < 2000 "f"
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Conditional Statements

Conditional statements can create values for a new
variable based on whether a condition is true or false.

General form of the IF-THEN and ELSE statements:

IF expression THEN statement;
ELSE IF expression THEN statement,
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Conditionally Executing Statements

data univ. totalorders;
set univ.customerorders;
TotalSale=UnitPrice*Quantity;

else Level='Miscoded';

if Quantity in (1,2) then Level='Level I';
else if Quantity=3 then Level='Level II';
else if Quantity ge 4 then Level='Level III';

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

run,
Quantity Level
1or2 Level I
3 Level II
4 or more Level III
0, Missing
or Bad Data Miscoded

c03s3d1.sas
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Listing Output

Partial Output

Quantity Level
1 Level I
3 Level I
1 Level I
5 Level I
1 Level I
2 Level I
2 Level I

Total Sale

$20
$234
$50
$560
$12
$84
$46

Where are the Level II and Level III values?
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The LENGTH Statement

You can use the LENGTH statement to define the length of
a variable explicitly.

General form of the LENGTH statement:

LENGTH variable(s) $ length;

Example:

length Level $ 9; ‘

266
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The LENGTH Statement

data univ.totalorders;
set univ.customerorders;
length Level $ 9;
TotalSale=UnitPrice*Quantity;
if Quantity in (1,2)then Level='Level I';
else if Quantity=3 then Level='Level II';
else if Quantity ge 4 then Level='Level III';
else Level='Miscoded';

run,

Quantity Level
1 Level I
3 Level II
1 Level I
5 Level III
1 Level I
2 Level I
2 Level I

Total Sale

$20
$234
$50
$560
$12
$84
$46
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First. and Last. Variables

If you use a by statement along with a set statement in a
data step then SAS creates two automatic variables,
FIRST.variable and LAST.variable, where variable is the name
of the by variable. FIRST.variable has a value 1 for the first
observation in the by group and o for all other observations
in the by group. LAST.variable has a value 1 for the last
observation in the by group and o for all other observations
in the by group.
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First. and Last. Variables

data temp;
input group X;
datalines;
123

134

1.

145

278

292

2 45

2 89

2 34

276

331

4 23

412

run;

/*********************>I<***>I<************************

The automatic variables first.group and last.group are not saved with the data set.

Here we write them to data set variables to show their contents.
>I<>I<>I<>I<>I<>I<>I<****>I<***>I<**********************************/

data new;
set temp;
by group;
first=first.group;
last=Ilast.group; Obs group x first
run;
1 1 23 1
proc print; _3, i 34 g
title 'Raw data along with first.group and last.group'; 4 1 45 o0
run; 5 2 78 1
6 2 92 0
7 2 45 0
8 2 89 0
9 2 34 0
10 2 76 O
11 3 31 1
12 4 23 1
13 4 12 0

Zdroj: http://www.pauldickman.com/teaching/sas/set_by.php

o
HORMRMOOOOOKOOODO &

269



First. and Last. Variables

/*>I<>I<*>l<*********************************************

A common task in data cleaning is to identify
observations with a duplicate ID number. If we set
the data set by ID, then the observations which
are not duplicated will be both the first and the
last with that ID number. We can therefore write
any observations which are not both first.id and
last.id to a separate data set and examine them.

Obs group
>|<>|<>|<>|<>|<>|<>|<>|<**>|<>|<**************************************/
data single dup; 1 1
set temp; 2 1
by group; Z :
if first.group and last.group then output single; 5 2
else output dup; 6 2
run; 7 2
8 2
proc print data=dup; 9 2
run; 10 2
11 4
. . 12 4
proc print data=single;
run; Obs group x
1 3 31

Zdroj: http://www.pauldickman.com/teaching/sas/set_by.php

X

23
34

45
78
92
45
89
34
76
23
12
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First. and Last. Variables

/**************************************************

We may also want to do data set processing within

each by group. In this example we construct the

cumulative sum of the variable X within each group.
**************************************************/
data cusum(keep=group sum);

set temp;

by group;

if first.group then sum=0;

sum-+x;

if last.group then output;

run; Sum of X within each group

proc print data=cusum noobs;

title 'Sum of X within each group';

group sum

1 102
2 414
3 31
4 35
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First. and Last. Variables

/**************************************************

As an aside, if you simply want the sum of X within

each group, one of the many way of obtaining this

is with PROC PRINT.
**************************************************/
proc print data=temp;

title 'All data with X summed within each group';

by group;
sum X;

sumby group;
run;

Zdroj: http://www.pauldickman.com/teaching/sas/set_by.php

All data with X summed within each group

------ group=1 ------------

Obs x
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First. and Last. Variables and Sum Statement

The First. and Last. variables along with the sum statement
can be used to create the values for the summary data set.

data orders (keep=Customer Name Quantity
Product ID Total _Retail Price)
noorders(keep—Customer Name Birth _Date)
summary(keep—Custome:_Name NumOrders) ;
merge orion.customer
work.order fact (in=order);
by Customer ID;
if order=1 then do;
output orders;
if first.Customer ID then NumOrders=0;
NumOrders+1;
if last.Customer ID then output summary;
end;
else output noorders;
run;
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DO loops - introduction

DO loops can be used to do the following:
» perform repetitive calculations
» generate data
 eliminate redundant code
» execute SAS code conditionally
« read data

Rozlisujeme 2 zdkladni formy DO cykli:
« Iterative ...pevné dana délka cyklu

« Conditional iterative ... cyklus bézi pokud/dokud je splnéna
zadana podminka
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Business Need

Orion Star wants to encourage employees to save for
retirement.

If 6% of an employee’s salary is invested in a 401(k) plan
each year (not to exceed $11,000), how much money
could be saved after 30, 40, and 50 years?

(Assume that the average return of the plan is 1%.)

275
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Repetitive Processing

Partial DATA Step

Value after 30 years
Value after 40 years
Value after 50 years);

set univ.usemps;

Retirement = 0;

Investment = 0.06 * Salary;

*Year 1;

Retirement = Retirement + Investment;
Retirement = Retirement * 1.11;

*Year 2;

Retirement = Retirement + Investment;
Retirement = Retirement * 1.11;

*Year 3;

*Year 30;

Retirement = Retirement + Investment;
Retirement = Retirement * 1.11;

Value after 30 years = Retirement;

data retire (keep = EmployeeID Salary Investment

if Investment gt 11000 then Investment = 11000;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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DO Loop Syntax

General form of a simple iterative DO loop:

DO /ndex-variable=start TO stop <BY increment>;
SAS statements
END;

The values of start, stop, and increment
* must be numbers or expressions that yield numbers
- are established before executing the loop
* if omitted, increment defaults to 1.

277

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



The Iterative DO Statement

Index-variable details:

e The index-variable is written to the output data set
by default.

e At the termination of the loop, the value of index-variable is
one increment beyond the stop value.

/1\ Modifying the value of index-variable affects the
number of iterations, and might cause infinite looping
or early loop termination.
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DO Loop Processing

DO index=start TO stop Define start,
BY increment; stop, and increment

SAS statements values.
END ; Set index=start.

Other SAS
statements

Execute statements in loop.

index = index + increment
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DO Loop Syntax

You can define the values used to increment the
loop with start TO stop <BY increment>.

do i=2 to 10 by 2;

> 4 6 8 10 []

do i=10 to 2 by -2;

08 6 4 2 [K]

do k=3.6 to 3.8 by .05;

3.6 3.65 3.70 3.75 3.80
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DO Loop Syntax

Expressions:

do z=k to n/10;

Dates:

do date='01JAN2003'd to '31JAN2003'd;
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DO Loop Syntax

General form of a DO loop with a value list:

DO /ndex-variable=valuel, value2, values...;
SAS statements
END;

The values in the list can be numeric or character.

Discrete numeric values separated by commas:
do n=1,5,15,30,60;

Character values enclosed in quotes and separated by commas:

do month='JAN', 'FEB',6 'MAR';
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DO Loop Code

data retire (keep = EmployeelID Salary Investment
Value after 30 years
Value after 40 years
Value after 50 years);
set univ.usemps;
Retirement = 0;
Investment = 0.06 * Salary;

do year = 1 to 50;
/* Add the Investment amount each year */
Retirement = Retirement + Investment;
Retirement= Retirement * 1.11;

if Year = 30 then
Value after 30 years = Retirement;
else if Year = 40 then
Value after 40 years = Retirement;
else if Year = 50 then
Value after 50 years = Retirement;
end;

run,

if Investment gt 11000 then Investment = 11000;

/* Retirement value after 30, 40 and 50 years

*/

c03s4d1.sas
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Conditional Iterative Processing

You can use DO WHILE and DO UNTIL statements
to stop the loop when a condition is met rather than
when the loop executed a specific number of times.

& To avoid infinite loops, be sure that the specified
condition will be met.
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The DO WHILE Statement

The DO WHILE statement executes statements
in a DO loop repetitively while a condition is true.

General form of the DO WHILE loop:

DO WHILE (expression);
<additional SAS statements>
END:

The value of expression is evaluated at the top of the loop.
The statements in the loop never execute if expression
is initially false.
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The DO UNTIL Statement

The DO UNTIL statement executes statements
in a DO loop repetitively until a condition is true.

General form of the DO UNTIL loop:

DO UNTIL (expression);
<additional SAS statements>
END;

The value of expression is evaluated at the bottom of the loop.
The statements in the loop are executed at least once.

1\ Although the condition is placed at the top of
the loop, it is evaluated at the bottom of the loop.
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Business Scenario

Determine the number of
years that it would take for an
account to exceed $1,000,000 if

$5,000 is invested annually at
4.5 percent.
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Using the DO UNTIL Statement

data invest;
do until (Capital>1000000) ;
Year+l;
Capital+5000;
Capital+ (Capital*.045) ;
end;
run;

proc print data=invest noobs;
format Capital dollarl4d.2;
run;

*PROC PRINT Output

Capital Year

$1,029,193.17 52
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Iterative DO Loop with a Conditional

Clause

You can combine DO WHILE and DO UNTIL statements
with the iterative DO statement.

General form of the iterative DO loop with a conditional
clause:

DO index-variable=start TO stop <BY increment>
WHILE | UNTIL (expression);
<additional SAS statements>

END;

# This is one method of avoiding an infinite loop
ina DO WHILE or DO UNTIL statements.
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Using DO UNTIL with an lterative DO Loop

Determine the value of the account again. Stop the loop if 30
years is reached or more than $250,000 is accumulated.

data invest;
do Year=1 to 30 until (Capital>250000)
Capital+5000;
Capital+ (Capital*.045) ;
end;
run;

proc print data=invest noobs; |In a DO UNTIL loop, the
format capital dollarl4.2; |condition is checked
run; before the index
variable is incremented.

PROC PRINT Output
Year Capital

27 $264,966.67
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Using DO WHILE with an Iterative DO Loop

Determine the value of the account again, but this time

use a DO WHILE statement.

data invest;

do Year=1 to 30 while (Capital<=250000) ;
Capital+5000;

Capital+ (Capital*.045);

end;

run;
proc print data=invest noobs;

format capital dollarl4d.2;
run;

PROC PRINT Output

In a DO WHILE loop,
the condition is
checked after the
index variable iS
incremented.

28

Year Capital

$264,966.67
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Nested DO Loops

Nested DO loops are loops within loops.
e Be sure to use different index variables for each loop.

e Each DO statement must have a corresponding END
statement.

e The inner loop executes completely for each iteration of the
outer loop.

DO index-variable-1=start TO stop <BY increment>;
DO index-variable-2=start TO stop <BY increment>,
<additional SAS statements>
END;
END;
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Leave statement

e Stops processing the current loop and resumes with the next

statement in the sequence.

Vice viz

data week;
input name $ idno start_yr status $ dept $;
bonus=0;
do year= start_yr to 1991;
if bonus ge 500 then leave;
bonus+50;
end;
datalines;
Jones 9011 1990 PT PUB
Thomas 876 1976 PT HR
Barnes 7899 1991 FT TECH
Harrell 1250 1975 FT HR
Richards 1002 1990 FT DEV
Kelly 85 1981 PT PUB
Stone 091 1990 PT MAIT ;

http://support.sas.com/documentation/cdl/en/lrdict/64316/HTML/default/viewer.htm#a000202782.htm
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Array Processing

You can use arrays to simplify programs that
e perform repetitive calculations
e create many variables with the same attributes
e read data

e rotate SAS data sets by making variables into observations or
observations into variables

e compare variables

e perform a table lookup
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What Is a SAS Array?

A SAS array

e is a temporary grouping of SAS variables that are arranged
in a particular order

e is identified by an array name
e exists only for the duration of the current DATA step
e is not a variable
Each value in an array is
e called an element

e identified by a subscript that represents the position
of the element in the array.

When you use an array reference, the corresponding
value is substituted for the reference.
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What Is a SAS Array?

CONTRIB

ID QTR1 QTR2 QTR3 QTR4
First Second Third Fourth
element element element element

CONTRIB{1} CONTRIB{2} CONTRIB{3} CONTRIB{4}

1 1 1

1

Array References
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The ARRAY Statement

The ARRAY statement defines the elements in an array.
These elements are processed as a group. You refer to
elements of the array by the array name and subscript.

ARRAY array-name {subscript; <$> </length>
< array-elements> <(initial-value-list)>:

{subscript} the number of elements
$ indicates character elements
length the length of elements

array-elements the names of elements
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The ARRAY Statement

The ARRAY statement

e must contain all numeric or all character elements

e must be used to define an array before the array name can be
referenced

e creates variables if they do not already exist
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Defining an Array

Write an ARRAY statement that defines the four
quarterly contribution variables as elements of an array.

array Contrib{4} Qtrl Qtr2 Qtr3 Qtr4;

I | [ [
ID QTR1 QTR2 QTR3 QTR4

First Second Third Fourth
Element Element Element Element
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Defining an Array

Variables that are elements of an array do not need to
have similar, related, or numbered names.

array Contrib2{4} Ql Qrtr2 ThrdQ Qtr4;

I [ | I

ID Q1 QRTR2 THRDQ QTR4

First Second Third Fourth
Element Element Element Element
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Defining an Array

data charity(keep=employee id qtrl-qtr4);
set orion.employee donations;
array Contribl{3} gtrl-qgqtr4;
array Contrib2{5} qgtr:;

/* additional SAS statements */

ikl The subscript and
element-list must
agree.

177 array Contrib1{3} qtri-qtr4;

ERROR: Too many variables defined for the dimension(s) specified for
the array Contribi.

178 array Contrib2{5} atr:;

ERROR: Too few variables defined for the dimension(s) specified for

the array Contrib2.
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Processing an Array

Array processing often occurs within DO loops. An iterative
DO loop that processes an array has the following form:

DO /ndex-variable=1 TO number-of-elements-in-array;
additional SAS statements
using array-name{index-variable}...
END;

To execute the loop as many times as there are elements in
the array, specify that the values of index-variable range from 1
to number-of-elements-in-array.
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Processing an Array

array Contrib{4} Qtrl Qtr2 Qtr3 Qtr4;
do Qtr = 1 to 4;

Contrib{Qtr}
end;

Contrib{Qtr}*1.25;

Value of Array CONTRIB{QTR}
Index Reference
Variable Qtr
| ) ; |
CONTRIIB{l} CONTI}IB{Z} CONTRIIB{3} CONTRIIB{4}
QTR1 QTR2 QTR3 QTR4
First Second Third Fourth

Element Element Element Element
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Performing Repetitive Calculations

data charity(drop = Qtr);
set univ.donate;
array Contrib{4} Qtrl Qtr2 Qtr3 Qtr4;
do Qtr = 1 to 4;
Contrib{Qtr} = Contrib{Qtr}*1.25;
end;
run;

c03s5d1.sas
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Performing Repetitive Calculations

run,

proc print data = charity noobs;

Partial PROC PRINT Output

ID

E00224
E00367
E00441
E00587
E00598

atr1

15.00
43.75

20.00
5.00

Qtr2 Qtr3 Qtr4

41.25 27.50 .

60.00 50.00 37.50
78.75 111.25 112.50
23.75 37.50 36.25
10.00 7.50 1.25
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Using an Array as a Function Argument

The program below passes an array to the SUM function.

data test;
set orion.employee donations;
array val{4} qtrl-qtr4;
Totl=sum(of gtrl-qtr4) ;

runTOtz_sum (of val{*}); The array is passed as

proc print data=test; if it were a variable list.
var employee id totl tot2;

run,

Partial PROC PRINT Output

Obs Employee ID Tot1 Tot2
1 120265 25 25
2 120267 60 60
3 120269 80 80
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The DIM Function

The DIM function returns the number of elements
in an array. This value is often used as the stop value
ina DO loop.

General form of the DIM function: DIM(array_name)

array Contrib{*} qtr:; data charity;

num elements=dim (Contrib) ; set orion.employee donations;
o keep employee id gqtrl-qgqtr4;

do i=1] to num elements; array Contrib{*} qtr:;
Contrib{i}=Contrib{i}*1.25; do i=1 to dim(Contrib);

end; Contrib{i}=Contrib{i}*1.25;

run; end;

run,
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Creating Variables with Arrays

data change;
set orion.employee donations;
drop 1i;
array Contrib{4} Qtrl-Qtr4;
array Diff{3};
do i=1 to 3;
Diff{i}=Contrib{i+l}-Contrib{i};
end;
run;

The Contrib array refers to existing variables. The Diff array
creates three variables: Diff1, Diff2, and Diff3.
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Array s ,,nedefinovanou” dimenzi

%$let list= Qtrl Qtr2 Qtr3 Qtr4;

data change;
set orion.employee donations;
array Contrib{*} &list;
. more SAS statements ..

run;
data tab2;
set tabl;

array AllNums{*} numeric ;
do 1 =1 to dim(AllNums) ;
. more SAS statements ..
end;
run;
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6. SAS Data Step — spojovani a
rotace tabulek
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Concatenation

A concatenation

e combines two or more data sets, one after the other, into a
single data set

e uses the SET statement.

The new data set

e contains all observations from the original data sets in
sequential order

by default, contains all variables from the original data sets.
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Concatenation

Data Set 1

Month

Sales

Data Set 2

JAN
FEB
MAR

25354

23999
26489

Month

Sales

APR
MAY
JUN

23541
24877
24653
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Combined
Month | Sales
JAN | 25354
FEB | 28999
MAR | 26489
APR | 23541
MAY | 24877
JUN | 24653

312



Concatenation

Month

Sales

Goal

JAN
FEB
MAR

25354

23999
26489

26500
27000
27500

Month

Sales

Goal

Month

Sales

APR
MAY
JUN

23541
24877
240653

JAN
FEB
MAR
APR
MAY
JUN

25354
28999
26489
23541
24877
24653

26500
27000
27500
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Coding for Concatenation

Use the SET statement in a DATA step to concatenate SAS
data sets.

General form of a DATA step concatenation:

DATA SAS-data-set;
SET SAS-data-set-1 SAS-data-set-2 ;
RUN;

Priklad:

data univ.mastercustomers;
set univ.uscustomers
univ.usnewcustomers;

run,

c04sl1dl.sas
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Interleaving

Interleaving uses a SET statement and a BY statement
to combine two or more SAS data sets.
The data set created through interleaving

e contains all observations from the original data sets

e isarranged by the values of the BY variable(s)

by default, contains all variables from the original
data sets.
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Interleaving

Month

Sales

JAN
FEB
MAR
MAR

26510
24530
20122
14258

Sales

Month

Sales

JAN
JAN
FEB
FEB
MAR
APR

21654
19873
22306
24003

19355
23502
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FEB
MAR
MAR
MAR
APR

26510
21654
19373
24530
22306
24003
20122
14258
19355
23502
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Sorting a SAS Data Set

Before you interleave SAS data sets, all data sets must be
sorted on the variable(s) that determine(s) the order of
observations in the final data set.

You can use PROC SORT to sort data.
General form of PROC SORT:

PROC SORT DATA=/nput-SAS-adata-set
OUT=oulput-SAS-data-set;
BY <DESCENDING> by-variable(s);
RUN;
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Sorting a SAS Data Set

The SORT procedure

e rearranges the observations in a SAS data set

e can create a new SAS data set that contains the rearranged
observations

e can sort on multiple variables

e can sort in ascending (default) or descending order
e does not generate printed output

e treats missing values as the smallest possible value.
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PROC SORT Example

proc sort data=univ.uscustomers
out=uscustomers;
by CustomerlID;
run;

proc sort data=univ.usnewcustomers
out=usnewcustomers;
by CustomerlID;
run;

c04s1d2.sas
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Coding to Interleave SAS Data Sets

After the original data sets are properly sorted, the DATA

step with a SET statement and a BY statement is used to
interleave the sorted data sets.

General form of the DATA step:

DATA SAS-data-set;

SET SAS-data-set-1 SAS-data-set-2:
BY variable(s);
RUN;
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Interleaving Example

data univ.mastercustomers;
set uscustomers usnewcustomers;
by CustomerlID;

run;

c04s1d2.sas
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Match-Merging

Match-merging
e combines observations from two or more SAS data sets into a

single observation in a new data set according to the values of
a common variable

 can be used to combine observations having a
one-to-one, one-to-many, or many-to-many relationship.
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Business Scenario

The data set univ.customerorders contains sales order information.

Order

Date OrderID ProductID Quantity Price
029858 15128 1239347234 230100600005 4 130
029858 15171 1239686972 240800100020 1 122
029858 15171 1239686972 240800100036 1 468

The univ.mastercustomers contains mailing address and other information
about customers.

ustomer  Customer
irstName LastName CustomerAddress CustomerGroup

000492  David Dulin 147 Bowling Farm Ct Orion Club
000551 Blu Peachey 85 Lake Boone Trl Internet/...
000738 Jerry Krejci 700 Fernwood Dr Orion Club Gold
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323



Match-Merging

Create a data set named shipping that contains
the name and addresses of customers who have placed orders by
merging the wuniv.customerorders data set and the
univ.mastercustomers data set.

Partial SAS Output

Customer
Customer Order First Customer
ID Date e Name LastName CustomerAddress
029858 15128 ... Alice Maxam 81 Flagstone Pl
029858 15171 ... Alice Maxam 81 Flagstone Pl
029858 15171 ... Alice Maxam 81 Flagstone Pl
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Coding the Match-Merge

Data sets combined with a match-merge must be sorted by the
common variable. Use PROC SORT to prepare data if necessary.

The DATA step with a MERGE statement and a BY statement is
used to match-merge two or more SAS
data sets.

General form of the DATA step:

DATA SAS-data-set ;
MERGE SAS-data-set-1 SAS-data-set-2;
BY variable(s);

RUN;
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Match-Merging with Nonmatches

proc sort data=univ.customerorders

out = customerorders;
by CustomerlID;

proc sort data=univ.mastercustomers
out=mastercustomers;
by CustomerlID;

data shipping;

merge customerorders
mastercustomers;

by CustomerlID;
run;

c04s2d1.sas
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Match-Merging with Nonmatches

* By default, SAS writes all observations, matches and nonmatches,

to the output data set.

Partial customerorders data set

Partial mastercustomers data set

CustomerlID || OrderDate

029858 15265
029858 15278
030043 15129

CustomerID || CustomerAddress

—/

> 020858 81 Flagstone PI
030596 582 Guffy Drive
> 030043 13 Highfalls Court

Partial work . shipping data set

CustomerID OrderDate | CustomerAddress
029858 15265 81 Flagstone PI
029858 15278 81 Flagstone Pl
030596 . 582 Guffy Drive
030643 15129 13 Highfalls Court
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Controlling Nonmatches

e The IN= data set option identifies whether a SAS data set contributed data
to the current observation.

e An IF statement conditionally enables a following statement to execute.

e Combined use of the two techniques writes out only matches to the final
data set.

General form of the IN= data set option:

SAS-data-set (IN = variable)

variable is a temporary numeric variable that has two possible values:

indicates that the data set did not contribute to
the current observation.

indicates that the data set did contribute to the
current observation.
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The IN= Data Set Option

Vyuziti pti spojovani tabulek:

DATA SAS-data-set ;
MERGE SAS-data-set-1 (IN=INI)
SAS-data-set-2 (IN=IN2);
BY variable(s);
RUN;
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Eliminating Nonmatches

Resulting Data Set

proc sort data=univ.customerorders

out=customerorders;
by CustomerlID;
run;

proc sort data=univ.mastercustomers
out=mastercustomers;
by CustomerID;
run;

data shipping;

merge customerorders (in=inorders)
mastercustomers (in=inmaster);

by CustomerID;
if inorders=1 and inmaster=1l;

run, c04s2d2.sas
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Eliminating Nonmatches

* The observations that do not appear in both data sets are not

written to the new data set.

Partial customerorders data set

Partial mastercustomers data set

CustomerlID | CustomerAddress

CustomerID | OrderDate
029858 15265
029858 15278
030043 15129

029858 81 Flagstone PI
—030596 58z Gufty Drive

> 030043 13 Highfalls Court

Partial work . shipping data set

CustomerlID OrderDate CustomerAddress

> 0208358 15265 81 Flagstone PI

> 020858 15278 81 Flagstone PI

> 030643 15129 13 Highfalls Court
Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

331



The RENAME= Data Set Option

The RENAME= data set option can be used to change
the name of a variable from an input data set.

General form of the RENAME= data set option:

SAS-data-se( RENAME = (o/d-name = new-name))
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Using the RENAME= Option

If the key variable in the last example were named
differently in each data set, then
the RENAME= option would need to be used.

Partial Orders Information Partial Customer Information

\ f
<| CustNum ) OrderDate Customerl CustomerAddress
029358 15265 029858 81 Flagstone PI

029858 15278 030596 582 Guffy Drive
030643 15129 030643 13 Highfalls Court
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Using the RENAME= Option

proc sort data=univ.customerorders

out=customerorders;
by CustomerlID;
run;

proc sort data=univ.mastercustomers
out=mastercustomers;
by CustomerlD;
run;

data shipping;
merge customerorders ((in=inorders)
rename= (CustNum=CustomerID))
mastercustomers (in=inmaster);
by CustomerlID;
if inorders=1 and inmaster=l;

run,
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Rotating a SAS Data Set

Restructure the input data set, and create a separate observation
for each nonmissing quarterly contribution. The output data set,
rotate, should contain only Employee_ID, Period, and Amount.

Employee ID Qtr1 Qtr2 Qtr3 Qtr4 Paid_By

120265 . . . 25 Cash or Check
4120267 15 15 15 15 Payroll Deduction
120269 20 20 20 20 Payroll Deduction
Employee ID Period Amount
» 120265 Qtr4 25
120267 Qtr1 15
120267 atr2 15
4120267 Qtr3 15
120267 Qtr4 15
20269 Qtr1 20
120269 Qtr2 20
120269 Qtr3 20
120269 Qtr4 20
335
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Rotating a SAS Data Set

The DATA step below rotates the input data set.
An output observation will be written if a contribution
was made in a given quarter.

data rotate (keep=Employee Id Period Amount) ;
set orion.employee donations
(drop=recipients paid by) ;
array contrib{4} qtrl-qtr4;
do i=1 to 4;
i1f contrib{i} ne . then do;
Period=cats ("Qtr",1) ;
Amount=contrib{i};

output;
end; Only include

end; nonmissing values
run; ]
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The TRANSPOSE Procedure

PROC TRANSPOSE DATA=input-data-set
<OUT=output-data-set>

<NAME = variable-name>:
<BY <DESCENDING> variable-1

<...<DESCENDING> variable-n> <NOTSORTED>;>
<VAR variable(s);>

<|D variable;>
RUN;

NAME= specifies a new name for the _NAME __ column. The values in this column identify the
variable that supplied the values in the row.
specifies the variable(s) to use to form BY groups.

VAR specifies the variable(s) to transpose.

_ specifies the variable whose values will become the new variables.
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The TRANSPOSE Procedure

The TRANSPOSE procedure

e transposes selected variables into observations
e transposes numeric variables by default

e transposes character variables only if explicitly
listed in a VAR statement.
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Using the Transpose Procedure

Start with a simple PROC TRANSPOSE step:

proc transpose
data=orion.employee donations
out=rotate2;

run,

Partial Listing of rotate2

NAME_ _LABEL_ CcoL1 COL2 COL3 ...  COL124
mployee ID Employee ID 120265 120267 120269 121147
tr1 . 15 20 10
tr2 . 15 20 10
tr3 . 15 20 10
tra 25 15 20 10

The output is very different from the desired results. A row was created for
each variable. A column was created for each of the 124 observations.
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Results of a Simple Transposition

*Compare PROC TRANSPOSE output to the original data:

Partial Listing of orion.employee donations

120265 . .
120267 15 15
120269 20 20

Employee ID Qtr1 Qtr2 Qtr3

Qtr4

Paid_By
Cash or Check
Payroll Deduction
Payroll Deduction

NAME _ _LABEL _ COL1
mployee ID Employee ID 120265
tri
tr2
tr3 .
tr4 25

CcOoL2
120267

15
15
15
15

COL3 e COL124
120269 121147
20 10

20 10

20 10

20 . 10

* All the numeric variables were transposed by default. Paid By, a character

variable, was not transposed.
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Results of a Simple Transposition

Partial Listing of orion.employee donations

Employee ID Qtr1 Qtr2 Qtr3 Qtr4 Paid By

120265 . . . 25 Cash or Check

120267 15 15 15 15 Payroll Deduction

120269 20 20 20 20 Payroll Deduction

120270 20 10 5 . Cash or Check

120271 20 20 20 20 Payroll Deduction
Partial Listing of rotate2
NAME _LABEL _ COL1 COL2 COL3 - COL124
mployee ID Employee ID 120265 120267 120269 121147
tri . 15 20 10
tr2 . 15 20 10
tr3 . 15 20 10
tr4 25 15 20 . 10

Each observation (row) in the input data set becomes
a variable (column) in the output data set.
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PROC TRANSPOSE Results

The data should be grouped by Employee ID with a separate
observation for each transposed variable.

Partial Listing of rotate?2

NAME _ _LABEL _ COL1 CcoL2 COL3 COL124
mployee ID Employee ID 120265 120267 120269 120271
tr1 / . 15 20 20
tr2 . 15 20 20
tr3 . 15 20 20
tr4 25 15 20 20

Employee _NAME_ COL1

_ID

120265 atr1

120265 Qtr2

120265 Qtr3 .

120265 Qtr4 25

120267 Qtr1 15

120267 Qtr2 15
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The BY Statement

Use a BY statement to group the output by Employee_ID.

proc transpose
data=orion.employee donations
out=rotate?2;
by Employee ID;
run;
proc print data=rotate2 noobs;
run;

All numeric variables other than the BY variable are transposed.
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Improved PROC TRANSPOSE Results

Use of the BY statement results in one observation for each
transposed variable per Employee_ID, and includes missing values.

Partial PROC PRINT Output Employee ID _NAME _ COL1
120265 Qtr1
120265 Qtr2
120265 Qtr3 .
120265 Qtr4 25

120267 Qtr1 15
120267 Qtr2 15
120267 Qtr3 15
120267 Qtr4 15

If there were additional numeric variables, an observation would be

created for each.
344
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The VAR Statement

The VAR statement is used to specify which variables
to transpose. It can include character and numeric variables.

proc transpose
data=orion.employee donations
out=rotate2;
by Employee ID;
var Qtrl-Qtr4;
run;
proc print data=rotate2 noobs;
run;

The VAR statement has no effect in this example
because Qtri1-Qtr4 will be transposed by default.
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Renaming Variables in PROC TRANSPOSE

proc transpose

name=Period;
by employee id;
run;

run,

data=orion.employee donations
out=rotate2 (rename=(coll=Amount))

proc print data=rotate2 noobs;

The RENAME= data set
option is used to change

the name of COL1.

The PROC TRANSPOSE
option, NAME=, is used
to rename NAME .
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Partial Listing of rotate2

Employee ID
120265
120265
120265
120265
120267
120267

Period Amount

Qtr1
Qtr2
Qtr3 .
Qtr4 25
Qtri 15

Qtr2 15
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The WHERE= Data Set Option

There is no option or statement in PROC TRANSPOSE
to eliminate observations with missing values for the transposed
variable. However, this can be achieved
using a WHERE= data set option in the output data set.

proc transpose
data=orion.employee donations

out=rotate2 (rename=(coll=Amount)
where= (Amount ne .))
name=Period;
by employee id;
run; N
proc print data=rotate2 noobs;
run;
proc freq data=rotate2;
tables Period/nocum nopct;
label Period=" ";
run;
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No Missing Values

Partial PROC PRINT OutPut:

Employee ID

120265
120267
120267
120267
120267
120269
120269
120269
120269
120270
120270
120270

Period

Qtr4
atr1
Qtr2
Qtr3
Qtr4
Qtr1
Qtr2
Qtr3
Qtr4
Qtr1
Qtr2
Qtr3

Amount

25
15
15
15
15
20
20
20
20
20
10

5

The resulting data set has no missing values.
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Business Scenario

The manager of Sales asked for a report showing

monthly sales and a total for each customer.

Sketch of the Desired Report

Customer ID Monthl
1000

1200
500

OODWN =

Monthly Sales by Customer

Month2 .. Monthl2

500

200

150 350
1000

Total

2000

750
2200
1000
2500
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Business Scenario Considerations

The data set orion.order summary contains an
observation for each month in which a customer placed
an order (101 total observations). The data set is sorted
by Customer ID and has no missing values.

Partial Listing of orion.order summary

Order
Customer_ID Month Sale Amt The number of
: 5 478.00 observations per
5 6 19680 customer varies.
5 9 52.50
5 12 33.80
10 3 32.60
10 4 250.80
10 5 79.80
10 6 12.20
10 7 163.29
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Business Scenario Considerations

*The report requires rotating the columns into rows. Use PROC
TRANSPOSE again to restructure the data set, and this time from narrow to
wide.

Customer Order_
_ID Month Sale Amt
5 5 478.00
5 6 126.80
5 9 52.50
5 12 33.80
10 3 32.60
Desired Output
Cuystomer_
ID Month1i ... Month5 Month6é ... Month9 ... Monthi12

5 . 478.00 126.80 52.50 33.80
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Using PROC TRANSPOSE

Start with a simple PROC TRANSPOSE.

Partial Listing of orion.order summar
Order_

Customer_ID Month Sale_ Amt
5 5 478..00 <—| 101 observations
5 6 126.80
5 9 52.50
5 12 33.80
10 3 32.60
10 4 250.80
10 5 79.80

proc transpose data=orion.order summary
out=annual orders;

run;

proc print data=annual orders noobs;

run;
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Using PROC TRANSPOSE

The resulting data set has three observations, one for each numeric variable

in the input data set: Customer_ID, Order_Month, and Sale_Amt.

_NAME_ _LABEL_  COL1 (COL2 COL3 COL4 cOL5 COL101
Customer_ID Customer ID 5 5.0 5.0 5.0|10 70201.0
Order_Month 5 6.0 9.0 12.0] 3 8.0
Sale_Amt 478 126.8 52.5 33.8 )32 1075.5

Customer 5

The variables COL1-COL101 represent the 101 observations in the input data

set.

Group the output by Customer_ID.
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The BY Statement

The BY statement groups by Customer ID and
produces an observation for each transposed variable,

Order Monthand Sale Amt.

proc transpose data=orion.order summary
out=annual orders;
by Customer ID;

run, . .
| Notice the varying number of
}A columns for each customer.
Customer

_ID _NAME_ COL1 coL2 COL3  COL4  COL5 COoL6 coL7  COL8

5 Order_Month 5.0 6.0 9.0 12.0

ale Am 478. 0 b, 8 3 . . . .

10 Order_Month 3.0 4.0 5.0 6.0 7 .00 8.0 11.0 12.0

10 ale Am 2.6 250, 8 79.8 12.2 163 .29 002. 1894.6 143.

11 Order_Month 9.0 . .

11 Sale Amt 78.2

COL9
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Creating Columns Based on a Variable

Instead of transposing Order Month, use its values
to create new variables. A value of 5.0 represents orders placed

in May, 6.0 represents orders placed in June, and so on.

Customer
_ID

5
5
10
10
11
11

_NAME_

Order_Month
Sale_Amt
Order_Month
Sale_ Amt
Order_Month
Sale_ Amt

COL1

5.
478.
3.
32.
9.
78.

NDNOOOOO

coL2

—
N

o b OO
O o

COL3

~N (3]
o o ©o
0o 01O

CoL4

COL5

7.00
163.29

COL6

8.
902.

0
5

CoL7

11.0
1894.6

coL8

12.0
143.3

coL9

Add an ID statement.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

355




The ID Statement

The ID statement identifies the variable whose values
will become the names of the new columns.

proc transpose data=orion.order summary
out=annual orders;

by Customer ID;

id Order Month;

The values of Order Month
(1, 2, 3, ... 12) are used to create

run, .
variable names 1 through 12.
Customer_ID _NAME_ 5 6 9 12
5 Sale_Amt 478.0 126.80 52.5 33.80
10 Sale_Amt 79.8 12.20 . 143.30
11 Sale Amt 78.2 .

12 Sale Anmt . 48.40 87.2
18  Sale Amt . . .

The remaining variable, Sale_Amt, is transposed.
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Changing the Variable Names

The PREFIX= option is used to set a prefix for each
new variable name. The prefix replaces the underscore.

out=annual orders
prefix=Month;

by Customer ID;

id Order Month;

proc transpose data=orion.order summary

12 Sale Amt . 48.40
18 Sale Amt .

run;
Customer_ID _NAME _ Month5 Month6é Month9
5 Sale Amt 478.0 126.80 52.5

10 Sale Amt 79.8 12.20 .

11 Sale Amt 78.2
87.2
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Print the Transposed Data Set

A VAR statement in the PRINT procedure specifies

the desired order of the variables.

run,

proc print data=annual orders noobs;
var Customer ID Monthl-Monthl2;

Customer_ID

5
10
11
12
18
24
27

Month1

195.6
174.4

Month2

117.6
29.4

Month3
32.6

46.9
140.7

Month4 Month5

. 478.0
250.8 79.8

205.0
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L

Dalsi detaily o Proc Transpose

ehttp://support.sas.com/documentation/cdl/en/proc/61895/HTML
/default/viewer.htm#transpose-overview.htm

ehttp://www. goo%le.cz /url?sa=t&source=web&cd=10&ved=0CHsQF
jAJ&url=http%3A%2F%2Fwww.hasug.org%2Fnewsletters%2Fhasug

200408%2Fproc_transpose.ppt&rct=j&q=sas20proc%2otranspose
&ei=y1uOTe_xNcbcsgaNo7WVCg&usg=AFQjCNEZzkLpkXcDMLRI
8kmQdFYRkM6MIA&cad=rja

ehttp://support.sas.com/resources/papers/proceedingsog/060-
2009.pdf

ehttp://www2.sas.com/proceedings/sugi27/po16-27.pdf
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7. Exploracni analyza
- zakladni popis dat, tabulky

Contingency Table
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Exploraéni analyza — PROC?

Je tieba pochopit data:

> najit chyby v datech

> najit vzory v datech

> najit poruseni statistickych predpokladti, testovani hypotéz

> ...a predevsim proto, ze pokud to neudélame, budeme mit
velké problémy pozdéji.
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Explorace dat - jednorozmeérna

Frekvencni tabulky, histogramy:

pocet podil badrate

Muz 248 768 55,0% 13,08%

Zena 203 194 45,0% 7,69%

Total 451 962 100,0% 10,66%
delka_zamestnani pocet podil badrate

0 20 825 4,6% 4,69%

1 163 144 36,1% 13,43%

2 67 462 14,9% 12,80%

3 43 778 9, 7% 10,97%

4 26 256 5,8% 10,01%

5 27 526 6,1% 9,32%

6 15 893 3,5% 8,16%

8 18 036 4,0% 8,39%

10 17 195 3,8% 6,72%

20 33641 7,4% 5,60%

24 5176 1,1% 4,48%

48 12 934 2,9% 4,28%

666 96 0,0% 3,13%

Total 451 962 100,0% 10,66%

Ve -
pohlavi | = pdle
60,0% = 14,00%
s =+ 12,00%
50,0% )
40,0% \\ 4 10,00%
30.0% — 1 8,00%
’ <+ 6,00%
20,0% 1 4,00%
10,0% = 2,00%
0,0% 0,00%
\_ Muz Zena J
4 ) == podil
delka_zamestnani adrate
40,0% 15,00%
30,0% T
\___\ 4 10,00%
20,0% /
4 0,
10,0% { \‘ 5,00%
0,006 HL AL 1 .D.D.D.D.D.D.-:.D. 0,00%
_ 0 1 2 3 4 5 6 8 10 20 24 48 666 )
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Explorace dat - jednorozmeérna

) vySe avéru vs. cilova proménna (bad rate).
> je tfeba vysvétlit veskeré ,nestandardni” zavislosti
» uplné pochopeni dat vede k interpretovatelnym
modeltim s vysokou prediktivni silou

OK? Nebo je to zptisobeno jinym faktorem???

e :
vyse_uveru p— ng'r'ate
25,0% 70000,

20,0% — A\

1 15,00%
15,0% — ,/ \\/_// 1 o

10,00 10,00%
f (] 1

5.0% | | T 5,00%
0,0% +21 I I .D.D.D.D. 0,00%

363



Explorace dat - jednorozmer

na

Variahle Mean| SidDev| Varance| Mimimum| Aaximum | N Miss 1st Peil Sth Peil
Bo Mge 36, 792463 | 10 RE3282) 103673070 120000000 990000000 0| 21.0000000| 230000000
Ln Orig 153467 57| GEITOEL| 4674530752 19a00.00( 58900000 0 42750.00 G2000.00
Crig LTV Batio Pot | 930798522 22537162 TR3822904| 20.0000000| 111.0000000 0| 63.0000000| 200000000
.o ’ v ’ Credit score A2T ABE3 165 | 62 M002322 395644 | 440 0000000 | 9990000000 0| 527.0000000 | 5750000000
. Tot mthly incm S024.71 D216 271525406 | 5000000000 6500000 0 147300 200000
SPOJ lte promenne . Ivkbdian state inc 44945 07 5431 .51 2950132398 32589 .00 5735200 Il 3304200 3855000
DT Ratin 03747207 01758419 00309274 0 34280770 Il i I
° v ong apprd al amt 17066144 ELT75.07| 6627162030 0|  Em00000 0 47000.00 GE000.00
> rumer pur_pre_arat 164681 56| T9719 84| A355252570 20000.00|  E7000000 Il 45000.00 A5000.00
p Tot_rathly debt exp 1745 46 108920 1186348 36 I 1722500 Il i I
> modus Lower Upper
WVariahle 10ih Peil Quartile Median Quartile| 90ih Peil| 95thPcil| 9%th Peil
. Bo Lge 250000000 | 30.0000000( 37.0000000 | <£1.0000000( 500000000 560000000 620000000
> 1<Vant11 Ln Orig ) T500000| 10350000 14150000 190950.00| 25500000 28560000 32270000
y Crig LTV Hatio Pet | 20.0000000 | 20.0000000( 95.0000000 | 100.0000000( 100.0000000 | 1000000000 102.0000000
Credit score 06 0000000 | 647 000000 | 652.0000000 | 737.0000000| 762.0000000 | 723.0000000| &01.0000000
Tot mthly incm 240200 324500 443200 A000.00 797500 2a11.00 1483000
> rOZ t 1 Ivkdian state_inc 39000.00 40171.00 43988.00 49E04.00 5327500 Sa7a3.00 5677200
p y LTI Ratio OATEIR0 | 0ZITE700) 037619300 04710300 05746010 Q6383500 02506240
orig apprd wal amt 2200000| 11300000 15400000( 214000.00) 28500000 327000.00| 41500000
. . y y P pre arat TEOO00|  108R00.00( 14265000 20500000| 27551200( 31990000 40500000
> mln./maXImalnl Tot_rathly debt exp | 655.0000000 1073.00 1572.00 2353.00 300800 360400 520000

the mean, SeriusDigindyrs

hodnota
> vztah k cilové proménné N

casto je vhodna kategorizace
(nasledné frekvenc¢ni tabulky,
vztah k cilové proménné)

J U dichotomické cilové prom.
| (o/1) jde o relativni zastoupeni
'| vybrané kategorie (napt. bad rate)
pro vhodné intervaly zkoumané
proménné. Intervaly mtizou byt:

» pevné dané, napf. 0-10,10-20,...

> decily/percentily

» klouzavé okno
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Explorace dat - jednorozmeérna

] Histogramy, box ploty

+
sk B -
|
|
T 45+ $ e
|
‘ |
4+ | | p
| |
0.4+ b 150 | | B
|
w 3f } 1
03t 1 5
®25r 4
= |
2F | —
ozt B . }
15+ | i g
! I
1 I | B
01t g |
05+ | -
ok + i
\ .
agm \"4 1 BAD GOOD
) Stabilita v case
4 N 4 N
Pocet navrhii smluv - typ zbozi Pocet navrhii smluv - typ zbozi
60 000 100% 1 e
50 000
80% 1— —
—BT
40 000 —_—cr
EK 60% +— —
30 000 MT
NA 40% —
20 000 —or — —
10 000 20% 1
o T T T T T 0% . . . . .
272.-53. 63.-123. 133.-193. 203.-263. 273.-24. 34.-94 27.2.-53. 6.3.-123. 13.3.-19.3. 20.3.-263. 27.3.-24. 3.4.-94.
- J I\ Y,
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Explorace dat - vicerozmerna

Kontingenc¢ni tabulky

» absolutni ¢etnosti slouzi ke do 5000 | 5000 - 10 000 | 10 000 - 15 000 | vic nez 15 000
) e , BT 4 291 8 581 9176 9 044
kontrole jestli néktera cT 7587 12493 6 500 7236
. r wrlewv FK 258 1017 851 557
kombinace hodnot neni prilis VT 27 101 39 551 16 524 5 992
r )4 r NA 426 1088 1114 2737
malo Cetna oT 2478 3 689 2103 3475
. r v « /v 7 v VT 384 1001 963 9 086
> relatlvnl getnOStll (]:/a(1,1<ove +v , row % do 5 000 5000 - 10 000 [ 10 000 - 15 000 | vic nez 15 000
sloupcové podminéné) slouzi [BT 13,8% 27,6% 29,5% 29,1%
1 dh 1 ’ h o . CT 22,4% 36,9% 19,2% 21,4%
K odhaleni vztahu mezi FK 9,6% 37,9% 31,7% 20,8%
4 r . MT 30,5% 44,3% 18,5% 6,7%
promennymil NA 7.9% 20,3% 20,8% 51,0%
oT 21,1% 31,4% 17,9% 29,6%
VT 3,4% 8,8% 8,4% 79,5%
col% do 5 000 5000 - 10 000 [ 10 000 - 15 000 | vic nez 15 000
BT 10,1% 12, 7% 24,6% 23, 7%
CT 17,8% 18,5% 17,5% 19,0%
FK 0,6% 1,5% 2,3% 1,5%
MT 63,8% 58,7% 44,4% 15,7%
NA 1,0% 1,6% 3,0% 7,2%
oT 5,8% 5,5% 5,6% 9,1%
VT 0,9% 1,5% 2,6% 23,8%

366



Explorace dat - vicerozmeérna

100%

80%

60%

40%

20%

0%

Pocet navrhi smluv - typ zbozi

BT

(e1) FK

MT

i i

oT

VT

017 avic
m12-16
010-11
o08-9
m6-7
04-5

100%

80%

60%

40%

20%

0%

Pocet navrha smluv - typ zbozi

100%

80%

60%

40%

20%

0%

Pocet navrha smiuv - typ zbozi

mll=

=

|| | lli

8

|BVvT
ooTr
B NA
aowmMT
OFK
|CcT
OBT

6-7

8-9

10-11

12-16

17 avic

O vic nez 15 000

010 000 - 15 000
@ 5000 - 10 000
O do 5 000

BT

oT

VT

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Pocet navrhi smiuv - typ zbozi

—

L

|BVvT
ooTr
B NA
aowmMT
OFK
|CcT
oBT

do 5 000

5000 - 10 000

10000 - 15 000

vic nez 15 000
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Explorace dat - vicerozmeérna

J Vék vs. délka zaméstnani

] Vék vs. délka zaméstnani vs. default

ooooooooooooooo

5 let ...defaultni Pomoci tohoto typu grafu lze
hodnota??? pohodlné zobrazit vztahy mezi

3 proménnymi. s



Vztah mezi spojitymi proménnymi —

bodoveé grafy, korelace

Linear

Cyclical

3.0
25
2.0
1.5
1.0 1
0.5

3.0
2.5
2.0
1.54
1.0 1
0.5

0.0+
T

Quadratic

None

3.0+
2.5+
2.04
1.5+
1.0
0.5

Correlation Coefficient

% . WNegative Zero Posrtive _x
** **ﬁé@ ***
% Bt * KX
:: *)H?X‘* IKE *
**‘25 w * * o
* *
STRONG weak STRONG
Negative Positive
_i T T T T T c\) T T T T T i
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Extreme Data Values

Odlehlé (extrémni) hodnoty mohou zcela zkreslit vysledky analyzy.

dataset = 1 dataset =2
20 — %
15 —
10 — —
>
0.02
5 —
X
0 ] b 3
| | | | | | | | | | | |
0] 2 4 6 8 10 O 2 4 6 8 10
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Diskriminacni sila proménnych pro prediktivni
modely

Weight of evidence, information value

r ... number of levels (categories) of the categorical variable
g; ... number of “goods” the in ~th category

b; ... number of "bads” the in /th category

G =2 g;... total number of “goods”

B := 2 b;... total number of "bads”

Weight of evidence for the +th category: woe; = In(g;/ G)—In (b;/ B)
Information value for the £th category: Inf val; = [(g;/ G) — (b;/ B)] -
woe;

Total information value for the corresponding variable:  Inf_val = 2 inf_val;
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Diskriminacni sila proménnych

Incorporation Date

Raw RegVar Percant B G TOT G/BOdds %Good %Bad BadRate WoE v

0 & NOI nc 1 12% . 139 = 952 1091 7 11% | 19% . 127% . -0557. 0,046116
1 nc2  13% 133 1073 1206 8 12% | 19% . 11,0% . -0,394 0023731
27 miss___ 42% 209 3601 _ 3900 12 2% 4% 1.0% 0,007 2,04E-05
8-15 nc3 2% 108 1942 2050 18 23%  15%  53% 0,408 0,030887
16+ nc 4 11% 39 1019 1058 26 12% | 5% . 37% 0,781 0,050288
Total 718 8587 9305 12 7,7% 0,151

> <0.02 unpredictive

> 0.02-0.1 weak

> 04 -0.3 medium

> 0.3 — 0.5 strong

> >0.5 too high ...je tieba provérit, pravdépodbné je néco Spatné
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Diskriminacni sila proménnych

Lorenzova kfivka, Giniho index

X=F, g ()
Y =F, coon (@), 2€[L,H].

| <0.05
0.05 — 0.1
0.1 — 0.2

0.2 — 0.5

YV V. VY V VY

> 0.5

Ginl = 2A

A+B

n+m

Gini=1- Z(Fm_BADk — Fsabka) (Fn.GOODk + F, coopk_1)
k=2

unpredictive
weak
medium
strong

too high
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Diskriminacni sila proménnych

Lorenzova kfivka ...kontrola monoténnosti vysvétlované
proménné (def. rate) na dané vysvétlujici proménné

1
09t
0.25) 0.8}
07k
0.2}
£ 3
= g
‘@ w
[
015}
01k o2r
01f
O L L L 1 L L L 1 L
0.05 ! ! ! ! ‘ ! ! ‘ ‘ 0 0.1 0.2 0.3 0.4 05 0.6 07 0.8 0.9 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 F

prediktor BAD

Kategorizace (WOE)
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Diskriminacni sila proménnych

Je vhodné vytvorit souhrnny piehled (frekv. tabulky, histogramy,

Gini, Info. Value,...) pro vSechny uvaZzované proménné.

[bohiavi |
pocet podil badrate

Muz 248 768 55,0% 13,08%

Zena 203 194 45,0% 7,69%

Total 451962  100,0%  10,66%

[delka_zamestnani_hrube |
pocet podil badrate

0 20 825 4,6% 4,69%

1 163 144 36,1%| 13,43%

5 165 022 36,5%| 11,29%

666 102 971 22,8% 6,45%

Total 451962  100,0%  10,66%

[delka_zamestnani_jemne |
delka_zamestnani pocet podil badrate

o] 20825 4,6% 4,69%

1 163 144 36,1%| 13,43%

2 67 462 14,9% 12,80%

3 43 778 9,7% 10,97%

4 26 256 5,8%| 10,01%

5 27 526 6,1% 9,32%

6 15 893 3,5% 8,16%

8 18 036 4,0% 8,39%

10 17195 3,8% 6,72%

20 33641 7,4% 5,60%

24 5176 1,1% 4,48%

48 12 934 2,9% 4,28%

666 96 0,0% 3,13%

Total 451 962 100,0% 10,66%

[info.value: | 0,0828
[info.value: [ 0,1100
[info.value: [ 0,1285

f =3 podil
po hlavi badrate
60,0% 3
50,0% =+ 12,00%
+ 10,00%
40,0% \
S~ 4 8,00%
30,0%
+ 6,00%
o
20,0% T 4,00%
10,0% < 2,00%
0,0% : 0,00%
Muz Zena
; === podil
delka_zamestnani_hrube badrate
40,0% g
35,0% 1 ] 14,00%
30,0% //\ 12,00%
25,0% — 10,00%
20,0% 7 g L 8,00%
15,0% v L 6,00%
10,0% L 4,00%
5,0% L 2,00%
0,0% 1 . . . 0,00%
0 666
: == podil
delka_zamestnani badrate
40,0% 15,00%
30,0%
+ 10,00%
20,0%
1 5.00%
10,0% I:I
0,09 L L ‘D‘D‘D‘D‘D‘D“:‘D‘ 0,00%
0 1 2 3 4 5 6 8 10 20 24 48 666
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The FREQ Procedure

The FREQ procedure can do the following:

e produce one-way to n-way frequency and crosstabulation (contingency)
tables

e compute chi-square tests for one-way to n-way tables and measures of
association and agreement for contingency tables

e automatically display the output in a report and save the output in a SAS
data set

General form of the FREQ procedure:

PROC FREQ DATA=SAS-data-set <option(s)>;
TABLES variable(s) </ option(s)>;
RUN;

A FREQ procedure with no TABLES statement generates one-way frequency
tables for all data set variables.
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The TABLES Statement

A one-way frequency table produces frequencies, cumulative

frequencies, percentages, and cumulative percentages.

proc freq data=orion.sales; one-wa
tables Gender Country, = frequenc thIes
run, q Y
The FREQ Procedure
Cumulative Cumulative
Gender Frequency Percent Frequency Percent
F 68 41.21 68 41.21
M 97 58.79 165 100.00
Cumulative Cumulative
Country Frequency Percent Frequency Percent
AU 63 38.18 63 38.18
UsS 102 61.82 165 100.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The TABLES Statement

An n-way frequency table produces cell frequencies, cell
percentages, cell percentages of row frequencies, and cell
percentages of column frequencies, plus total frequency and

percent, The FREQ Procedure

Table of Gender by Country

Gender Country
proc freq data=orion.sales; Frequency
tables Gender*country ; (F;gvlv Egi AU us Total
run ; v v F 27 41 68

16.36 24.85 41 .21

FOWS columns 39.71 | 60.29

42 .86 40.20

21.82 | 36.97 | 58.79
37.11 | 62.89
tWO'Way 57.14 | 59.80
freq uency table Total 63 102 165
38.18  61.82 100.00
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Additional SAS Statements

Additional statements can be added to enhance the report.

proc format;
value $ctryfmt 'AU'='Australia'
'US'='United States';

run,

options nodate pageno=1;

ods html file='pl12d0l.html';
proc freq data=orion.sales;
tables Gender*Country;
where Job Title contains 'Rep';
format Country Sctryfmt.;
title 'Sales Rep Frequency Report';
run;
ods html close;

Sales Rep Frequency Report

The FREQ Procedure
Frequency Table of Gender by Country
Percent
Row Pct Country
Col Pet Gender | Australia United States Total

F 27 40 67
16.98 2516 4214
40.30 59.70
44.26 40.82

M 34 S8 92
21.28 3B48 5786
36.96 £63.04
55.74 59.18

Total 51 98 159
3336 £1.64 10000

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

379




Options to Suppress Display of Statistics

Options can be ©placed in the TABLES statement
after a forward slash to suppress the display of the default statistics.

NOCUM suppresses the display of cumulative frequency and cumulative percentage.
NOPERCENT suppresses the display of percentage, cumulative percentage, and total percentage.
NOFREQ suppresses the display of the cell frequency and total frequency.
NOROW suppresses the display of the row percentage.
NOCOL suppresses the display of the column percentage.
LIST displays n-way tables in list format.
CROSSLIST displays n-way tables in column format.
FORMAT= formats the frequencies in n-way tables.
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LIST and CROSSLIST Options

Cumulative Cumulative

Gender Country Frequency Percent Frequency Percent
F Australia 27 16.36 27 16.36
F United States 41 24.85 68 41.21
M Australia 36  21.82 104 63.03 Itables Gender*Country / ]_lst;l
M United States 61 36.97 165 100.00
| |
Table of Gender by Country
Row Column
Gender Country Frequency Percent Percent Percent
F Australia 27 16.36 39.71 42.86
United States 41 24.85 60.29 40.20
Total 68 41.21 100.00
M Australia 36 21.82 37.11 57.14
United States 61 36.97 62.89 59.80
Total 97 58.79  100.00 |tab1es Gender*Country / crosslist;
Total Australia 63 38.18 100.00
United States 102 61.82 100.00
Total 165 100.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC FREQ Statement Options

Options can also be placed in the PROC FREQ statement.

displays a table that provides the number of levels for each variable named

NLEVELS in the TABLES statement.
PAGE displays only one table per page.
begins the display of the next one-way frequency table on the same page as
COMPRESS : : . :
the preceding one-way table ifthere is enough space to begin the table.
proc freq data=orion.sales nlevels; The FREQ Procedure
tables Gender Country Employee ID;
run, Number of Variable Levels
Variable Levels
Gender 2
Country 2
Employee ID 165
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Output Data Sets

PROC FREQ produces output data sets using two different
methods.

e The TABLES statement with an OUT= option is used to
create a data set with frequencies and percentages.

TABLES variables / OUT=SAS-data-set <options>;

e The OUTPUT statement with an OUT= option is used to
create a data set with specified statistics such as the chi-
square statistic.

OUTPUT OUT=SAS-data-set <options>;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The MEANS Procedure

The MEANS procedure provides data summarization tools to compute
descriptive statistics for variables across all observations and within groups
of observations.

General form of the MEANS procedure:

PROC MEANS DATA=SAS-data-set <statistic(s)> <option(s)>;
VAR analysis-variable(s);
CLASS classification-variable(s);

RUN;

By default, the MEANS procedure reports the number of nonmissing
observations, the mean, the standard deviation, the minimum value, and
the maximum value of all numeric variables.

proc means data=orion.sales; The NEANS Procedure

. Variable N Mean Std Dev Minimum Maximum
run;

Employee_ID 165 120713.90 450.0866939 120102.00 121145.00

Salary 165 31160.12 20082.67 22710.00 243190.00

Birth_Date 165 3622.58 5456.29 -5842.00 10490.00

Hire_Date 165 12054.28 4619.94 5114.00 17167.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 384



The VAR Statement

The VAR statement identifies the
and their order in the results.

proc means data=orion.sales;
var Salary;

analysis variables

run,
The MEANS Procedure
Analysis Variable : Salary
N Mean Std Dev Minimum Maximum
165 31160.12 20082.67 22710.00 243190.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The CLASS Statement

The CLASS statement identifies variables whose values define
subgroups for the analysis.

run,

proc means data=orion.sales;
var Salary;
class Gender Country;

The MEANS Procedure

Analysis Variable : Salary

Gender Country Obg N Mean Std Dev Minimum Maximum
F AU 27 27 27702.41 1728.23 25185.00 30890.00
Us 41 41 29460.98 8847.03 25390.00 83505.00
M AU 36 36 32001.39 16592.45 25745.00 108255.00
Us 61 61 33336.15 29592.69 22710.00 243190.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The CLASS Statement

proc means data=orion.sales;
var Salary;
class Gender Country;

/

classification run;
variables The MEANS Procedure
_ | analysis
Analysis Variable : Salary - .
variable
N

Gender Country Obs ‘N Mean Std Dev Minimum Maximum
F AU 27 2\\ 27702. 41 1728.23 25185.00 30890.00
Us 41 41 29460 .9 Bl ""w“ = 00
" AU s 35 32001 _3| statistics for analysis variable |
Us 61 61 33336.15 29592.69 22710.00 243190.00

§

The CLASS statement adds the N Obs column, which is the number of
observations for each unique combination of the class variables.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC MEANS Statistics

The statistics to compute and the order to display them can be specified in the

PROC MEANS statement. The MEANS Procedure
proc means data=orion.sales sum mean range; Analysis Variable : Salary
Zi:szaézzz {: ry; » Country 0b2 Sum Mean Range
run; AU 63 1900015.00 30158.97 83070.00
us 102 3241405.00 31778.48 220480.00
dalsi dostupne staistiy - |
CLM CSS Cv LCLM MAX
MEAN MIN MODE N NMISS
KURTOSIS RANGE SKEWNESS STDDEV STDERR
SUM SUMWGT UCLM USS VAR
T —
MEPDSIQN | P1 P5 P10 Q1| P25
Q3| P75 P90 P95 P99 QRANGE
I
PROBT T
388
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PROC MEANS Statement Options

Options can also be placed in the PROC MEANS statement.

MAXDEC= specifies the number of decimal places to use in printing the statistics.

FW= specifies the field width to use in displaying the statistics.

suppresses reporting the total number of observations for each unique

NORNOES combination of the class variables.

proc means data=orion.sales maxdec=0;

Analysis Variable : Salary
N
Country Obs N Mean Std Dev Minimum Maximum
AU 63 63 30159 12699 25185 108255
Us 102 102 31778 23556 22710 243190

proc means data=orion.sales maxdec=1;

Analysis Variable : Salary

Country  Obs N Mean Std Dev Minimum Maximum
AU 63 63 30159.0 12699.1 25185.0 108255.0
us 102 102 31778.5 23555.8 22710.0 243190.0
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Output Data Sets

PROC MEANS produces output data sets using the
following method:

OUTPUT OUT=SAS-data-set <options>;

The output data set contains the following variables:
e BY variables

e class variables

e the automatic variables  TYPE and FREQ
e the variables requested in the OUTPUT statement
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OUTPUT Statement OUT= Option

var Salary;

class Gender Country;

output out=work.meansl;
run;

proc print data=work.meansl;
run;

—— L
proc means data=orion.sales sum me

%t—

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

The statistics in the
an range; .
PROC statement impact
only the MEANS report,
not the data set.

Obs  Gender  Country _TYPE_ _FREQ_ _STAT_ Salary
1 0 165 N 165.00
2 0 165 MIN 22710.00
3 0 165 MAX 243190.00
4 0 165 MEAN 31160.12
5 0 165 STD 20082.67
6 AU 1 63 N 63.00
7 — MIN 25185.00
8 default statistics MAX 108255.00
9 AU T B3 MEAN 30158.97
10 AU 1 63 STD 12699.14
11 uUs 1 102 N 102.00
12 us 1 102 MIN 22710.00
13 us 1 102 MAX 243190.00
14 us 1 102 MEAN 31778.48
15 us 1 102 STD 23555.84
16 F 2 68 N 68.00
17 F 2 68 MIN 25185.00
18 F 2 68 MAX 83505.00
19 F 2 68 MEAN 28762.72
20 F 2 68 STD 6974.15
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OUTPUT Statement OUT= Option

*The OUTPUT statement can also do the following:

 specify the statistics for the output data set

e select and name variables

proc means data=orion.sales noprint;
var Salary;
class Gender Country;
output out=work.means2
min=minSalary max=maxSalary

run;
proc print data=work.means2;run;

sum=sumSalary mean=aveSalary;

*The NOPRINT option suppresses the display of all output.

Obs Gender  GCountry

AU
us

AU
us
AU
us

O©OoONOUIdWOWN=
EETTWET

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

_TYPE_

WWWWNN = =0

_FREQ_

165
63
102
68
97
27
41
36
61

min
Salary

22710
25185
22710
25185
22710
25185
25390
25745
22710

max
Salary

243190
108255
243190
83505
243190
30890
83505
108255
243190

sum
Salary

5141420
1900015
3241405
1955865
3185555

747965
1207900
1152050
2033505

ave
Salary

31160.12
30158.97
31778.48
28762.72
32840.77
27702.41
29460.98
32001.39
33336.15
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OUTPUT Statement OUT= Option

_TYPE is a numeric variable that shows which

combination of class variables produced the summary
statistics in that observation.

min max Sum ave
Obs Gender Country _TYPi_/ overall summary
1 0 igE nn74n0 n4241Qn0 E444420 2140 419
2 AU 1 summary by Country only
3 US 1 Vo [y <y BB AV — U V177050
4 F 2
5 M 2 summary by Gender only
6 F AU 3 o7 ?5185 30890 747965  27702.41
7 F us 3
8 M AU 3} summary by Country and Gender
9 M us 3 61 7 ! 505 15
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OUTPUT Statement OUT= Option

Obs Gender Country  TYPE_ _FREQ_
1 0 165
2 AU 1 63
3 us 1 102
4 F 2 68
5 M 2 97
6 F AU 3 27
7 F us 3 41
8 M AU 3 36
9 M us 3 61

min
Salary

22710
25185
22710
25185
22710
25185
25390
25745
22710

max
Salary

243190
108255
243190
83505
243190
30890
83505
108255
243190

sum
Salary

5141420
1900015
3241405
1955865
3185555

747965
1207900
1152050
2033505

ave
Salary

31160

30158.
31778.
28762.
32840.
27702.
29460.

32001
33336

.12
97
48
72
77
41
98
.39
.15

_TYPE_ Type of Summary _FREQ _

165

0 overall summary

1 summary by Country only
2 summary by Gender only
3 summary by Country

and Gender

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

63 AU + 102 AU = 165

68 F + 97 M = 165

27T FAU +41 F US +
AU + 61 M US =165

36 M
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OUTPUT Statement OUT= Option

Options can be added to the PROC MEANS statement to control the output data set.

specifies that the output data set contain only statistics for the

NWAY observations with the highest TYPE value.
DESCENDTYPES orders the output data set by descending TYPE _ value.
CHARTYPE

specifies that the _TYPE variable in the output data set is a character
representation of the binary value of TYPE .

Obs Gender Country

AU
US

AU
uS
AU
US

O©oOoONOOOP~,WON =

S=E=E=TTTM=ET

_TYPE_

E)COODODNI\)—‘—'-O

_FREQ_

165
63
102
68
97
27
41
36
61

min
Salary

22710
25185
22710
25185
22710
25185
25390
25745
22710

max
Salary

243190
108255
243190
83505
243190
30890
83505
108255
243190

sum
Salary

5141420
1900015
3241405
1955865
3185555

747965
1207900
1152050
2033505

ave
Salary

31160.
30158.
31778.
28762.
32840.
27702,
29460.
.39
33336.

32001

12
97
48
72
77
41
98

15
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OUTPUT Statement OUT= Option

min max sum ave
Obs Gender Country ( _TYPE_ ) _FREQ_ Salary Salary Salary Salary
1 F AU 3 27 25185 30890 747965 27702.41
2 F usS 3 41 25390 83505 1207900 29460.98
3 M AU 3 36 25745 108255 1152050 32001.39
4 M us 3 61 22710 243190 2033505 33336.15

min max sum ave

Obs Gender Country ( _TYPE_ | _FREQ_ Salary Salary Salary Salary

1 F AU 3 27 25185 30890 747965  27702.41

2 F us 3 41 25390 83505 1207900 29460.98

3 M AU 3 36 25745 108255 1152050 32001.39

4 M us 3 61 22710 243190 2033505 33336.15

5 F 2 68 25185 83505 1955865 28762.72

6 M 2 97 22710 243190 3185555  32840.77

7 AU 1 63 25185 108255 1900015 30158.97

8 us 1 102 22710 243190 3241405 31778.48

— 9 . O J 165 22710 243190 5141420 31160.12
I min max sum ave
Obs Gender Country ( _TYPE_ ) _FREQ_ Salary Salary Salary Salary
1 00 165 22710 243190 5141420 31160.12
2 AU 01 63 25185 108255 1900015 30158.97
3 uUs 01 102 22710 243190 3241405 31778.48
4 F 10 68 25185 83505 1955865 28762.72
5 M 10 97 22710 243190 3185555 32840.77
6 F AU 11 27 25185 30890 747965 27702.41
7 F us 11 41 25390 83505 1207900 29460.98
8 M AU 11 36 25745 108255 1152050 32001.39
9 M us 11 ) 61 22710 243190 2033505 33336.15
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The SUMMARY Procedure

The SUMMARY procedure provides data summarization tools
to compute descriptive statistics for variables across all
observations and within groups of observations.

General form of the SUMMARY procedure:

PROC SUMMARY DATA=SAS-data-set <statistic(s)>
<option(s)>;

VAR analysis-variable(s);
CLASS classification-variable(s);
RUN:;:

397
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The SUMMARY Procedure

The SUMMARY procedure uses the same syntax
as the MEANS procedure.

The only differences to the two procedures are
the following:

PROC MEANS PROC SUMMARY

The PRINT option is set by default, The NOPRINT option is set by default,
which displays output. which displays no output.

Omitting the VAR statement analyzes Omitting the VAR statement produces a
all the numeric variables. simple count of observations.
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The TABULATE Procedure

The TABULATE procedure displays descriptive statistics
in tabular format.

General form of the TABULATE procedure:

PROC TABULATE DATA=SAS-data-set <options>;
CLASS classification-variable(s),
VAR analysis-variable(s);
TABLE page-expression,
row-expression,
column-expression </ option(s)>;
RUN;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Dimensional Tables

The TABULATE procedure produces one-, two-, or three-
dimensional tables.

: . . : column
page dimension | row dimension : ;
dimension

one-dimensional \/

two-dimensional \/ \/

three- v v v

dimensional

400
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The TABLE Statement

The TABLE statement describes the structure of the table.

row column

page .
table ’ expression ’ expression ’

expression

[ A

dimension expressions
e Commas separate the dimension expressions.

e Everyvariable that is part of a dimension expression must be specified
as a classification variable (CLASS statement) or an analysis variable
(VAR statement).

1 page row column
table  expression , expression /  expression’

Pl\zﬂdady:ltable Country; |

Itable Gender , Country;l

|table Job Title , Gender , Country;l

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The CLASS Statement

The CLASS statement identifies variables to be used
as classification, or grouping, variables.

General form of the CLASS statement:

CLASS classification-variable(s),

* N, the number of nonmissing values, is the default statistic
for classification variables.

e Examples of classification variables:
Job Title, Gender, and Country
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The VAR Statement

The VAR statement identifies the numeric variables
for which statistics are calculated.

General form of the VAR statement:

VAR analysis-variable(s);

e SUM is the default statistic for analysis variables.
e Examples of analysis variables:

Salary and Bonus
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One/two-Dimensional Table

proc tabulate data=orion.sales;
class Country;
table Country;

run;

proc tabulate data=orion.sales;
class Gender Country;
table Gender, Country;

run;

Country

AU

us

63.00

102.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

Country

AU

usS

Gender

27.00

41.00

36.00

61.00
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Three-Dimensional Table

run,

proc tabulate data=orion.sales;
class Job Title Gender Country;
table Job Title, Gender, Country;

Job Title Sales Rep. I

Country

AU

us

Gender

Job_Title Sales Rep. II

Country
AU us
N N
Gender
F 10.00 14.00
M 8.00 14.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Dimension Expression

Elements that can be used in a dimension expression:
e classification variables
e analysis variables
e the universal class variable ALL
e keywords for statistics

Operators that can be used in a dimension expression:

e blank, which concatenates table information
e asterisk *, which crosses table information

e parentheses (), which group elements

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Dimension Expression

proc tabulate data=orion.sales;
class Gender Country;
var Salary;
table Gender all, Country*Salary;

run,
Country
AU us
Salary Salary

Sum Sum
Gender
F 747965.00 1207900.00
M 1152050.00( 2033505.00
All 1900015.00 3241405.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC TABULATE Statistics

Descriptive Statistic Keywords

CSS CV LCLM MAX
MEAN MIN MODE N NMISS
KURTOSIS RANGE SKEWNESS STDDEV STDERR
SUM SUMWGT UCLM USS VAR
PCTN REPPCTN PAGEPCTN ROWPCTN COLPCTN
PCTSUM REPPCTSUM PAGEPCTSUM ROWPCTSUM COLPCTSUM

Quantile Statistic Keywords

MEDIAN | P50 P1 P5 P10 Q1| P25
Q3| P75 P90 P95 P99 QRANGE

Hypothesis Testing Keywords

PROBT T

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC TABULATE Statistics

proc tabulate data=orion.sales;
class Gender Country;
var Salary;

table Gender all, Country*Salary* (min max) ;

run,
Country
AU UsS
Salary Salary
Min Max Min Max

Gender

F 25185.00 30890.00 25390.00 83505.00
M 25745.00 108255.00 22710.00 243190.00
All 25185.00 108255.00 22710.00 243190.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Additional SAS Statements

*Additional statements can be added to enhance the report.

proc format;
value $ctryfmt 'AU'='Australia'

'US'='United States';
run;

options nodate pageno=1;

ods html file='pl12d08.html';
proc tabulate data=orion.sales;
class Gender Country;
var Salary;

Sales Rep Tabular Report

Country
Australia United States
Annual Salary Annual Salary
Min Max Min Max

ender

2518500 3089000 25380.00 32935.00
2574500 3660500 2271000 359390.00

2518500 3660200 2271000 359390.00

table Gender all, Country*Salary* (min max) ;
where Job Title contains 'Rep';
label Salary='Annual Salary';
format Country S$ctryfmt.;
title 'Sales Rep Tabular Report';
run;
ods html close;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Output Data Sets

PROC TABULATE produces output data sets using the
following method:

PROC TABULATE DATA=SAS-data-set
OUT=SAS-data-set <options>;

The output data set contains the following variables:
e BY variables

e class variables

e the automatic variables TYPE , PAGE ,and
_TABLE

e calculated statistics

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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PROC Statement OUT= Option

proc tabulate data=orion.sales

out=work. tabulate;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

bs

©CoONOOOL~WN =

N G T U QT I QI QT G Y
ONOOOP~WN =20

Job_Tlitle

where Job Title contains 'Rep';
class Job Title Gender Country;
table Country;
table Gender, Country;
table Job Title, Gender, Country;
run, 0
proc print data=work.tabulate;
run;

Sales
Sales
Sales
Sales
Sales
Sales
Sales
Sales
Sales
Sales
Sales
Sales

Rep.
Rep.
Rep.
Rep.
Rep.
Rep.
Rep.
Rep.
Rep.
Rep.
Rep.
Rep.

EETTEETTMEETTE=E= TN

AU
us
AU
us
AU
us
AU
us
AU
us
AU
us
AU
us
AU
Us
AU
us

001
001
011
011
011
011
111
111
111
111
111
111
111
111
111
111
111
111

WO WWWMNMNDMNN =2 =2 =i =i =d b =i b =i =&

Gender Country _TYPE_ _PAGE_ _TABLE_

WWWWWWWWWUWPLDWMNDMNMDNN = =

N

61
08
27
40
34
58

8
13
13
29
10
14

8
14

7

8
10

9
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PROC Statement OUT= Option

_TYPE isa character variable that shows which
combination of class variables produced the summary

statistics in that observation.

Partial PROC PRINT Output

Obs Job_Title

AU
us
AU
UsS
AU
us

OB OWOWN =
==Tm

001
001
01

011
011
011

Gender Country _TYPE_ PAGE_ TABLE_ N

1 1 61
1 1 98
1 2 27

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

0 for Job Title,
1 for Gender, and 1
for Country




PROC Statement OUT= Option

__PAGE __is a numeric variable that shows the logical page
number that contains that observation.

Partial PROC PRINT Output

Obs Job_Title Gender Country _TYPE_ _PAGE_ _TABLE_ N ‘
7 Sales Rep. I F AU 111 1 e
8 Sales Rep. I F Us 111 1 Page 1 for
9 Sales Rep. I M AU 111 1 Sales Rep. 1
10 Sales Rep. I M Us 111 1 —3 29 |
11 Sales Rep. II F AU 111 2 a o
12 Sales Rep. II  F us 111 2 Page 2 for
13 Sales Rep. II M AU 111 2 Sales Rep. 11
14 Sales Rep. II M Us 111 2 -3 I |
15 Sales Rep. III F AU 111 3 —2 Z
16 Sales Rep. III F Us 111 3 Page 3 for
17 Sales Rep. III M AU 111 3 Sales Rep. III
18 Sales Rep. III M US 111 3 > v T

414
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PROC Statement OUT= Option

TABLE isa numeric variable that shows the number

of the TABLE statement that contains that observation.

Partial PROC PRINT OutPut

Obs Job_Title Gender Country _TYPE_ _PAGE_ _TABLE_
1 : 1
5 | 1 for first TABLE statement f~{_ 1
3 F AU 011 1 2
g | 2 for second TABLE statement |-{ g
6 M us 011 1 2
7 Sales Rep. I F AU 111 1 3
8 Sales Rep. : 3
9 Sales Reg. 3 for third TABLE statement I-{ 3
10 Sales Rep. I M Us 111 1 3

N

61
98
27
40
34
58

8
13
13
29

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Vice o PROC TABULATE:

In the SUGI 28 proceedings:

e “The Simplicity and Power of the TABULATE Procedure’,
by Dan Bruns

http://www2.sas.com/proceedings/sugi28/197-28.pdf
Online (from the SUGI 27 proceedings):

e “‘Anyone Can Learn PROC TABULATE’,
by Lauren Haworth,
http://www2.sas.com/proceedings/sugi27/po6o-27.pdf
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The UNIVARIATE Procedure

The UNIVARIATE procedure produces summary reports
that display descriptive statistics.

General form of the UNIVARIATE procedure:

PROC UNIVARIATE DATA=SAS-data-set;
VAR variable(s);
RUN;

The VAR statement specifies the analysis variables and their
order in the results.

417
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The UNIVARIATE Procedure

The following PROC UNIVARIATE step shows default
descriptive statistics for Salary.

proc univariate data=orion.nonsales;
var Salary;
run;

Without the VAR statement, SAS will analyze all
numeric variables.

418

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



The UNIVARIATE Procedure

The UNIVARIATE procedure can produce the following
sections of output:

e Moments

 Basic Statistical Measures
o Tests for Locations

e Quantiles

o Extreme Observations

e Missing Values

419
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- 8. Vizualizace dat, SAS/Graph

uvod do SAS Enterprise Miner
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Vizualizace — zdroje

Na prvnim misté se obvykle cituji knihy prof. Tufteho, napt. Tufte E.R. (1983) The
Visual Display of Quantitative Information, Graphic Press, Chesire, Conn.

Weby o vizualizaci, napt.
e http://www.datavis.ca/gallery/ - galerie s pou¢nym vykladem a piiklady i
nezdarenych ¢i 1zivych grafti
e http://www.agocg.ac.uk/ - John Lansdown (1992) Aspects of Design in

Computer Graphics: Some Notes -
http://www.agocg.ac.uk/train/hitch/hitch.htm

Jiné weby, napt. stranky rtiznych vizualiza¢nich programi a organizaci
e http://www.cybergeography.org/atlas/atlas.html nebo
http://miner3d.com/products/gallery.html
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Vizualizace — historie

a WI|!Iém Playfglr, _17§‘6: prvni publikovana prezentacni grafika 0 Florence Nightingale, 1858:

dGvody umrti v priibéhu

f sy = Krymské valky (1853-1856)
» iflas 5 e CAUSES or MORTALITY
- N THE ARMY w THE EAST
. . , v v WOUNDs
1 Dr. John Snow, 1845: epidemie cholery v Londyne | reR———
v OTHER CAUSES
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Vizualizace — investigativni analyza

d H http://www.i2inc.com/

Law Enforcement

» Counterterrorism

» Narcotics investigations
» Organized crime

» Intelligence analysis
» Fraud

» Missing persons

» Major investigations
» Counterfeiting

» Immigration control
» Major event security
» Money laundering

» Gang investigations

Government

» Criminal prosecutions

» National security

» Military intelligence

» Embassy security

» Postal inspection and fraud
» Prison investigations

» Park and wildlife services
» Antitrust investigations

» Tax fraud investigations

» Customs investigations

—T

;‘

w
| I
,:{;:E

'
I
i
|
|

I
|

i}!’ﬂt‘l
3 !
|

Commercial e Ay

» Forensic accounting

» Money laundering

» Insider trading violations

» Corporate security

» Anti-pirating investigations

» Entertainment copyright violations
» Competitive intelligence

» Civil lawsuits

» Fraud:
» Credit card
» Insurance
» Retail
» Health care
» Commercial
» Telephone
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Vizualizace — investigativni analyza
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Vizualizace - dendrogram

Credit ranking (1=default)

Category % n

B Bad

52,01 168]

® Good

47,99 155

Total

(100,00) 323

I """""""""" =

Paid Weekly/Monthly
Adj. P-value=0,0000, Chi-square=179,6665, df=1

Weeklry pay

Node 1
Category % n

B Bad 86,67 143)|
8 _Good 133322
Total (51,08) 165

I -

Social Class

Adj. P-value=0,0004, Chi-square=20,3674, df=2

Monthly salary

Node 2

Category % n

B Bad 15,82 25|
O Good 84,18_133
Total (48,92) 158

I -

Age Categorical

Adj. P-value=0,0000, Chi-square=58,7255, df=1

Y oung (< 25)

Middle (25-35);0ld ( > 35)

Management;Professional Clerical;Skilled Manual Unskilled
Node 3 Node 4 Node 5
Category % n Category % n Category % n
B Ead 7111 32] B Bad 97,56__ 80| B Bad 81,58 31|
O Good 28,89 13 O Good 244 2 O Good 18,42 7
Total (13,93) 45 Total (25,39) 82 Total (11,76) 38

Node 6 Node 7
Category % n Category % n
B Bad 48,98 24| @ Bad 0,921
O Good 51,02 25 B Good 99,08 108
Total (15,17) 49 Total (33,75) 109

426



Vizualizace — ekonomie

S&P Composite Index: Regression to Trend dshort.com f dshort.com
Sl ) S , ) March 2013 The S&P 500 and Federal Reserve Intervention Data through
Real (inflation-adjusted) Price since 1871 with Regression . 3/26/2013
——S&P 500 —Federal FundsRate ——10-Year Yield
Logscate
2048 1 0 - Cinari
This log-scale chart illustrates regression to the trend across 140 octo, 2007 GE X peration Twist
years of market history. The peakin 2000 was an unprecedented (it Quantitative Easing s o
155% above trend — nearly double the peak in 1929, ALY (aka Credit Easing)
102 || the latest monthly average of daily closes s 54% above trend. 1,600
512
Bear Stearns. SR ZnE
. g QE3 is announced
collapse Lehman Bros. followed by QE4
Bankruptcy on Dec 12th
153% Sep 15,2008 ||
128 ¥ ! e T - Aug 27, 2010 Sep21,2011 |-------1 5.00
1945 ] 1 Jackson Hole Operation Twist
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O 84% j\ 81% 1932 | T oo y
1920 55%
....................... , . o
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15 s % Collapse of
""""""""""""""""""" v son I Bear Stearns
9% _ge
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Contributions to Percent Change in Real GDP Since 2007

| Personal consumption expenditures

st Gross private domestic investment

ki Net exports of gaods and services

s Government consumption expenditures and gross investment
=== Real GDP Sum of above

Data through 2012 Q4
Third Estimate

dshort.com
March 2013

The GreatR

December2007 to June 2009
|

2007:Q1
2007:Q2
2007:03
2007:04
2008:Q1
2008:Q2
2008:03
2008:Q4
2009:Q1
2009:02
2009:03
2009:04
2010:Q1
2010:Q2
2010:03
2010:04
2011:Q1
2011:02
2011:Q3
20104

2012:Q1

2012:02
2012:03
2012:Q4
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Meteo-vizualizace

Current Surface
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Kartogram

) Obce s poctem 500 a vice obyvatel s vysokorychlostnlm pripojenim k
internetu, podle okresti (%), k 31.12.2006 ~

Koncentrace v pg/m?

Nejsou data [J> 40 - 50

10 >50- 75
> 10 20 > 75 - 100
>20- 30 >100 - 150
> 30 - 40 >150

Znecisténi ovzdu5| prachem

24hodinovy primér
10.2. 2010

Zdroj: Cosiy hydrometeorciogicky dstav
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Kartodiagram

ZASAHY JEDNOTEK PO PROTI HMYZU
v okresech Ceské republiky v letech 1997-2000
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Politics too complicated
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Meéritko grafu

) Ktera primka roste strmeji?
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Meéritko grafu

J Pohled tviirce grafu:
» Zvyraznéni trendu - pozitivni vysledky.
» Potlaceni trendu - negativni vysledky.

J Pohled uzivatele grafu:
» Graty bez uvedeného méritka jsou silné podezrelé.
» Nepodléhat podsouvané informaci o rastu/poklesu.
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Odstrasujici priklady vizualizace:
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What Is SAS/GRAPH Software?

SAS/GRAPH software is a component of SAS software
that enables you to create the following types of graphs:

e bar, block, and pie charts

e two-dimensional scatter plots and line plots
e three-dimensional scatter and surface plots
e contour plots

* maps

e text slides

e custom graphs

435
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Zakladni typy grafu

*Bar Charts (GCHART Procedure) *Pie Charts (GCHART Procedure)

Frequency of Job Title, Broken Down by Gender Frequency Distribution of Job Titles

3-D Pie Chart

EEEEEEEEE
70

\\\\\\\\\\\

eeeeeeeeeeeeeeee

oScatter and Line Plots (GPLOT Procedure) ©®Bar Charts with Line Plot Overlay
Plot of Budget by Month for 2006 and 2007 (GBARLINE Procedure)

Costs and Personnel for Western Regions

aaaaaa

$4,000,000
$1,000,000
Month

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

Total Cost # of Employees
3,000,000 1,500,000

1,260,000

1,000,000

780,000

500,000

260,000

o
Beaumont Cheyenne Portland ~ Rockford 43 6
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http://support.sas.com/ctx/samples/index.jsp?sid=1066&tab=code
http://support.sas.com/ctx/samples/index.jsp?sid=1075&tab=code

L

Three-Dimensional Surface and Scatter
P I Ot S, IVI a p S Surface Plot using Interpolated Data Set ACOLORANTEMPERATURE )

* Procedury G3D, G3GRID,
SGRENDER ...vice na
support.sas.com

- 40

*Maps (GMAP Procedure) *Multiple graphs on a page

Population in Europe Number of ZIP Codes per State (GREPLAY Procedure)

T vale
[ Female

lMale
Female

11 12 13 14 15 18

Age
Height
75
:.-.t . 704
Age Awvg Height & ]
[ 28117-1,320,657 [ 1,866,314 - 4,147,901 The 5-digit ZIP Code (Frequency) [___11-273 [ 278- 484 11 54.40 50
[ 4,205,747 - 7,252,331 I 7,726,965 - 10,219,603 [ 4a6- 731 [ 732- 1031 12 5044 55
[ 10,413,040 - 43,064,183 I 47,420,702 - 82,689,210 I 1060 - 2650 : 504
13 61.43 S B e LI B A
GMPCHORO GMPSTAT] 14 §4.90 50 75 100 125 150
15 65.63 .
Weight
18 72.00 J
lMale

Female 437
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Producing Bar and Pie Charts with the
GCHART Procedure

General form of the PROC GCHART statement:
PROC GCHART DATA=SAS-data-set;

Use one of these statements to specify the chart type:

HBAR chart-variable . . . </ options>;
HBARS3D chart-variable . . . </ options>;

VBAR chart-variable . . . </ options>;
VBARS3D chart-variable . . . </ options>;

PIE chart-variable . . . </ options>;
PIE3D chart-variable . . . </ options>;

438
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Vertical/horizontal Bar Chart

* Produce a vertical/horizontal bar chart that displays the
number of employees in each department.

proc gchart proc gchart
data=univ.employees; data=univ.employees;
vbar dept; hbar dept;
run; run;
FHEQUENE; _ CUM . Cun.
Dept FREQ. FREQ. PCT. PCT.
Administration 8 8 10.96 10.96
Engineer ing 3 11 4.11 15.07
Sales 56 BFY TFB.71 91.78
v ] Sales Management b 73 8.22 100.00
FREQUENCY
Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. _ 439




/
Pie Chart

* Produce a pie chart that displays the number of employees in

each department.
proc gchart data=univ.employees;

pie dept;
run;

FREQUENCY of Dept

.;dministration

gales Management

440
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Character/Numeric Chart Variable

[f the chart variable is character, then a bar or slice is
created for each unique variable value.

For numeric chart variables, the variables are assumed
to be continuous unless otherwise specified.

The GCHART procedure creates the equivalent
of a histogram from the data.
e Intervals are automatically calculated and identified
by midpoints.
* One bar or slice is constructed for each midpoint.

441

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Numeric Chart Variable

® Produce a vertical bar chart on the numeric variable YearsOnJob.

proc gchart data=univ.employees;
vbar YearsOnJdob;
run;

FREQUENCY
20 7

0 5 10 15 20 25 30
Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. YearsOnJdob MIDPOINT
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The DISCRETE Option

* To override the default behavior for numeric chart variables, use
the DISCRETE option in the HBAR, VBAR, or PIE statement.

* The DISCRETE option produces a bar or slice for each unique
numeric variable value; the values are no longer treated as
intervals.

FREQUENCY
117

proc gchart data=univ.employees;
vbar YearsOnJob / discrete;
run;

o
P

o - N [ E 1] 7] -l --] 1-]
RTINS I AT AV AT ATITE S ATATIN BN AT Ar AT S AT R

01 2 3245 6 7 8 9101112121415 16 18 20212224 25 26 27 28293031

YearsOnJob
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Summary Statistic

* By default, the statistic that determines the length or height
of each bar or size of pie slice is a frequency count (N).

proc gchart data=univ.employees;
vbar dept / sumvar=salary type=mean;
run;

Salary HEAN

110000 7]

100000 7]
90000 ]
80000 7]
70000 ]
60000 ]

50000
40000 7]
30000 ]

20000

10000 7

0
Administration Engineer ing Sales Sales Management

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Analysis Variable

To override the default frequency count, you can use the
following HBAR, VBAR, or PIE statement options:

SUMVAR= |identifies the analysis variable to use for the
sum or mean calculation.
TYPE= specifies that the height or length of the bar or

size of the slice represents a mean or sum of
the analysis-variable values.

If an analysis variable is
e specified, the default value of TYPE is SUM
 not specified, the default value of TYPE is FREQ.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Bar Chart Using Formats

e Produce a bar chart

that displavs the [P¥°ec gchart data=univ.employees;
average Py salary vbar dept / sumvar=Salary type=mean;

format Salary dollar8.;
of employees in

run,
each department.

Relationship of Salary and Bonus

Salary MEAN
$110,000

£100,000

$90,000

580,000

$70,000

$60,000

$50,000

$40,000

$30,000

520,000

$10,000

50

Administration Engineering Sales Sales Management

Dept 446
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Dalsi moznosti proc gchart

L]
e Na adrese http://support.sas.com/sassamples/graphgallery/PROC_GCHART.html
1 1 4 1 bl Vv 14 h o] fO 4 4 1 | 4 d o) '
Ze nalezt galeri moznyc typu graru vcetne Kodu!).
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Dalsi moznosti proc gchart
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Producing Plots with the GPLOT
Procedure

You can use the GPLOT procedure to plot one variable
against another within a set of coordinate axes.

General form of a PROC GPLOT step:

PROC GPLOT DATA=SAS-data-set;

PLOT vertical-variable*horizontal-variable </ options>;
RUN;
QUIT;
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The GPLOT Procedure

Produce a plot of salary versus bonus for each employee.

proc gplot data=univ.employees;

plot Salary*Bonus;

title ‘Relationship of Salary and Bonus';
run;

Relationship of Salary and Bonus

Salary
200000

190000
180000
170000 ]
160000 7 +
150000 ]
140000 ]
120000 ]
120000 ]
110000 ]
100000 7 +
90000

80000 ]
70000 ]
60000 ]
50000 ] + +
40000 +
30000 e T 4

20000

0 1000 2000 3000 4000 5000 6000 000 8000 9000
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SYMBOL Statement

You can use the SYMBOL statement to do the following:
e define plotting symbols

e draw lines through the data points
e specify the color of the plotting symbols and lines

General form of the SYMBOL statement:
SYMBOL 7 options;

The value of n can range from 1 to 255.
If n is omitted, the default is 1.

Symbol statement is global and additive:

global After being defined, the statements remain in effect until changed or until
the end of the SAS session.

additive Specifying the value of one option does not affect the values of other
options.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SYMBOL Statement Options

You can specify the plotting symbol you want with the VALUE=
option in the SYMBOL statement:

VALUE=symbol | V=symbol

Selected symbol values are shown below:

PLUS (default) DIAMOND
STAR TRIANGLE
SQUARE NONE (no plotting symbol)

You can use the I= option in the SYMBOL statement
to draw lines between the data points.

I=/nterpolation

Selected interpolation values:

JOIN joins the points with straight lines.

SPLINE joins the points with a smooth line.

NEEDLE draws vertical lines from the points to the horizontal axes.
R overlays a simple linear regression line on the plot.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SYMBOL Statement Options

Use a star as the plotting symbol and superimpose

a regression line on the plot.

plot Salary*Bonus;

rumn,

symbol value=star i=r;

Salary

Relationship of Salary and Bonus

200000 7
130000 7
180000 7
170000 7
160000 7]
150000 7
140000 7]
130000 7
120000 7]
110000 7
100000 7]
90000 7
800090 7
70000 7
600090 ]
50000 ]
400090 7
20000 7

2':":'00_||||||||||||||||||||||||||||||||

o

1000 2000 3000 4000 5000 6000 7000 8000 9000

Bonus
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Additional SYMBOL Statement Options

You can enhance the appearance of the plots with the

following selected options:

WIDTH=width W=width

specifies the thickness of the line.

COLOR=color C=color

specifies the color of the line and plot symbols.

plot Salary*Bonus;

Salary

Relationship of Salary and Bonus

200000 7
190000 7
180000 7
170000 ]
160000 7
150000 ]
140000 7]
130000 ]
120000 7]
110000 ]
100000 7]
90000 ]
80000 7
70000 7
60000 7
50000 ]
40000 7
30000 ]

symbol c=green w=3;
run;

20000-||||||||||||

0

1000 2000 3000 4000 5000 6000 7000 g000

Bonus

9000
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Canceling SYMBOL Statements

You can cancel a SYMBOL statement by submitting
a null SYMBOL statement.

|symboll; |

To cancel all SYMBOL statements, submit the following
statement:

|90Ptions reset=symbol; |

Zru$eni vSech predchozich voleb (navrat k defaultnimu nastavani)

|goptions reset=global; |
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Controlling the Axis Appearance

You can modify the appearance of the axes that
PROC GPLOT produces with the following:

e PLOT statement options
e the LABEL statement
e the FORMAT statement

You can use PLOT statement options to control the scaling
and color of the axes, and the color of the axis text.

Selected PLOT statement options for axis control:
HAXIS=values scales the horizontal axis.
VAXIS=values scales the vertical axis.
CAXIS=color specifies the color of both axes.
CTEXT=color specifies the color of the text on both axes.
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PLOT Statement Options, Label statement

plot Salary*Bonus Relationship of Salary and Bonus
/ vaxis=0 to 200000 by 50000 | |sster

haxis=0 to 10000 by 2000
ctext=blue; ,

150000 7]

run,

100000 7]

50000 7

Relationship of Salary and Bonus

‘ﬁnnua'l Salary \
N 200000 4/ * 0

150000

100000

plot Salary*Bonus /

vaxis=0 to 200000 by 50000

haxis=0 to 10000 by 2000 ctext=blue;
5 label Salary='Annual Salary'
' -JI o Izlololol o I4Iololol o Islololol o Islololol o II-IJcInoo Bonus:' 2002 Bonus' ’

2002 Bonus run,
\/

50000 7
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Gplot options — dalsi moznosti

Plot <Y Variable>*<X Variable> / <options>;

* Options for plotting
* Plot options
*Legend= or nolegend: specifies figure legend options
*Overlay: allows overlay of more than one Y variable
Skipmiss: breaks the plotting line where Y values are missing

*Appearance option
*Axis: Specifies axis label and value options
*Symbol: Specified symbol options
*href, vref: Draws vertical or horizontal reference lines on plot
frame/fr or noframe/nofr: specifies whether or not to frame the plot
ecaxis/ca, cframe/cfr, chref/ch, cvref/cv, ctext/c: specifies colors used for
axis, frame, text or reference lines.

458



Gplot options — dalsi moznosti

ot

proa gplot data=twovar;
plot yl1*x;
run;

Very basic plot, below we get all of the
default options. Not very exciting. Definitely
not publication quality.

LT

Cannot read axis
marks

+ + tr
- +
+ + +
+ 4+ +
+ + +
+
s Crowded Axis

Axis labels don't describe |/
the data j

1] 18] 0.3 0.4 0= L=l -] or
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Gplot options — dalsi moznosti

*AXIS<1..99> <options>;
Label Option;
*Angle/a=degrees (0-359)
Color/c=text color
*Font/f=font
*Height/h=text height (default=1)
«Justify=(left/center/right)
Label="text string”
«Order Option;
*Order=(a to b by ¢): major tick marks will show up at intervals based on c.
*Example order=(0 to 3 by 1);
Value Option;
value="""""""): applies text label to each major tick.
«Example Value=( “Start” “Middle” “End")

e axisl label=(a=90 c=black f="arial” h=1.2 “time” a=90 c=black f="arial” h=1.0 “hours”);
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Gplot options — dalsi moznosti

Resetsprevious __, yontions reset=global ;
options ; N
Horizontal axis — a%151 label=(f='arial/bo' h=1.9 "Dose" justify=c
—1avial/hA! h= Mees (D0 Py -

(X Variable) f="arial/bo' h=1.3 "mg/24 Hrs" );
Vertical axis ————»axis? label=(a=80 f='arial/bo' h=L1.9 "Plazma Level");
(Y Variable)

proc gplot data=twovar,

plot yl*x / haxis=axisl vaxis=axisZ;

run; 1
Call Axis \
statements '

NOTE: you can also place the AXIS statements within the gplot proc

—— value=(f='arial' h=1.3 "0.0" "0.5" "1.0" "1.5" "2.0");
Added VALUE
option to Axis axis? label=(a=90 f='arial/bo' h=1.9 "Plasma Level")
statement rder=(0 to 3 by 1)
——— value=(a=00 f='arial' h=1.3 "0.0" "L.0" "Z.0" "3.0");

proc gplot data=twovar;
plot yl*x [ haxis=axisl vaxis=axis2;
run;

Plasma Level

3
The LABEL options helped make the axis labels .
meaningful, but the axis tick marks remain . *
crowded + . + o+
+ +
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A
.
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- + + +
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Dalsi moznosti proc gplot

Na adrese http://support.sas.com/sassamples/graphgallery/PROC_GPLOT.html
lze nalézt galerii mozZnych typt grafd (v€etné kodt!). Na adrese
http://ebookbrowse.com/sas-gplot-slides-1-26-2011-ppt-di138883835 lze najit dalsi
navody a ukazky véetné kodd.

Market Analysis of Selected Automobiles Changing the width of the boxes in a Box Plot Histogram with Normal Density Curve
Economical and Spgrty Expensive and ng fx
Sporty Sporty 005
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As a Function of Original Worth
50004
40004
30004
2000
1000
o
1955 1960 1965 1970 1975 1980 10985 1980 1895
Source: 1997 World Almanac 462




ODS Graphics

* Recall that the Output Delivery System (ODS), added in Version 8, manages all tabular output created by
procedures and enables you to display it in a variety of destinations, such as HTML and RTF. SAS 9.1 introduced an
extension to ODS, referred to as ODS Graphics, which—together with corresponding modifications to statistical
procedures—equips these procedures to create graphics as automatically as tables. This eliminates the need for
additional programming.

* Automaticky vytvaret grafické vystupy
umi tyto procedury (plati pro SAS 9.3):

SAS/STAT SAS/QC SAS/ETS

ANOVA NPAR1WAY ANOM ARIMA

BOXPLOT ORTHOREG CAPABILITY AUTOREG

CALIS PHREG CUSUM COPULA

CORRESP  PLS MNPGHART ESM Vice viz:

E%TOH ggmggw I\PAXFTIQHT%DEL %PSEJLD 1)  http://support.sas.com/rnd/base/topics/statgraph/
FREQ PRINQUAL RELIABILITY ~ PANEL 2) http://support.sas.com/resources/papers/76822_0O

GAM PROBIT SHEWHART SEVERITY

GENMOD QUANTREG SIMILARITY DSGF&IPhZOll-Pdf

GLIMMIX REG Base SAS SYSLIN . .

oM ROBUSTREG CORR TIMEID 3) http://susanslaughter.files.wordpress.com/2011/06/s
GLMSELECT SFQDESGN  UNNARTE UOM Vvsug-2011-

KDE SEQTEST VARMAX handout_for_getting_started_with_ods_statistical_g
KRIGE2D SIM2D X12 .

LFEREG ~ SURVEYFREQ  Other raphics.pdf

LIFETEST SURVEYLOGISTIC HPF h ) d . df
LOESS SURVEYPHREG  HPFENGINE 4) http://www2.sas.com/proceedings/sugi31/192-31.p

LOGISTIC SURVEYREG

MCMC TPSPLINE SAS Risk

MDS TRANSREG Dimensions

MI TTEST

MIXED VARCLUS

MULTTEST VARIOGRAM
NLIN 463



ODS Graphics

1.0

ods listing style=statistical;

ods graphics on;

proc lifetest data=grouped plots=survival(cb=hw test
atrisk=0to 1500 by 250); time Time*Cens(0); strata
Treatment; by Site;

run;

08

06

04

Survival Probability

02

Dependent Variable: Weight

Parameter Estimates

Parameter Standard
Variable DF Estimate Error tVaiwe Pr> |t

Intercept 1 143026892 3227459 443 00004
Height 1 389903 051600 755 <000

Fiz Plot for Weight

o / Cl T s
Pty
g 100 5 A p

e OF

. e
SSome 0174
/ o e M

bt
Fa 0 925 Confdente Limiy I Fredicton Lisany

0.0

-

Product-Limit Survival Estimates
With Number of Subjects at Risk and 95% Hall-Wellner Bands

+ Censored
Logrank p=0.0047

221 86 49 1 ;) 0
223 62 35 3 0
0 250 500 750 1000 1250
Time to Return to Drug Use (Days)
Treatment - — 1: Long ———- 2: Short

ods listing style=statistical;

ods graphics on;

proc reg data=sashelp.Class;
model Weight=Height;

quit;
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ODS Graphics

data Datal,;

input disease n age; datalines;
01425

02035

01945

7 1855

6 12 65

1717 75

run,

ods graphics on;

proc logistic data=Datal plots(only)=(roc(id=obs) effect);
model disease/n=age

|/ scale=none clparm=wald clodds=pl rsquare; units age=10;
run;

ods graphics off;

Vice viz PLOTS options u  PROC
http://support.sas.com/documentation/cdl/en/statug/63033/HT
ML/default/viewer.htm#statug_logistic_sectoo4.htm#statug.logi
stic.logiploteffect nebo na adrese:
http://support.sas.com/documentation/cdl/en/statug/63033/HT
ML/default/viewer.htm#statug_logistic_secto5o.htm

\ 4

»

Logistic:
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1.00

075

0.50

025

0.00

1.00

0.75

0.50

Sensitivity
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Area Under the Curve = 0.9531

025 0.50 0.75

1 - Specificity
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ODS Graphics — novinky SAS 9.3

» inclusion with Base SAS and name change
» changes to the default ODS output
» new plot statements are available for the SGPLOT and SGPANEL procedures.

» new options and enhancements are available for the PROC SGPLOT, PROC SGPANEL, and
PROC SGSCATTER statements.

> new options and enhancements are available for the existing plot statements in the SGPLOT
and SGPANEL procedures.

» new options and enhancements are available for the axis statements in the SGPLOT and
SGPANEL procedures.

» new options and enhancements are available for the SGRENDER procedure.
» enhancements are available for the SGDESIGN procedure.

> a new attribute map feature provides a mechanism for controlling the visual attributes that are
applied to specific group data values in your graphs.

» a new annotation feature provides a mechanism for adding shapes, images, and annotations to
graph output.

Vice viz:
http://support.sas.com/documentation/cdl/en/grstatproc/65235

/HTML/default/viewer.htm#grstatprocwhatsnew93.htm 466



ODS Graphics — components of a graph

Graph
a visual representation of data. The graph can contain titles, 1 2 3 2
footnotes, legends, and one or more cells that have one or more ! l
plOtS. 4 Distribution of Horsepower for Vehicles
Cell ] Marmal 500 - e o
a distinct rectangular subregion of a graph that can contain plots, = V| T
text, and legends. N '\ .
Title | 7 4—
descriptive text that is displayed above any cell or plot areas in ,v" =
the graph. A S 3004
Plot 3 o I
. . T £ <
a visual representation of data such as a scatter plot, a series line, 10+ |
a bar chart, or a histogram. Multiple plots can be overlaid in a cell 200 |
to create a graph. 5
Legend
refers collectively to the legend border, one or more legend o el P
entries (where each entry has a symbol and a corresponding 2 doa 500 300 doa Eod ixs  Eimpe WSk
label) and an optional legend title. Horsepower Origin
Axis Data‘;? 2004
refers collectively to the axis line, the major and minor |
tick marks, the major tick mark values, and the axis T §
label. Each cell has a set of axes thatare shared by all the
plots in the cell. In multi-cell graphs, the columns and rows of
cells can share common axes if the cells have the same data
type.
Footnote

descriptive text that is displayed below any cell or plot areas in
the graph. 467



Proc Sgplot

Power Generation (GWh)

2Ma1m
e S |
2,000,000 - 750,000
1,980,000 — - 725,000 .
m
® o
g 1,960,000 — 700,000 E
© =
™
1,940,000 — =
—E75,000
1,920,000 -
A 63,123 — 650,000
1,900,000 < 74 a395
T T T T T
2001 2002 2003 2004 2005
fear
Coal Natural Gas
40 —
30 —
=
m
=2 20 -
F0
o
10 —
0 | | | | ,
40 a0 &0 70 80

Height

e Mot @l Kemel

title "Power Generation (GWh)"™;
proc sgplot data=sashelp.electric (where=
lyear »= Z001 and customer="Hesidentizl"));
xaxis type=discrete;
series w=year y=cocal / datalsbel;
series x=year y=naturalgas /
datalabel vZaxis;

run;
title;

proc sgplot data=sashelp.class;
histogram height;
density height;
density height / type=kernel;
run;
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Proc Sgplot

$140.00

$120.00

$80.00

$60.00

Stock Trend
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Cholesterol Distribution
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Cholesterol

proc sgplot data=sashelp.stocks (where=(date

>="01jan2000"d and stock = "IBM"));

title "Stock Trend";
series x=date y=close;
series x=date y=low;
series x=date y=high;
run;

proc sgplot data=sashelp.classfit;

title "Fit and Confidence Band from Precomputed Data";

band x=height lower=lower upper=upper / legendlabel="95% CLI" hame="band1";
band x=height lower=lowermean upper=uppermean / fillattrs=GraphConfidence2
legendlabel="95% CLM" name="band2";

scatter x=height y=weight;

series x=height y=predict / lineattrs=GraphPrediction legendlabel="Predicted Fit"

name="series";

keylegend "series" "bandl" "band2" / location=inside

position=bottomright;
run;

proc sgplot data=sashelp.heart;
title "Cholesterol Distribution";
histogram cholesterol;

density cholesterol;

density cholesterol / type=kernel,

keylegend / location=inside
position=topright;
run;

Wolume {Sum)

10,000,000

£,000,000

5,000,000

4,000,000

2,000,000

a

2 o,k o, & o, & @

2, %, %, e, %,

Stock Volume vs. Close

Date
O velume (Sum)

‘b% ‘%%

Clase (Sum)

$130.00

$120.00

$110.00

$100.00

$90.00

o,

Close (Sum)

proc sgplot data=sashelp.stocks
(where=(date >= "01jan2000"d and date
<="01jan2001"d and stock = "IBM"));
title "Stock Volume vs. Close";

vbar date / response=volume;

vline date / response=close y2axis;

run;
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Proc Sgpane

Cholesterol Levels for Age > 60

Female Male
350 - o
= 300 -
ak)
W
o
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o
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n
]
B | |
(T
L
E
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% % % =
T T T T T T T T T
100 300 500 100 300 00 100 300 00
Cholesterol

titlel "Cholestercl Lewvels for Age > &0";
proc sgpanel datz=sashelp. heart!
where=|AgehktStart > ©0)) ;
panelby sex / novarname;
loess x=welght y=cholestercl / clm;
rumn;
titlel;

titlel "Distribution of Cholesterol Lewels™;
proc sgpanel data=sashelp. heart;
panelby weight_ status sex / layout=lattice
NOVarnames;
hbox cholesterol;
run;
titlel;

Dalsi viz :

http://support.sas.com/documentation/cdl/en/grstatproc/65
235/HTML/default/viewer.htm#poomgdlxbijg4vinozewfbgcpf

xui.htm




SAS makra — M.Friendly

Michael Friendly,York University:
SAS Graphic Programs and Macros ff

» Univariate displays
> Bivariate displays

» Multivariate displays
» Cluster analysis

» Maps

http://www.datavis.ca/sasmac/
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1.1 Introduction to SAS Enterprise Miner




SAS EM — strucny popis

d In SAS Enterprise Miner, the data mining process is driven by a process flow
diagram that you create by dragging nodes from a toolbar that is organized by SEMMA
categories and dropping them onto a diagram workspace.

O The graphical user interface (GUI) is designed in such a way that the business
analyst who has little statistical expertise can navigate through the data mining
methodology, and the quantitative expert can explore each node in depth to fine-tune
the analytical process.

 SAS Enterprise Miner automates the scoring process and supplies complete scoring
code for all stages of model development in SAS, C, Java, and PMML. The scoring code
can be deployed in a variety of real-time or batch environments within SAS, on the
Web, or directly in relational databases.

Vice viz:
http://support.sas.com/documentation/onlinedoc/miner/
http://support.sas.com/documentation/cdl/en/emgsj/65354/PDF/default/emgsj.pdf
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Analysis Element Organization

Projects Libraries Process Nodes
and Flows
Diagrams

. Datasources
¥ Reports B em_dgraph

. System
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SAS Enterprise Miner — Interface Tour

Menu bar and shortcut buttons




SAS Enterprise Miner — Interface Tour

Project panel




SAS Enterprise Miner — Interface Tour

FProperkty Yalue
rES
Mode ID Reg
Imported Daka
Exported Daka el
Makes
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=
-Main Effects Bs
-Twio-Factor Inkeraction:Mao
-Polynomial Terms Mo .
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SAS Enterprise Miner — Interface Tour

E:?pmpm ] Help panel




SAS Enterprise Miner — Interface Tour

Diagram workspace
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SAS Enterprise Miner — Interface Tour
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SEMMA - Sample Tab
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SEMMA — Explore Tab
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» Association

o Cluster

« DMDB

* Graph Explore

» Market Basket

* Multiplot

* Path Analysis

* SOM/Kohonen

« StatExplore

* Variable Clustering
* Variable Selection




SEMMA — Modify Tab
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9. Regrese. Logisticka regrese
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Overview

Type of Response Categorical

Continuous Analysis of
Variance

Categorical Logistic
Regression

or Contingency
Tables

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

Type of Predictors

Continuous

Linear
Regression

Logistic
Regression

Categorical and
Continuous

Analysis of
Covariance
(Regression with
dummy variables)

Logistic
Regression
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Prehled procedur SASu pro regresi

SAS/STAT: logisticka regrese

CATMOD, GAM, GENMOD,‘ GLIMMIX, GLM,
LIFEREG, LOESS, LOGISTIC, MIXED, NLIN,
NLMIXED, ORTHOREG, PHREG, PLS, PROBIT, REG,
ROBUSTREG, RSREG, SURVEYLOGISTIC,
SURVEYPHREG, SURVEYREG, TRANSREG.

Jklasicka'y
linearni regrese

SAS/ETS:

AUTOREG, COUNTREG, MODEL, PANEL, PDLREG,
SYSLIN.
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Simple Linear Regression Model

493
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The CORR Procedure

S regresni analyzou souvisi analyza korelac¢ni.

Kdyz pro nic jiného, tak alesporn v souvislosti s explorac¢ni
analyzou je vhodné prozkoumat data pomovi procedury CORR.

General form of the CORR procedure:

PROC CORR DATA=SAS-data-set <options>;
VAR variables;
WITH variables;
ID variables:

RUN:

494
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The CORR Procedure

e Scatter plots and scatter plot matrices are available through ODS
Graphics.

e ID statement enables you to specify additional variables to
identify observations in scatter plots and scatter plot matrices.

 Selected options:

e PLOTS <(ONLY)> <= plot-request>

e PLOTS <(ONLY)> <= (plot-request < plot-request >) >
« ALL
« MATRIX <( matrix-options )>
« SCATTER <( scatter-options )>
- HIST | HISTOGRAM
. NVAR=ALL | n
« ELLIPSE=PREDICTION | CONFIDENCE | NO

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 495



PROC CORR —priklad vystupu

Correlations and Scatle r Plots wilth Oxygen_Cons nmption

The CORR Procedure Correlations and Scattor Plots with Oxygen_Cons mnption

1 Wk Creygen_Consum ption The CORR Procedur
VVarabie s
7 Vargbks:  RunTime Aye Wi ght Run_P ulze Res_Pulse b zximum_Pulse Scatter Plot
P erform ance s ]
Sirpke Statistics
I amakle M Mean  Stf Dev Sum o Minimam Maximam 55 P
Crygen_ Constmption 31 4737551 532777 1469 57.39000 60.06000 -
.8
RunTime 3 1058613 1.38741 32547000 §.17000  14.03000 'g— @
=X
Ape 31 4767742 526236 1478 385.00000  57.00000 § 504 A o
h=3 [4]
Weght 31 TT.44452 532857 2401 59.05000 9163000 ‘:I o @
o o

Run_Pulise 31 16964516 1025199 5259 146.00000 186.00000 g - Uo o s} °

Rest Pulse 31 5345161 THE1944 1657  40.00000  70.00000 S 4 @ o o

Maximur_ Pulise 3 OATIFT4S 94640 5357 155.00000 192.00000

Pedfomance 31 5664516 18.32584 1756  20.00000 9400000 o

40 4 . o 50
Observations 3
Pearson Coveelation Coefficients, W= 31 ICorrelalIon -0.862 . . -O
Frab = | under F: Rho=0 8 10 12 m
Chygen Consbmption RunTime Perfommance Regt Pulze Run_Pulze Age Maxdmum_Pulze  Weight RunTime
0.86219 077890  -039935 039308 -031162 023677 016289
=.0001 =.0001 0.0260 00266 0.0879 01987 03813
Scatter Plot Matrix
RunTime Age Weight  Run_Pulse  Rest_Pulse Maximum_.. Performance

Correlations and Scatter Plot Matrix of Fitness Predictors

The CORR Procedure

RunTime

T Variables: RunTime Age Weight Run_Pulse Rest_Pulse Maximum_Pulse Performance

<
Pearson Correlation Coefficients, N = 31
Prob > |r] under H0: Rho=0

RunTime Age Weight Run_Pulse Rest Pulse Maximum_Pulse Performance §’
RunTime 1.00000 0.19523 0.14351 0.31365 0.45038 0.22610 -0.82049 =
02926 04412 0.0858 0.0110 02213 <0001 a
Age 0.19523 | 1.00000 -0.24050 -0.31607 -0.15087 -0.41490 -0.71257 E‘
0.2926 0.1925 0.0832 04178 0.0203 <0001 E%
Weight 0.14351-0.24050  1.00000 0.18152 0.04387 0.24938 0.08974 3
04412 01925 0.3284 0.8143 0.1761 0.6312 S‘
Run_Pulse 0.31365 -0.31607 0.18152 1.00000 0.35246 0.92975 -0.02943 §
00858 00832 03284 0.0518 =.0001 0.8751 i
£
Rest_Pulse 045038 -0.15087 0.04397 0.35246 1.00000 0.30512 -0.22560 g
0.0110| 04178 0.8143 0.0518 0.0951 0.2224 g
Maximum_Pulse| 0.22610 -0.41490| 0.24938 0.92975 0.30512 1.00000 0.09002 3
0.2213| 0.0203 0.1761 <.0001 0.0951 0.6301 £
Performance -0.82049 -0.71257| 0.08974  -0.02943  -0.22560 0.09002 1.00000 H

<0001 <0001 0.6312 0.8751 02224 0.6301
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Simple Linear Regression Model

Assumptions:

Y =g+ BX; &

Unknown
Relationship
' Y = Bo+ B1X
N\
- Y-Y
Residual x

Response (Y)

\

* -

7
—
e

VANVAN N\
Y=Bo+ p1X
Regression Best
FitLine

T T T

Predictor (X)
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The mean of the Ys is accurately

modeled by a linear function of
the Xs.

The random error term, g, is
assumed to have a normal
distribution with a mean of zero.

The random error term, g, is
assumed to have a constant
variance, 2.

The errors are independent.

* X

Response (Y)
*

* Unknown
Relationship

Y =PBo+ BiX

T
Predictor (X)
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Violation of Model Assumptions

e Normality - does not affect the parameter estimates, but it
affects the test results.

e Constant Variance - does not affect the parameter estimates,
but the standard errors are compromised.

e Independent observations — does not affect the parameter
estimates, but the standard errors are compromised.

e Linear in the parameters — indicates a misspecified model,
and therefore the results are not meaningful.



Multiple Linear Regression with Two Variables

eConsider the two-variable model

Y=B0+B1X1+Bzxz+8

where

Y
X, and X,

e

Bo» By and B,

is the dependent variable.

are the independent or
predictor variables.

is the error term.

are unknown parameters.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

No relationship:

X

A relationship:

Y

e
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The Multiple Linear Regression Model

In general, you model the dependent variable Y as a linear
function of k independent variables, (the Xs) as

Y=0B,+BX +..+PX +¢

Model Hypothesis test:
Null Hypothesis:
e The regression model does not fit the data better than the baseline model.

¢ B1=B2="'=Bk=0

Alternative Hypothesis:
e The regression model does fit the data better than the baseline model.
e Notall B;s equal zero.

500

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Analytical Analysis vs. Prediction

Analytical Analysis:

e The focus is on understanding the relationship between the
dependent variable and the independent variables.

e Consequently, the statistical significance of the coefficients is
important as well as the magnitudes and signs of the coefficients.

\?:@ éxl @xk

Prediction:

e The terms in the model, the values of their coefficients, and their
statistical significance are of secondary importance.

e The focus is on producing a model that is the best at predicting
future values of Y as a function of the Xs. The predicted value of Y is

given by ~ N o o
X ::Bo +ﬁlxl+“°+ﬁkxk

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Model Selection Options

The SELECTION= option in the MODEL statement of PROC REG
supports these model selection techniques:

All-possible regressions ranked using
e RSQUARE, ADJRSQ or CP
Stepwise selection methods
o STEPWISE, FORWARD, or BACKWARD

SELECTION=NONE is the default.

502
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Model Selection Statistics

e Coefficient of determination (R?)

e Adjusted coefficient of determination (adjusted R?)
* Mallows’ C,, statistic

o Akaike’s information criteria (AIC)

e Schwarz’s Bayesian criteria (SBC)

N N2
SSR= 3(y-vYy)

bl

o2
o
°
Y
3
<

IZa 7 o, SSE
SST

1 SSE /df 1 SSE /(n—p)
: SST /df; SST /(n-1)

(-1,
(n— p)( . 503

Dependent variable

Independent variable (x)

SSE= S (y-Y)

riable

'T.ll

—1—

Dependent val

Independent variable (x)



Mallows’ Cp Statistic

N (MSE, — MSE,,;)(n— p)
MSE

szp

e p is the number of parameters in the model being
evaluated, including the intercept.

e n is the total number of observations.
* Models with C,, > p are underspecified.

e Mallows recommends choosing the first model
where C, <p.

504



Information Criteria

o Akaike’s information criteria (AIC)

AIC =(n) In(SSTE) +2p

e Schwarz’s Bayesian criteria (SBC)

SBC = (n) In(SSTE) + pIn(n)

Smaller values indicate a better model.
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Select Candidate Models

Candidate models can be identified by using
e your subject-matter knowledge
e information gathered from data exploration
e automatic selection criteria available in the
REG procedure

« all possible models ranked by

R? adjusted R?, or Mallows’ C,
- stepwise selection

forward, backward , stepwise, MAXR, or MINR
« other statistics such as AIC and SBC

e residual plots to evaluate model fit and model assumptions.
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L

Conservative Significance Levels

Sample Size

076 ~ .053  .032  .009

028 019 010  .003
005 .003  .001  .0003

Very Strong .001 .0005 .0001 .00004

507
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The REG Procedure

General form of the REG procedure:

PROC REG DATA=SAS-data-set <options>;
MODEL dependent(s)=regressor(s) </ options>;
RUN;

Popis + jednoduchy pftiklad:
http://support.sas.com/documentation/cdl/en/statug/63033/HT
ML/default/viewer.htm#statug_reg_sect003.htm

508
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Influential Observations versus
Outliers

Outlier Influential Observation

Price

Horsepower Horsepower

509
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Studentized Residual

Studentized residuals (SR) are obtained by dividing the
residuals by their standard errors.
Suggested cutoffs are as follows:

e |SR| > 2 for data sets with a relatively small number
of observations

e |SR| > 3 for data sets with a relatively large number
of observations

510
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Cook’s D Statistic

Cook’s D statistic is a measure of the simultaneous change in the
parameter estimates when an observation is deleted from the
analysis.

A suggested cutoff is D. > ﬂ, where n is the sample size.
n

[f the above condition is true, then the observation might have an
adverse effect on the analysis.

511
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DFFITS

DFFITS; measures the impact that the i*" observation
has on the predicted value.

N o

DFFITS = i(\f;i)
S(Y;

Y, isthe it predicted value.

is the ith predicted value when the it observation is

deleted.

Y(i)
s(Y;) is the standard error of the it" predicted value.

512
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ldentifying Influential Observations —

DFBETAS

l:)'_b'(i)
DFBETA, ;, =
6(b;)

measures the change in each parameter estimate when an
observation is deleted from the model.

e b, is the parameter estimate for the j* independent variable

e b;; is the parameter estimate for the j™ independent variable with
the ith observation deleted from the analysis

 5(b,) is the standard error of the jth parameter estimate when all
observations are included in the analysis

513
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ldentifying Influential Observations —
The Covariance Ratio

S (xix, )
COVRATIO, =
‘SZ(X X )™

measures the change in the precision of the parameter
estimates when an observation is deleted from the model.

514
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ldentifying Influential Observations —
Summary of Suggested Cutoffs

Influential Statistics Cutoff Values

RSTUDENT Residuals
LEVERAGE
Cook’s D

DFFITS

DFBETAS

COVRATIO

IRSTUDENT] > 2

LEVERAGE > 2P

n
CooksD > %

IDFFITS]| > 2\/§

IDFBETAS|> =

Jn
COVRATIO < 1-3P or COVRATIO > 1+3P

n n

515

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Linearni regrese — PROC REG

PROC REG <options>;
<label:>MODEL dependents=<regressors> </ options> ;
BY variables ;
FREQ variable ;
ID variables ;
VAR variables ;
WEIGHT variable ;
ADD variables ;
DELETE variables ;
<label:>MTEST <equation, ...,equation> </ options> ;
OUTPUT <OUT=SAS-data-set>< keyword=names> <...keyword=names> ;
PAINT <condition | ALLOBS> </ options > | < STATUS | UNDO> ;
RESTRICT equation, ...,equation ;
REWEIGHT <condition | ALLOBS> </ options > | < STATUS | UNDO> ;
PLOT <yvariable*xvariable> <=symbol> <...yvariable*xvariable> <=symbol> </ options>;
PRINT <options> <ANOVA> <MODELDATA> ;
REFIT ;
RESTRICT equation, ...,equation ;
REWEIGHT <condition | ALLOBS> </ options > | < STATUS | UNDO> ;
<label:>TEST equation,<,...,equation> </ option> ;

14
V1C€ na. http://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug_reg_sectoor.htm
516
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Modelovani kategorialni responze

Nastane default?

St. X
1 2.6
2 1.4
3 .65
4 4.1
5 .25
6 1.9

,klasicka” regrese
neni vhodna

X mEppouziva se
logisticka regrese.

o
—
(W]
2
I

Y =B + BX; + &

) i 0

e If the response variable is categorical, then how do you code the response
numerically?

o If the response is coded (1=Yes and 0=No) and your regression equation
predicts 0.5 or 1.1 or -0.4, what does that mean practically?

e If there are only two (or a few) possible response levels, is it reasonable to

assume constant variance and normality?
517
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Generalized Linear Models

9(EY;)) =6+ BX +...+ BXg = XB

e The distribution of the observations can come from the
exponential family of distributions.

e The variance of the response variable is a specified function of
1ts mean.

e XB is fit to a function of E(y) (called a link function)
suggested by the distribution of the observations: g(E(y)) =

g(u) =Xp

‘\] Link function ‘
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Examples of Generalized Linear Models

Canonical

Model Response | Distribution| Mean | Variance Link
Linear identity
Regression|Continuous |Normal L c? 1
Logistic logit
regression |Dichotomous |Binomial T n(1- ©)/n | log[n/(1-7)]
Poisson log
Regression|Count Poisson A A log(\)
Gamma *inverse
Regression|Continuous |Gamma 1 u?/v 1/1

*Models often use the LOG link in practice.
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Types of Logistic Regression

Response
Variable

Two

Categories <

Three
or More
Categories

<

r'

"
r

Type of Logistic
Regression

@@ mmm) | Binary l

Nominal
o | (o]

Ordinal

2 mm) | Ordinal l

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Logit Transformation

Logistic regression models transform probabilities called logits™.

logit(p;) = '”[(1—pipi )j

where
i indexes all cases (observations)
D; is the probability the event (a default, for example) occurs in

the ith case
In is the natural log (to the base e).

* The logit is the natural log of the odds.

521
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Logit link function

1.0

Logit
Transform

0.2 5

0.0 -
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10
5 4
o
= 0+
(2]
o)
-
-5
-10 +
I I I I I
10 -2 0 S 10

The logit link
function transforms
probabilities
(between o and 1) to
logit scores (between
—oo and +0).
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Logistic Regression Model

logit (pz) = Bo + B1>(1+ ceet Bka

where
logit (p;)= logit of the probability of the event

B,=intercept of the regression equation
B,=parameter estimate of the kt" predictor variable

1
pi — 1_|_ e—(ﬂo+ﬁ1X1+---+ﬂkxk)

Probability

523
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The Fitted Surface, discrimination

logit(p) p

524
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Odhad parametru

* Metoda maximalni vérohodnosti vede na soustavu nelinearnich
rovnic.

* Tuto soustavu feSime Netwon-Raphsonovou itera¢ni metodou.

* Vicena: - http://www.stat.cmu.edu/~cshalizi/402/lectures/14-logistic-
regression/lecture-14.pdf

« http://czep.net/stat/mlelr.pdf

* http://www.stat.psu.edu/~jiali/course/stat597e/notes2/logit.pdf
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Maximalné vérohodny odhad (MLE)

MLE is a general purpose method for parametric model estimation.
We will make use of it to estimate the logistic regression.

If we have a model with parametric structure 6, we can compute the
likelihood that the model will generate a sequence of n observations

D = (dy, ..., dy).
L(8|D) = P(D|0)

The model which best fits the data is selected as the one which maximizes
this likelihood.

e

0 =arg méf::s{L(EHD)

If we assume independence between the observations, this then gives

m
0 =arg max l_[ P(d;|0)
i=1

Zdroj: http://wwwz.imperial.ac.uk/~abellott/Credit%20Scoring%:202.pdf 526



Maximalné verohodny odhad

This MLE can be expressed more conveniently in terms of log-likelihoods
(since log is monotonic on its argument):

m
0 =arg mélxz log P(d;|0)
i=1

Log-likelihood

Remember:

e We do not know the true value of the parameter 6, but we want to
estimate it.

 To distinguish the estimate from the true value, in our notation, we put a
“hat” on the estimate: 0.

MLE has several nice asymptotic properties:
o Consistency

o Asymptotic normality
o Efficiency.
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Maximalné véerohodny odhad

Consider the training data set Di..i, With n observations (borrowers).
Remember

e X; denotes values for predictor variables for observation i.
e y; denotes the outcome for observation i, either O or 1.

Then the likelihood of the outcome for each observation i is given by

P(y; = 0[x;, B) if y;=0,
1-P(y; =0[x;,B) if y;=1

which is
P(y; = O|x4, B)* (1 — P(y; = D|Xi*B))yI

giving log-likelihood for each observation:
(1 —y;) logP(y; = 0[x;, B) + y; log(1 — P(y; = 0|x;, B))
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Maximalné verohodny odhad

Assuming independence between observations, this gives the log-likelihood
function for B:

n
1 1
log L(BIDira) = ) (1~ ) 108 ({5 5=ggrrgmy) *+ 1108 (T5omvm)

=1

Differentiating by each coefficient in B and setting the derivative equal to
zero to find the maxima gives

- 1
(1 TV (1 14 E—{Bu+ﬂ-2i))) =0
i=1

L
1 ( ! ) =0
Xij Vi 1 + e—(Bo+B=xi)

for each attribute j=1 to m.

and

n
i=1

These are non-linear equations that can be solved by computer intensive

processes such as Newton-Raphson methods.
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Standard errors on the MLE

Since 0 is only an estimate of the best model to explain the data, it is
possible to derive standard errors s on the estimates.

Asymptotic normality for MLE is such that
6;,—6
(6, ry J)—}N(Ul} asn— o
j
where -9 g; and s; are the jth components of 0, 0 and s respectively and
N(0,1) is the standard normal distribution.
This property then allows us to generate:-

e Generate a hypothesis tests using the Wald chi-square statistic;

e Generate confidence intervals around the estimate.
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MLE- testovani hypotéz

We test the hypothesis that an estimated coefficient is not zero against the
null hypothesis that it is zero. That is, we testing if a parameter has a
genuine effect in the model.

e Null hypothesis: Hy:8; =0
o Alternative hypothesis: H;:6; # 0

0.
The Wald test says reject H, if% > Zy /o for some significance level «,

where z,/, = ®7'(1 - a/2) and ® is the CDF for the standard normal
distribution.
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MLE — konfidencni intervaly

The asymptotic normality property also allows us to compute confidence
intervals (ClIs):

P(é} — Zafgz% < 9} < é} + Za;fzgj) - 1—a

das n — oo,

This is a range of possible values of the parameter within a given confidence
level 1 — a.

Note: the larger the confidence level, the broader the confidence interval.
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Likelihood Ratio Test

The maximized likelihood gives a measure of how well the model fits the

data (1=perfect fit, 0=no fit). The ratio of likelihoods between two models,
A “"nested” in B, can be used to test whether the fit of A improves on B.

Definitions

Suppose we have two models A and B with the same structure except A has
more parameters than B:

0, = (61, ....04,) @and Bz = (64, ..., 6;,)
Then A is nested in B.

The likelihood ratio statistic is A = 2 log (LEEA%)
B
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Newton-Raphsonova metoda

Zakladni princip metody:

p(x, p) =

L(ﬂ):iyiﬂTXi —log(1+e” ) ﬁnew _ ﬂold _ a2'—(;BT) E oL(p)
opop- op

ﬂnew _ (XTWX)—leW(XﬂoId _I_W—l(y_ p))

;
1+e P *

e Maticovy zapis:

Y ... vektor pozorovani vysvétlované proméniy¢

X ... matice planu, typuNx (p+1)

P... vektor pravdépodobnosti P(X;, )

W..nxn diagonalni matice vah, s diag. prvky IO(Xi , ,BOId) -(1- (Xi , IBOId))

Jde o numerickou itera¢ni metodu -> je tieba zkontrolovat, zda
byla splnéna podminka konvergence (metoda ,,dokonvergovala®
k optimalnimu resenti)
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Vyhody logistické regrese

Malo parametrti
Snadné pouziti i interpretace
Lze snadno zaclenit i diskrétni prediktory

Funguje dobte i na datech, kterd se pomérné znacné lisi od
gaussovskych smési
A predevsim vétSinou dobfe funguje, pokud vénujeme
odpovidajici pozornost piiprave dat
e prakticka zkusenost: ve ¢tyfech pripadech z péti je logisticka regrese na
datech, ktera analyzuji, bud’ nejlepsi nebo zhruba stejné dobra jako jiné
metody.
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Interpretace, rozdily proti OLS

Regresni koeficienty b: kladné znamenaji, Ze proménnad svym
rstem zvySuje Sanci zafazeni do skupiny kodované cislem 1, a
naopak zaporné indikuji pokles této Sance

Casto se pouziva exp(b;): je to faktor, kterym se ndsobi $ance
p/(1-p) pti jednotkovém nartstu x; a neménnych ostatnich x;

e Pozor na rlizna méfitka, v nichZ x; mohou byt méfena;

Misto F-testu celkové validity nyni mame chi-kvadratovy test pro
totez

Misto t-testu signifikance proménnych v modelu jsou Waldovy
statistiky; je to v podstaté totéZ a Cteme to stejné

Misto R? jsou jen pseudo-R?
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Priklad

The following logistic regression output was produced on a data set of

40,000 credit cards.

Likelihood Ratio = 1819 (p-value < 0.001)

Variable Coefficient | Estimate |Standard | Wald |P >
error chi- chi-
square|square
Intercept Bo -0.181 0.084 4.6 0.032
Age b1 +0.0353 | 0.0013 | 757.6 | <0.001
Income (log) £, -0.0164 | 0.0100 | 2.67 0.10
Residential phone [ +0.622 0.030 | 430.8 | <0.001
Home owner * 0
Renter Pa -0.155 0.039 15.6 | <0.001
Lives with parents P +0.256 0.045 32.1 | <0.001
Months in residence B -0.00025 | 0.00011 5.4 0.020
Months in current job L7 +0.00210| 0.00025 | 72.9 | <0.001

* Notice that the Home owner category is set as base residency category
and so has no coefficient estimate. We will discuss this in a later lecture.

Zdroj: http://wwwz.imperial.ac.uk/~abellott/Credit%20Scoring%:202.pdf
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\V 4V 4
Priklad
We have used logistic regression to model the negative outcome (ie y = 0).

e This may seem odd given that the outcome of interest is the positive
one (eg default).

e However, this model ensures the log-odds scores are the right way
round: ie increasing scores imply increasing creditworthiness.

e There is no material difference. If we had modelled y = 1, the signs on

the coefficient estimates would be reversed but everything else would
be the same.

Interpretations:

The estimates (highlighted) form the scorecard.

Estimates greater than 0 indicate relative decrease in risk.

Estimates less than O indicate relative increase in risk.

Small p-values indicate coefficients that are statistically significantly
different to zero (how small?).

Large p-values indicate coefficients that have a good chance of actually
being zero.
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Priklad

Remember in the exercise in Chapter 1 we gave details of six borrowers.

You were asked to select three to accept and three to reject.

Here the scores assigned by the model above are shown. The observations
with the three lowest scores are rejected by the model. The actual outcome
in each case is also shown. How does your performance compare with the

model?
Age | Monthly | Residential | Residence | Months in | Months | Score | Model Actual
Income phone? type? residence |in current accept or | outcome
(£) job reject?

22 1,145 | Yes Home 48 12 1.11 | Reject Good
owner

46 15,500 | Yes Renter 48 192 2.14 | Accept Good

71 900 | Yes Renter 96 12 2.68 | Accept Good

32 5,000 | Yes Renter 438 168 1.61 | Accept Bad

25 1,385 | Yes Renter 12 0 1.05 | Reject Bad

43 3,145 | No Home 96 36 1.25 | Reject Bad
owner
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Priklad

Variable Value Coefficient | Estimate |Value x
Estimate
Intercept n/a Lo -0.181 -0.181
Age 22 B4 +0.0353 +0.777
Income (log) log(1145) [ -0.0164 -0.116
=7.04

Residential phone 1 [ +0.622 +0.622
Home owner * 1 0 0
Renter 0 B -0.155 0
Lives with parents 0 Ls +0.256 0
Months in residence |48 Pe -0.00025 -0.012
Months in current job |12 7 +0.00210 0.025
Score (sum) +1.115

Compute the PD of the borrower.

Score = 1.115

» P(y =1|s) = — = 0.25.
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Logistic Regression with Sequential Steps

e Forward regression
» starts with a baseline model (intercept-only)
- searches all variables and finds the strongest one
 keeps adding variables in order of strength until no significant
improvement is achieved in the model.
e Backwards regression
- starts with a full model using all variables

- removes the weakest input variable provided that taking it out
does not cause a significant reduction in the fit of the model

- continues removing the weakest input variables in order unless
there is a significant reduction in the fit of the model; at which
point the algorithm stops.
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Logistic Regression with Sequential Steps

e Stepwise regression

« isa combination of forward and backward regression

 begins the same way as forward

- re-evaluates the statistical significance of all included variables

after each new variable is added.

# If a previously included variable becomes statistically
insignificant when a new variable is added, that variable
is then removed.

# The algorithm stops when no more variables can be

found that add significantly to the fit of the model and

all variables remaining in the model are statistically
e SAETITICANE,

im spole¢nosti SAS Institute Inc., Cary, NC, USA. 542



Scalability in PROC LOGISTIC

All
Subsets

Stepwise

Time

25 50 75 100 150 200

Number of Variables
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The Logistic Regression Task

i Logistic Regression for Local:SASUSER.SALES INCLEYEL 5‘
Data
Hodel
Respanss
Effects Datasource:  Locak SASUSER SALES_INCLEVEL
Edt
Selestion Task fiter.  Mone
Dptiens
Flats
Predictions

Variables to assign: Task rales:

Tiles Name T Dependert variabie L
Propetties -
@) IncLavel 71 cvatiable required>
{2 Purchase @] Quantitative variables %l
s Gender {8 Classification varizbles
A Income &5 Group analysis by
@ Age | Frequency count [Limit
| Relative weight [Limit *
| —
The selection pans enables you to choose different sets of options for the task. =|

) Previsw oode | A -] Savz Cancel Hep |

The "Dependent variable" role must have a variable assigned to it.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

: i Logistic Regression for Local:SASUSER.SALES_INCLEYEL

Data

todel
Response
Effects
Selection
Options

Plats

Predictions

Titles

Properties

Model > Responsze

Response type:

Type of madel:

IBinary

/

< ' |ogit )
probit

" complementary log-log
| glagit

Response levels far
Purchaze:

Fit model to level:

<

m Freview code |

Run |'| Save

Cancel

Help

N ol

B Volba
funkece.

linkovaci

Specify the level
of the response
variable that you
want to model.

For example, do
you want to model
the probability of
aoorai?
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LOGISTIC Procedure

General form of the LOGISTIC procedure:

PROC LOGISTIC <options>;
CLASS variable</v-options>;
MODEL response = <effects></options>;
ODDSRATIO <’label’> variable </ options>;
ROC <’label’> <specification> </ options>;
ROCCONTRAST <’label’><contrast></ options>;
SCORE <options>;
UNITS predictorl=listl </option>;
OUTPUT <OUT=SAS-data-set> keyword=name...

keyword=name></option>;

Vice napf. na: http://www.okstate.edu/sas/v8/sashtml/onldoc.htm
http://www.okstate.edu/sas/v8/saspdf/stat/chap3g.pdf

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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LOGISTIC Procedure - priklady

ods html file=“logistic_vyvoj.html" style=sasweb;

proc logistic data=dm1l.data vyvoj descending;

model good4=goods_type w phone_w a _uver w
fam_state w income_w credit_ w vek w

run;
ods html close;

proc logistic data=dm1l.score_base

outest=work.model_def;

CLASS AGE_d EDUCATION_d CAR_AGE_d/ param=glm;
MODEL def bad = AGE_d EDUCATION _d CAR_AGE d
total_income_d(init_pay by INCOME_d)

/| SELECTION=FORWARD HIERARCHY=MULTIPLECLASS;
score out=work.tab scored def;
run;
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LOGISTIC Procedure - priklady

proc logistic

data=dml.score_base outest=work.model_def namelen=200;

where client_type="1-Novy";

CLASS sex_k child_num_k fam_state_k age k;

MODEL def bad = AGE_w EDUCATION_w AGE_w*EDUCATION_w
sex_k|child_num_k|fam_state k|age k@4

/selection=stepwise slentry=0.6 sistay=0.1 details corrb

run;

proc logistic

data=dml.score_base inest=hc.modelSU namelen=200;

CLASS sex_k child_num_k fam_state k age k;

MODEL def bad =AGE_w EDUCATION_w AGE_wW*EDUCATION_ w
sex_k|child_num_k|fam_state k|age k@4

/selection=none maxiter=0;

output out=dm1.data_all_scr (keep=id_credit score def_bad compress=yes)
prob=score;

run;
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What Happens to Classification Variables?

e The Logistic Regression task assumes a linear relationship
between predictors and the logit for the response.

» For categorical variables, that assumption cannot be met.
e Specification as a Classification variable creates “design

variables” representing the information in the categorical
variables.

» The design variables are the ones actually used in model
calculations.

» There are many possible “parameterizations” of the design
variables.
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Effects (default) Coding: An Example

Design Variables
CLASS

Value Label 1 2

IncLevel 1 Low Income 1 0

logit(p) = By + B1 * Diow income 2 Medium Income O 1
+ Bz* DMedium income

3 High Income -1 -1
B, = the average value of the logit across all categories

the difference between the logit for Low income and the average logit

the difference between the logit for Medium income and the average logit

Analysis of Maximum Likelihood Estimates

Standard |Wald
Parameter DF Estimate |Error Chi-Square |Pr> ChiSq

Intercept -0.5363 0.1015 27.9143 <.0001
.1 0.2259  0.1481  2.3247 0.1273

=L 02200 01447  2.3111 0.1285

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA
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Reference Cell Coding: An Example

Design Variables

CLASS Value Label 1 2
IncLevel 1 Low Income 1 0
: 2 Medium Income 0 1
Ioglt(p) = BO + Bl * DLow income
+ BZ* DMedium income 3 High Income 0 0
Bo = the value of the logit when income is High
Bl = the difference between the logits for Low and High income
B, = the difference between the logits for Medium and High income

Analysis of Maximum Likelihood Estimates

Standard |Wald
Parameter DF Estimate |Error Chi-Square |Pr> ChiSq

Intercept -0.0904 0.1608 0.3159 0.5741

.1 -0.6717  0.2465  7.4242 0.0064
NEEEEAL 06659 02404  7.6722 0.0056

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Odds Ratio Calculation from the
Current Logistic Regression Model

Logistic regression model: logit(p) = log(odds) = £, + £, * (gender)

Odds ratio (females to males): 00dSg,es = ePotB odds _ oo
males

males

Bo+B
odds ratio = er = — eﬂl
eﬂO

OR—nominélni prom.: Gdde Ratio Estimaios Odds Ratios with 95% Profile-Likelihood

Confidence Limits
95% Wald

Effect Point Estimate | Confidence Limits
Gender Female vs Male 1.549 1.040] 2.305

Profile Likelihood Confidence Interval for Odds Ratios
Effect Unit| Estimate| 95% Confidence Limits
Gender Female vs Male | 1.0000 1.549 1.043] 2.312

Gender Female vs Male | |+

[ ]

T T T T T T
1.00 125 150 1.75 200 225
Odds Ratio

b 4 Gdds Raﬁﬂ Estimates . o W\m‘a‘ﬁ‘%(,;-nuuruamaumus DEorD
OR-spojité prom.: 95% Wald

Effect | Point Estimate| Confidence Limits

Age 1.052 1.EI16| 1.0%0

Profile Likelihood Confidence Interval for _—f g
Odds Ratios : s
Effect Unit| Estimate| 95% Confidence Limits —
Age 10.0000 1.663 1.1?E| 2373

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. — . 551



Model Fit versus Complexity

Model fit statistic

validation

training

T [T e s e S
3 4 5 6

1 2

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

Choose simplest
optimal model.

Model fit statistic
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Model Assessment: Comparing Pairs

e Counting concordant, discordant, and tied pairs is a way to assess
how well the model predicts its own data and therefore how well
the model fits.

e In general, you want a high percentage of concordant pairs and low
percentages of discordant and tied pairs.

e Nasleduje priklad urceni téchto pari na modelu predikujicim zda
dana osoba nakoupi zbozi za vice nez 100s.

< $100 $100 +

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Comparing Pairs

< $100 $100 + < $100 $100 +
P(100+) = .32 P(100+) = .42 P(100+) = .42 P(100+) = .32
The actual sorting agrees with the model. The actual sorting disagrees with the model.
This is a concordant pair. This is a discordant pair.
< $100 $100 +
a a PROC Logistic standardné nabizi ¢etnosti
* " (relativni) jednotlivych typt para a z nich
odvozené statistiky kvality modelu:

Association of Predicted Probahilities and
Observed Responses
P(100+) - 42 P(100+) - 42 Percent Concordant 0.1 |{Somers" D | 0107
< e . Percent Discordant 195 Gamma 0.215
The model cannot. d_1st1n.gulsh l?etween the two. — T S hED
This is a tied pair. Pairs 13578 ¢ 0553

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 554



10. Rozhodovaci stromy, neuronové site

Credit ranking (1=default)

Node 0
Category % n
Bad 5201 168

B Good 4799 155

Total __ (100,00) 323

I 1=
Paid Weekly /Monthly

Adj P-value=0,0000, Chi-square=179,6665, df=1

Weekly pay

Node 1
Category % n
Bad 86,67 143

O Good 13,33 22
Total 51.08) 166

Social Class
Adj. P-value=0,0004, Chi-square=20,3674, df=2

|
Monthly salary

Good
Total

Node 2

Category %

Bad 1682 25

84,18 133
(48

n

92) 158

{7

Age Categorical
Adj. P-value=0,0000, Chi-square=58,7255, df=1

Y oung (= 25)

|
Middle (25-35),0id ( > 35)

Management:Professional Clerical Skilled Manual Unskilled
Node 3 Node 4 Node & Node 6 Node 7
Category % n Category % n Category % n Category % n Category % n
Bad 7111 32 P Bad 97.56__80] | EET B1.68 a1 | EET 18,08 24) ® Bad 092 1
O Good 2889 13 O Good 2,44 2 0 Good 18,42 7 0 Good 5102 25 I! Good 99,08 1DE|
Total (13,93) 45 Total (25,39) 82 Total (11,76) 38 Total (15,17) 49 Total (33,75) 109

% dendrity
/ - &
—Q

>
N\
>,
jadro
télo neuronu % s ] /[
(soma) '-.‘__/4; = ‘

»
bazalni dendrit
axonové vlakno

synapse

CONSTRUCTION
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Princip rozhodovacich stromu

DIVIDE ET IMPERA'!

* Rozdél a panuj: vhodné
rozdélim zkoumané objekty
do skupin...

* av kazdé skupiné opét
postupuji stejné (rekurze)...

* dokud nedojdu k malym
skupinkam, na néz staci
zcela jednoduchy model.

Jan Spousta: Prednasky k data miningu. 556



Historie metody

DIVIDE ET IMPERA je stare fimské prislovi, ale...

jeho pouziti v analyze dat ve smyslu rozhodovacich strom
bylo navrzeno az roku 1959 W. A. Belsonem

e W. A. Belson: britsky sociolog a metodolog, zabyval se predevsim
kriminalitou mladeze
PGvodni citace: William A. Belson: Matching and Prediction
on the Principle of Biological Classification, Applied Stat.,
VIll.65-75, 1959.
e Jiz predtim (minimdlné od 3o0. let 20. stol.) se vSak statistici zabyvali
problémy kategorizace spojitych proménnych a délenim populaci,
ovsem v jiném kontextu (Yule, Fisher...)

Jan Spousta: Prednasky k data miningu. 557



Historie metody (pokrac.)

* Prvni pocitacové implementovany
algoritmus se jmenoval AID
— vznikl roku 1963

* (itace: James N. Morgan, John A.
Sonquist: Problems in the Analysis
of Survey Data, and a Proposal, Journal of the American
Statistical Association, 58:415-435, 1963.

» AID byl zaloZen na analyze rozptylu (sumy ¢tvercii) -
pomiucka pro pripravu ANOVA => zdklad statistického sméru
teorie rozh. strom® (CHAID, SEARCH aj.)

Portrét: James N. Morgan

Jan Spousta: Predndsky k data miningu. 558



Historie metody (pokrac.)

Oznaceni ,,rozhodovaci strom“ (Decision Tree) je snad z .
1966 (Experiments in Induction - E. B. Hunt, J. Marinova a P.
J. Stone) => smér zakotveny v teorii umélé inteligence.

Zde vysli z teorie informace - rozdéleni na podskupiny ma
prinést ,informacni zisk®, snizit entropii (implementovano
napt. v dnes uzivanych algoritmech ID3, C4.5a Cs).

Rozvoj aplikaci a uplatnéni i mimo oblast teoretické védy

prinesl nastup rychlych PC a rozvoj data miningu (cca
polovina go. let 20. stoleti)

Portrét: Earl B. Hunt

Jan Spousta: Prednasky k data miningu. 559



ProcC se hovofi o stromech?

* Postupné déleni skupin zkoumanych ptipadi 1ze znazornit
stromovym schématem

* Koren - vétve - listy: terminologie teorie grafti

Pzt iisi it sanasananitissses?
et HEHE H

www.elseware.fr/storm

Jan Spousta: Predndsky k data miningu. 560



ProC , rozhodovaci“?

Strom lIze vyjadrit pomoci schémat jestlize - pak

Lze snadno aplikovat do rozhodovacich procesii

Y es

Fadiyus <a ¥

M ode

Clasaify the hallsin
the “hlue™ category

J

Jan Spousta: Prednasky k data miningu.

¥ es

—

Leaf

Classify the ballsin
the “red” category

Clasasifyy the ballsin
the “hlue” category
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Regresni stromy

* Je-li cilova proménna spojita, mluvime o regresnich stromech.
» Kazdy list urc¢uje predikovanou hodnotu cilové proménné.

* VsSechny pozorovani prislusejici do daného uzlu maji stejnou predikovanou
hodnotu.

Y i
27 33 46
22

9 2

1

7
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Co je lepsi: stromy, regrese...?

Neexistuje obecné pravidlo, kdy volit jaky typ algoritmu - nejlepsi byva
vyzkouset jich nékolik
Neexistuji data vylozené vhodna pro jeden typ (a vyloZené nevhodna pro

jiny)

7

Casto v8ak v praxi dosdhnou véechny metody podobnou pfesnost =>
rozhodne interpretovatelnost, snadnost pouziti, stabilita vysledk(, objem

potiebnych vstupnich dat...

Jan Spousta: Prednasky k data miningu.
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Co je lepsi? (pokrac.)

An Empirical Comparison of Decision Trees and Other
Classification Methods (Tjen-Sien Lim, Wei-Yin Loh, Yu-
Shan Shih, 1998) - srovnani 33 rGznych metod na 32
datovych mnozinach

Hlavni zavér: Primérné chybovosti vétsiny klasifikatort se
od sebe statisticky vyznamné nelisi. Znac¢né rozdily jsou vSak
ve vypocetnim case, ktery jednotlivé klasifikatory spotfebuji.
Nejlepsi metody s prijatelnym casem: polytomicka logisticka
regrese a rozhodovaci strom QUEST

© Nutno dodat, Ze obé programovali autori ¢ldnku

Jan Spousta: Prednasky k data miningu. 564



Binarni nebo obecné stromy?

Binarni stromy Obecné stromy
Napit. CART, C5, QUEST Napf. CHAID, Exhaustive
CHAID

7 uzlu vzdy 2 vétve
oy . Pocet vétvi libovolny
Rychlejsi vypocet (méné

moZnosti) Interpretovatelnost

¢lovékem je lepsi

Je tfeba mit vice uzlt : v
Strom je mensi

Zpravidla presnéjsi Zpravidla logi¢tgjsi

=> Data Mining, skory => segmentace, mrktg.

Jan Spousta: Prednasky k data miningu. 565



Klasicka prezentace: dendrogram

Credit ranking (1=default)

|m Bad
| = Good

% n
52,01 168\
4799 155

(100,00) 323

Category

Total

Adi.

""""""""""""" [—
Paid Weekly/Monthly

P-value=0,0000, Chi-square=179,6665, df=1

Weekly pay

Category

Node 1
% n

Bad

86,67 143

O Good

13,33 22

Total

(51,08) 165

[—

Social Class
Adj. P-value=0,0004, Chi-square=20,3674, df=2

Monthly salary

Category

Node 2
% n

Bad

15,82 25||

0O Good

84,18 133

Total

(48,02) 158

|—

Age Categorical
Adj. P-value=0,0000, Chi-square=58,7255, df=1

Management;Professional Clerical;Skilled Manual Unskilled Young (< 25) Middle (25-35);0Id ( > 35)
Node 3 Node 4 Node 5 Node 6 Node 7
Category % n Category % n Category % n Category % n Category % n
Bad 71,11 32| Bad 97,56 80 || Bad 81,58 31 | Bad 4898 24 | i Bad 0,92 1
0O Good 28,89 13 O Good 2,44 2 0O Good 18,42 7 0O Good 51,02 25 ﬁ Good 99,08 108 ||
Total (13,93) 45 Total (25,39) 82 Total (11,76) 38 Total (15,17) 49 Total (33,75) 109

Jan Spousta: Prednasky k data miningu.
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Alternativni prezentace: box chart

Vhodné pro maly pocet pou2|tych prediktoru (zde x a y)

@ m"‘@

L

| ?’ 00“
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Alternativni prezentace: vysece

Snadno vidime podil
jednotlivych vetvi na
celém poctu pripadu.

Barva znazornuje podil
hledané kategorie nebo
miru homogenity uzlu.

Méné vhodné, jde-li nam
o rozhodovaci pravidla.

Jan Spousta: Predndsky k data miningu. 568



Alternativni prezentace: text

Jednoduché, ale htife Citelné a malo vyrazné

Group 1l: All Cases NH=5235, Mean(¥Y)=8513.02
Group ?2 EDUCATION 1989 H, HO COLLEGE DEGEREE H=4186, Mean{yY)=510.81
Group 10 MARRIED MEN HN=2535h, Mean(¥)=8512.5h9
Group 12 EDUCATION 12 GRADES OE LESS H=1420, Mean(¥Y)=5811.01%*
Group 13 EDUCATION 13+ NO COLL DEGREE N=1115, Mean(¥)=514.45
Group 14 AGE 18-34, H=703, Mean(¥Y)=512.h8*
Group 15 AGE 3h+ H=412? Mean(¥Y)=816.24
Group 18 CITY OF 25,000+NEAEBY, N=287, Mean(Y)=517.83*
Group 12 HO CITY OF 25,000+ HEARBY NH=125, Mean(¥Y)=512.82*
Group 11 SINGLE MAN OR WOMAN N=1651, Mean(Y)=58.h5%*
Group 3 COLLEGE GRAD OFE MORE H=1049, Mean(¥Y)=519%. 48
Group 4 AGE 18-29 HN=374, Mean(Y)=514.17%*
Group 5 AGE 30+ HN=6T7h, Mean(Y)=822.00
Group 6 MARBRIED MEN H=h30, Mean(¥Y)=524.34
Group 8 BAGE 30-39 N=329, Mean(Y)=820.77
Group 16 LIVING IN SAME STATE GREW UP N=174, Mean(Y)=8516.86%
Group 17 LIVING IN DIFFERENHT STATE H=1hh, Mean(¥Y)=5825h.30%
Group 9 AGE 40+ NH=201, Mean(¥Y)=528.04*
Group 7 SINGLE MEN, WOMEN H=14h, Mean(Y)=516.3825h%*
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I

Jak se ,vyrob

Zejména je tieba urcit
e proménnou, podle které dojde ke
Stépeni stromu
e kategorizaci hodnot této proménné
tak, aby Stépeni bylo optimalni
Zasadni je pritom zda uvazujeme:
e Ordinalni/Nominalni/Intervalovou
promeénou
e Binarni/vicenasobné stépeni
A dtlezité je také kritérium pro
Stépenti:
e Redukce rtiznorodosti/“znecisténi”
(Impurity reduction)
e Chi-kvadrat test

strom

Variable Values

X10

X10

X10
X1
X1

0.5
1.8
11, 46
2.4
1, 4, 61



Partitioning on an Ordinal Input
Splits

1—234 (3)23 L-1)  (L-1)!
133—_32 1 B-1) (B-1!(L-B)!

1—2—34 L(L-1 _
1—23—4 =3 Z( jZQL -1
12—3—4 =Nl

=1

w W Do W

1—2—3—4

Splits on ordinal inputs are restricted to preserve the ordering. Only adjacent values are grouped. For

L : . L-1 N :
an ordinal input with L distinct levels, there are [B J partitions into B branches. There are 2" —1

possible splits on a single ordinal input.



Partitioning on a Nominal Input

1234 S(L,B)=B-S(L.—-1,B) + S(L.—1,B-1)
2—134 . ;
3124 B:| 2 3 4 i total
4—123 21 1 1
12—34 |
13—24 3| 3 1 4
------- 1423 .. 4 | 7 6 1 | 14
1—2—34 5
1—3—24 L 5 15 25 10 51
1—4—23 6| 31 90 65 ! 202
2—3—14 ;
2—4—13 7|63 301 350 : 876
_____ : 3_—24_—31_24 81127 966 1701 : 4139
9255 3025 7770 ;21146

Trees treat splits on inputs with normnal and ordinal measurement scales differently. Splits on a nominal
input are not restricted. For a nominal input with L distinct levels, there are S(L, B) partitions into B

branches, where S(L, B)is a Stirling number of the second kind. The total mumber of partitions 1s one less
L

than the Bell mumber for L levels, B, = > S(L,1).
i=0



Impurity Reduction

Parent
impurity,
My

Child, Child, Child, Child,
impurity, impurity, impurity, impurity,

Ai = i(0) — (% i) + % i(2) + % i(3) + % i(4)j

After a set of candidate splits is determined, a splitting criterion is used to determine the best one. In some
situations, the worth of a split is obvious. If target distributions are the same in the child nodes as they are
in the parent node, then no improvement was made, and the split is worthless. In contrast, if a split results
in pure children, then the split is undisputably the best.

In classification trees, the three most well-known splitting criteria are based on the Gini index (BFOS
1984), entropy (Quinlan 1993), and the chi-squared test (Kass 1980). The most popular algorithms and
software products associated with these three splitting criteria are CART (Classification and Regression
Trees);, C5.0 developed by the machine learning researcher Quinlin; and the CHAID algorithm {Chi-
square Automatic Interaction Detector).



Ginl Impurity

TN 2P =22pp

Pr(interspecific encounter) = 1-2(3/8)%-2(1/8)* = .69

~

low diversity, high purity

P RTRR AR

Pr(interspecific encounter) = 1-(6/7)2-(1/7)? = .24

The Gini index is a measure of variability for categorical data (developed by the eminent Italian
statistician Corrado Gini in 1912). The Gini index can be used as a measure of node impurity where
Py Do, p. are the relative frequencies of each target class in a node. The AGini splitting criteria was

proposed by Breiman ¢t al. (BFOS 1984).

The Gini index can be interpreted as the probability that any two elements of a multi-set, chosen at
random (with replacement), are different. A pure node has a Gini index of 0. As the number of evenly
distributed classes increases, the Gini index approaches 1.

In mathematical ecology, the Gini index is known as Simpson’s diversily index. In cryptanalysis,
it is 1 minus the repeat rate (Good, discussion of Patil and Taillie, 1982).



1.0

Entropy

0.5

H(pl apg 9. -apr) — _Zpl 10g2 (pz)
1=1

0.0 - ‘ ‘
0.0 0.5 p, 1.0
Entropy, as with the Gini index, is a measure of variability for categorical data. Consider » mutually
exclusive events with probabilities p,, p, ..., p.. The rarity of a particular outcome can be measured

as —log, (p,) . Entropy is the average rarity and thus measures the uncertainty of the outcome.

In communication (information) theory, entropy was developed to measure the uncertainty of a
transmitted message, measured in bits (Shannon 1948). Entropy has some desirable properties:

0 EH(p1Jp2="-?pr) EH(%’%""’%)
H(Goensr) = logy (r)
H(1,0,...,0)=0

The Aentropy splitting criterion was proposed by Quinlan (1993). The Aentropy splitting criterion is
equivalent to using the likelihood ratio chi-squared test statistic for association between the branches and
the target categories (Ripley 1996). Quinlan {1993) prefers the use of gain ratio, a modification of

Aentropy that reduces its bias toward a larger number of branches and attributes with many values.

For classification trees with binary splits, Breiman (1996) showed that the AGini criterion tends to favor
isolating the largest target class in one branch, whereas the Aentropy criterion tends to favor split balance.



Chi-Squared Test

Observed _ 2
Expected —_— (O — E )

X1: <38.5 >38.5 E 2
Zv o : ‘,

1 203 71 342 239 125 12 23
7 363 1 3% 239 125 64 123
9 42 294 316 225 116 149 273 v=3-1D(2-1)

.656 .344 n=1064

Any split in a classification tree can be arranged in a contingency table. The rows represent the child
nodes, and the columns represent the classes. Each cell contains the frequency of cases of that class in that
child node. (The column marginal counts correspond to the parent node.)

The Pearson chi-squared test [circa 1900] can be used to judge the worth of the split. It tests whether the
column distributions (class proportions) are the same in each row (child node). The test statistic measures
the difference between the observed cell counts and what would be expected if the branches and target
classes (rows and columns) were independent.

The statistical significance of the test is not monotonically related to the size of the chi-squared test
statistic. The degrees of freedom of the test is(r — 1)(B — 1), where » (target levels) and B (branches) are
the dimensions of the table. The expected value of a chi-squared test statistic with v degrees of freedom
equals v. Consequently, larger tables (more branches) naturally have larger chi-squared statistics. The p-
value of the test is the probability that the chi-squared statistic has a value at least as large as the one that
was observed, given that there is no association between rows and columns. (The target distribution is the
same across the branches.) The chi-squared splitting criterion uses the p-value of the chi-squared test
(Kass 1980). When the p-values are very small, it is more convenient to use logworth = —log,,(P-value),

which increases as P decreases.

The AGini and Aentropy splitting criteria also tend to increase as the number of branches increase.
However, they do not have an analogous degree of freedom adjustment. Consequently, they favor multi-
way splits with large B.

=644

=2



p-Value Adjustments

X1: 38.5 v —log,,(P) , —log,,(mP)

1 293 71
7 363 1 644 2 140 96 138

9 42 294

X1: 175 36.5

1 249 42 73
7 338 25 1 660 4 141 4560 137

9 26 16 294

X10: 0.5 41.5 51.5

1 9 143 65 147
7 221 8 1 54 3814 6 172 156849 167

9 1 4 16 315

The use of a splitting criterion can be thought of as a two-step process. First, select the best split on each
input variable, and then select the best of these. Both of these steps might require adjustments to help
control for possibly spurious associations discovered simply because so many splits were examined.

o Comparing splits on the same input variable
The chi-squared test statistic (as well as AGini and Aentropy) favors splits into greater numbers of

branches. The p-value {or logworth) adjusts for this bias through the degrees of freedom. For binary
splits, no adjustment is necessary.



p-Value Adjustments

o Comparing splits on different input variables

The selected split on each input results from choosing the best from a multiplicity of possible splits.
There are more splits to consider on input variables with more levels. For example, there is only one
possible split on a binary input. The maximum logworth tends to become larger as the number of splits,
m, increases. Consequently, input variables with a larger m are favored. Nominal inputs are favored
over ordinal inputs with the same number of levels. Among inputs with the same measurement scale,
those with more levels are favored.

The information gain ratio, Aentropy divided by H (input levels in the parent node), was developed
in an attempt to correct this bias (Quinlan 1993).

Kass (1980) proposed Bonferroni adjustments of the p-values to account for this bias. Let «be the
probability of a Type I error on each test (that is, discovering an erroneous association). For a set of m
tests, a conservative upper bound on the probability of at least one Type I error is me (Bonferroni
inequality). Consequently, the Kass adjustment multiplies the p-values by m (equivalently, subtract

log,,(m) from the logworth). The multiplier s is {B J for ordinal inputs and S(L,B) for nominal

inputs.



Algoritmus CHAID — uvod

CHi-squared Automatic Interaction Detector

Jeden z nejrozsifenéjsich rozhodovacich stromt v komercni
oblasti (vedle QUEST a C4.5 / C5)

Kass, Gordon V. (1980). An exploratory technique for
investigating large quantities of categorical data. Applied
Statistics, Vol. 29, pp. 119-127.

e Zalozeno na autorové disertaci na University of Witwatersrand
(Jihoafricka rep.)

e Predchtidci: AID - Morgan a Sonquist, 1963; THAID - Morgan a
Messenger, 1973
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Pfipomenuti: Test nezavislosti x2
Nezavislost testujeme na zakladé vyrazu

2
7=y

i F § ()*

Probability p

Jsou-li x a y nezavislé, ma tento vyraz Pearsonovo chi-kvadrat
rozdéleni sdf = (r-1)(s - 1)

Test: plocha pod grafem ,,nad“ pozorovanou hodnotou (~signifikance
p) < o => zamitnu hypotézu nezavislosti x ay

Soucasné testovani vice hypotéz
=> nutno adjustovat o (Bonferroni)

Jan Spousta: Prednasky k data miningu. 580



Algoritmus CHAID: idea

Zacina se u celého souboru

Postupné vétveni / Stépeni souboru (pfipustné je rozdéleni
na libovolny pocet vétvi vychazejicich z jednoho uzlu)

Algoritmus je rekurzivni — kazdy uzel se dé€li podle stejného
predpisu

Zastavi se, pokud neexistuje statisticky signifikantni
rozdéleni => vznika list

e Obvykle je navic podminka minimalniho poctu pfipadt v uzlu
a/nebo v listu, prip. maximalni hloubky stromu

e http://support.spss.com/ProductsExt/SPSS/Documentation/Statistic
s/algorithms/14.0/TREE-CHAID.pdf

Jan Spousta: Predndsky k data miningu. 581



CHAID: postup v uzlu

Pro vSechny prediktory
e Vytvor kontingen¢ni tabulku target x prediktor (rozmér k x )

e Provsechny dvojice hodnot prediktoru spocti chi-kvadratovy test podtabulky
(kx2)

e ,Podobné“ (=ne signifikantné odlisné) dvojice postupné spojuj (poc¢inaje
nejnizs$imi hodnotami chi-kvardratu) a pfepocitavej vychozi kontingencni
tabulku. Zastav se, kdyz signifikance vSech zbylych podtabulek je vyssi nez
stanovena hodnota.

e Zapamatuyj si spojené kategorie a signifikanci chi-kvadratu vysledné tabulky s
redukovanou dimenzionalitou

Vyber prediktor, kde je tato signifikance nejnizsi
Pokud jsou splnény podminky stépeni, rozdél pripady v uzlu podle
jiz ,spojenych” kategorii

Jan Spousta: Prednasky k data miningu. 582



CHAID: zhodnoceni

Pokud je pocet kategorii prediktoru n, tak je tfeba
provadét jen fadové n? testli

Kdyby se testovala vSechna mozna rozdéleni, rostl by
pocet testli exponencidlné s ristem n

CHALID tim Setfi vypocetni Cas, ale zaroven neni
zaruceno, Ze najde optimalni feseni uzlu (greedy
search v uzlu)

Ordinalni znak: Ize spojit jen sousedni kategorie
Spojity znak: nutna je kategorizace
o Zde existuji lepsi i horsi implementace

Jan Spousta: Prednasky k data miningu. 583



Dalsi algoritmy

Existuji desitky pfibuznych algoritmd, ¢asto navzajem
dost podobnych
Zde pouze naznacime vlastnosti nékolika z nich (¢asto
pouzivanych a/nebo zajimavych)

e CART

e [ID3aCs

e QUEST

e TreeNet

Jan Spousta: Prednasky k data miningu. 584



CART / C&RT

* C(lassification And Regression Tree

* Algoritmus je zaloZzen na pocitani miry diverzity (,necistoty®) uzlu:
chci maximalizovat
div(matka) - (div(dcera A) + div(dcera B))

korist.
s tim, Ze sc¢itance vazime podilem pripadi v uzlech
* Giniho mira diverzity (inspirace z ekonomie, kde se podobné méti
nerovnosti v distribuci majetku a prijma)
divgn =1- 2 p7?
® p.jsou u nas relativni ¢etnosti v uzlech
Portret: Corrado Gini
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ID3, C4.5, C5 (Seeb5)

* Misto Giniho miry uzivaji entropii
diventrop =~ Z Pi ln
= stredni pocet bitti potiebnych pro zakodovani
pripadu v daném uzlu

¢ Binarni stromy

e Zabudovany algoritmus pro zjednoduseni mnoziny odvozenych
pravidel — lepsi interpretovatelnost

* Ross Quinlan: Induction of decision trees (1986) tyz: C4.5:
Programs for Machine Learning, (1993); tyz: C5.0 Decision Tree
Software (1999)

* http://www.rulequest.com/see5-info.html

Portrét: Ross Quinlan
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QUEST

Quick, Unbiased and Efficient
Statistical Tree

Loh, W.-Y. and Shih, Y.-S. (1997),
Split selection methods for classification trees, Statistica Sinica,

vol. 7, pp. 815-840

Vybér stépici proménné na zakladé statistického testu
nezavislosti prediktor x target => mirné suboptimalni, ale rychlé,
navic vybér stépici proménné je nevychyleny

Jen nomindlni target (=zavisle proménna)

Binarni strom, pruning

Pouziva se imputace chybéjicich hodnot

Portrét: Wel-Yin Loh
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TreeNet

* Friedman, J. H. (1999): Greedy Function Approximation: A
Gradient Boosting Machine, Technical report, Dept. of Statistics,
Stanford Univ.

* Namisto jednoho velkého stromu ,les” malych

* Vysledna predikce vznika vazenym souctem predikci jednotlivych
slozek

* Analogie Taylorova rozvoje: rozvoj do stromt

* Spatné interpretovatelné (¢erna skiirika), ale robustni a presné;
nizsi naroky na kvalitu a ptipravu dat neZ neuronova sit nebo
boosting béznych stromt

* Komercni, www.salford-systems.com
Portrét: Jerome H. Friedman
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Stromy v SAS EM

], Enterprise Miner - ins ‘

File Edit View Actions Options Window Help
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¢ ] INSURANCE Samprexnlore | Modify| sndal (Assess ity [ Cradit Seoring [ Andjications | Time Series
=] El Diagrams Decision Tree
P By m An empirical tree represents a segmentation of the
[©] Model Packages data that is created by applying a series of simple rules,
7 IESUESEEE |- +% Data Partition  |m—_5 a". Decision Tree

b

.. Property

jode ID
mported Data
Exported Data
otes

ariables
nteractive
Use Frozen Tree o
Use Multiple Targets o
Precision
Bleiting b

DOMOOD

W The split search strategy used by the Decision Tree node uses a blend of different shortcuts:

Interval Criterion ProbF
Mominal Criterion ProbChisq
Ordinal Criterion Entropy
Significance Level n.z
Missing Values Ise in search
se Input Once: No
Maximum Branch 2
Maximurn Depth 6
iy Cateqgorical Size 5
| eaf Size 5
Mumber of Rules ]

umber of Surrogate Rules 1]
Split Size s
LIse Decisions Mo
se Priars Na
Exhaustive 5000

ode Sample 20000

¢ By default, if the node size is greater than 20000, then a sample of 20000 cases i1s used. For

classification trees, the sample is constructed to be as balanced as possible among the target classes.
To make changes to sample size, use Node Sample.

Binary splits are used by default. To change split number, use Maximum Branch.

If multi-way splits are specified, then an initial consolidation phase is conducted to group the levels
of the inputs.

All possible splits among the consolidated levels are examined, unless that number exceeds 5000.
In this case, an agglomerative algorithm is used. To change this threshold, use Exhaustive.

For categorical variables, a category must contain at least the number of observations specified in
Minimum Categorical Size (default is five) to be considered in a split search. Otherwise, these
observations are treated as missing values.

The use of an input can be limited with the Use Input Once option. It is turned off by default.

Evaluation of split worth, discussed below, can incorporate priors, decision data (profit or loss), or both
via re-weighting through the Use Decisions and Use Priors properties.



Stromy v SAS EM
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Decision Tree v SAS EM
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Neuronové sité (Neural Networks)

Nékdy se také uvadi nazev Artificial Neural Networks (ANN),
tj. umélé neuronové sité.

Zalozené na pozorované funkcionalité lidského mozku.
Ovsem v porovndni s mozkem jde o velmi zjednodusSeny
matematicky model.

Casto jde u NN o adaptivni systém, ktery méni svou strukturu
na zdkladé vnéjsich ¢i vnitfnich informaci ziskanych v prabéhu
ucici faze.

Vyuzivaji se napft. pfi vyhledavani vzora v datech, rozpoznavani
feci nebo klasifika¢nich problémech.
http://en.wikipedia.org/wiki/Artificial_neural_network

4
UNDER

CONSTRUCTION|
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Priklad neuronove sitée

(stredni)
Medium

(vysoky)
Tall

vstup skrytd vrstva vystup
(input) (hidden layer)  (output)
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The Neuron

e Excitatory (+) and inhibitory (-) inputs, arriving at the
dendrites, are weighted by adaptable synapses.

e The weighted inputs are added together.
e If the sum is greater than an adaptable threshold (bias)

value, the neuron sends activation down its axon.

594
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The McCulloch-Pitts Neuron

1
WO}‘* E(y)

Xd Wd J_

e A McCulloch-Pitts neuron with d inputs is formally
defined by the following equation:

E(y) = f(w0 +Zdlwixij

e The step function, f(.), turns each McCulloch-Pitts neuron
into a linear classifier/discriminator.
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The Hebb Rule

e The strength of the connection between neurons i and j
should be adjusted in accordance with the equation:

AWij =77 ¥;X j
 The eta (n) term is the neuron’s learning rate, which scales the
amount of weight adjustment.
e Permitted learning rate values range from o to 1.

e Large learning rate values risk divergence.

596
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The Widrow-Hoff Delta Rule

e Hebb’s learning rule is unstable.

e Widrow and Hoff proposed a variant of Hebb’s rule, one that
is stable under a range of learning rates:

AW = n(y; — yi)xj
e They called their learning model the delta rule.

e Because the delta rule reduces the sum of squared error, it is
also known as the least mean squares rule.

597

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



The Perceptron

e The perceptron is a pattern-recognition machine invented in
the 1950s for optical character recognition.

91
i)

le]

—Q— V¥

el |

%

e Each processing unit is a McCulloch-Pitts neuron.

e A perceptron with n outputs is a discriminator function that
divides the input space into n distinct regions.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The Limitations of a Simple Perceptron

e The simple (linear) perceptron can only solve linearly
separable problems.

e The EXLUSIVE OR truth table (below) is an example of a
problem that is not linearly separable.

Inputs Output

— | m
M| TI
M|l 4| T
|
_|
N

T T
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(Ne)Vyhody NN

Vyhody:
Schopnost uceni.
Snadna parametrizace.
Robustnost.
Res$i mnoho problémi.

Nevyhody:
Nesnadné porozumeéni/interpetace.
Mizou trpét pieucenim (overfitting).
Vstupy musi byt numerické.
Obtizna verifikace.
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The Impact of Noisy Data

neural network

0
°> © 0 o
.l
o o
° o o o
o

regression

regression
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Typy neuronovych siti

Existuje cela fada typi neuronovych siti, pricemz
kazdy z nich se hodi na jinou tfidu ulohy.

Podle pritomnosti ,,ucitele” délime neuronové sité na

e sité s ucitelem (srovnavani vystupu s pozadovanym)

e sité bez ucitele (bez vnéjsiho arbitru).
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Typy neuronovych siti podle zpracovani signalu
V tabulce je zdkladnich devét

typi siti:
1 . , , . , OLAM * - L(+Z) Haykin
o optimalni linedrni asociativni
v . . HEBB * - L+Z Hopfield
pamet (Optimum Linear HAMM . L MAX L7 L
Associative Memory - OLAM), —_ +L 2 L+Z Vi,pzlannH ;
, o 1 * + + idrow, Ho
¢ HebboYa sit (H}E’BB)’ MLP2 * L+S L+S Rummelhart
- Hammingova sit (HAMM)), = : i TV o w—
o vicevrstva sit s bipolarnimi RBF . ViG L Poggio, Girosi
neurony (Multi Layer Perceptron MOD 5 LiE L Jacobs, Jordan
1- MLPy), COUNT * V+MIN L Nielsen
- vicevrstva sit se spojitym
chovanim (MLP2), Kohonenovy
- chybivrstva
mapy (SOM), * sidné
o sit s radidlni bazi (RBF), L inirmikombinace
, \Y% vzdalenost
® I'I'lOdlllaI'I'll Slt (MOD) d Z znaménko
o sit se zpétnym  Sifenim . e
(COunterprOpagathn - ] exponenciala
COUNT) . MIN nejmensivyhrava
1V , ;v 1 , v . .y . MAX nejvétsivyhrava
Dalsi sité lze vytvaret jejimi
kombinacemi.
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Asociativni neuronové sitée

U asociativni paméti probiha vybaveni prislusné
informace na zakladé jeji ¢aste¢né znalosti (asociace).

Rozlisujeme sité s paméti
e autoasociativni (upfesnéni ¢i zuplnéni vstupni
informace na zakladé jiz nauceného)

 heteroasociativni (vybaveni si sdruzené informace na
zakladé vstupni asociace)
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Uceni neuronovych siti
Algoritmus uceni je rlizny, nicméné obecné ma tyto kroky:
e inicializace vah (malé nadhodné hodnoty)
e piedlozeni nového vzoru (vektor realnych hodnot X)
e vypocet aktualniho vstupu (podle f aktiva¢ni funkce)
e prizptisobeni vah (prepocteni vah podle zjisténé odchylky)
 opakovani procesu uceni (az do stabilizace vah w;)

Faze uceni sité se nazyva adaptivni a po nauceni je sit ve fazi
vybavovani (aktivni fazi).

605



Vyuziti neuronovych siti

Uloha Vhodné neuronové sité

logické obvody HEBB, HAMM, MLP1

odstranéni Sumu MLP1, MLP2, RBF, MOD

fec¢ a vyslovnost MLP2, SOM

komprese COUNT

data mining OLAM, HEBB, SOM

optické rozpoznavani znak HEBB, OLAM, HAMM, MLP1, MLP2, RBF,

SOM
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Linear Perceptron

97 (E(Y)) =Wy + D W

X1 W,

W,
% (40— g (E(y))
X Wa
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Activation Functions

1 arctan
Elliott

Activation
o

-1 0 Net Input

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 608



Multilayer Perceptron
g~ (E(Y)) =w, +iwig{woi +iwijxj]

~ 7

hidden layer

o
s
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Shaping the Sigmoid

W, +w, tanh(w,, + W, ,X)

/A
w, + W,

Wy — W,
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Sigmoidal Basis Functions

611

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Skip-Layer Perceptron

h d d
g (E(Y) = Wy +Zwigi[W0i + ZWinj j +ZWka
i1 i1 k-1

~ YT ~\ J

o
hidden layer skip layer

S
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MLP with Two Hidden Layers

g (E(y)) W +ZW gk[WOk +ijk g (WOJk +Zwljk i j
= N
- 4 _

Y
nested hidden layers

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 613



How Many?

e A single hidden layer network models any continuous
relationship between the inputs and outputs.

e Two hidden layers model discontinuous relationships.

e The number of hidden units that will be required in each
defined hidden layer is problem specific.
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Overview of Radial Basis Functions
e Ordinary Radial Basis Functions (ORBF).

h d
g (E(Y)) =W, + D W, exp | — Wy | D (X, —w;)?
i=1 j=1

— —~ _
hidden unit
W11
X1 M Wo1 w,
Wln
-1
[T 1] [T 1] WO g (E(y))
Wa
Xd - WOh h
de

e Normalized Radial Basis Functions (NRBF).

615

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



RBF Combination Functions

e XRADIAL  Unequal Heights and Widths.
e EQRADIAL Equal Heights and Widths.

e EWRADIAL Equal Widths.

e EHRADIAL Equal Heights.

e EVRADIAL Equal Volumes.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 616



Normalized Radial Basis Functions
Qll(E(Y))WoJrZh:Wi[Zeki ]where €, = exp {f.In(ai)—wé[i(xj—wji)zﬂ

j:1ej j=1
\ y,
v
hidd it
iadaen uni L
A N

——(l)
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Constructing Custom Neural Networks

PROC NEURAL DATA=<data> DMDBCAT=<catalog>;
INPUT <inputs>/ LEVEL=<input level>;
TARGET <targets>/ LEVEL=<target level>;
ARCHI <architecture-name>;
PRELIM <starts> MAXITER=<iterations>;
TRAIN:;
RUN:;

PROC NEURAL
e underlies the Neural Network node

 enables you to construct virtually any feed-forward neural
network architecture.
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The PROC NEURAL/Architecture Statement

PROC NEURAL DATA=<libref.>SAS-data-set
DMDBCAT=catalog <option-list>;

e The PROC NEURAL statement invokes the neural network procedure.

e Options include the ability to read in saved networks and to assign validation and test
data sets.

e The SAS data set must already have been cataloged by means of the DMDB procedure.

ARCHI architecture-name <HIDDEN=n> <DIRECT>;

e The ARCHITECTURE statement constructs a network with either zero (a
linear model) or one hidden layers.

e The statement sets the appropriate COMBINE=
and ACT= functions, based on the specified architecture-name.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The TARGET/TRAIN Statement

TARGET | OUTPUT variable-list /
<ACT=activation-function>
<BIAS|NOBIAS >
<COMBINE=combination-function>
<ERROR=keyword>
<|D=name>
<LEVEL=value>
<MESTA=number>
<MESTCON=number>
<SIGMA=number>
<STD=method>;

e The TARGET statement identifies
the target variables.

e Itisalso used to specify the target

layer activation and error functions.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

TRAIN OUT=<libref.>SAS-data-set
OUTEST=<Ilibref.>SAS-data-set
OUTFIT=<libref.>SAS-data-set
<ACCEL|ACCELERATE=number>
<DECEL|DECELERATE=number>
<DUMMIES | NODUMMIES>
<ESTITER=i>
<LEARN=number>
<MAX|MAXMOMENTUM=number>
<MAXITER=integer>
<MAXLEARN=number>
<MAXTIME =number>
<MINLEARN=number>
<MOM|MOMENTUM=number>
<TECHNIQUE=name>;
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11. Evaluace modelu —
LC(ROC),CAP, Gini, KS, Lift,

Lorentz curve
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Meéreni kvality modelu

dJe nemozné vyuzivat predikéni modely efektivné bez znalosti jejich
kvality/diskriminacni sily.
U Vétsinou je k dispozici cela fada modeli a je tfeba vybrat jen jeden - ten nejlepsi.

* Uvazujeme dva zdkladni skupiny indext@ kvality. Prvni je zaloZena na distribuc¢ni

*v7s

funkci. Mezi nejpouzivanéjsi indexy patfi

» Kolmogorovova-Smirnovova statistika (KS)
e Giniho index (Somersovo D, Kendalovo t, , Goodman-Kruskal y)

o C-statistika
o Lift.

® Druhd skupina indexi je zalozena na pravdépodobnostni hustoté. Mezi

v/

nejznameéjsi indexy patii

e Stfedni diference (Mahalanobisova vzdalenost)
e Informacni statistika/hodnota (I,). 626



Indexy zalozené na distribucni funkci

1, klient jedobry  Pocetdobrych klienta: n
Dy = 0. jinak. Pocet Spatnych klienti: m N .

P dobrych/$patnych klientt: = ) =
roporce dobrych/Spatnych klientti Ps —— Pg "+ m

Empirické distribu¢ni funkce: Kolmogorovova-Smirnovova statistika (KS)

1 n
Frgoon(@)=—2 1(s; <an Dy =1) KS = max |F, 5 (0) =, goon (@)
i=1

ae[L,H]

T T
====:Bad clients
09} | = Good clients

E, s (@) :%Z](Si <anDg =0)
i=1

FN'ALL(a)zﬁil(SiSa) ac|L,H]

1 A plati

)= {O Jinak
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KS — vypocet v SASu

ods graphics on;
proc nparlway edf plots=edfplot
data=st192.sales_score;
class purchase;
var score;
run;
ods graphics off;

Kolmogorow-Smirnovy Test for Variable score
Claszified br Yariahle Purchaze

EIF at Dewiation from Mean

Empirical Distribution for score

0.8

0.6

Proportion

0.4

0.2

0.07 - Pr > KSa_<.0001

T T T
0.2 04 0.6

Estimated Probability
0 ——— 1]

[Purchase

Vice viz:
http://support.sas.com/documentation/cdl/en/statug/63033/HTML
/default/viewer.htm#statug_npariway_a0000000202.htm

Purchase { Maz i at Maximmm
2659 0,364312 1.408701
152 0,135802 -1,815254
Total 431 0,27a422

Maximmm Deviation Ocounrred at Observation 293
Yalue of score at Maxiimm = 0,200127

EKolwozoroy—30iroaoy Twg- tic)
Es  0,110673
Esa 2,297734 Pr = Kha <, 0001

Cramer—on Mizes Test for Variable score
Claszified br Variahle Purchaze

puiimed Dewviation

Purchase R from Mean
1] 269 0,799555
1 152 1, 327656

Cramer—von Mizes Statistice (isyuptotic)
CH 0,0045936 CHa 2,127210

Eniper Test for Variahle score
Claszified br Variahle Purchaze

Dleviat ion
Furchasze i from Mean
1] 269 0, 228510
1 162 0, 00o0on

Fniper Two—Sauple Test (feyuptotic)
E 0,228510 Fa 2,297734 Pr = Ka 00,0010
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Indexy zalozené na distribucni funkci

Lorenzova kiivka (LC)

x=F, gp(a)
y Fn.GOOD (Cl), ac [La H]

Tato definice a nazev (LC) je konzistentni s Miiller, M.,
Ronz, B. (2000). Stejnou definici kiivky, ovSem pod ndazvem
ROC lze nalézt v Thomas et al. (2002). Siddigi (2006)
pouziva nazev ROC pro kiivku s prohozenymi osami a LC
pro kiivku s F, ,,(a) na svislé ose a F, ,,(a) na ose
horizontalni.
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Lorenzova krivka, Giniho index

Lorenzova kfivka (LC)

x=F, gp(a)
y=F, coop(a), a e [L» H]

Giniho index

Gini = 2A

A+B

n+m

Glnl =1- Z(Fm.BADk o Fm.BAD k—l). (Fn.GOODk + |:n.GOODk—l)
k=2

kde F.eao4 (Fn_GOODk) je k-td hodnota vektoru empirické distribu¢ni funkce $patnych (dobrych) klientti
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Somersovo D, Kendalovo 1,

Giniho index je specialni pripad Somersova D (Somers (1962)),
které je poradovou asocia¢ni mirou definovanou jako

Txy
D YX —
T xx
kde T yyje Kendallovo 7 adefinované jako Tw=F [Sign(X L — X, )Sign(Y1 -Y, )]

kde (X LY ), (X 5> Yz) jsou bivariantni, stochasticky nezavislé, nahodné vektory nad
touz datovou populaci, a £ ] znadi stfedni hodnotu. V nasem pripadé je Y=1 jestlize je
klient dobry a Y=0 jestliZe je klient §patny. Proménna X reprezentuje skore.

Thomas (2009) uvadi, ze Somersovo D hodnotici vykonnost daného credit
scoringového modelu lze vypocitat pomoci z g, Z b, — Z g Z b,

<i Jj>i
D J
S

n-m

kde g; (b;) je pocet dobrych (3patnych) klientt v i-tém intervalu skore.
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Somersovo D, Mann-Whitney U

Dale plati, Zze Dy mtze byt vyjadfeno pomoci Mann-
Whitneyho U-statistiky:.

e Sefad datovy vzorek ve vzestupném poiradi podle skére a secti poradi

dobrych klient(i ve vzniklé posloupnosti. Ozna¢me tento soucet jako R.
Potom

U:RG—%n(n+l) D, =2
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Konkordantni, diskordantni pary

Konkordantni par (X,Y,), (X,,Y,):
sgn( X, —X,;) =sgn(Y, —Y;)

Diskordantni par:

sgn( X, — X;) =—sgn(Y, —Y;)

V nasem pripadé X predstavuje skore a Y ukazatel dobrého
klienta (D). Protoze dobry klient ma hodnotu Y=1 a $patny Y=o,
je zfejmé, ze u konkordantniho paru ma dobry klient vyssi
hodnotu skére nez klient Spatny.
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Somersovo D, Goodman-Kruskal gamma

.

e Konkordantni par (Concordant): S,>S,
e Diskordantni par (Discordant): S,<S,
e Vazany par (Tied): S, =S,

» Somersovo D:

#Concordant — # Discodrant

S~ #Concordant + # Discodrant + #Tied

» Goodmanovo-Kruskalovo Gamma:

_ #Concordant — # Discodrant
4 #Concordant + # Discodrant

Uvazujme tedy dva ndhodné vybrané klienty, pticemz jeden je dobry (Y =1) a
druhy $patny (Y,=0), skore prvniho ozna¢me s, druhého s,. Pak
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Indexy zalozené na distribucni funkci

C-statistika:

1+ Gini
2

c—stat=A+C =

Tato statistika je rovna pravdépodobnosti, Ze ndhodné vybrany dobry
klient ma vyssi skére nez nahodné vybrany Spatny klient, t;j.

c—stat = P(s, = s, ‘DKI =1A D, =0)
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CAP — index AR

FBAD

1

09}

0.8

0.7

06

05

0.4

03F

02F

01

0

CAP (Lift chart):

I I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6

FALL

AR (Accuracy Ratio)

Plocha mezi CAP a diagonalou

I
0.7

~ Plocha mezi CAP idealniho modelu a diagonalou

_ Plocha mezi CAP a diagonalou

0.5(1-pg)

= Gini

V tomto pfipadé mame na x-ové ose
proporci vSech klienta (F,;;) a na y-vé
ose proporci Spatnych klient (Fp,p).
Idealni model je tentokrat
reprezentovan lomenou carou z bodu
lo, o] pres [pB, 1] do bodu [1, 1].
Vyhoda tohoto obrazku je ta, ze je
mozné odecist proporci zamitnutych
Spatnych klienta vs. celkova proporce
zamitnutych klient. Napf. vidime, Ze
pokud chceme zamitnout 70%
Spatnych klienti, musime zamitat
priblizné 40% vsech zadateld.
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Indexy zalozené na distribucni funkci

Dalsi moznou mirou kvality scoringového modelu je Lift, ktery fika kolikrat
je dany model, pfi dané urovni zamitani, lepsi nez nahodny model. Presnéji
feceno jde o pomér proporce Spatnych klienti se skore mensim nebo rovno

dané hodnoté skore a, a €[L, H], ku proporci Spatnych klientt v celé populaci.
Formalné jej 1ze zapsat takto:

n+m n+m

D I(s,<an¥=0) > I(s,<an¥Y=0) [\ T T T =y
i=1 i=1 : : ' ' : :

n+m n+m 36 % e ...... ........ ........ ........ ........ S

Z[(Siga) Z](Sisa) st ______ _______ ________ _________ _________ ________ — _____
Ll,ﬁ(a)zCumBacz’Razte(a)= = _ = $ 28 NG

BadRate Z[(Y _ O) E g T
i=1

' :

iy,

T
Yt

’f‘j[(y=on=1)

i=1 D

n : : : : : :
N 16k ...... ’.’.’,_.‘ ....... ........ = ......... ........ ........ .....

i 1 i i i i 1 i i
o 0.1 0.2 03 0.4 0s 0.6 0.7 08 09
|:.ﬂLL

BadRate(a)

absLifi(a) = BadRate
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Lift v SASu

% macro lift(data=,score=,response=); /*Vypsani tabulky liftu +

vykresleni*/

/* Vytvoreni poradi dle skore*/
proc sort data==&data;

by &score;
run;

data work.score;

set &data;
rank+1;

run;

/*Rozdeleni na decily dle skore*/

proc rank data=score groups=10 out=score;
var rank;

ranks decile;

/*Vypocet kumulativniho liftu*/

proc sql;

create table work.lift2 as

select *, (select sum(N_of_bad)/sum(N) from work.lift1 as a where
a.decile<=b.decile)/(select sum(&response)/count(*) from work.score) as cum_lift
from work.liftl as b;

quit;

/*Vypis tabulky pro lift*/

title , Lift";
proc print data=work.lift2 nonobs;
format bad_rate 4.2
abs_lift 5.3
cum_lift 5.3;
run;

[*vykresleni liftu*/

proc gplot data=work.lift2;

title 'Absolutni a kumulativni lift';

plot (abs_lift cum_lift)*decile /overlay legend grid;
symbol interpol=join w=5;

run;

quit;

run;
% mend lift;
data score;
set score;
r:ric' le=decile+1; %lift(data=compl.score_age,score=score,response=SeriousDIqin2yrs);

Absolutni a kumulativni lift
/*vytvoreni tabulky pro lift*/
proc sql;
create table work.liftl as
select decile,count(*) as N,sum(&response) as N_of bad, (calculated
N_of _bad)/(calculated N)*100 as bad_rate,
(calculated bad_rate)/(select 100*sum(&response)/count(*) from score) as

abs_lift

from score

group by decile;

i
quit; 638




Indexy zalozené na distribucni funkci

Pro vypocet lze pouzit tabulku s pocty vSech

v r . o /4 . r 3,50
a Spatnych klient@ v danych intervalech skore NN ~—abs it
) =O=cum. Lift
v .
(napt. decilech). o 1NN
) \ \
= 2,00
T
z \ \
£ 1,50
4 \ \\KO\O
1,00 :
absolutely cumulatively \
decile # cleints # bad clients Bad rate abs. Lift # bad clients Bad rate cum. Lift 0,50
1 100 16 16,0% 3,20 16 16,0% 3,20 \—.—.—.
2 100 12 12,0% 2,40 28 14,0% 2,80 B T T T T T T T T T
3 100 8 8,0% 1,60 36 12,0% 2,40 12 s 4 5 6 7 8 9 10
4 100 5 5,0% 1,00 41 10,3% 2,05 decile
5 100 3 3,0% 0,60 44 8,8% 1,76
6 100 2 2,0% 0,40 46 7,7% 1,53 1
7 100 1 1,0% 0,20 47 6,7% 1,34
8 100 1 1,0% 0,20 48 6,0% 1,20 08 - Gini=0,55
9 100 1 1,0% 0,20 49 5,4% 1,09
10 100 1 1,0% 0,20 50 5,0% 1,00 0,6 1
All 1000 50 5,0%
0,4
021 = 0rnz curve
——Base line
0 T T T T
0 0,2 0,4 0,6 0,8 1
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Indexy zalozené na distribucni funkci

Pokud bad rate neni monotonni:

absolutely cumulatively
I4 decile # cleints # bad clients Bad rate abs. Lift # bad clients Bad rate cum. Lift
¢ LC v )pada OI( 1 100 8 8,0% 1,60 8 8,0% 1,60
111 4 hd 1~ 2 100 12 12,0% 2,40 20 10,0% 2,00
¢ Ini mirn nizi1 2 : : : :
G S5€ €s 3 100 16 16,0% 3,20 36 12,0% 2,40
e Lift ovSem Vypadé 4 100 5 5,0% 1,00 41 10,3% 2,05
. v 5 100 3 3,0% 0,60 44 8,8% 1,76
pOleIle 6 100 2 2,0% 0,40 46 7,7% 1,53
7 100 1 1,0% 0,20 47 6,7% 1,34
8 100 1 1,0% 0,20 48 6,0% 1,20
9 100 1 1,0% 0,20 49 5,4% 1,09
10 100 1 1,0% 0,20 50 5,0% 1,00
All 1000 50 5,0%
1 3,50
- abs. Lift
. 3,00 -0 . Lift
084  Gini=0,48 s
2,50
(]
0,6 - = 2,00
s \ \
£ 150
041 - \O\O\O\O
1,00
021 = | ornz curve 0,50
Base line \0—0—0—0
O T T T T T T T T T T T
0 0,2 0,4 0,6 0,8 1 2 3 4 5 6 7 9 10
640




Indexy zalozené na distribucni funkci

Pokud ma skoére zcela opacény smiysl,
obdrzime ,,opacné” obrazky.

3,50
absolutely cumulatively =—o— abs. Lift /
decile # cleints # bad clients Bad rate abs. Lift # bad clients Bad rate cum. Lift 3,00 —O— cum. Lift

1 100 16 16,0% 3,20 16 16,0% 3,20 :

2 100 12 12,0% 2,40 28 14,0% 2,80 2,50

3 100 8 8,0% 1,60 36 12,0% 2,40 /

4 100 / 5\ 5,0% 1,00 41 10,3% 2,05 5 2,00

5 100 3 3,0% 0,60 44 8,8% 1,76 S /

6 100 \ 2 ) 2,0% 0,40 46 7.7% 1,53 £ 150

7 100 N1/ 1,0% 0,20 47 6,7% 1,34 - /

8 100 1 1,0% 0,20 48 6,0% 1,20 1,00

9 100 1 1,0% 0,20 49 5,4% 1,09 / /
10 100 1 1,0% 0,20 50 5,0% 1,00 0,50
Al 1000 50 5,0% O——0 M

= T T T T T
1 2 3 4 5 6 7 8 10
absolutely cumulatively decile
decile # cleints # bad clients Bad rate abs. Lift # bad clients Bad rate cum. Lift

1 100 1 1,0% 0,20 1 1,0% 0,20 R

2 100 1 1,0% 0,20 2 1,0% 0,20 o

3 100 1 1,0% 0,20 3 1,0% 0,20 . Gini=- 0,55

4 100 1 1,0% 0,20 4 1,0% 0,20 '

5 100 2 2,0% 0,40 6 1,2% 0,24

6 100 \ 3 J 3,0% 0,60 9 1,5% 0,30 081

7 100 N5/ 5,0% 1,00 14 2,0% 0,40 oa

8 100 8 8,0% 1,60 22 2,8% 0,55 '

9 100 12 12,0% 2,40 34 3,8% 0,76 o ]

10 100 16 16,0% 3,20 50 5,0% 1,00 ' —— Lornz curve
All 1000 50 5,0% . Base line 641

0,2 0,4

0,6

0,8




Indexy zalozené na distribucni funkci

®SCu1: 1
Gini= 0,42
decile # cleints # bad clients Bad rate 0,8
1 100 35 35,0%
2 100 16 16,0% 064
3 100 8 8,0% '
4 100 8 8,0%
5 100 7 7,0% 041
6 100 6 6,0%
7 100 6 6,0% 021 = Lornz curve
8 100 5 5,0% )
5 100 5 5.0% . ——Base line
ol 0000 : : : :
10 100 4 4,0% 0 01 02 03 04 05 06 07 08 09 1 0 0.2 0.4 0,6 08 1
All 1000 100 10,0%
* SC2: :
Gini =0.42
decile # cleints # bad clients Bad rate 0,8
1 100 20 20,0%
2 100 18 18,0% 06
3 100 17 17,0% '
4 100 15 15,0%
5 100 12 12,0% 041
6 100 6 6,0%
7 100 4 4,0% 021 = ornz curve
8 100 3 3,0% )
5 100 3 3.0% . ——Base line
10 100 2 2,0% 0 01 02 03 04 05 06 07 08 09 1 0 0.2 0.4 06 08 1
All 1000 100 10,0%

» Je evidentni, Ze pouze Gini a KS nestaci!!! oo



Indexy zalozené na distribucni funkci

SC 1:

4,00
3,50
3,00
2,50
2,00

Lift value

1,50
1,00
0,50

| —— abs. Lift
4\ =O==cum. Lift
\‘ N
A N\
\\
L

1 2 3 4 5 6 7 8 9 10

decile

-

Lift, o, = 2.55
Lift_ o, =1.48

50%

SC 2 je lepsi, pokud je predpokladana mira zamitani (reject rate) priblizné 50%.

>
<

SC 2:

2,50
=o— abs. Lift
2.00 =O=cum. Lift
“% —
® 1,550 ~
£ 100 3(\‘\
o0 \0—0\
1 2 3 4 5 6 7 8 9 10
decile
Lift, o, = 1.90
Lift oo, = 1.64
643

SC 1jevyznamné lepsi, pokud je predpokladany reject rate ptiblizné 20%.




Lift, QLift

Lift can be expressed and computed by formula:

Lift(a) = 1meo (@) o n
|:N.ALL
In practice, Lift is computed corresponding to 10%, 20%, . . . , 100% of

clients with the worst score. Hence we define:

QLitt(q) =

m BAD (FN ALL (q))

N ALL (FN ALL (q))

1

Fon 8D (FN AL (@), 9e(0,1]

Typical value of g is 0.1. Then we have

QLift,,, = QLift(0.1) =10-F

N ALL (q) mln{a = [L H] |:N ALL (a) 2 q}

m.BAD (FN ALL Ol))
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Lift and QLift for ideal model

It is natural to ask how look Lift and QLift in case of ideal model.
Hence we derived following formulas.

e Lift for ideal model: o

| p%e' a < c
L'E'ffideaﬁ(a) — 1 > ¢
Fn.arnn(a)’ “ ©

QLift value

e QLift for ideal model:

1
| . q € (0, pB]
QLiftigear(q) = }fB
- q € (pB,1]

Pg FN.ALL

We can see that the upper limit of Lift and
QLift is equal to ¥p, .
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Lift Ratio (LR)

® Once we know form of QLift for ideal model, we can define Lift
Ratio as analogy to Gini index.

[
o

5
= Actual model

=
~
©
vs)
©

= |deal model
Random model ||

A [y QLift(q)dg—1

LR = —
A+ B ["QLiftigear(q) dg — 1

° [t is obvious that it is global measure of
model's quality and that it takes values from o to
1. Value o corresponds to random model, value 1
match to ideal model. Meaning of this index is
quite simple. The higher, the better. Important
feature is that Lift Ratio allows us to fairly
compare two models developed on different
data samples, which is not possible with Lift.

QLift value
o [l N w N (62} (o)} ~ (00}
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Rlift, IRL

Since Lift Ratio compares areas under Lift function for actual and ideal models, next
concept is focused on comparison of Lift functions themselves. We define Relative Lift
function by

1

0.9

QLift(q)

RLift(q) = —= , g€ (0,1] ol
\ (JL? ftideaf(g) ‘ ool
In connection to RLift we define Integrated Zz -
Relathe Llft (IRL): 01= _:;jea(ljmodeld |
1 % 02 0.4 0.6 0.8 1
ITRL = / RLift(q) dq e
0

2

It takes values from 0.9+ pB, for random model, to 1, for ideal model. Following

simulation study shows interesting connection to c-statistics.
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Priklad

We consider two scoring models with score distribution given in the table below.

We consider standard meaning of scores, i.e. higher score band means better clients (the
highest probability of default have clients with the lowest scores, i.e. clients in score band 1).

Gini indexes are equal for both models.

It is evident from the Lorenz curves, that the first model is stronger for higher score bands and
the second one is better for lower score bands.

The same we can read from values of QLift.

Scoring Model 1 Scoring Model 2 ! ] e=LC- Scoring Model 1 Gini = 0.42
# cumul. | # cumul. # cumul. | # cumul. 0,8 | ==L - Scoring Model 2 Gini =
score band | # clients q # bad clients |bad clients| bad rate QLift # bad clients [bad clients| bad rate QLift
1 100 0.1 20 20 20.0% 2.00 35 35 35.0% 3.50 | 0,6 |
2 100 0.2 18 38 19.0% 1.90 16 51 25.5% 2.55
3 100 0.3 17 55 18.3% 1.83 8 59 19.7% 1.97 | 0,4 -
4 100 0.4 15 70 17.5% 1.75 8 67 16.8% 1.68
5 100 0.5 12 82 16.4% 1.64 7 74 14.8% 1.48 | 92
6 100 0.6 6 88 14.7% 1.47 6 8o 13.3% 1.33
7 100 0.7 4 92 13.1% 1.31 6 86 12.3% 1.23 o ' ' ‘ '
8 100 0.8 3 95 11.9% 1.19 5 o1 11.4% 1.14 o 0,2 o4 0,6 0,8 1
9 100 0.9 3 98 10.9% 1.09 5 96 10.7% 1.07
10 100 1.0 2 100 10.0% 1.00 4 100 10.0% 1.00
All 1000 100 100
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Priklad

* Since Qlift is not defined for g=0, we extrapolated the value by

QLift(0) = 3- QLift(0.1) — 3- QLift(0.2) + QLift(0.3)

o 1 2 3 4 5 6 7 8 9 10
score band

10,00 e QL ift -model1 | 1,00
=== QL ift - ideal model
2.00 =QLift - random model | |
o =m=QLift - model 2 0.80
s S
S 600 S 0.60
] £
- =
g 400 2 040 LN
=R Lift - model 1
2,00 0.20 === RLift - ideal model
: e RLift - random model
. . . . . . . . . . =m=RLift - model 2
o 1 2 3 4 5 6 7 8 9 10 ' ' ' " j j j " "
0 1 2 3 4 5 6 7 8 9 10
score band score band
* Now, we consider indexes LR and IRL:
10 BaLift - idealmodel  |— 1,00
@QLift - model 2 ‘ BRLift - model 2 ‘
81 N OQLift - random model | 0,80 g
@
5 g
g 61 B\ A [ S 0.60
: LR = :
€] 4 N A+ B """" 10,40
o
2 0,20

1 2 3 4 5 6 7 8 9 10 11

score band

According to both Qlift and RIift
curves we can state that:
» If expected reject rate is up to
40%, then model 2 is better.
» If expected reject rate is more
than 40%, then model 1 is better.

» scoring model|scoring model
1 2
GINI 0.420 0.420
QLift(o.1) 2.000 3.500
LR 0.242 0.372
IRL 0.699 0.713

Using LR and IRL we can state
that model 2 is better than model
1 although their Gini coefficients
are equal.
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Indexy zalozené na hustote

Stiredni diference D —

(Mahalanobis distance):

kde S je spole¢na smérodatna odchylka:
I

o nSg2+me2 2
n+m

M , , M ,jsou stiedni hodnoty dobrych (Spatnych) klientt

S, ,§,jsou pfislugné smérodatné odchylky.




Indexy zalozené na hustote

Informacni hodnota (I ,;) - spojity ptipad (Divergence):
* jde o symetrizovanou Kullback-Leiblerovu divergenci znamou také pod
nazvem J-divergence.

I S coon (X)
L= _[O(fGOOD (X) = fp4p (X)) In( X j dx

Faite (X) = Tooop (X) — Taap (X)

_ feoop (X)
()= In( fanp (X) j




Indexy zalozené na hustoté

Informacni statistika/hodnota (I

* Vytvorime intervaly skore - typicky decily. Pocet dobrych (Spatnych) klientd v i-tém

intervalu oznac¢ime g; (b,).

* Musi platit

e Potom dostdavame

g, >0,b >0 Vi

val

) — diskrétni piipad:

g b m
_ Z i i of
I val In b
score int.| # bad clients | Zgood clients | % bad [1] | % good 2] |Bl1=21-01| @1= 121/ 11| B1= 4] | Bl=31" 5]

1 1 10 2,0% 1,1% -0,01 0,53 -0,64 0,01
2 2 15 4,0% 1,6% -0,02 0,39 -0,93 0,02
3 8 52 16,0% 5,5% -0,11 0,34 -1,07 0,11
4 14 93 28,0% 9,8% -0,18 0,35 -1,05 0,19
5 10 146 20,0% 15,4% -0,05 0,77 -0,26 0,01
6 6 247 12,0% 26,0% 0,14 217 0,77 0,11
7 4 137 8,0% 14,4% 0,06 1,80 0,59 0,04
8 3 105 6,0% 1,1% 0,05 1,84 0,61 0,03
9 1 97 2,0% 10,2% 0,08 5,11 1,63 0,13
10 1 48 2,0% 5,1% 0,03 2,53 0,93 0,03
All 50 950 Info. Value 0,68
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Normalneé rozlozené skore

Piredpokladejme, ze skore dobrych a $patnych klienti je normalné rozlozeno, tj. jejich
pravdépodobnostni hustoty maji tvar

. (x—pg)” 1 =)’

2052 207
X)= e £ Jpap (X) = ’
f GOOD( ) Gg \/ﬂ BAD o, /272_

Odhady parametrti (4, t,, 0,2 0, :
M, M, jsou aritmetické prliméty skore dobrych (Spatnych) klientd
S,, S, jsousmérodatné odchylky skdre dobrych (Spatnych) klientd

1

Spole¢nd smérodatna odchylka: ( S 2 +msS.> jz
g b

n—+m

Odhady stifedni hodnoty a smérodatné odchylky skére vSech klientd £aiLs O aLL:
1

nS,> +mS,’ +n(M, M) +m(M, - M) |’
(n+m)

nM, +mM,

M:MALL: I SALL:L
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Normalneé rozlozené skore

Piredpokladejme, Ze smérodatné odchylky obou skore jsou rovny hodnoté o, pak:

D:'ng_ﬂb D—Mg_Mb
o S

(2o 2] 2of2)

Gini :2-61{%}—1

QLift(q) = 1@[%-®1<q)+ e - Dj QLift(q) :id{iqﬁ(qw e - Dj
q o) q S

Ival :D2

Kde @(-) je distribu¢ni funkce standardizovaného normalniho rozlozeni, ® 2 (+) je distribu¢ni
funkce s parametry 1, 5% a ® ' (") je standardizovana kvantilova funkce. "
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Normalne rozlozené skore

Obecné, tj. bez predpokladu rovnosti smérodatnych odchylek skore:
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Normalneé rozlozené skore

Obecné, tj. bez predpokladu rovnosti smérodatnych odchylek skore:

Gini=2-®(D")—1
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Normalneé rozlozené skore

*KS i Gini reaguji velmi
silné na zménu x, , ale
zlstavaji tégnéf beze zmény
ve smeru o, .

e Gini > KS

Gini
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Lift

val*

Normalneé rozlozené skore

[ ]
10%"*

/’lb :0) 0-192:1

V pripadé indexu
Lift, o, je evidentni
silna zavislost na
a vyznamneé vyssi
zavislost na o,> nezv
pripadé KS a Gini.

Opét velmi silna
zavislost na p,. Navic

hodnota [, mifi
velmi rychle k
nekone¢nu  pokud

se o’ blizi nule.
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ROC (Receiver operating characteristic )

I'N (frue negative)
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ROC —TPR, FPR

ES)

/ PlG=0|G=1}=fnr

TPR =
- FPR

p:
. ]
X

Condition
(as determined by "Gold standard™)

Condition Positive | Condition Negative

Test False Positi Positive predictive value =
.. alse Positive .
Outcome|  True Positive Z True Positive

Type |
(Type | error) Z Test Outcome Positive

Test | Positive

Outcome  Test . MNegative predictive value =
False Negative . k
Outcome True Negative Z True Negative
, (Type Il error) -
Negative I Test Outcome Negative
Sensitivity = Specificity =
Z True Positive E True Negative

£ Condition Positive| Z Condition Negative

TP/ P= TP (TP+ FN)

FP| N= FP| (FP+ TN)
pr{c) =P(X >c|G)=1-F(c)
tnr{c) =P(X <c|Gy)=F;(c)
Jor(c) =P(X =c|Gy) =1-Fy(c)

Jar(c) = P(X <c | G)) = F(c)
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ROC curve

100%

P(TP)

P(FP)

100%

Sensitivity

1 — Specificity
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ROC - ACC

Accuracy:
ACC= (TP+ TN) |/ (P+ N)

A B C C'
TP=63 FP=28 91 TP=77 FP=77 154 TP=24 FP=88 112 TP=88 FpP=24
FN=37 TN=72 109 FN=23 TN=23 46 FN=76 TN=12 88 FN=12 TN=76

100 100 200 100 100 200 100 100 200 100 100
TPR =0.63 TPR=0.77 TPR=0.24 TPR = 0.88
FPR=0.28 FPR=0.77 FPR=0.88 FPR=0.24
ACC=0.68 ACC=0.50 ACC=0.18 ACC=0.82

TPR or sensitivity
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ROC - AUC, Gini

AUC (area under curve, neboli plocha pod ROC kiivkou) je
rovha pravdépodobnosti, Ze dany model ohodnoti nahodné
vybraného dobrého klienta vyssim skére nez ndhodné vybraného
Spatného klienta. Da se ukazat, Ze plocha pod ROC ktivkou se da
vyjadrit pomoci Mann-Whitneymu U, které testuje rozdil
mediant mezi dvéma skupinami spojitych skore. AUC se da
vyjadrit i pomoci Giniho koeficientu pomoci vzorce
Gini +1=2xAUC
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evaluacni grafy
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Postupy evaluace

» evaluace na ucicich datech

Evaluace na ucicich datech pouzitych k uc¢icimu procesu neni
ke zjisténi kvality modelu vhodnda a ma nizkou vypovidaci
schopnost, protoze ¢asto mtze dojit k preuceni modelu. Odhad
predik¢ni kvality modelu na wucicich datech se nazyva
resubstitu¢ni nebo interni odhad. Odhady ukazatelt kvality
modeltt provedenych na ucicich datech jsou nadhodnocené,
proto se misto nich pouzivaji testovaci data, ktera se v ramci
pripravy dat pro tyto ucely vycleni.
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Postupy evaluace

» evaluace na testovacich datech

Evaluace na testovacich datech jiz ma patficnou vypovidaci
schopnost, jelikoZ tato data nebyla pouzita k sestaveni modelu.
Na testovaci data jsou kladeny urcité pozadavky. Soubor
testovacich dat by mél obsahovat dostatecné mnozstvi dat a meél
by reprezentovat ¢i vystihovat charakteristiky ucicich dat.
Empiricky doporuc¢eny pomér ucicich a testovacich dat je 75%,
resp. 25% pripadQ. Zajisténi patficné reprezentativnosti je
realizovano pomoci ndhodného stratifikovaného vybéru.
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Postupy evaluace

» kiizové ovérovani (cross-validation)
V ptipadé nedostate¢ného poctu pozorovani, kdy rozdéleni datového souboru na ucici a testovaci data
za UCelem vyhodnoceni modelu neni mozné, je vhodné pouzit metodu kiizového ovéfovani. Vyhodou
této metody na rozdil od déleni datového souboru je, zZe kazdy ptipad z dat je pouzit k sestaveni modelu
a kazdy pripad je alespori jednou pouzit k testovani. Postup je nasledujici:
* Soubor dat je ndhodné rozdélen do n disjunktnich podmnozin tak, ze kazda podmnozina
obsahuje priblizné stejny pocet zaznamt. Vybéry jsou stratifikovany podle tfid (prislusnosti k
urcité tridé), aby bylo zajisténo, Ze podily jednotlivych tfid podmnozin jsou zhruba stejné jako v
celém souboru.
» Z téchto n disjunktnich podmnozin se vy¢leni n-1 podmnozin pro sestaveni modelu (konstrukéni
podmnozina) a zbyvajici podmnozina (valida¢ni podmnozina) je pouzita k jeho vyhodnoceni.
Model je tedy evaluovan na podmnoziné dat, ze kterych nebyl sestaven a na této mnoziné dat je
odhadovana jeho predik¢ni kvalita.
* Cely postup se zopakuje n-krat a dil¢i odhady ukazatelt kvality se zpramérnuji. Velikost valida¢ni
podmnoziny lze pfiblizné stanovit jako pomér poctu piipadt ku poc¢tu valida¢nich podmnozin.
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Postupy evaluace

» bootstrap metoda

Metoda bootstrap zkouma charakteristiky jednotlivych resamplovanych vzorkd, které byly porizeny z
empirického vybéru. Pokud plvodni vybér osahuje m prvkd, tak kazdy ma nadéji objevit se v
resamplovaném vyberu. Pri iplném resamplovani o velikosti vzorku 7 jsou uvazovany vsechny mozné
vybéry a existuje tedy m ” moznych vybérl. Uplné resamplovani je teoreticky proveditelné, ale
vyzadalo by si mnoho Casu. Alternativou je simulace Monte Carlo, pomoci niz se aproximuje uplné
resamplovani tak, ze se provede B nahodnych vybérl (obvykle se voli 500 — 10000 vybérd) s tim, ze
kazdy prvek je vzdy nahrazen (vracen zpét do osudi). Jsou-li dana data X={X1, ..., Xn) a je-li
pozadovan odhad parametru 8, provede se z plvodnich dat B vybér{ a pro kazdy vybér je spocitan
odhad parametru 8 . Bootstrap odhad parametru je urcen jako préimér dil¢ich odhadd. V pripadé
evaluace modeld bude parametrem & zvoleny ukazatel predikéni kvality.

» jackknife

Tato metoda je zaloZzena na sekvencni strategii odebirani a vraceni prvkd do vybéru o velikosti n. Pro
datovy soubor, ktery obsahuje n prvkll, procedura generuje n vzorkd s poctem prvkld n-1. Pro kazdy
zmenseny vybér o velikosti 71 je odhadnuta hodnota parametru. Diléi odhady se nasledné
zprliméruji podobné jako u metody bootstrap.
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Bootstrap

Zakladni postup metody (n pozorovani):

e Generovani k (obvykle 20 a vice) nezavislych vybéra n prvk y/
ptivodnich dat

« Tytovybéry z vybéru n pozorovani jsou vlastné pribliznou nahradou za
nezavislé vybéry z celé populace = idea metody

e Na kazdém z k vybértit odhadneme model stejné jako na ptivodnim
zakladnim vybéru

e Populace k raznych vysledkt nam umozni odhadovat stabilitu
odhadovanych parametrt

e Zobecnitelnost Ize odhadovat s pouzitim prvk, které vdaném kole nebyly
vybrany - OOB odhady (=out-of-bag), - tj. uzit je jako testovaci mnoziny
« Téchto OOB prvki je v priméru 36,8 % z poctu pozorovani

Jan Spousta: Predndsky k data miningu. 669


http://www.mrc-bsu.cam.ac.uk/bugs/

“

12. Uvod do makro jazyka v SAS.
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Purpose of the Macro Facility

The macro facility is a text processing facility for automating
and customizing SAS code. The macro facility helps
minimize the amount of SAS code you must type to perform
common tasks.

The macro facility supports the following:
e symbolic substitution within SAS code
e automated production of SAS code
e dynamic generation of SAS code

e conditional construction of SAS code
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Purpose of the Macro Facility

The macro facility enables you to do the following:

e create and resolve macro variables anywhere within
a SAS program

 write and call macro programs (macro definitions or
macros) that generate custom SAS code
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Substituting System Values

Example: Include system values within SAS footnotes.

proc print data=orion.customer;
title "Customer List";

footnotel "Created 10:24 Monday, 31MAR2008";

footnote2 "on the WIN System Using SAS 9.2";
run;

Automatic macro variables store system values that can |

used to avoid hardcoding.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

De

673



Substituting User-Defined Values

Example: Reference the same value repeatedly
throughout a program.

proc freq data=orion.order fact;
where year (order date)=2008;
table order type;
title "Order Types for 2008";
run;
proc means data=orion.order fact;
where year (order date)=2008;
class order type;
var Total Retail Price;
title "Price Statistics for 2008";
run;

User-defined macro variables enable you to define a value once
and substitute that value repeatedly within a program.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 674



Conditional Processing

* Example: Generate a detailed report on a daily basis. Generate an
additional report every Friday, summarizing data on a weekly basis.

proc print data=orion.orders;
run;

proc means data=orion.orders;
Yes .
run;

A macro program can conditionally execute selected portions of a
SAS program based on user-defined conditions.
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Repetitive Processing

Example: Generate a similar report each year from 2008 to 2010.

proc print data=orion.year2008;
run;

proc print data=orion.year2009;
run;

proc print data=orion.year2010;
run;

A macro program can generate SAS code repetitively,
substituting different values with each iteration.
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Data-Driven Applications

when ("AU")
when (""CA")
when ("DE")
when ("IL")
when ("TR")
when ("US")

when ("ZA")
otherwise;
end;
run;

output
output
output
output

output
output
output

data AU CA DE IL TR US ZA;
set orion.customer;
select (country) ;
AU;
CA;
DE ;
IL;
TR;
Us;
ZA ;

Example: Create

separate
subsets of a
selected
data set for
each unique
value of a
selected
variable.

A macro program can generate data-driven code.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

677



Global Macro Variables

When SAS is invoked, a global symbol table is created and initialized with
automatic or system-defined macro variables.

You can also create user-defined global macro variables with the %LET
statement:

%let city=Denver;

%let date=05JaN2001;| | orobalSymbolTable |
Automatic SYSTIME 09:47
Variables SYSVER 9.1

User-defined{ CITY Denver
Variables DATE 05JAN2001
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Referencing a Macro Variable

To substitute the value of a macro variable in your
program, you must reference it.

A macro variable reference

m is made by preceding the macro variable name with
an ampersand (&)

m causes the macro processor to search for the named
macro variable and return its value from the symbol
table if the variable exists.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Referencing a Macro Variable

Global Symbol Table

CITY Denver
DATE 05JAN2001

Example: Use a macro variable reference to make a
substitution in @ SAS program statement.

where OrderCity="&city";

generates
WHERE ORDERCITY="Denver";
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Referencing a Macro Variable

When the macro processor

cannot act upon a Mmacro Global Symbol Table
variable reference, a message [CITY _ Denver

is printed in the SAS log. DATE 05JAN2001

Referencing a  nonexistent macro variable results
In a warning message.

title "Orders from &cityst";

generates

WARNING: Apparent symbolic reference CITYST not resolved.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA. 681



Referencing a Macro Variable

Global Symbol Table

CITY Denver
DATE 05JAN2001

Referencing an invalid macro variable name results
1N an error message.

title "Orders from &THE CITY IN WHICH THE ORDER ORIGINATED";

generates

ERROR: Symbolic variable name
THE _CITY IN WHICH THE ORDER_ORIGINATED
must be 32 or fewer characters long.
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Displaying Macro Variable Values

Use the SYMBOLGEN system option to monitor the value that
is substituted for a macro variable referenced.

General form of the SYMBOLGEN system option:

OPTIONS SYMBOLGEN;

This system option displays the results of resolving macro variable
references in the SAS log.

#  The default option setting is NOSYMBOLGEN.
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Displaying Macro Variable Values

Global Symbol Table
CITY Denver
DATE 05JAN2001

Partial SAS Log

where CustomerAddress2 contains "&city";

SYMBOLGEN: Macro variable CITY resolves to Denver
where CustomerAddress2 contains '&city’;

Why is no message displayed for the final example?

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Displaying Macro Variable Values

To verify the values of macro variables, you may want
to write your own messages to the SAS log. The %PUT statement
writes text to the SAS log.

General form of the %PUT statement:

% PUT lext;
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Displaying Macro Variable Values

The %PUT statement

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

writes to the SAS log only

always writes to a new log line starting in column one

writes a blank line if text is not specified

does not require quotation marks around text

resolves references to macro variables in text before text is written

removes leading and trailing blanks from text wunless
a macro quoting function is used

wraps lines when the length of text is greater than
the current line size setting

can be used inside or outside a macro definition.
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Displaying Macro Variable Values

Example: Write a message to the SAS log to verify
the value of the macro variable CITY.

Global Symbol Table

CITY Denver
DATE 05JAN2001

Partial SAS Log

%put The value of the macro variable CITY 1is: &city,;
The value of the macro variable CITY is: Denver
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System-Defined Automatic Macro Variables

Some automatic macro variables have fixed values that are set at SAS invocation:

Name Value

SYSDATE date of SAS invocation (DATE7.)

SYSDATE9 date of SAS invocation (DATE9.)

SYSDAY day of the week of SAS invocation

SYSTIME time of SAS invocation

SYSENV FORE (interactive execution)
BACK (noninteractive or batch execution)

SYSSCP abbreviation for the operating system used such as OpenVMS,
WIN, HP 300

SYSVER release of SAS software being used

SYSJOBID identifier of current SAS session or batch job mainframe systems:
the userid or job name other systems: the process ID (PID)

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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System-Defined Automatic Macro Variables

Some automatic macro variables have values that change
automatically, based on submitted SAS statements:

Name Value

SYSLAST name of the most recently created SAS data set in the
form libref.name. If no data set was created, the value
IS _NULL .

SYSPARM text specified at program invocation.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Displaying Automatic Macro Variables

The values of automatic macro variables can be displayed in
the SAS log by specifying the _AUTOMATIC_ argument in the
%PUT statement.

%PUT _AUTOMATIC_;

o
-l

# The values of the macro variables

126 XFput _automatic_;
AUTOMATIC AFDSID O

AUTOMAT IC AFDSNAME SYSDATE, SYSDATES / and
AUTOMAT IC AFSTR! -
AUTONATIC AFoTH? SYSTIME are character strings,
e ic Eorn SAS d val

AUTOMATIC STSCC 3000 not ate or time values.

AUTOMAT IC SYSCHARWIDTH 1

AUTOMAT IC SYSCHMD

AUTOMAT IC SYSDATE 18APROY
AUTOMAT IC SYSDATES 18APRZ2007
AUTOMAT IC SYSDAY Wednesday
AUTOMATIC SYSDEVIC WIH

4| I k

_'&.\ 4
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The %LET Statement

The %LET statement enables you to define a macro variable and
assign it a value.

General form of the %LET statement:

S%LET variable=value
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The %LET Statement

Rules for the %LET statement:

* Variable can be any name following the SAS naming
convention.

* Value can be any string.

* If variable already exists in the symbol table, value replaces the
current value.

o If either variable or value contains a macro statement or macro
variable reference, the trigger is evaluated before the

a581gnment is made. continued...
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The %LET Statement

Rules for the %LET statement:
e The maximum length is 64K characters.
e The minimum length is o characters (null value).
e Numeric tokens are stored as character strings.
e Mathematical expressions are not evaluated.
e The case of value is preserved.
e Quotes bounding literals are stored as part of value.

e Leading and trailing blanks are removed from value
before the assignment is made.
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%LET Statement Examples

® Use the rules on the previous page to determine the values
assigned to macro variables by these %LET statements:

%$let name=Ed Norton; Value
$let name2=' Ed Norton '; Ed Norton
%let title="Joan’s Report"; ' Ed Norton '

%let start=;
%let total=0;
%$let sum=3+4; 0
%let total=&total+é&sum; 3+4
%l = l ’

et x=varlist 0+3+4

varlist

"Joan’s Report"
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Deleting User-Defined Macro Variables

The %SYMDEL statement deletes one or more user-defined macro
variables from the global symbol table.

To release memory, delete macro variables from the global symbol table
when they are no longer needed.

General form of the %SYMDEL statement:

%SYMDEL macro-variables:

Example: Delete the macro variables OFFICE and UNITS.

3symdel office units;‘
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Referencing Macro Variables

You can reference macro variables anywhere in your
program, including these special situations:

Macro variable references adjacent to leading and/or trailing
text:

text&variable
&variabletext
text&variabletext

Adjacent macro variable references:

&variable&variable
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Combining Macro Variables with Text

%let month=jan;

proc chart data=orion.y2000&month;
hbar week / sumvar=sale;

run;

proc plot data=orion.y2000&month;
plot sale*day;

run;

generates

proc chart data=orion.y2000jan;
hbar week / sumvar=sale;

run;

proc plot data=orion.y2000jan;
plot sale*day;

run;
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Combining Macro Variables with Text

This example illustrates adjacent macro variable references.

Example: Modify the previous program to allow
both the month and the year to be
substituted.

3let year=2000;

%let month=jan;

proc chart data=orion.yé&year&month;
hbar week / sumvar=sale;

run;

proc plot data=orion.y&yearé&month;
plot sale*day;

run;
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Combining Macro Variables with Text

You can place text immediately after a macro variable reference if it does not
change the reference.

Example: Modify the previous program to
substitute the name of an analysis
variable.

3let year=2000;

%3let month=jan;

%let var=sale;

proc chart data=orion.yé&yearé&month;
hbar week / sumvar=&var;

run;

proc plot data=orion.y&year&month;
plot &var*day;

run;
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Macro Variable Name Delimiter

The word scanner recognizes the end of a macro variable
reference when it encounters a character that cannot be part

of the reference.

A period (.) is a special delimiter that ends a macro variable
reference. The period does not appear as text when the macro
variable is resolved.
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Macro Variable Name Delimiter

%let graphics=qg;

3let year=2000;

%let month=jan;

%3let var=sale;

proc &graphics.chart data=orion.yé&yearé&month;
hbar week / sumvar=&var;

run;

proc &graphics.plot data=orion.yé&yearé&month;
plot &var*day;

run;
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Macro Variable Name Delimiter

Use another period after the delimiter period to supply the
needed token.

$let lib=orion;

libname &lib 'SAS-data-library';
proc &graphics.chart data=é&lib..y&year&month;

proc &graphics.plot data=é&lib..yé&yearé&month;
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Macro Variable Name Delimiter

delimiter text

|proc &graphics.chart data=&1ib..y&year&month;l

The first period is treated as a delimiter, the second
as text.

The compiler receives this:

proc gchart data=orion.y2000jan;
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Macro Functions

Selected character string manipulation functions:
%UPCASE  translates letters from lowercase to uppercase.
%SUBSTR extracts a substring from a character string.
%SCAN extracts a word from a character string.

%INDEX searches a character string for specified text.

Other functions:

%EVAL performs arithmetic and logical operations.
%SYSFUNC executes SAS functions.
%STR guotes special characters.

%NRSTR guotes special characters, including macro triggers.
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The %SUBSTR Function

General form of the %SUBSTR function:

%SUBSTR(argument, position <,n>)

e The %SUBSTR function returns the portion
of argument beginning at position for a length
of n characters.

* When n is not supplied, the %SUBSTR function returns the
portion of argument beginning
at position to the end of argument.
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The %SCAN Function

General form of the %SCAN function:

%SCAN(argument, n <,delimiters>)

The %SCAN function does the following:

e returns the nth word of argument, where words
are strings of characters separated by delimiters

e uses a default set of delimiters if none are specified

e returns a null string if there are fewer than n words
In arqgument
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The %EVAL Function

General form of the %EVAL function:

%EVAL (expression)

The %EVAL function does the following:

e performs arithmetic and logical operations

e truncates non-integer results

e returns a text result

e returns1 (true) or o (false) for logical operations

e returns a null value and issues an error message when non-

integer values are used in arithmetic operations
707
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The %EVAL Function

Example: Compute the first year of a range based on the
current date.

%let thisyr=%substr (&sysdate9,6) ;

%let lastyr=%eval (&thisyr-1) ;

proc means data=orion.order fact maxdec=2 min max mean;
class order type;
var total retail price;
where year (order date) between &lastyr and &thisyr;
titlel "Orders for &lastyr and &thisyr";

title2 " (as of &sysdate9)";

run;
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The %SYSFUNC Function

The %SYSFUNC macro function executes SAS functions.

General form of the %SYSFUNC function:

%SYSFUNC(SAS function(argument(s)) <,format>)

e SAS function(argument(s)) is the name of a SAS function
and its corresponding arguments.

e The second argument is an optional format for
the value returned by the first argument.
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Defining a Macro

A macro or macro definition enables you to write macro programes.

General form of a macro definition:

%MACRO macro-name;
macro-text
%MEND <macro-name>;

macro-name follows SAS naming conventions.
macro-text can include the following:
° any text

* SAS statements or steps
e macro variable references
* macro statements, expressions, or calls

* any combination of the above
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Calling a Macro

A macro call
 causes the macro to execute
e isspecified by placing a percent sign before the name of the macro

e can be made anywhere in a program (similar to a macro variable
reference)

¢ represents d IMacro trigger

* is not a statement (no semicolon required).

General form of a macro call:

%macro-name

711
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Simple Macro

A macro can generate SAS code.

Example: Write a macro that generates a PROC MEANS
step. Reference macro variables within the macro.

smacro calc;
proc means data=orion.order item é&stats;
var &vars;
run;
smend calc;

» This macro contains no macro language statements.
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Simple Macro

Example: Call the CALC macro. Precede the call with
%LET statements that populate macro variables
referenced within the macro.

$let stats=min max;
3let vars=quantity;
$calc

713
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Macro Parameters

Example: Define a macro with a parameter list of macro
variables referenced within the macro.

gmacro calc(stats,vars) ;
proc means data=orion.order item &stats;
var é&vars;
run;
smend calc;

714
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Positional Parameters

Positional parameters use a one-to-one correspondence
between the following:

e parameter names supplied on the macro definition

e parameter values supplied on the macro call

gmacro calc(stats,vars);
proc means/data=qgrion.order item &stats;
var &VArs; -
run;
smend calc

3calc (min max,quantity)
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Keyword Parameters

A parameter list can include keyword parameters.

General form of a macro definition with keyword parameters:

%MACRO macro-name(keyword=value, ..., keyword=value);
macro text
YMEND <macro-name>;

«Keyword parameters are assigned a default value after
an equal (=) sign.
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Keyword Parameters

General form of a macro call with keyword parameters:

%macro-name(keyword=value, ..., keyword=value)

keyword=value combinations can be
 specified in any order
e omitted from the call without placeholders.

If omitted from the call, a keyword parameter receives
its default value.
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Keyword Parameters

Example: Assign default parameter values by defining
the macro with keyword parameters.

smacro count (opts=,start=01jan04,stop=31dec04) ;
proc freq data=orion.orders;
where order date between
"&start"d and "&stop"d;
table order type / &opts;
titlel "Orders from &start to &stop";
run;
smend count;
options mprint;
count (opts=nocum)
%count (stop=01jul04,opts=nocum nopercent)
$count ()
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N

Vice viz napr.

ehttp://support.sas.com/documentation/cdl/en/mcrolref/61885/HTML/defa
ult/viewer.htm#mcrolrefwhatsnew902.htm

ehttp://support.sas.com/documentation/cdl/en/mcrolref/61885/HTML/defa
ult/viewer.htm#macro-stmt.htm

ehttp://www.nesug.org/proceedings/nesug03/bt/bt009.pdf

ehttp://wwwz2.sas.com/proceedings/sugi24/Handson/p149-24.pdf

Roland’s SAS Macros:
http://www.datasavantconsulting.com/roland/

Macros by SAS users worlwide:
http://schick.tripod.com/p-index.html
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13. Uprava vystup/reportd
SASuU, export ze SASu.

Personnel Data

¥l LastName | FirstName | City State | Gender | JohCode | Salary Birth Hired | HomePhone
Adams Gerald Stamford |CT 28 Tal 34376| 13ZEPTO| 07JUNOS|203/781-1233
Alexander | Dusan Bridgeport | CT F ME2 35108| 180CT72| 12AUGRS | 203/673-7F715
Apple Troy Mew York [NV |MI MEL 20760 0ENCVES | 190CT06 | 212/586-0808
Arthur Batbara New York [NV (F FAZ 32886| O3ZEPEZ| DLAUGOD|T718/383-1549
Avery Jesry Paterson | NI Kl T&3 38822| 16DECGE | 20N0V93| 201/732-8787
Barefoot. Taseph Princeton | NI s ME3 43025 29APREZ| I0DJUNDS| 201/8132-5665
Baucom Walter MNew York [NV |MI 8CP 12723 09JUNED| 040CT9E|212/586-2060
Blair Tustin Stamford |CT 2 FT2 88606| 02APRTY| 13FEBO3|203/781-1777
Blalock Ralph Mew York [NV I TaZ 32615 20JANT1| D5DECYE|718/384-2849
Matie MNew York |[NV  (F TA3 38785| 25DECAE | 080CTO3|T18/384-8816

Earl Bridgeport | CT 2 MEL 28072 31TANTY| 24DECO9|203/673-3434

Jonathan Hew York )28 66517| 23DECSZ| 30JANO0|212/587-1247

The FREQ Procedure

Cumulative
Percent

Cumulative
Frequency

Country | Frequency | Percent

B3 35.18

102 B1.82

o 10 = E «a E @ 7 = )
FREQUENCY
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PROC Print

The PRINT procedure prints the observations in a SAS data
set, using all or some of the variables. You can create a
variety of reports ranging from a simple listing to a highly
customized report that groups the data and calculates
totals and subtotals for numeric variables.

PROC PRINT <option(s)>;

BY <DESCENDING> variable-1 <...<DESCENDING> variable-n><NOTSORTED>;
PAGEBY BY-variable;
SUMBY BY-variable;

ID variable(s) <option>;

SUM variable(s) <option>;

VAR variable(s) <option>;
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PROC Print

ds rtf file="your_file.rtf’;
roc print data=empdata(obs=12);
d idnumber / style(DATA) = {background =red foreground = white}
style(HEADER) = {background = blue foreground = white};
title 'Personnel Data'; run;
ds rtf close;

LastName | FirstName | City State | Gender | JohCode | Salary Birth Hired | HomePhone
& dams Gerald Stamford | CT I TAZ 34376 153EPT0| OFJUNOS| 203721-1355
Alexander | 3usan Bridgeport |CT  |F MEZ 35108( 1200T72 | 1ZATG9E| 203/675-7715
1400 Apple Troy Hew Fork |HY | ME1 207a9| DEMOVES| 190CT0A | 212/586-0808
1350 Arthur Batbara Hew Fork |HY |F FAS 32286| 033EP63| OlATIGO0| F1E/383-1540
1401 Ay Tetry Paterson  |HJ I TAZ 2RI 16DECEE| ONOVRS| 201732-8787
1400 Batefoot Toseph Princeton | HJ I ME3 43025 20APREZ| 10JUNDS | 20158132- 5665
1101 Baucom Walter Mew ¥ork |HY | aCP 18723 09JUHE0| 040CTRE| 21 2/586-5060
1333 Blair Tustin Stamford |CT I FTZ E8a06| 02APRTY| 13FEBO3| 205/781-1777
Blalock Ralph Mew Fork |NY | TAZ 32615 Z0]ANT1| 05DECOE| F1E/384.2840
Bostic Ilarie Mew York |HY |F TAZ ZETES| 25DECEs| 080CTO3 | T18/E84-85146
Bowden Earl Bridgepott | CT I ME1 28072 31JANTO| 24DECOD| 2053/675-3434
Boyee Tonathan Hew Fork |HY | FT1 665217 2ZDECED| 30JANOO| 21275871247

Vice na:
http://support.sas.com/documentation/cdl/en/proc/61895/HTML/default/viewer.htm#ao00057825.htm
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ms-its:proc.chm::/proc.hlp/a002291718.htm

PROC Report

PROC REPORT combines features of PROC PRINT, PROC
SUMMARY, PROC SORT, and the data step - it can sort and
summarize data and perform calculations.

proc SC]l, COUNTRY RECION FRODTYFE FRODUCT ACTUAL FREDICT MONTE
create table smallprod as e mer e cmes taen ean e
select country, Sef TR TR TR et R e

B &

region, camom W 2100 o
prodtype,
prOdUCt, GEFMANY EAST o =D 770.00 1 0.0 s
actual label="format=commal0.2, S e ee evenn eenon e
predict label="format=commal0.2, S —— S e
month U.5.A.  EAST & cmIm ez 2.0
from sashelp.prdsale e S
where mod(monotonic(), 75) =0 UoE A WEST T mRR s 1enn
order by ranuni(94612); ?;J.L;J.l;':.L ::“ 153. 00 :

quit;
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PROC Report

« |f we run PROC REPORT with virtually no Flain PROC DEFORT
options, we'll get output similar (but not Product Moo
identical) to that of PROC PRINT: Coumtey  Raglon typa Prodact ACTORL  PEEDICT - tR
CRERDR ERET FORMITURE  EBED SEZ. 00 B51.00 Jum
CERMANY ERET COFFICE CERIR 197 .00 T47.00 Mar
T.5.A. ERST OFFICE DESX 415.00 TEZ.00 Do
title 'Plain PROC REPORT'; CLINES DELETEL:

proc report data-smallprod CERMANY WEST FURMITURE  BED 463 .00 ETE.00  Jum

nowindows missing;

rung

PFroduct Moo
Country Ragica typs Poodact ACTUAL FREIDICT th

proc report data=smallprod
nowindows CRER.LA ERST FURNITORE EHED DE3. OO £51.00 Jun
. . GEEMRKY EAST OFFICE CHAIR 19700 T4T .00 Hmr
missing o S.A. EAST OFFICE EsE 415.00 TEI.00 Dac

headline headskip; «LTNES DELETEs

CEEMLEY ¥aoT FORNITORE  HED 4EB_ DD ETE.00 Jun

run;
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PROC Report

Mon
proc report data=smallprod Country Eagiron Froduct th FREDICT ACTUAL
nowindows missing CRHADA EARST EED Jun L 933, 00
headline headskip; CERMANY EAST CHAIR Mar T4T .M 197,00
column country region product U.E.A. ERET LEEE Dac TE3 .00 415. 04
h di 1 <LINES DELETED=>
month predict actual; CERMANY WEST BED Jun 576.00 468. 00
run;
* In some ways, the DEFINE statement is
the real workhorse of PROC REPORT.
+ |t defines how variables are grouped,
sorted, summarized, and displayed. _ Bon
Count ry Aaglion Froduct th FREDICT ACTUAL
proc report data=smallprod o EED Tun 251,00 233 00
nowindows missing DEEE Sap 452,00 Z34.00
hezdline headskip; CHAIER Har BTS00 &70.00
i WEET TRELE DaC 231. 00 T74.00
column country region product CHATR Jan 98 00 §38. 00
month predict actual; EOFA Mar 5E3. 00 142.00
GEFMANY EAST CHAIER Mar T47.00 197.00

define country / order;
define region / order;
run;

<« LTHEE DELETED>
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PROC Report

The GROUP option on the DEFINE statement

proc report data=smallprod

Country Begion EREDICT ACTUAL
tells PROC REPORT that you want to create a nowindows missing
SUMMA,H_Y report rathe:r than a, detail report, headline headskip; CANADA EAST 1, 982. 00 1, 887.00
summarizing by the variables with DEFINE / . HEST 912.00  1,758.00
ORDER. column country region GEEMANY EAST 1, 810. 00 1, 592.00
: . WEST 2, 283.00 2,224.00
PIEd.J.I:t ECtual’ U.5.A EAST 1, 387.00 2,092.00
. . 1 H WEST 1,577.00 . 630.00
All columns should be either GROUP variables dEff'nE ccuf’trﬂf / group; ’
or numeric variables to be summarized. define region / group;
MNumeric variables are summed by default. run;
L. roc report data=smallpred 5 TR
The most common statistic is probably SUM, e F nowindows misg ing cf‘_’ff’_’____ljﬂ_gf? _______ iR‘f‘]ffc_T _____ i_l___f‘_
but other statistics (MEAN, STD, MIN, MAX, headline headskip;
and so forth) are also available and can be column country region CANADA EAST 660.67 629.00
specified in the DEFINE statement (only one predict actual; WEST 304.00 586.00
at atime). N and PCTN can also be define country / groups GERMANY 2?: ::i zz "Eri: g;
specified {e!ther In th? COLUMN statement, define region / group; U.S5.A. EAST 346.75 523.00
or for a particular variable). define predict / mean; WEST 525 €7 £43. 33

define
Fun;

actual / mean;

Vice na: www.excursive.com/sas/ProcReportSlides.pdf

http://support.sas.com/documentation/cdl/en/proc/61895/HTML/default/viewer.htm#a002473620.htm
http://www.sas.com/offices/NA/canada/downloads/presentations/Vancouver_Spring_2007/Craig.pdf
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Global Statements

The following are global statements that enhance reports:
e OPTIONS
e TITLE
e FOOTNOTE
e ODS
Global statements are specified anywhere in vyour

SAS program and they remain in effect until canceled,
changed, or your SAS session ends.

727

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



The OPTIONS Statement

The OPTIONS statement changes the value of one
or more SAS system options.

General form of the OPTIONS statement:

OPTIONS option(s);

e Some SAS system options change the appearance
of a report.

e The OPTIONS statement is not usually included
in a PROC or DATA step.

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS System Options for Reporting

Selected SAS System Options:

displays the date and time that the SAS session began

DUIE (el at the top of each page of SAS output.

does not display the date and time that the SAS session

Nolpryls began at the top of each page of SAS output.

prints page numbers on the first line of each page

NUMBER (default) e oo i

does not print page numbers on the first line of each page

MELMCLIEISR of SAS output.

defines a beginning page number (n) for the next page of

HaEISNCA SAS output.

continued...

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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SAS System Options for Reporting

Selected SAS System Options:

CENTER (default) centers SAS output.

NOCENTER left-aligns SAS output.

PAGESIZE=n defines the number of lines (n) that can be printed
PS=n per page of SAS output.

LINESIZE=width defines the line size (width) for the SAS log and
LS=width SAS output.
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SAS System Options for Reporting

options 1s=80 date number;

proc means data=orion.sales;
var Salary;

run,
I 09:11 Monday, January 14, 2008 35 ]_
The MEANS Procedure
Analysis Variable : Salary
N Mean Std Dev Minimum Maximum
165 31160.12 20082.67 22710.00 243190.00
- I 80 characters wide I >
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SAS System Options for Reporting

options nodate pageno=1l;

proc freq data=orion.sales;
tables Country;

run,
[ =)
1
The FREQ Procedure
Cumulative Cumulative
Country Frequency Percent Frequency Percent
AU 63 38.18 63 38.18
Us 102 61.82 165 100.00
- I 80 characters wide I >

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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The TITLE Statement

The TITLE statement specifies title lines for SAS output.
General form of the TITLE statement:

TITLEN 'text "

e Titles appear at the top of the page.

e The default title is The SAS System.

e The value of n can be from 1 to 10.

e An unnumbered TITLE is equivalent to TITLEx.

e Titles remain in effect until they are changed, canceled, or
you end your SAS session.
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The FOOTNOTE Statement

The FOOTNOTE statement specifies footnote lines
for SAS output.

General form of the FOOTNQOTE statement:

FOOTNOTEN 'text '

e Footnotes appear at the bottom of the page.
e No footnote is printed unless one is specified.
e The value of n can be from 1 to 10.

e An unnumbered FOOTNOTE is equivalent to FOOTNOTEx.

e Footnotes remain in effect until they are changed, canceled, or

you end your SAS session.
734
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footnotel 'By Human Resource Department';

footnote3d 'Confidential';

proc means data=orion.sales;

var Salary;

title 'Orion Star Sales Employees';

run,

»

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

Orion Star Sales Employees

The MEANS Procedure

Analysis Variable : Salary

Mean Std Dev Minimum

Maximum

165

31160.12 20082.67 22710.00

243190.00

[

By Human Resource Department

Confidential

]

__—
The TITLE and FOOTNOTE Statements
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Changing Titles and Footnotes

TITLEn or FOOTNOTEn

e replaces a previous title or footnote with the same number
e cancels all titles or footnotes with higher numbers.

Canceling All Titles and Footnotes

e The null TITLE statement cancels all titles.

|title;|

e The null FOOTNOTE statement cancels all
|footnote;|

736

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Output Delivery System

*Output can be sent to a variety of destinations by using ODS

statements.
LISTING

Procedure

Output

737

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Default ODS Destination

® The LISTING destination is
the default ODS destination.

ods listing;

proc freq data=orion.sales;
tables Country;
run;

proc gchart
data=orion.sales;

hbar Country / nostats;
run;

* The LISTING destination
directs output to the
OUTPUT window and the
GRAPH window.
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Default ODS Destination

The ODS LISTING CLOSE statement stops sending output to the OUTPUT and
GRAPH windows.

ods listing close;

proc freq data=orion.sales;
tables Country;
run;

proc gchart
data=orion.sales;
hbar Country / nostats;

ll' run,

A warning will appear in the SAS log if the LISTING destination is closed and no
other destinations are active. [23  ods listing close;

24

25 proc freq data=orion.sales;
26 tables Country;

27 run;

WARNING: No output destinations active.
NOTE: There were 165 observations read from the data set ORION.SALES.

739
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HTML, PDF, and RTF Destinations

ODS destinations such as HTML, PDF, and RTF
are opened and closed in the following manner:

ODS destination FILE =" filename.ext '
<options>;

SAS code to generate a report(s)

ODS destination CLOSE:;

740
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Single Destination

Output can be sent to only one destination.

ods listing close;

tables Country;
run;

ods html close;

ods listing; -

ods html file='example.html';

proc freq data=orion.sales;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.

It iIs a good habit to open the
LISTING destination at the end of
a program to guarantee an open
destination for the next
submission.
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Multiple Destinations

*Output can be sent to many destinations.

ods listing;
ods pdf file='example.pdf';
ods rtf file='example.rtf';

proc freq data=orion.sales;
tables Country;
run;

ods pdf close;
ods rtf close;

*To view the results, all destinations except the LISTING
destination must be closed.

742

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.



Multiple Destinations

Use _ALL_ in the ODS CLOSE statement to close all open
destinations including the LISTING destination.

ods listing;
ods pdf file='example.pdf';
ods rtf file='example.rtf';

proc freq data=orion.sales;
tables Country;
run;

ods _all_ close;
ods listing;
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Multiple Procedures

*Output from many procedures can be sent to ODS destinations.

ods listing;
ods pdf file='example.pdf';
ods rtf file='example.rtf';

proc freq data=orion.sales;
tables Country;
run;

proc means data=orion.sales;
var Salary;
run;

ods all close;
ods listing;

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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File Location

A path can be specified to control the location of where
the file is stored.

ods html file='s:\workshop\example.html';

proc freq data=orion.sales;
tables Country;
run;

proc means data=orion.sales;
var Salary;
run;

ods html close;

If no path is specified, the file is saved in the current
default directory.
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STYLE= Option

Use a STYLE= option in the ODS destination statement
to specify a style definition.

ODS destination FILE = 'filename.ext'
STYLE = style-
definition:

A style definition describes how to display the presentation
aspects such as colors and fonts
of SAS output.

e STYLE= cannot be used with the LISTING destination.

746
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SAS Supplied Style Definitions

Analysis
Beige
Curve

EGDefault
FestivalPrinter
Meadow
NoFontDefault
Rsvp

Sasweb

serifPrinter

Theme

Astronomy
blockPrint
D3d
Electronics
Gears
MeadowPrinter
Normal
Rtf
Science
Sketch

Torn
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Banker
Brick
Default
fancyPrinter
Journal
Minimal
NormalPrinter
sansPrinter
Seaside
Statdoc

Watercolor

BarrettsBlue
Brown
Education
Festival
Magnify
Money
Printer
sasdocPrinter
SeasidePrinter

Statistical



SAS Supplied Style Definitions

The following style definitions are new to SAS 9.2:

grayscalePrinter Harvest HighContrast
Journal2 Journal3 Listing

monochromePrinter Ocean Solutions

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Examples

I STYLE=DEFAULT

The FREQ Procedure
Cumulative Cumulative
Country | Frequency Percent Frequency Percent
AU 63 3818 63 3818
us 102 G1.82 165 100.00
The FREQ Procedure ‘ STYLE:SASWEB
B3 38.18 B3 35.18
102 61.52 165 100.00
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Examples

i STYLE=PRINTER

The FREQ Procedure
Cumulative | Cumulative
Country | Frequency | Percent | Frequency Percent
AU 63 38.18 63 38.18
Us 102 61.82 165 100.00
STYLE=JOURNAL
The FREQ Procedure ou
Cumulative Cumulative
Country Frequency Percent Frequency Percent
AU 63 38.18 6.3 38.18
us 102 61.82 165 100.00

Reprodukovano se svolenim spole¢nosti SAS Institute Inc., Cary, NC, USA.
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Destinations Used with Excel

*The following destinations create files that can be opened in
Excel.

CSVALL

Procedure
Output MSOFRICE2K

EXCELXP
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Destinations Used with Excel

Editor or Microsoft
Excel

CSVALL Comma-Separated Value

Web Browser or
MSOFFICE2K Hypertext Markup Language Microsoft Word or
Microsoft Excel

EXCELXP Extensible Markup Language Microsoft Excel
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CSVALL Destination

CSVALL does not include any style information.

ods csvall file='myexcel.csv';

proc freq data=orion.sales;
tables Country;
run;

proc means data=orion.sales;
var Salary;

run,

ods csvall close;
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Microsoft Excel - myexcel.csy

El] File Edit ‘“iew Insert Format  Tools Data  Window Help

DEH S Q| V&5 6

@ -3l

=10l =|

Type aquestion For help » & X

Biv - B |=5s w35 F

K22 A &

A | B | © | E | F [ o [ W [ 1« [ 0 [ Ko
| 1 |The FREQ Procedure —
| 2 |Country  Frequency Percent | Cumulative Cumulative Percent
| 3 AU 63 38.18 38.18
| 4 |US 102 61.52 100

5

| B |The MEANS Procedure

| 7 |Analysis Variable : Salary

| 8 M Mean Std Dev  Minimum | Maximum
| 9 165 31160.12 20082.67 243190
10

11

|12

13

| 14

| 15|

| 16|

|17

| 18 L
|19

20

4 4 » H[ymyescel
Ready

(KN

UM




MSOFFICE2K Destination

MSOFFICE2K keeps the style information including spanning headers.

ods msoffice2k file='myexcel.html';

proc freq data=orion.sales;
tables Country;
run;

proc means data=orion.sales;
var Salary;
run;

ods msoffice2k close;
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Microsoft Excel - myexrcel.htmil

IE_] File Edit “iew Insert Format Tools Data  Window  Help

Twpe a question for help

NEH SR VE LR-9- 8= -4 e Hiv-[B]=[Es %)
103 - # The FREQ Procedure
A [ B [ C [ 5] | E F | 5 |
1 The FREQ@ Procediire
2
EN Cumulative| Cumulative
1 |Country | Frequency| Percent| Frequency Percent
s AU 63 3818 63 3518
& |US 102 6182 165 100
7
& |
9 |
| 10|
11| The MEANS Procediire
1
13 Analysis Variable : Salary
14 N Mean|Std Dev| Minimum| Maximum
15 165 31160.12| 20082.67 22710 243190

15
W 4 r M|y myexcel

Ready

1«1




EXCELXP Destination

EXCELXP keeps the style information and each procedure is a separate sheet.

ods tagsets.excelxp file='myexcel.xml';

proc freq data=orion.sales;
tables Country;
run;

proc means data=orion.sales;
var Salary;
run;

ods tagsets.excelxp close;
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Microsoft Excel - myexcel.xml

@_] File Edit Yiew Insert Format Tools Data  Window Help Type a question For help
NS H & VESa@- 98 = -3 le @Eie - B |8 %%
F14 - F
A | B | C | D | E I
Cumulative Cumulative
1 [Country Frequency Percent Frequency Percent
| > AU 63 38.18 63 38.18
EUS 102 51.82 165 100
| 4
| 5
| 5
|7
| 5 |
=N
| 10
|11
|12
|13
| 14
| 15 |
4 4 » #[|“Table 1 - One-Way Frequencies Table Z - Summary statistics | 4] |

Ready




The file you are creating is not an Excel file!!!

File Edit Format Wiew Help

!! myexcel.csy - Notepad

CSVALL

The FRES Procedure

"ald",63,38,18,63,38.18
"us",102,61. 82,165,100, 00

The MEAMS Procedure

3 m

"Country", "Freguency', "Percent”, "Cumulative Freguency , CUmulatl

"Analysis wvariable : g
e
165,31160.12, 20082. 67

File Edit Format

View Help

Yy "Mean”, "std Dev”, | 1O U T A I

<head:

.ﬁftercapt

4|

ion

<html xmlns:v="urn:schemas-microsoft-com:wiy

font—family: ard

font-size: mediu
Funt—wei?ht: bold
font-style: normd

MSOFFIC2K |

<meta name="GSenerator" content="SAS Software version 9.2, see ww
4| <meta http-equiv="Content-type" content="text/ html; charset=wind
<title>sAs output< /Titles
<style type="text/ css">
I

File Edit Format Miew Help

!L myexcel.xml - Notepad I

<7xml wersion="1.0" encuding=”wﬁnduws—1252“?>|

EXCELXP

<?msu—apE1icatiDn progid="Excel.sheet" 7>
<workhook xmIins="urn:schemas-microsoft-com:office:spreadshest”
xmlns:x="urn:schemas-microsocft-com:office:axcel”

xmlns thtml="http: Awww. w3 . org TRAREC-htm140" >
<bocumentProperties xmlns="urn:schemas-microsoft-com:office">
<authorsstudent < author =
<Lastauthor=student<sLastauthors
<Createds-2007-12-21T1l7:59:35<Created:>
<Lastsaved-2007-12-21T17:55:35<Lastsaveds>
<Company=SAs Institute Inc. http: Mwww.sas. com< Companys

1] |
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Data null

*WRITE RAW DATA SEPARATED
BY BLANKS*
set iris;
file "c:\temp\iris.dat";
put sepallen
sepalwid
petallen
petalwid
species;
run;

*"WRITE RAW DATA
SEPARATED BY TABS*/
data _null_;

set iris;

file "c:\temp\iris.txt"
dim="09"X;

put sepallen
sepalwid

petallen

petalwid

species;
run;

*WRITE RAW DATA
SEPARATED BY COMMAS*/
data _null_;
set iris;
file "c:\temp\iris.csv" dlm=",";
put sepallen
sepalwid
petallen
petalwid
species;
run;

data _null_;
set iris;
file " c:\temp\iris_column.dat”;
put species 1-10
sepallen 12-15
sepalwid 17-20
petallen 22-25
petalwid 27-30;
run;

*WRITE RAW DATA INTO SPECIFIED COLUMNS*/
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Proc Export

PROC EXPORT DATA= WORK.IRIS
OUTFILE= "C:\temp\iris.xls"
DBMS=EXCEL REPLACE;

SHEET="sheet1";

RUN;

Obecné:

http://support.sas.com/documentation/cdl/en/proc/61895/HTML/d
efault/viewer.htm#a000316288.htm
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Export Wizard

m Edit View Tools Run

Solutions  Window Help

[] New Program
= Open Program...
Close

Cirl+N [
Ctrl+0 [

Append...
ﬁ Open Object...

[& Save

Save As...

m Save As Object...

Ctrl+S

=¥ Impert Data...
N

Plovosons

SAS
Export Wizard

BExport to
EXCELCS file

E Export Wizard - Select export type

E Export Wizard - Select library and member

Choose the source SAS data set

Librany:

[work

Member:

[

[ Write: variable labels as column names

Hep |  Cerwel | <Back

Export Wizard - Select file

What type of data do you wish to export?
Standard data source

Select a data source from the list below.

Microsoft Excel Workbook on PC Files Server

Microsaft Excel Workbook on PC Files Server
[ Microsoft Access Database on PC Files Server

Comma Separated Values (*csv)

Tab Delimited File (" bd)

Delimited File (*.%)

dBASE File (".dbf)

JMP File {* jmp)

SP55 File ("sav)

Stata File {*.dta)

Paradox File (*.db)

Microsoft Excel 5 or 95 Workbook (*ds)

Microsoft Excel 4 Spreadsheet (*ds)

Lotus 1-2-3 Spreadsheet (" whd)

Lotus 1-2-3 Spreadsheet (“wk3)

Lotus 1-2-3 Spreadsheet (" whk1)

SAS
Exqport Wizard

Select file

Help Cancel | <Back |

Finish

Options... |

Wwhere do you want to zave the file?

|D:"-dukumerfr}-"-pmce"-_l'vlU"-.v;.'uka"-.Data Mining 1%datal Browse...

[=] sAS Export: Delimited File Options

]

(7) Character Cancel
() Hex Value 20 _I
First Row

() Write variable names as column names
Write variable labels as column names
() Write data with no column names

Help
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