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Preface

Why to write-this book

The world can be described with data and model, and SAS is exactly about these two. SAS has
been proved to be a prominent player in data management and advanced analytics field worldwide.
In China, SAS is also getting widely used in more and more industries, as a result, talent demands of
SAS expertise is growing as well.

However, when speaking of SAS, the first impression is that it is difficult to master. In an
afternoon in 2000, not long after I joined SAS, Dr. Luan Shiwu, who was the CTO of SAS China,
asked me, “ How do you feel about SAS? [s it difficult to learn?” Actually, like the majority of my
colleagues, I do not think SAS is difficult to learn. Here are some reasons:

O SAS provides an explicit roadmap allowing the staff to learn specific domains of SAS in right
order step by step. That is very helpful since SAS technology is highly systematically and
broadly in scope of knowledge.

U Within each phase of the roadmap, elaborate materials are provided.

Q Projects are available for practice and exercise.

I believe that the above reasons I mentioned are essential to anyone who wants to learn SAS.

Basing on such experience and consideration, [ have been conceiving of a book with features below:

U Implement the roadmap of learning SAS core knowledge by organizing chapters of this book.

U Provide essential learning materials corresponding to each phase of the roadmap in each
chapter, so that readers are able to learn more deeply and widely after finishing each part.

U Provide examples that were extracted from business projects for readers so that they can learn

approaches and skills of solving complicated business problems.
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With this book, I hope it can help you master SAS technology systematically, further more you

can apply it easily into your professional work.

Target audience

This book is mainly for the following people:

O Practitioners who use SAS to extract, transform and load data.

O Analysts who take advantage of SAS to do statistical analysis and data mining.

Q Modeling experts who utilize SAS for time series forecasting and optimization.

Q System architects, system administrators and project managers who use SAS to plan,
implement, and manage projects.

O Managers whose team’ s work involves SAS product and technology.

How to read this book

This book consists of four parts, which systematically introduces SAS technology and
architecture.

Part One (Chapter 1 - 8) is about SAS programming which covers how to use SAS to import,
process and present data. After finishing this part, you can handle most of data processing work. It is
suggested for new learners to read this part thoroughly, while for experienced users, you can quickly
look through or refer to as it when needed.

Part Two (Chapter 9 - 18) talks about SAS statistical analysis and time series forecasting;
including both fundamentals and specific technology for how to use SAS for impler;lentation. People
who need to learn data analysis, data mining or forecasting are recommended to read this part.

Part Three (Chapter 19 - 24) is about operational research. It is very useful for those who work
on optimization modeling. This part gives fully description on common optimization problems with
practical examples. In addition, people who work on optimization are suggested to learn Chapter 17 of
Part Two, which is about time series forecasting, as forecasting usually goes along with optimization
in actual work.

Part Four (Chapter 25 - 28) is about SAS platform architecture. This part is independent from
the previous three parts. Project planners and architects will find this part very useful when they

design a SAS application with high security, high availability, and high performance.



VIII

Contents

Part One (Chapter 1 - 8): SAS Programming and Data Processing
Chapter 1 Foundation of Base SAS

Chapter 2 Reading External Data to SAS Data Set

Chapter 3 SAS Data Set Processing

Chapter 4 Multiple Data Sets Processing

Chapter 5 Data Summary and Presentation

Chapter 6 SAS SQL Language

Chapter 7 SAS Macro Language

Chapter 8 SA-S Programming with National Support

Part Two (Chapter 9 - 18): SAS Statistical Analysis and Time Series Forecasting
Chapter 9 Descriptive Statistical Analysis

Chapter 10 Parameter Estimation and Hypothesis Test

Chapter 11 Analysis of Variance

Chapter 12 Principal Component Analysis and Factor Analysis
Chapter 13 Cluster Analysis

Chapter 14 Discriminant Analysis

Chapter 15 Regression Analysis

Chapter 16 LOGISTIC Regression Analysis

Chapter 17 Time Series Analysis

Chapter 18 General process flow of SAS Data Mining

Part Three (Chapter 19 - 24): SAS Optimization Modeling
Chapter 19 Overview of Operational Research

Chapter 20 Fundamentals of Linear Programming

Chapter 21 Linear Programming with PROC OPTMODEL
Chapter 22 PROC OPTMODEL Programming

Chapter 23 Integer Linear Programming and Mixed Integer Linear Programming
Chapter 24 Examples of Optimization Modeling

Part Four (Chapter 25 - 28): SAS Business Implementation
Chapter 25 SAS Intelligence Platform and Solutions

Chapter 26 SAS Application Infrastructure Planning



IX

Chapter 27 Security Administration of SAS Intelligence Platform
Chapter 28 High Availability of SAS Intelligence Platform

Acknowledgement

This book is the outcome of team work, including each writer’s contributions.

With the completion of this book, there are too many people to whom I would like to express
my appreciation. I would like to thank to this era and SAS. It is this era that endows organizations and
individuals with the need of data analysis and modeling, and it is SAS that offers me the knowledge
and the feeling of responsibility to complete this book.

In the end, I’'m particularly grateful to Lisa Yang from Huazhang Company of China Machine
Press for her warm invitation and precious suggestions which contribute to the completion of this

book. Her professional and efficient review work improved this book a lot.

Kansun Xia
Beijing, China
July, 2014



E § C eritert's

s 1T FEERIEE sy sonsmmrenionsiiuns 18
Preface
F25 BUHNGEDRS] SAS Btk - 19
S SAS EIEISIELNE 2.1 SAS ZRFREARMEA oo 20
AT L 1 A ——— 20
17 Base SASHLRH o 2 PRI T ¢ - T — 23
1.1 SAS BBEAS -eomermeemeemmeoeneenns ) 2.13 SAS ZHFEMBIEESE - 31
R = TV JNTE——— 4 2.1.4 SAS RZEII oeveerererereinninns 33
12.1 SAS BOIBRIBAETR cvooevveereneenn 4 2.1.5 SASFEFFEERY --oooeeeeeeeeenn 37
122 JERERER ooorermcenecnesereenene 5 2.2 EiT DATA A BB e 38
135 SR oo s rmearsmasnstiinn & 22.1 DATA BREHR -oveveeeeevminnnnnnn 38
124 ZZHAATER, - ooooemerememmonnnnns 7 222 BEHUNBCASF
125 FAdEXHH AUTOEXEC SC#: -7 B (R wvenommminsnniinn 42
R TR HAE o 8 223 FEHUMESCASEFE
1.3.1 SAS ﬁz}gﬁéﬁf@ﬁ .................. 10 ﬁ}E (%g&) ........................ 52
132 TEFFRBRY oovrenemner esasinns 10 2.3 it IMPORT it B EUSME
T G = - R 10 SEPRIARL - o svmcn s st g it 62
R - DU e ——— 11 2.4 iJilA]SE B RIBEE R G T R - 65
Rl T am———————— 11 25 SAS TRFFAERRARIR oo 68
1.4 SAS CHEFIBHEE - cveeeeeninnn 11 2.5.1 FLUFHI SAS G R ooeeeeeeses 68
1.5 —RBHT SAS BIF - oeeeerenees 13 252 BBHRRALIR oo 69

1.6 SAS Studio -«---erecererrrerrsiinieien, 17 U bl —— 73



§3 8 MBS o 74
3.1 FEBGERAMEE oo, 74
3.2 ARAEBCRBIRI - voeeeeerreeennens 78

B2 BAS D o ciomimsninssnions 78
322 TRENERAIIN oo sonrsonssamensins 84
32.3  SBRAERTERIURRM oo 88
3.24 PHEEHEE - ormsinisimnne, 92
3.3 BIEEBIAERE - s sossensnes 96
33.1 HdRHEET RENAME=
FIRENAME 1847 --ooeeeeeeeeennn 96
332 WREEOIEHAR oo 97
333 KFEATIIMREL - vveemeveeeenns 99
R JEEEROBL s vonenmnsstos bovss dnnsssons 103
FAL  EER - wsiesncsivsas tnsanmn oot oo 103
R840 BABII oo i simeransmmenis 106
3.5 SAS B FHPREL -ooooeiemernnornsnnronaas 109
351 FBTEEE -~ enmsevsronvonessmnns 109
352 BEEN e enrsssessiinss 110
353 ERHRIERBL - oovverrereerenes 110
354 BUAS TR 113
3.5.5 5 HIN AAESCHI RS - 115
3.6 KEHEES HRSNRSCH 116
8.7 IEIEE vuivenniviiosionssscummis wss 119

GNP S0 563 315711 R 120

4.1 ﬁﬁ%%%ﬁﬂ%fﬁ .................... 120
4.1.1 {1 SET BHISHH RS - 120

4.1.2 fifif] APPEND 33 #2334 7]
ﬁg% ................................ 127

4.1.3 SET ififJ5 APPEND 342
BRI e scesioon smons wsssmmnn sssromas g 129

42

XI

ARSI e 130
42.1 AMEH BY iBHISEIERIEH - 130
422 M BY iFHIIUBARI A3 - 133
423 BEREIESEILTT IN= #E

T D R 140
PRI L h 141
4.4 BARAERTUL oo, 143
44.1 BABEREMEE e 143
442 PN BEEERIER e 145
45 BUREAIE— AT e 146
4.5.1 (UTEEES LT END="------- 146
452 (B30 H FIRST. 5
TR 57 54050 e s 148
4.53 {#f SET B4y py e

POINT= F1 NOBS=-+++--+++++- 149
4.54 FEHIZA SETiHAY---ooooeeee 150

455 {#/f] HASH X5R4LEELA
o SRR 151
46 TR B s s mmmnnsnnsmneryas 156
WS BRI A SEB e 157
5.1 iExf PRINT iR HfEHRE - 157
501 HIVERAIETE oo, 157
5.12 SIFERIERFUIRE - 161
513 BEREERIR --oreevesmenone 163

52 @it TABULATE i #I/EIL5A
BT cveree v e, 168
521 fERAGCEME 168
522 HHEREILEME e 172
523 BBHRBERITR -ooeeerrrrieeeeen 175

53

i1t GPLOT B HIERIE - 180



XII

54

5:5

5.6

456 5

6.1
6.2

6.3

6.4

i o O R 180
532 HIVEEDRE - coveeeeiereeeenan, 184
53.3 HIEBIBEIE ---oorervnerennnn. 188
5\3_4 BIPESRIE -osonvunswssuannsens 195
i GCHART R BEHIFEIEE - 196
540 HHEREIRED o ovveervreerieennnnn 196
542 SIS RLIREG oo 203
R R 206
ODS BB R L - ovvevevenereennns 210
551 BEEFBIRHIHAR - oooeoe 211
552 B LR 216
FEBEANEE + v convsce sorsnsnss pssrenemesinn 203
SAS SQL (B --ovvvvereernenns 224
SOL SRR --oineiessmssonsesumns 224
iR SQL B ZBLIE ---vvevenreneennns 225
621 SOL R AKEER «oooremsusisn s
6.2.2 ] SQL MBS THRSE -+ 226
6.2.3 ] SQL MATHEATHRAE -+ 227
624 ] SQL xR&MT S
HEERIEER o o o sonrmammsson s 232
838 TR o meesunsrasons 233
{lEH] SQL X RAATHE [ &3 -+ 234
6.3.1 ] SQL M FITHIES - 234
6.3.2 ] SQL Xt ToNER: - 236
{1 SQL X KAATFHMIE G I - 237
64.1 {EfISCET EXCEPT ##%&
BT covvveeeeeeeeaennnn 238
6.4.2 fE[HI5CHET INTERSECT %}
SEFFH) BB .y sasssssesnone 240

6.43 {18 F UNION X%
HATINAI T covevseramnnnonrines 241

6.44 {4 OUTER UNION

MNRBTRAGFH oo 243

6.5 {fiF] SQL AFHRHE oo 245
6.5.1 i/l sQL &I, vl

PBESE s vvveninsenomammammeanens 245

652 IR SQLIBAAT -=resesmssarsens 247

6.5.3 B SQL MHBRIATFT -+evvveee- 248

6.5.4 {#H SQL BHEHF] - - ---- 249

6.5.5 {#H SQL TH AR ---vveeee- 250

6.6 B/ EE o 252

BT SAS iy LT TR 253

7.1 SAS EEBEHER - ocovmvvmmnnaenns 253

7.2 FEARRE < oorveisonmvassvaomsomcrnssarrns 254

721 FEARGZEN -ooevveeeeeeenannnn 254

722 FABEGTR veeeeereeananns 255

723 FEBBZEE e mcarmnranss 957

724 FAENS FIE v, 258

725 EARBIMEE - oeeveernens 259

T3 BB e 259

731 fEZIEE TR SAS EHL - 259

7.4

7.5

732 MEREAHEREAR 585

SRR AR enassvat ianss tonsoRa RS e 260

733 IRIALHE SR 232 -+ 261
EER b A R A e 263
741 BEREXGRER oo 263
TAZ BB e cias s i 264
r Rl RO ERR— 266
744 FESETE -, 269
B E S HA SAS HHF s 272
751 REERGHEIRE e 272



7.6

1.7

752 BT S DATA S oo 274
753 EREEEILIEBE e 277
%?ﬁﬁ ..................................... 278
7.6.1 FMBA] - vereerereeiii, 278
7.62 JEERIEA] ---evvemreemeenmmnemnnnnes 280
AREE /NG oo 283

458 % JFR IR S LA SAS

8.1

8.2

8.3
8.4
8.5
8.6

BRI e 284
B AR oo 284
8.1.1 B JKIG-eeeeererernreeessosnnns 285
8.12 FRFERIGED - eeeeermerens 285
NLS FHEH SAS JEIGT «-oovvvveereen 288
8.2.1 B3 /[XI5%T5 LOCALE="--288
8.2.2 ##hSEIi ENCODING="--""*+-290
8.2.3 WIXZEN TIMEZONE="-------- 295
824 EEHHATETR «oeeeeeeerereeeeess 296
NL 4% F1 NL Hy ARG oo 297
2RI 513 SEEE 302
)‘(ztg::,'iﬁ%ﬁl\%gw .................... 303
ACEE I NGE - veeveeineee 309

$£TH  SAS FitoHTHIRIEFFITTL

ot MRvES 312
9.1 JEAKES: e 313
9.1.1 K. MEFIREA -ooooeeneee 313

R il o — 313

9.1.3 HESATRMy LR e 313

9.14 BB, GHRFIEIHE 314

9.1.5 BHIALRERAERS A oo 314

VR i e o e——

9.2.1 HR¥dEEHESE -
RA B RO e

923 FERBUESAETERS worveeemees
93 MEANS SHBRIGHNTE -+ -eveveeseven
BEVERBEES s consomies o muraian
Y6l WEIGHT= 11 WEIGHT

9.2.2

9.3.1
932

933
934

510 8 SRS

LT .y e m—
FEEETE v samensesssvnnsmsian
BN =sss 2 s soseron sesasans
102 [BHERGES -+ eeovereenenene O
AT vevveeerenriseiniens
TS TR e
TURGT S oo consnan vz
PREAE TR - oveer
PO A T A -
FOAEE A T RS -+
103 AESBURBRGEE -
104 ARLE BRI oo
105 FEBRANEE st consrsennssmusinconsy oni

10.1.1
10.1.2

10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6

H113 NPT

111 HESWEIA e
AT s X [1: 0L %iu RECTRRREEPeS
TR A e

11.1.1
11.1:2

WAYS &4 TYPES &4 -
0.4 AEF/NGE v

XIII

346
348

o ¥

354
360



XIvV

11.1.3  HZEAHTHIBBL oo ovevrenres 373
112 BHERFERBHFTZERHT e 374
112.1 TTEST id#2. ANOVA
WS GLM 2] - 374
1122 i} ANOVA #2317
T RA i - vam ssmmnevns srnezass 374
1123 i fH GLM ST 2
ﬁ*ﬁ ............................. 376
113 BFEE FH/KFRZ5FK5% - 379
11.3.1 LSMEANS if#4)5 MEANS
TEAJIEC R veeereeerrrennnennn 379
11.3.2  #|H LSMEANS &34 T
TKIFEEE BRI - e cosinsssonsiss 380
114 FRKRBHITT 22T oo 382
1141 WHEZRIEMER - oeoeee o 382
1142 FH GLM R0 At
BEEHATITZE DT wevveeeees 383
1143 ARZBEEHRRNT £
BRI v sronannas duibammin st 385
SRR . - R ORR————— 386
F12u BRIt SEFT 387
12.1  FERRHTHER - veeeernneeenns 387
12.1.1 FERGT o HrEOEEA AR - 387
1212 EFTHEX. HERS
Eﬁfg ............................. 389
12.1.3  FE 53 oAk st oo 390
122 {#ifH SAS LB ERS M - 392
12.2.1 FACTOR j$#%5 PRINCOMP
TRRAILLES - veevvnrernnsrnnens 392
12.2.2 i/} PRINCOMP i3 #2347
AR o ven ssssssvuiih s 392

12.2.3 {#if] FACTOR 1 #2347

Iﬁkﬁ]\ﬁ\ffﬁ .................... 396
123 BTOHIGER - sesessanmenencesons 399
123.1 AHETSRHET - 399
1232 HFHritEgE - 400
1233 [HFSr 5 Ems o1
B AR —— 401
124 f#/H SAS SEHE T4 oo 402
bl v C—————— 407
B3 BRI s 408
13.1 BESBIMER - 408
13.1.1  FEDTTENFSHE - 408
13.12 FHEAERIEER -« oeeeemerees 409
132 RIAPEEGBIREE - oeeorevveeesnneees 412
13.2.1 {3 FASTCLUS
ST K BER A oo 412
13.2.2 {#fid % CLUSTER 53
| =2, 7 - 416
(KR QI <=7, 1 - (R RR— 422
%14% Jﬂjguﬁ*ﬁ ........................... 423
14.1  JUBIAFFHER - oocovermmmemmmnnenns 423
14.1.1 A5 BT EEARRE S K
R «oeeonenannnncuosionssvanasi 423
1412  HA IS Hre R & - 424
14.1.3  HABISHTHE R T e 424
142 HAISHTTE SAS HHRYSEEL - 426
142.1 {312 DISCRIM 353
— R B AT - vosessssssnenses 427
1422 fEHt#E CANDISC K31

ﬁﬂﬂ%”ﬁj\ﬁ ................. 432




14.2.3  f#ifHil#2 STEPDISC 530

A BRI AIHT - eveeeveeeeens 436
143  ZASEE/INGE ooeeererr 440
s mlHHr e 441
15.1 AREEREEE oo, 442
15.1.1 BZIRBIMEEERBL -oooveerereens 442
15.1.2 AEEHAGEG - vrvreererennns 444
15.1.3 CORR JfE -ove - waeressarmuns 444
152 ZRPE[EIH ooeeeerereriimmiiiiinenne 448
CT Ry R, [ —— 449
152.2  [BIEREEE -vvrervrnneeeninnnns 451
1523 ABHUPIE -o-vmvmreneeeorosnannne 453
1524 REFUZEEE coovveereniennn 457
152.5 RERVFRIY --cvevemremereoneenees 464
153 HZAREWE IS 466
LT T T r—— 468
%516 8  LOGISTIC [BlIHA T - 470
16.1  FEAJFFH v 470
16.1.1  ZMREZRAERY v, 470
16.1.2 LOGISTIC [B]J=A5HY - 471

16.1.3 LOGISTIC |51
{Ed— ............................. 473

16.1.4 LOGISTIC [E])#& A1)
JEAB Al sve omomors smesrne 474
16.2 iz LOGISTIC i F2 Ll AARHAY - 475
T . 2 T —— 475
16.2.2 BRI < vveeevvmnveesinnnnens 477
16.2.3  BEAE AR oo 478
16.2:4 BIBURAr o« rosonensrsomerosasons 480

16.3  LOGISTIC s P HAbIFHA] - 482
16.3.1 CLASS IEA] coeveesmenmonsinnss 482
1632 ODDSRATIO 4] oo 483
1633 TINITS BT ase: sumvonsones ses 484

16.4  FESTARL o 491
164.1 HAHRS Logit IR - 491
1642 BHERMKEEHER e 494
1643 REFHUZEER --ooereeerrreerannonnne 494

TR S ol 1T ——— 500

173 WHRIFESISIHT e 501

17.1 BHEIEFIIEAMEA, - oveervermrneeres 501
1711 THREEFIR)FEF -vevvvemvennnnns 501
17.1.2 W TRFFIREFRAE - 503
17.13  H W PRSP R -+ 506
17.1.4  SAS W RIS Ar ko

] R RETUBNE 511

172 SERERFRIEFN AP -ovoveveeerenerens 511
1721 BAERER rrorererereiiininn 512
1722 AR AL - 516
172:3 TR o ssomeens vorpsasss 521
17.2.4 BB FISHHLE - 532
17.2.5  FOI < oovememmrnmmmmmiosnsnernnnss 537

17.3  FABBFE]JFEFNSHT --oeememmeeeeens 546
17.3.1  HEEYER R - eeeeeeeeee 546
1732 BEHURHEIRGE - vvveerereeeeens 550
1733 iz/] ARIMA 3 f2#r

ST sovwnerss sroravan voves 554
1734 BB AR oo oovveeoveeesians 564
1735 mMHME R E S

XV



