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January 21, 2007



Why SAS?

« (Can deal with very large datasets — I/O

« All datasets in WRDS are in SAS

« Many features built In:
— Standard Query Language (PROC SQL)
— Matrix language (PROC IML)
— Non linear programming (PROC NLP)



Syntax rules

All commands end in a semi-colon

SAS statements are not case sensitive. You may use upper or
lower case.

Variables names can be upper or lower case.

When you refer to "external” file name, it is case-sensitive
(interaction with UNIX operating system)

Commands can extend over several lines as long as words
are not split

You may have more than one command per line

SAS name rules (for datasets and variables): up to 32
characters long; must start with a letter or an underscore (“ 7).
Avoid special characters.



Parts of a SAS program

OPTIONS (control appearance of output and log files)

— SAS programs produce an output file (.Ist) with the printed
results of commands

— Log files (.log) with processing messages
DATA step, where you manipulate data

PROC (procedures) are used to run analysis on existing
datasets,

— PROC steps can generate datasets that can be modified In
a DATA step

“Output Delivery System” (ODS)

Avallability of functions to process perl regular expressions
(prxparse, prxmatch, prxsubstr, prxposn, prxnext, prxparen)



How SAS works

« SAS reads and executes data steps statement by statement,
observation by observation.

— All variables in the portion of memory that processes the
current each observation are reset to missing in each
iteration of the data step. The RETAIN statement prevents
this from happening.

* Missing values are negative infinity, denoted by “.".
— Operators “propagate” missing values (e.g., “v1+v2+v3")

— Functions typically ignore missing values (e.g.,
SUM(v1,v2,v3)



Using the SAS documentation

« Basic modules for us:

— BASE (all about DATA steps, SQL, SORT, and a few stat
procedures)

— STAT: REG, ANOVA, PROBIT, etc

— ETS: Arima, autoreg, expand, glim, syslin, tscsreg
— IML (matrix language)

— OR (nlp)


http://support.sas.com/onlinedoc/913/docMainpage.jsp

Additional sources

* “The Little SAS Book”
« SAS Global Forum proceedings for papers about specific
subjects (e.g., “fuzzy merging”):
http://support.sas.com/events/sasglobalforum/2008/index.html



Three files:

« Your program: example.sas
— To run: “sas example.sas”

« Output: example.lst

« Log: example.log



A simple SAS file




ShS System

CONTENTS Procedure

Set Name
Type

Modified

CR5F. M5F

DATA

Vo

Friday, February 06,
03:40:33 PM

Friday, February 06,

Ohservations
Variables

Indexes
Obserwvation Length

Deleted Ohserwvations

14:3531 Wednesday, April 29, 2009

JB5636E
21

5

168

0

03:41:4T7 PM
Compressed NO
Set Type Sorted TES
Monthly Stock - Securities

Representation HP UX 64, RS 6000 ATX 64,
HP Iaf
latinl Western (IS0)

Dependent Information

Set Page Size 163554
of Data Set Pages 3Te96
Data Page 1
Obs per Page o7
in First Data Page B8
File Page Size 819
of Index File Pages 32526
of Data Set Repairs 0O
Name Awrds/fcrsp/sasdatassm/mst. sasThdat
Created 9. 0101M3
Created Sunls
Number ae0
Permission [W-L——L——
Name widsadmn
Size (bytes) 617619456




# Variable Type Len

AT.TBRC
AT TPRCOT
Ak
ASEHT
EID
BIDLO
CEACEER
CFACSHR
CUSIP
DATE
HEXECT
H5ICCD
I55UNO
PERMCO
FERMNO
PLC
RET
RETE
SHREOUT
SPREAT
VoL

Hum
Hum
Hum
Hum
Hum
Hum
Hum
Hum
Char
Hum
Hum
Hum
Hum
Hum
Hum
Hum
Hum
Hum
Hum
Hum
Hum

=
B
=
=
=
=
=
=
=
4
=
=
=
=
=
=
=
=
B
=
=

List of Variables and attributes

Format

12. 5
TYMMOONE .
11. 5
12. 5
11. 5
12. 5

éfﬂ
=
=
o0

|l B o I Y )

Informat Lahel

12. 5
TYMMODE .
11. 5
12.5
11. 5
12. 5

Price Alternate

Blternate Price Date

Ask

Ask or High Price

Eid

Eid or Low Price

Cumulative Factor to Adjust Prices
Cumulative Factor to Adjust Shares/Vol
CUSIP Header

Date of Observation

Exchange Code Header

Standard Industrial Classification Code
Nasdag Issue MNumber

FERMCO

FERMNO

Price or Bid/Ask Awverage

EHturns

Feturns without Dividends

Shares Outstanding

Spread Between Bid and Ask

Volume




proc print; dataset options

data=crsp. msf (obs=10);

data=crsp. msf (obs=100) ;

var permno dakte prc ret;

crsp.msf conventions:
Missing data codes in “ret” (referred as “.C” and “.” )
ASKHI:
— High price if there was trading
— Otherwise highest ask: denoted as Negative!
BIDLO: Low price if traded; otherwise lowest bid
PRC: close if there was trading; otherwise P=—(BID+ASK)/2




CUSTE PERMMO FERMCO IS5UN0 HEXECD HSICCD DATE

BE3591610 10000 TO5E 10596
BE3591610 10000 TOLZ 10596
BE3591610 10000 TO5E 10596
BE3591610 10000 TOL2 10596
6EE391610 10000 TOLZ 10396
BE3591610 10000 TO5E 10596
BE3591610 10000 TOL2 10596
6EE391610 10000 TOLZ 10396
BE3591610 10000 TO5E 10596
BE3591610 10000 TOLZ 10596

29890 19851251
3990 198601351
2990 19860228
a990 19860351
3990 19860430
2990 19860530
2990 198606350
3990 19860721
2990 19860829
3990 198560950

L I R o A S o T A T

ASFHT BRC VoL EET EID

43750 37500 1771
37500 25000 228 57143
43750 43750 1078 . 365385

21250 .goooo Q&7 098592
21875 10938 1074 . 2zzbbb
. 29688 09375 1069  O050E5
43750 . 84375 1163 080308
. B2500 08375 20489 . B15385
28125 03125 ahE1 CO571435

CFACPR CFACSHR ALTPRC SPREAN ALTPRCOT

.aB=50 : 19860107

.a7s00 .2b000 19860151

25000 25000 19860225 . 257143
43750 .12500 1986035351 . ab5385
Sgoooo .25000 195604350 098592
.10938 09375 19860530 . 22EB5E
08375 COe=50 19860630 005025
.8daTh 0250 198607351 080808
08375 COe=50 19860529 .B15385
03125 0250 19860950 057143

e e e el s
el el e e e e e L
ocooooo o oo



DATE

19851231
19860131
19360225
19860331
19860430
19860530
19860630
198360731
19860829
19860330
195610351
19861128
19861231
19870130
19870227
193703351
19870430
19870529
19570630
198512351
19860131
19860228
19860331
19860430
19860530
19860630
19860731
19360829
19860930
19861031

2571435
. 365385
093592
222656
. Ons0z5
080508
.B15385
057143
c242424
.Oe0ooo
.a¥T358
c 212121
.gooooo
384615
062500
.HBBEET

C

DIDEDdDE
0. 025200
009901
009304
015068
010204
072165
. 00307T
0358216




Data step; set; where.




CUSIP FERMII IS5UND HEXCD H=ICCD DATE

29274420 10001 10398
O05873R10 10002 103599
00103110 100:5 10432
46603210 10026 10433
23323610 10028 H2226
72913210 10052 10437
13886930 10042 104449
TT46T540 10044 10454
41043F20 10051 10465
0021210 10085 0
6681020 10078 10497
25086510 10092 10522
02514410 10100 10532
EE389H10 10104 10536
59491810 10107 10539
00509L70 10116 TOO031028
01736110 101357 0
74144T10 101348 10609
67104010 10143 10614
43851610 10145 0
=bE64810 10147 10615
08385710 10163 10635
0087Z810 10180 128980
BTE23710 101582 10660
15881610 10200 10673
S0215p10 10205 10678
T8050M10 10207 13072
24863110 10225 0
28966010 10252 10697
29091410 10238 10704
05775520 102359 024
45383610 10252 10733

4920 20080131
020 200501351
2070 20080131
2052 200501351
5044 20030131
2670 20080131
1041 200501351
20680 20080131
aedZ 200501351
BT23 20080131
2571 20050131
6794 20050131
2300 20080131
TaT0 200501351
7370 20080131
2834 200501351
4911 20080131
=211 20050131
2830 200580131
aT2d 20080131
a5TE 200501351
2860 20080131
2834 200501351
5040 20080131
253l 200501351
035 200501351
BT20 20080131
2433 200501351
O30 20080131
035 200501351
b330 20080131
EO=0 200501351

Ol M L L) GO L L L G L GO LD L0 DD L LD LD D0 [ DD L D L




proc means: Equally weighted portfolio

« Note: year() is a SAS function



Proc means: output file...
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Proc means: class statement

proc means data=crsp. msf nway noprint;
by date;
an index was selected to execute the BY statement.
The observations will be returned in index order rather than in physical
order. The selected index 1s for the wariable(s):

where year (date) »=2Z000;

var ret;

output out=egret mean=;
£ ;

There were TB9584 ocbhserwvations read from the data set CRSE. MSF.
WHERE YEAR (date) >=2000;

The data set WORE-EGRT F=—+l3 ohservations and 4 variables.
FROCEDURE MEZ used (Total process time) :

real time

cpu time

« This is inefficient code:
— The data is sorted by permno and then date
« “by date” ONLY worked because there is an index
« But processing is slow!

— Also: a function year () Is calculated for all date values



Average returns for each security:
Proc means: class; date constants

Cant uvse "by" with nonsorted datal
Note an alternatiwve form of

data=crsp. msf (wheref{(date:= d) }) nway noprint;

1EEEEE’permnﬂ;
var ret;
oubput out=awgret mean=;

data=awgret (obs=50);

« “class date” does not require sorting
« works faster than “by” with an index
* Note the a SAS date constant!



proc means data=crsp. msf (where=(date>='01JANZ000'd)) nway noprint;
class permno;

var ret;

output out=awgret (drop= type fregq ) mean=;

LU ;

: There were 789534 obhservations read from the data set CRSF. MSF.
WHERE date:='01JTaNZ000'D;
- The data set WORE. AVCEEP—ra=—iSd00 obserwvations and 2 wvariables.
: PROCEDURE MEANS peed (Total proces3NLime)
real time a3. 00 seconds
cpu time 9. 50 seconds

FET

. 011739
010482
c125462
CO2092E
. 018921
040217
Q09593
0164586
. 00e033
012582
.O01Z381%
017887
.104072
010017
C021770
COZZ2800

I
I
I
0
I
0
I
I
I
I
0
I
0
I
I
I




ComputingCumulative Returns:
Data step: by; If; retain; first.var; last.var

cumret;

""]_:l ms

1T

cumret* (1+ret) ;

» Grouped data (indicated by “by permno date”):

— First.permno is equal to 1 if the observation is first in a group of
observations with identical permno’s; O otherwise

— Last.permno is similarly 1 if the observation is last in a group
— Data set needs to be indexed or (preferably) sorted

« If grouped but not sorted one sometimes can use
“by permno date notsorted”



FERMMO

10000

10000

)

10000

10000

1=t

10000

1000 01424
7107
70714

5000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10001
10001
10001
10001
10001
10001
10001
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Note the missing return code!

e “if ret~=." would not have worked!

* “missing (var)” works for all missing values — I.e.
* Numeric:. .A .B .C .D .. .7Z
 Character. “”



Counting positive returns:
proc freq; data views; more missing...

m

H- Hh (D

i i
1

 H T
(0]

=

e —

m =2 =

FEEQ Procedure

Cumulative
Frecuency Percent Frequency Percent
5| ¥ 4 X

25096 3.18 25096 3.18

ITB061 17,88 A0315T 51.06
386427 18, O 789584

A data view is a “fake” dataset that is stored as compiled code
— Takes (almost) no space; easy to use.
— Faster processing — at least if you only need it once!

“if not missing (ret)” is required since missing values

Kk N

(including “.”) compare as if they are just large negatives!



Other useful procedures

proc sort :sorting a dataset
proc append : append a dataset at the end of another
proc import :import data from other formats (e.g. csv)
— Must run SAS with “-nodisplay” command line option
— Be careful when importing datasets with many variables!
 Make sure to set guessingrows= option
proc export :export data into other formats
— Actual export data step code is written into the log!
« Can be copy-pasted and re-used!
* This allows specifying dataset options; etc.
proc reg: alinear regression
proc glm: fixed/random effects etc.
proc model: can use for many things — e.g. GMM



Reading raw files; proc reg

filename filel '~pleb31/training/table97.raw';
filename file2 '~pleb3l/training/pop6080.txt’';

data consumption; infile filel missover;
input year gnp c¢; lagcon=lag(c);

data population; 1nfile fileZ2; 1nput year pop;

data matched; merge consumption population;
by year;

proc print data=matched;
proc reg data=dl;
Test run: model ¢ = gnp lagcon / dw;
output out = d2 p=chat r=ehat student=normehat;



A recap:

Errors due to forgotten semi-colons and gquotes are frequent and
often hard to recognize.

Missing values are negative infinity in SAS (positive infinity in Stata)

PROCs can generate data files that you can manipulate in DATA
steps.

SAS can keep as many files as you need “open” during a session
(unlike Stata).

Merge statement requires datasets to be sorted. Sorting takes time
and space, but merge can sometimes be more efficient than SQL.

Know your data; always check the log.

Always test your code with small datasets that represent all the
cases in your actual sample.

Document your program and add variable labels to your data!




“Permanent” vs temporary SAS data files

Remember?

data consumption; 1infile filel missover;
input year gnp c¢; lagcon=lag(c);

“‘consumption” is a temporary dataset. It is deleted at the end
of the SAS session.

For permanent datasets: LIBNAME libref ‘path’;
A library is a directory with SAS datasets.

Example:
libname finc488 ‘~pleb3l/training/mydata’;

data finc4s8.consumption; 1infile filel
missover, 1nput year gnp c¢; lagcon=lag/(c);



Merging data — options

In SAS, we have two options for merging datasets:
— MERGE statement in a DATA step
— PROC SQL

The trick is understanding your data and controlling how the
merge takes place.

A DATA step merge requires sorted datasets. Sorting typically
takes more space and time.

SQL does not require sorting and can also create variables on
the fly.



A basic merge

« As with a DATA step with a BY statement, SAS generates
some internal dummies that you can use. In a MERGE, SAS
keeps track of the source of the observation. Use the IN= data
set option to name the internal tracking variable.

data temp;
merge dsA (in=a) dsB (in=Db);
by 1d;

if a;

* a=1 when the case was present in dataset “dsA”, and missing
otherwise. “if a;” is a short form for “1if a ne .;”

4



Basic PROC SQL

PROC SOQL;

CREATE TABLE(temp)AS SELECT

<~
<aSA.vl, dsA.v2, dsB.v3, dsB.v4

FROM dsB

WHERE dsA.id = |d

« This is|a “inner join™: if
cases |n dsB.

Source datasets

sB.1d;

Name of output SRIKe
dataset

Conditions to

SA that match

Variables in
format:

source.var_name




crsp.msf and crsp.stocknames

Contents of Dataset: crsp:msf Contents of Dataset: crsp:stocknames

Descriptions: Monthly Securitie Descriptions: Company Names with Effective Name Dates

F'ﬂsltlﬂl'l Variable |Format LEl'thl'l Descr Position|Variable |Format Length lescrlptmn

DT Mum Char

Mum
Mum

Wﬂ

AEEMDDT|Mum

16

L |Mum
L [Mum Cumulative F: dj : ) g SIp SIF Identifier - His :
P Char CUSIP - 2 |PERMCC ' Permanent Company Number
DATE Mum Cate o ervatio 'ER ) "= Barmanent Mimber
o Mum : =h;
L |'|:|r 5
MNum 3
MNum 8

| 17
| 1|C
| 5
| 4

19 -.I:F Mum 3 n Bid and
11|wOL Mum a Volume




proc sqgl: historical returns of IBM
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This code assumes that the ticker has
not changed over this period.

Putting commas in front of variable
names in lists helps prevent very
annoying syntax errors!!!

Returns




Self-join: computing past returns...

1]

pastret (drop=lcumret)
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« Computing cumulative returns over a rolling 6-mo. window:
— Intck() here gives the range between 2 dates in months
— sum() computes a sum over a group
— Need to use having() rather than where() with summary statistics
— “calculated” keyword used to refer to newly created variables!



Merging data: the perfect merge

permno

dataset A

date
20061222
20061226
20061227
20061228
20061229

20061222
20061226
20061227
20061228
20061229

20061222
20061226
20061227
20061228
20061229

-0.011341
0.011808
0.001000

-0.001332

-0.004003

-0.000393

0.001572
-0.001177
-0.008641
-0.005943

-0.006881
0.004305
0.016099

-0.002366
0.001856

shrout
9830460
9830460
9830460
9830460
9830460

2271614
2271614
2271614
2271614
2271614

1506352
1506352
1506352
1506352
1506352

dataset B

20061222
20061226
20061227
20061228
20061229

20061222
20061226
20061227
20061228
20061229

20061222
20061226
20061227
20061228
20061229

26661631
20701973
31366625
26765285
33456606

8723071
6773208
10262437
9988658
6792287

451906
338929
402196
442416
225953




20061222
20061226
20061227
20061228
20061229

20061222
20061226
20061227
20061228
20061229

20061222
20061226
20061227
20061228
20061229

Decision time...

-0.011341
0.011808
0.001000

-0.001332

-0.004003

-0.000393

0.001572
-0.001177
-0.008641
-0.005943

-0.006881
0.004305
0.016099

-0.002366
0.001856

shrout

9830460
9830460
9830460
9830460
9830460

2271614
2271614
2271614
2271614
2271614

1506352
1506352
1506352
1506352
1506352

10107

20061221

20061227
20061228

20061227

20061228

20061227
20061228

25679912

31366625
26765285

10262437

9988658

45439500
30126200




Only complete records

permno date ret shrout
12/27/2006 0.001 9830460 31366625

12/28/2006 -0.001332 9830460 26765285

12/27/2006 -0.001177 2271614 10262437
12/28/2006 -0.008641 2271614 9988658

proc sql;
create table dsmerge’Z2 as select
dsa.*, dsb.vol
from dsa, dsb
where dsa.permno=dsb.permno and
dsa.date=dsb.date;

quit;



proc sql;

permno

The left rules

date
12/22/2006
12/26/2006
12/27/2006
12/28/2006
12/29/2006

12/22/2006
12/26/2006

12/27/2006
12/28/2006
12/29/2006

12/22/2006
12/26/2006
12/27/2006
12/28/2006
12/29/2006

ret
-0.011341
0.011808
0.001
-0.001332
-0.004003

-0.000393

0.001572
-0.001177
-0.008641
-0.005943

-0.006881
0.004305
0.016099

-0.002366
0.001856

create table dsmerge3 as

dsa.*,

dsb.vol

from dsa left join dsb
on dsa.permno=dsb.permno
dsa.date=dsb.date;

quit;

shrout
9830460 .
9830460 .
9830460
9830460
9830460 .

2271614 .
2271614 .
2271614
2271614
2271614 .

1506352 .
1506352 .
1506352 .
1506352 .
1506352 .

vol

31366625
26765285

10262437
9988658

select

and



The right rules

permno date
12/21/2006 25678912 : :
12/27/2006 31366625 0.001 9830460
12/28/2006 26765285 -0.001332 9830460

12/27/2006 10262437 -0.001177 2271614
12/28/2006 9988658 -0.008641 2271614

12/27/2006 45439500
12/28/2006 30126200

proc sql;

create table dsmerged4d as select

dsb.*, dsa.ret, dsa.shrout

from dsa right join dsb

on dsa.permno=dsb.permno and dsa.date=dsb.date;

quit;



0000 merge4a 00000000

permno

date
12/21/2006
12/22/2006
12/26/2006
12/27/2006
12/28/2006
12/29/2006
12/22/2006
12/26/2006
12/27/2006
12/28/2006
12/29/2006
12/22/2006
12/26/2006
12/27/2006
12/28/2006
12/29/2006
12/27/2006
12/28/2006

ret

-0.011341
0.011808
0.001
-0.001332
-0.004003
-0.000393
0.001572
-0.001177
-0.008641
-0.005943
-0.006881
0.004305
0.016099
-0.002366
0.001856

shrout

9830460
9830460
9830460
9830460
9830460
2271614
2271614
2271614
2271614
2271614
1506352
1506352
1506352
1506352
1506352

All the records

vol
25678912

31366625
26765285

10262437
9988658

45439500
30126200

proc sql;

create table dsmergel as select
coalesce (dsa.permno,
dsb.permno) as permno,
coalesce (dsa.date, dsb.date)
as date format= ,
dsa.ret, dsa.shrout, dsb.vol

from dsa full join dsb

on dsa.permno=dsb.permno and
dsa.date=dsb.date;

quit;



Merging: DATA step versus PROC SQL

Type of merge

Conditions in

PROC SQL jargon and

DATA step conditions
All records No conditions “outer join”
necessary from dsA full join dsB
Complete records if a and b; “‘inner join”
from dsA, dsB
Left rules If a; “left outer join”
from dsA left join dsB
Right rules if b; “right outer join”

from dsA right join dsB




References

Good references are

« http://ftp.sas.com/techsup/download/technote/ts644.nhtml

« A book called "Combining and modifying SAS data sets:
examples", which is in the RC library (for Kellogg students). It

has a lot of examples. Unfortunately, it does not exist in an
online version (only the code is available).

* And “Getting Started with the SQL Procedure”



