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ABSTRACT

The Quality Assurance {QA) department at SAS Institute
Inc. is responsible for testing the numerous features of the
sAs® System on a variety of hardware platforms. Much of
the testing is conducted in an automated fashion, thus
producing reams of output that must be scrutinized by QA
analysts to weed out unexpected, incongistent, or incorrect
behavior. In response to this challenge, the QA tooling
group has developed a centralized anaiytical system by
which bugs can be quickly identified. The goai of the system
is to reduce the time spent on problem identification, in
effect maximizing time available for interactive testing and
new testware development. The system was developed
using SAS software products for two reasons: the ease with
which user-friendly applications can be developed, and the
opportunity for evaluating SAS software products in a
real-world application.

INTRODUCTION

The QA department at the Institute maintains an
ever-expanding library of testware currently composed of
over 50,000 programs. Most of these programs run under
each of the many operating systems supported by the SAS
System, including MVS, CMS, VMS, UNIX, Windows,
OS/2®, and VSE. A standard set of testing tools is
maintained on each of the target hosts. These tools are
used to execute the programs using the latest version of
SAS software, compare the results to known banchmarks,
and report the test results in a host-specific format. These
test results are then transferradto a common platform (HP
8000), which is the primary system used by QA analysts.

A base SAS® DATA step program is then used to read in
these results, converting themto SAS data sets. Inthis
format, a myriad of SAS procedures can be used to format,
manipulate, display, and graphically summarize the data. A
single analytical tool (QATRACK) is used to monitor test
results as well as to perform tasks affecting the
resubmission of failed tests. in addition to the extensive
data management andreporting capabilities offered by
base SAS software, several additional products are
employed by QATRACK:

N/A SAS/AF® Menu-driven
software interface

DOWNLOAD | SAS/CONNECT" | Download SAS
software data sets from
remote platforms
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FSEDIT Browse/edit data
one program per
screen

FSVIEW SAS/FSP Browse/edit data

software one program per
line

FSLIST SAS/FSP Browse flat files

software

GPLOT SAS/GRAPH® | Performance

software trend analysis
plot -

N/A SAS/SHARE® | simultaneous

software write access to
multi-user data
DATA DESCRIPTION

Due te the volume of results from each of the platforms
tested simultaneously, the data are broken down by product
orfeature and by the operating system under which the
tests were run. Far example, results for a certain statistical
procedure under MVS are kept in a different datalibrary
than results for a graphical procedure under VMS. QA
analysts are assigned to separate products andfeatures,
thus contention for the same data is greatly reduced.
Although different data sets are maintained for each
product-system pair, analysts and managers can generate
reports that merge the datafrom separate data sets,
allowing a global view of testing progress.

QATRACK maintains two classes of data for each
product-systetn pair: latest and cumulative. The first
corresponds to the most recent run for each of the test
vrograms. The second contains an audit trail of all past runs.
While thefirst data class is generally used for shapshot
information on the health of an image undertest, the second
class is used to evaluate trends in system performance as
well as to determine rerun and regression ratios.

Software tests are organized into groups of programs that
are run together, known as testtables or test suites. In order
to provide consistent information across systems, the
following information is passed to QATRACK from the

system-specific testing tools for each test case:
Program Test name

Table Test suite to which the program belongs
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Dvd Functional area to which the table
beiongs (stands for Development
Directory)

SASRC Return code from the execution of the
SAS image

Version Internal version ID for the image tested

Date Run Date and time the program was run

Result1- Comparison result of each output type to

Result4 fis benchmark

Note that each test program may produce up to four cutput
typesthat are compared with their respective expacted
benchmarks. The Result fields are used to report whether
the result and benchmark were found, and if so, the number
of differences detected between the two.

Consolidating Results

If the system-specifictesting tool cutputs the previous fields
to aflatfile, FTP is used to pass the fite to the HP 9000
platiorm. From there, a simple DATA step is used to input
the file to a SAS data set. If the system-specific testing tool
is implemented such that results are already stored in SAS
data set format, SAS/CONNECT software is used to make
a connection to the remote host and download the test
results to the HP 9000 platform. The following DATA step
program is used to download the results data set from our
MVS system:

/*i*tii**iﬁi**ﬁk*'Cﬂf’i’t’!’ttrtit***ii****t

*+ Log on to the remote MVS systam using a
+ talpat script suppllied with SAS/CONNECT.

Q""Q.,t."’IiQ******i****Q*Qﬁ**t**”'!ittt,

options comamidstelnet remote=mvschur
signon "teltso.scox";

rsutait sdcomva;
/ttt*'i**tﬁ*'ﬁ*QQQ"Qtﬂ*frttti*iti*t*t***

* Set up a libref to the MVE data library

* uging the SAS/SHARE engine.
OO*QQQ.*tt'tttttiiiittitt*itii**i**#*ﬂ.**/

options comamid=xms0;
%shrmacs (user,nonsg, applays=mva);
%libdef (MVSLIB, MVSTEST.RS08.TRACK);

Itt'ttii*tt**tii*'Q**#tﬁ**’tQ"t'tt*frt&*

+ Download the data set to a local,

* temporary data set.
't**#t*ii!!itti'tttiittt*i*t**ﬁ**t***tﬁ*ﬂ,

proc download datasMVSLIB.qgarslt
outmdownload;
run;
endrsubmit;

signoff “&QATROOT/sassrc/teltso.scr";

Since test suites are run asynchronously, results can be
posted to the MVS data set at any time during the day. In
order to prevent collisions, the SAS/SHARE server is used
to handie multi-user write access to the results data set. The
SHRMACS and LIBDEF functions are usedto set up access
10 the appropriate share server and to peint to the physical
MVS data set holding the SAS data library.
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Latest Data

As discussed previously, the first data class maintained by
QATRACK is a snapshot of the most recent results for sach
test program. In addition to the standard fields provided by
the system-specific testing tools, a cumrent status field is
computed by QATRACK that gives the analyst a quick
reference to the test’s success. Valid statuses include the
following:

CLEAN All results compared cleanly to their
corresponding benchmarks

BADRC An invalid return code was generated by
the SAS image
DIFFS Differences were detected between the

results and their benchmarks

NORESULT No result(s} found
NOBENCH No benchmark(s) found
MULTIPLE More than one type of error detected

A number of editablefields are aiso providedto help the tool
developer add descriptive information concerning tests that
were not marked CLEAN. This information is particularly
useful in tracking the resolution of outstandingbugs. These
fields are discussed in greater detail in the FSEDIT section.

Cumulative Data

The second data class maintained by QATRACK is the
audit trail of all past runs for each test program. Since there
is no limit to the number of observations (records) that can
be appended to the audit trail, the data set is storedin
compressed format using the COMPRESS= data set
option. This reduces its size by compacting repeated
consecutive characters or numbers to 2-byte or 3-byte
representations.

Since the cumulative audit trail is accessed only for reports,
QATRACK can limit the user to read-only access.
Obviously, having write access to a testing audit trail could
have a hazardous impact on evaiuating testing progress. Iif
such access were granted, the user wouldbe able to
remove or modify entries for a particulartest case, thus
eliminating important regression run information.

Some system-specific testing tools supply performance
statistics along with the standard fields previously listed.
These would include on CPU utilization, memory usage,
and /O operations. These data are stored in the audit trail
so that trend analysis can be performed for representative
test programs.

MENU SYSTEM

SAS/AF software is used for QATRACK's menu-driven
interface. The QATRACK menus take advantage of several
of the screen-developmentfeatures offered by this product,
including pull-down menus, selection lists, push buttons,
radio buttons, andfill-in-the-blankfields. Figure 1 showsthe



QATRACK main menu.

End Family

W WY

* QATRACK »

O S 0 D e b 2006 3
Product/Feature; B
DEVEQOS DEV
Chooge one of the Following functions:

P FSVIEW REPORTS
{per product/system pairs)

CROSS~$YSTEM REPORTS
{per praduct)

CROSS-PRODUCT REPORTS

Figure 1: QATHACK Main Menu

From the main menu, the user can perform any of the
following functions:

# Sslaectthe systemtoreview viathe Family pull-down
menu.

» Select the product to review via the fill-in-the-blank field.

o Editthe latest data via eitherthe FSEDIT or FSVIEW
radio buttons.

» Run reports on both the latest and cumulative data via
the various reports buttons.

In the case of the reports buttons, sub-menus are displayed
that prompt the analyst for more information as to the
content of the desired report. For example, if the
CROSS-PRODUCT REPORTS button is pressed, the
menu shown in Figure 2 is displayed:

END

EROSS-PRODUCT REPORTS FOR FM3607

QA Group: B

From Dates To Date;
{Blank from/to dates imply all dates)

Select one of the following reports:

FREQUEMNTY CO_HT FER ZRULLLU- 25T

LIST OF BLL

=R G

{long report)

(Results will appear in the SAS:OUTPUT window}

Figure 2: CROSS-PRODUCT REPORTS Menu

Many of the same SAS/AF screen development features
are copied from the main menu in order to provide a
consistent ook and feel. A more thorough explanation of the
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CROSS-PRODUCT reportcan be found in the Reports
section later in this paper.

FSEDIT VIEW OF THE LATEST DATA

The FSEDIT procedurs is a facility provided by SAS/FSP
software that allows the user to view data one observation
{or record) at a time. PROC FSEDIT provides many
farmatting features to the application deveioper, allowing a
more user-friendily presentation of the data through screen
positioning, color, highlighting, and 17O validation.

The PROC FSEDIT portion of QATRACK provides the
analyst with the greatest power and flexibility in performing
problem resolution. Figure 3 shows the FSEDIT view of the
latest data,

File Edic Search View Lozals Globals Help

]
af / DEV

Program: abglhli7? Table: afmast DVvD: &f Output: _
Status ¢ DIFFS MULTIFLE Proalem;
Reviewed; Date Initials 0

VYerified: Date Initials ____

Rebench

Machine Result
LOG 2 DifFF{s)

LST
BD0 1 Diff (sl
T

Date Run: 3LMARZ2:23:00:00
Method: BAT

SRS RC: NORMAL Verston: 5.07,04000123192
COBUGS:

Comments:

SAS Options:
Other Infe 3

Figure 3: FSEDIT Screen

The most recent data for a single test program are displayed
using formats for certain figlds to make them more human
consumable. For example, the raw data corresponding to
thefourresults are changedfromnumeric and keyword
values to a fully descriptive text string. A '1’ is changed to
1 Difi(s)’, and an 'NB’ is changedto 'No Benchmark’. in
addition to the fields supplied by the system-specifictesting
tools, the following documentation fields are provided to
help the analyst track bugs:

Problem Reason for the test failing (for example,
precision differences)

Reviewed Signoff for first review of the problem

Verified Signoff for resolution of the problem

Rebench Mechanismto identify the need for a new
benchmark

CDBUGS Cross-reference to bug-tracking system

Comments Miscellaneous information

SAS Options  Special options used in running the test

Other Info Catch-all for information not found in the

other fields



SESUG ‘93 Proceedings

Scrolling and Searching

The analyst canscrollfromone testprogramtothe next
using either the pull-down rmenu or user-defined function
keys. However, a quicker method of locating particular
programs is provided using the powarful WHERE clause
capabilities offered by SAS/FSP scftware. WHERE clauses
allow the data to be subsetted by selected values for data
fields. The analyst may only be interested in programs that
did not generate a status of CLEAN. Using a WHERE
clause of the form “WHERE STATUS1 NE 'CLEAN™ will
restrict the viewable test programs to those that suifered
problems at run time or did not compare cleanly with their
benchmarks. Similarly, a clause of the form "WHERE
TABLE =’suite1’” will limit the viewable test programs to
those belonging to the logical group of programs named
’suite1’. Since subsetting by program name, table, and dvd
are frequently desirad, short-cuts have been implemented
to construct these clauses. Simply typing over any of these
three fields triggers the generation of an automatic WHERE
clause using the entered value.

Rebenching

Since the SAS System is hosted on disparate platforms,
differences frequently occur due to varying levels of host
precision for floating-point values. Inthese situations, the
analyst verifies the accuracy of the output and saves the
output on the target platform as a temporary benchmark.
Differences reported on subsequent runs will be restricted
to regressive behavior as is desired. This process is known
to QA as hostbenching, and i is made simple from within
QATRACK through the Rebench fields. In order to make a
copy of the output as a benchmark on the remote host, the
analyst simply types NEEDHOST in the corresponding
Rebench field. QATRACK takes advantage of networking
tools to accomplish the remote hostbench. If successtul
(that is, no network errors are encountered), the Rebench
value is changed to HOST. Hencelorth, if differences are
reported for this output type, they are easily identified as
regressions.

Viewing of Remote Resulls

As previously mentioned, most QA analysts at SAS Institute
use the HP 9000 workstation as their primary computing
device. In order to centralize most of the analyst’s work to
this platiorm, QATRACK provides the capability to remotely
access test input, output, benchmarks, and differences for
the most recent runs. These are available through the
Outputfield on the FSEDIT screen. Placing an X in this field
invokes anaother SAS/AF menu (Figure 4) of pushbuttons
corresponding to the various testware files stored on the
remote system.
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END

36 36 4 396 36 9 3696 96 36 3 3 FE I 363 90 36 3 3E 6 6 b 98 96 36 36 30 A BN

# Click on the degired file type =
B0 30 30 3k 30 S O B0 O B 3 20 o 0 b Sk 3 S8 5 b 3 2 b b 0 0 A BB

SRC LOG LST EDO TXT

BO1 HLG/BLG  HLS/BLS HED/BOB  HTX/BTK

TBL DIFLOG DIFLST DIFBDG DIFTXT
ABEND CHECK

Figure 4: Remate File Lister Menu

Clicking the mouse causes QATRACK to retrieve the
associated file type from the remote system, displaying it in
a read-only window using the FSLIST procedure. Multiple
file types can be viewed simultaneously. For example, the
analyst may first bring up the difference listing accompanied
by the associated output file and benchmark. After viewing
the differences, a bug may be suspectedin the test program
itself. This can be verified quickly by clicking on the SRC
button and examining the input program as it appears on
the remote host. If a rerun is warranted, the analyst sirnply
exits the menu and places a RERUN value in the STATUS
field. Other QA employees, namely processors, then can
use the WHERE clause capability to list all test programs
that have been so marked. Since processors are
responsible forthe execution (and re-execution) of test
suites on the remote systems, analysts never have to leave
QATRACK to perform problem resolution.

FSVIEW VIEW OF THE LATEST DATA

The FSVIEW procedure is another facility provided by
SAS/FSP software that allows the user to view multiple
observations (records) at the same time. Like PROC
FSEDIT, PROC FSVIEW provides many formatting
features 1o the application developer; however, in order to
fit multiple cbservations on a screen, certain documentation
sacrifices mustbe made. Fields are described using
developer-specified column headings, with a width (along
with that of the data) that governs the number of fields
visible at a time. In order to fit the maximum number of fields
on a screen, these descriptions tend to be more terse than
their FSEDIT counterparts.

QATRACK’s FSVIEW option allows the analystto view and
modify the data for groups of test programs all on the same
screen. This is extremely useful when a modification is to
be made to the same field of a number of programs. The
new value simply is placed in the same column of each
corresponding row. Since WHERE clauses are also valid in
PROC FSVIEW, a subset of test cases can be established
easily. Figure 5 shows the FSVIEW perspective of the latest
data.



File Ediz Secarch View locals Globels Help
EROGNAME TERLED SIATUSL. ERGRLON. RESULTL . RESNTS RESULTR.
sbglhkC8 afmast CLERH [} []
abglhkie ofmast CLEAN ]
glhkl7 aFmast DIFFS 2 i
abgihl0g afmast CLERY o 0
hile  afmast CLER [
abglhli7  afmast OIFFS 2 1
abgikadf afmast CLEAN 0 3
abglhmif afmast CL Q0
abgllmi7? afmast DIFFS 2 1
abglhn0E aFfmas Q Q
abplhrié  aFmast CLEAH ]
abgihnl? afmast DIFF 2 i
abglhe0E aFmast CLEAN o Q¢
abglhe aFmazt CLERH Q
abglhe: aFmast DIFFE 2 ]
hpQB  afmast CLERN o [
abglhp: afmast (4
abglhp afmast DIFFS 2 i
abglhz afmast 0 ]
abglhz: atmasy CLEAN -]
abgplhzi? afmast
ral3 afmazt CLEAR [ Q
abplrEdE  afmaze CLEAN 1 [}
afmast DIFFS Q 51
abglrd03 afmast DIFFS 0 52
rel3 afmazt 1FFS Q a1
abglrFOS  afmasc EIFFS 9 51
abglrgl3 afmastc DIFFS Q 51
abglrh(3 afmast DIFFS 1] 51
abglriC3 afmast

Figure 5: FSVIEW Screen

Obvicusly, both the FSEDIT and FSVIEW procedures have
distinctfunctional advantages, anditis uptothe userto
determine which of the two best suits the operation to be
perfermed. Novice users of QATRACK are encouraged to
use PROC FSEDIT first until they achieve a basic familiarity
with the data. Experienced users tendtowardthe more
globalwindow of data presented by PROC FSVIEW. In
either case, it should be noted that the two procedures
operate on the exact same set of data. Changes in one view
are instantly reflected in the other.

REPORTS

Whenever data are captured, reports invariably foliow. The
SAS System offers a multitude of pracedures related to the
production of user-friendly reports. QATRACK makes
explicit use of these procedures to handle sorting, printing,
plotting, and computing frequency statistics on the test
results.

Figure 6 shows a frequency count of each of the test
programs for the BASENCL product and the O$/2 system,
braken down by test suite and resolution status.

File Edit View Glcbals Help i
] 13:54 Uednesday. August 19, 1592 ?4@5
Freguencies for the statusl varlable
bazencl ~ 082
TRBLE CF TRBLE By STATUSL
TaBLE STATUSY
Freauencu! CLEAN  IDIFFS  INDRESLLT! Total
bfreq i 133 61 91 139
chert2 1 66 | [ al 66
Forms | 84 1 1 48 | 130
neans | 106 1 [} o1 105
reperr I 2l 01 01 3
repert 1 93 1 31 11 97
tabulat | 197 1 11 o1 190
Total B82 11 d6 739
£ i

Figure 6: Frequency Count for Each Table and Status
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As previously mentioned, managers frequently want to look
atinformation that spans multiple systems orproducts.
Figure 7 is an example of the latter. Frequency counts
summarizing the number of tests marked for rerun
{STATUS1 ="RERUN’) are broken down by functional area
{dvd) and system.

File Egit View Glcbals Help

08:35 Fridau. August 28. 1992

TABLE 2 BF DVD ¥ SVSTEM
CONTROLLING FOR STRTUSL=DIFFS

DvD SYSTEM
Freauencyl 652 IVSE IWIN I Tatal
ats [} 43 1 101 85 1 108
etsoug | 20 1 41 201 4a
expand | 21 66 ! o1 33
Fareca | 11 01 91 111
loan 1 a1 4| G| 12
acrtga | o1 71 [N} 17
tzeere | 01 4B | 12 30
Taotal 74 220 96 290
@
B

Figure 7: Freguency Count for Each Dvd and System

Figure 8 shows the number of programs run for a
user-specified date range, broken downbyproductand
system. This is helpful to QA managers who are trying to
stay abreast of their overall progress in a given week,
quarter, or year.

1 File Edir view Glosals hels
gl HOST Frequency Counkt of FM3607 Programs us%
Run Between QLTANSL and SLDECHL 3
13:54 Uednescay. August 19, 29922
TABLE OF PRODUCT BY GYSTEM
PRODUCT SYSTEM
Freaguencyt CHMS iMvS 1S I Total
hatbug | 321 [ } ot 32
hetio | 01 541 2041 288
heslng | 16 1 16 1 16 1 40
hstopt | 436 | 11 o1 437
hstpre | a5 | s | 28 1 78
hetsre | 256 1 86 | 1383t 1700
getint 1 4861 404 | 0B | 1286
test 1oer i 21 [ L
Total 1438 558 2073 4073
%
Figure 8: Frequency Count for Each Praduct and System
Bounded by a Date Range
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As previously mentioned, performance statistics are
captured for each run of a test program. Figure 8 shows the
trend of three such statistics over time for a representative
test program. USERTIME and SYSTIME show CPU
utilization, while SIGESRCVD measures interprocess
communication. Each plotied point represents a single run
of the test program.

Command ==2e> [

Trend Analysis for Program frgrag00

2 f
P PP =
29 Gr St = Sy

T T

T
21JuLe2 ez 16RUGS2 20RUGI2

DATE RUN
PLOT  &—4—8 YSERTIME W% SYSTTME  ©-9-8 SIGSROVD ﬁ

Figure 9: Performance Trend Analysis

n addition to the reports supplied in the QATRACK menus,
users may run their own tailored reports outside of the
QATRACK tool. All data are stored in public libraries and
are readily accessible through either batch or interactive
SAS jobs.

PORTABILITY

One of the huge advantages to QATRACK being an
application based on SAS software is its ease of portability
to any platform currently supported by the SAS System. In
fact, the original version of QATRACK was hosted
simultaneously under the MVS, VMS, and CMS platforms.
These three versions were then consolidated and movedto
a MIPS workstation. From there, QATRACK found its
eventual home on the HP workstation.

Eventhough UNIX workstations are graphics-oriented
devices, QATRACK could be invoked using an ASCH
terminal. The SAS System provides windowing capability
even an non bit mapped devices. This altows multi-display
functionsality, for example in viewing remote results,
regardless of the device type. However, the look and feel
is greatly enhanced by taking advantage of the bit mapped
display oftered by the UNIX platform.

FUTURE ENHANCEMENTS

As the SAS System evalves, the QATRACK system s
poised to evolve along with it. Plans for the future include
taking advantage of SAS/SHARE software when it is
released under UNIX. Currently, QATRACK limits the
second user of data for a particular product and system to
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read-only access. SAS/SHARE will eliminate this
restriction.

An obvious functional enhancement is the capability to
initiate test suite reruns from within the QATRACK menu
structure. Remota jobs could be submitted directly from the
tool, taking advaniage of the sarme network tools that are
used o retrieve remote results. This will all but eliminate the
need for QA processors to get involved in the verification
of bug fixes, since QA analysts can launch reruns
themselves,

QATRACK data andreports are prime candidatestobe
included in an Executive Information System (EIS).
SAS/EIS™ software allows the creation of a customized
information presentation system based on data generated
from various sources. Current QA pians include the
development of an EIS that will disptay information from
QATRACK in conjunction with data from the Institute’s
bug-tracking system. The EIS will provide asingle point
from which managers can graphically monitor progress in
the testing cycle.

Finally, the apptication canbe convertedto use SAS
software FRAME entries that take advantage of graphics
display devices and recent developmentsin graphical user
interfaces. An example for using FRAME entries is in
enhancing the trend analysis plot. Buttons can be attached
to the plot allowing the analyst to select various
performance statistics, specify a time range to be plotted,
andscroll from one programto the next, all without ever
having to leave the plot screen.

CONCLUSION

In taking advantage of the many data presentation and
reporting procedures offered by the SAS System, the
QATRACK test analysis tool has proven to be a dramatic
time-saver in the identification and resclution of software
defects. s centralized approach to the management of test
result data from a number of diverse platforms drasticaily
reduces the amount of operating system expertise and
eiectronic iegwork required of the QA analyst.
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