Cleanscape Testwise

Software visualization and analysis tool box
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The Cost of Bugs

¢+ Cost of Discovery

A Very high if the customer finds
the bug

Lowest if the developer finds it
$ him/herself

¢+ Cost of Correction

Very high when discovered

Design Code Analyze Debug _ while running the application
> L owest when spotted in the
source code

The cost of fixing a bug goes up
dramatically thelater a bugisfound
in the development cycle
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Automatically Stop Integrate Automate the
generate source software redundant test software
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Cleanscape Lint Tools Value Proposition

¢
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Cleanscape provides software
development teamswith

power fully smpletoolsthat
reduce or ganizational exposure
torisksfrom latent software
problems by automatically
Identifying problems at their
sour ce--in the code prior to
compiling or executing
programs.

Thesetools can save software
developers hundreds of hours
in problem eradication efforts,
morethan returning their
iInvestment on thefirst use.

¢

Key Values

Shorten the software
development cycle

Prevent project delays that result
from post-compile testing
Reduce costs by eliminating
problems with cheaper resources
earlier in the devel opment
process

Increase the competitive viability
of the software devel opment
organization by helping teams
produce higher quality products
cheaper
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Cleanscape Lint Tools

CLEANSCAPE

[ Forranline ] + Classification

pnix Enterprise-class static source
Windows .
Linux code analysis for C and Fortran
Xlint .
online ¢+ Function

CLEANSCAPE | dentify problemsin source code

C LinPlus that compilers can’'t detect
Unix Document code
Windows
Linux Generate call trees & cross-
Online references
Web-enabled version available
5 4/30/02

¢

Benefits

Faster
Find problems in seconds, not
days
Prevent project delays that result
from post-compile testing

Better
Produce higher quality products
cheaper

Smarter

Improved processes,
standardized reports increase
competitive viability of the
development organization
Cheaper
Eliminate coding problems with
cheaper resources earlier in the
development process

Cleaner code
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Cleanscape FortranLint

CLEANSCAPE o ; [
U Fortranlint | ¢+ Classification o T o s
Unix Fortran source code analysis tool g@ﬁﬂ R e
Windows . F . -
Linux unction
Xlint Processes entire programs written in
Online Fortran for inconsistencies that
would prevent applications from |
CLEANSCAPE running properly
L LindPlus
_ Analyzes F77, FOO, F95, and many
Unix Fortran dialects
WL'?:;’;VS Conducts local dataflow analysis
Online Performs advanced portability
checking
Extends static analysis to OpenM P i
Detects 1

Inconsistencies in variables and
argument lists between modules

Inconsistencies in common block
definitions

Non-portable or unused code
Unassigned variables or variable
type conflicts
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¢+ Adequate testing can devour

about 70% of resourcesin a
typical software development
project.

Quality often becomesthefirst
casualty when software
developers arefaced with tight
budget constraints and
approaching deadlines.

Softwar e developers need a
way to achieve dramatic cost
reductions and quality
Improvements by
automatically analyzing the
dynamic behavior of software.

¢

Cleanscape Testwise Value Proposition

Key Value

Testwise allows developersto
integrate redundant test
processes into an automated test
process that helps them identify
and eliminate problems early in
the development cycle —
dramatically reducing resource
allocation while increasing
software quality.

A powerful, yet easy-to-use,
software visualization and
analysistoolset, Testwise allows
software test engineersto
automate software testing for
faster, better, smarter, cheaper
and — of course — cleaner
software devel opment
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CLEANSCAPE
L Testwize ]

xAtac
XRetress
xProf
xSlice
xFind
xVue
xDiff

Classification

Software test automation tools
for C, C++ programs on Unix,
Linux, or Windows platforms.

Function

Coverage analysis

Regression testing

Advanced software maintenance
Dynamic debugging
Performance analysis
Dependency tracing

File difference display

Cleanscape Testwise Overview

¢

Benefits

Shortens test and maintenance phases
of software while providing

Faster time to market
Better quality product
Stronger product

Facilitates cross-platform
development by providing common
test environment for Unix, Linux, and
Windows

Aids software development, selection,
and improvement of test sets

Maximizes productivity

Easily standardizes and automates
established test processes

Eliminates need to build test software
(Stubs and Drivers)
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L Testwise :
Testwise
XAtac
xRegress xXAtac
xProf Test effectiveness measur ement tool
xSlice
<Find SGEGES SR
Intelligent regression testing Performance analysis
xVue
xDiff . .
xSlice xFind
Dynamic debugging Static program dependency tracing
xVue xDiff
Softwar e maintenance File difference display

CLEANSCAPE
Test Build & Maintain

Analyze

Cleanscape Testwise Tool Box

Softwar e visualization and Analysis T ool Box

4/30/02
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Cleanscape Testwise process

CLEANSCAPE

L Tetvrise
xAtac
XRegress
xProf xSuds C/C++
Preprocessor Compiler/Linker
XS"CG (atacCL, atacCC...)
xFind
Instrument
xVue File {.atac)
xDiff xSuds
Driver
xAtac xDiff xFind xProf xSlice xVue XRegress
Test eflecliveness file difference static source perormance dynamic software ragression
measurament tool display tool code analysis tool analysis tool debugaing tool maintenance tool testing tool
xSuds Software Visualization and Analysis Process
10 4/30/02

Cleanscape Software International - Software Development Powerfully Simplified - www.cleanscape.net



Analyze

CLEANSCAPE

Test Build & Maintain

Cleanscape Testwise xAtac

CLEANSCAPE _
GEEETTE ¢ Test effectiveness

xAtac measur ement tool
xRegress Determines how much of your
codeis currently tested
xProf
. Facilitates test creation
xSlice . L
_ Determines what is missing
xFind -
| dentifies redundant test cases
gvue Determines whether product
xDiff testers are finding bugs that have
been found and fixed by
developers
I mproves the software testing
process

Pila Teol Opblone WAy Teslraged Widte momack Walj
0 1 - 5 i

]

(]

ATAC !& r.li Gl i | Rl it b
% i 111 af 161 hlek all pilog it lead

ln gy while isalphalspl)
boaaky

camm'n’ |
wiiikh o« 11;
do vip; whila {Lmalphaf®p]):

trfault: :
I raturn -1

valig = 0 anigita = i
whila :Imllqil{'m: i

tenliglie;

wilig o waliw * 10 4 tjped - 07
|

i {dalin == ¢ -}[
UF Qv 0 || waluw = 81 || npdgils = 2}

| ol
1E (nbigike i
Lt L IR T (TR
il 31 (nbdglie oo d)
yaar = vl
il g b =1)

pirbirn et 10000 + month ¢ 100 + day;
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CLEANSCAPE

xAtac
XRegress
xProf
xSlice
xFind
xVue
xDiff

12

Coveragetesting with xAtac

Summary TestCases Update GoBack Help

File Teoeol Options

T do ++p; while (isalphai{*p));
break: P
case’ o ’
month = 11;
do ++p; while (isalpha(*p}))¢
break;
default:

return -1;

} _/
= 0; nbhigits = 0;

valus = 0; :
while (isdigit{*p)) {
++nhigits;
10 +

value = value * *p++ — 0 ;

}
if {(delim == -~

if (wvalue =< 1 ||
return -1;

nbigits > 21 is
FovrrJrJ niss ol lgci

guzirelfiiess tne execution of
a_dd]‘tb 1zl olockes,

value = 31 ||

m

} else {
if (nDigits == 2} Eﬂlgdﬂ
year = 1900 + walue;
else if [(nDigits == 4}
year = wvalue;
else return -1;

Q2

}

return year * 100 + day;

10000 + month =

1

XATAC

Highlighting:
all prioritized

Line:
121 of 151

Coverage:
block

File:
cmp? .o
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Coveragetesting with xAtac

CLEANSCAPE

m File Tool oOptions Summary TestCases Update GoBack Help
0 1 2 3 : | 5 [
xAtac e do ++p; while (isalpha(*p));
bhreak;
case’o’
XRegress month = 11;
do ++p; while ({(isalpha(*ni¥h -
bhreak:; t
xProf default: tHe
. return -1; false . .
xSlice } Covering either trueor
dismiss fal b h t
xFind value = 0; nDigits = 0; se I'an.C guarantees
while (isdigit(*p)) { the execution of at least
++nDigits;
xVue value = value * 10 + *p++ — "0’ ; another 8 branches.
H
XDIﬁ j_f (delzl_m —— Ff_r™ [
if (walue < true =2 > 31 11 [e———
t
day Eev:fgé false true
} else { q q false
if (nADigitsl “1Smiss ——
year = 1900 + value; dismiss
else if (nDigits == 43
year = value; true
else return -—-1;
- 1 false
return year * 10000 +| 9ismiss lyg 4 gay
e }

XATAC ‘ File: ‘ Line:

cmp? . c 121 of 151

Coverage: ‘ Highlighting:

decision all prioritized
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Cleanscape T estwise xRegr ess

CLEANSCAPE

T . Inte”|gent regron teS“ng Fila Tl ol b fummary TentCaan Opdata Gollack Talp
| Punetion_antey ® bleck J decinlon J o uma J pums Dimabla Hinimize_in
A tool
XAtac
. L. . lALAL 1Un OoUREA B Lantoamn ower melaabad ooweraim
xRegress Significantly reduce regression \ Lo L —
' : 0. dk
f test costs s
fPro - no.1 wor 1 [ i I
_ Determine whether you are
xSlice : . . 01,1 W ol 102
Spendlng excessive resourcesin _— S
xFind regression testing ' :
1.1 Thof 112
xVue Understand how to select = 0
T3, 1 16 af 112
T04:1 ol 112
Tioh. 1 1ot 112
Tibe. 1 Thef 112
; Tl i Thef 10}
takal 16 of 113

CaviEag: Tant canan:

\Regress = e
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xAtac
xRegress
xProf
xSlice
xFind
xVue
xDiff

15

Analyze Test

CLEANSCAPE

Build & Maintain

Test set minimization with XxRegress

File Toocl Options

_| function _entry W block _| decision _| ¢_use _| p_use

Summary TestCases

Update GoBack Help

Disable Hinimize_ in |

cunulative coverage summary by testcase over selected coverage types

\ wo2.1 43 of 112 38.45]
TO7.1 54 of 112 as.2s[
HO1.1 64 of 112 57.1%
HO3. 1 73 of 112 65.23)
T19.1 75 of 112 GRS
TO1.1 75 of 112 GRS
TO2.1 75 of 112 FE
T03.1 75 of 112 FE
TO4.1 75 of 112 67,
TO5. 1 75 of 112 FE
TO6. 1 75 of 112 FE

/ T09.1 A 75 of 112 E?%_

total 75 of 112 FE
Coverage: Taest cases:
xRegreSS hl-::--::]@cl 5 of 62 ‘
4/30/02 Cleanscape Software International - Software Development Powerfully Simplified - www.cleanscape.net
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Cleanscape Testwise xPr of

CLEANSCAPE

G ¢ Performance analysistool fla Tl option Wy fuitee b G
YAtac | dentl fy performance bOttler]ECkS o by-tipe o Dy-le s by-fumot fai fila i Ravi_by
xRegress Visually block profiling womary by (weetion ovr all wlsctod Lesteasy \
«Prof Improve the performance of your - cmwsa a0 G
. program S TR

xSlice : : :
|dentify which part of the sorl otk o T
xFind - k. a:akp | U
program slows execution
xVue Visualize the most frequently m:':':rp i i
xDiff executed piecesin code T | S
Devel op repeatable performance pT— Cow A
measLrerments wnoms v
ukile:laoutiil | " e
i wkla prstid] | 10 T
Wl 1001
Yiond! Covarage: I‘ﬂi: Tantoaman:
x! H:‘{ hlack bof b Totl
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L Testwize ]

xAtac
XRegress
xProf
xSlice
xFind
xVue
xDiff
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| dentifying frequently executed code with xPr of

File Tool Options Swunnary TestCases Opdate GoBack

~ bhy—type ~- bhy—file -+ by-function file name Sort_ by

block profiling summary by function ower all selected testcases

A compare . c:cmpa 495115 5. b
gsort.c:gsort 305119
sort.c:sort 64348
skip.c:skip 10784
compare.c:cmp bbb2
utils.c:ecl bb12
~ main.c:merge 1745
main.c:main 315
O The DIOCK execurions
utils.c:copyproto 92
L onmbile ecat £l an T
total 890977 100%'
¥ Prof ‘ Coverage: Files: Testcases:
block 6 of B 3 of 3
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| dentifying frequently executed code with xPr of

CLEANSCAPE

m File Tool Options Summary TestCases Update GoBack Help
0 1 15403 30805 16207 61609 77011 sza12 [JEGFETEN
et 3 3 3
XAtac while(ignore[*ph])
ph++;
if(pa==la || *pa=="\n")
XRegress if (pb<lb && *pb!='\n’)
return(fp-—>rflg);
else continue;
xProf if{pb>=1h || *pb=="%n")
. return({—fp-—>rflg);
xSlice if({sa = code[*pbh++]-code[*pa++]) == 0)
oto loop:;
; return{sa*fp->rflq);
xFind )
iffuflg)
xVue return(0);
return{cmpafi, j)J): - .
. } . %% Codein red is executed 107813 times
xDiff
cmpa({pa, pb)}
register char *pa. *ph;
i
if (*pa++ == *\n’)  Codein green is executed 30805 times
return{0);
ph++;
H
return(
- “pa == ’\n’ .xrflg
*ph == - f i [0].xflq:
*ph = *pa f ields[0].rflg:
— —fields[0].rflg
P f File: Line: Cowverage: Highlighting:
?C ij compare . 88 of 121 block all prioritized
18 4/30/02
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CLEANSCAPE
L Testwize ]

xAtac
XRegress
xProf
xSlice
xFind
xVue
xDiff

19

Cleanscape Testwise xSlice

¢+ Dynamic debugging tool

Pinpoint the location of faults
from failures

L ocate bugs quickly

Narrow down bugsto files, then
functions, then lines of code

4/30/02

Flla teal ujt o
0 1
w by-typa # by-Lile o by-luetion

Gunmary TawtCavaw Updats GoBack Halp

Dlpabla Borl by

lack eliaing mmmary by £11a over melactad tantainn |

o of 178

 omiwee 10 ol 101
Cgmbe | am
# mpl.o i of 107
ifid . i of 113
ikij. o ihaf ¥
worl o ol b

total LTI I 1
IS&L'E Eal::_mw Tilei| Pasad Tasli| Fallad Toulsi
petk Toll 1ol 4 1ot d
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L ocalizing programming bugs with xSlice

7] IS A PE
Cl_l-ﬂhﬁ(;ﬂ.] E File Tool Options Summary TestCases Update GoBack Help
o 0 : R S
xAtac ~ by—type 4% by-file .. by—function Disable Sort_by
XRegreSS block slicing summary by file owver selected testcases |
xSlice
-~ geort.c 3 of 33 -
xFind * ompi.c 0 or 102 AN
xVue < owz.o 0 or 112 AN
. -~ skip.c 0 of 29
XDiff P LN
Sz- Coverage: Files: Passed Tests: Failed Tests:
x ice block T of 7 1 of 4 1 of 4
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L ocalizing programming bugs with xSlice

. T i
M File Tocol oOptions Summary TestCases Update GoBack Help
0 : R
xAtac R “y1 i _ _
. e — Codein blueis
XRegreSS for(i=a; i =< bh; i++] executaj by the
£ - setfil (’3' N
p—=b = stdin;
. g6 Af((p—>b - fopen(f, “¥")y) -- wurr) Successful one
xSlice cant (£);
ibufl[j]l = p;
. if(!'rline(p)) j++:
xFind e p 3
}_,
xVue
(o { )
. i=3:
XDiff ' gsort{(char *+)ibuf, (char **) (i
while(-—i)
— = _] {
1f{r11ne(1huf[1]]} { . S
k = i; _ Codeinwhiteis
”hﬂe“”f::ﬁ;n ' not executed
; i—=: By any of the
} failed tests
—— ¥
Sz - File: Line: Coverage: Highl ighting:
x ice main.c 152 of 240 block all prioritized
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Cleanscape Testwise xFind

CLEANSCAPE

GEEETTE» ¢+ Static source code analysistool e =
XAtac Trace static program P b‘F
. Dsoect "_' LH .

Prof Iden_tlfy_date sengitivitiesin your Feped 2 Eay . -:

applications = el
xSlice e _ |

Analyze difficult languages like centte iy
XFInd C and C++ Candldam e :l::.“”"*gﬂl::ﬁ.. i Frwies e
xVue |dentify redundant test cases = EeaE eS| i
xDiff o .

-y
vaknr
e

I.. - 1= | =
(a| i e | 7] 2 o o f 7 | ¥
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Cleanscape Testwise xVue

CLEANSCAPE

@I ¢+ Software maintenance tool b Tl thin Patucer hamary Tusktam Tplete Gtack lp
] ojiei fave dav_ad add delate edlt heuileblos flad seda
XAtac See where USer functions are Pt aws Tkl Teste | Eacluding Teste
xRegress implemented in the software
Brof Know Where features are Rt feature Attributen:
XFT0 ImpI emented Fualute Hamo| ||J||l.u ot ing Duger ipt foni |'D Hay
xSlice . . . Ik ny_busty thont_know ureluding taubs
_ Visualize features in code wort.1 "‘ 1 & hort.
gind Reduce time involved with
xVue resolving reports f =] ; =] f
xDiff ak ‘ ool |
Fantura Flla: Faatura falactad:

TVue
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Visualizing featuresin code with xVue

CLEANSCAPE

m File Tool Options Features Summary TestCases Update GoBack Help
open save save_as add delete edit heuristices find code
XAtac Feature Hame | Inveking Tests | Excluding Tests
XRegress
Edit feature ibutes:
xProf Feature H
XS |ice invoking_ te
wlsort. 1
xFind J
xVue
4 — 7/

XDiff ok | cancel |

sort.1isaninvoking test &
sort.2 is an excluding test

Y Vue

‘ Feature File: Feature Selected:
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CLEANSCAPE
L Testwize ]

xAtac
XRegress
xProf
xSlice
xFind
xVue

xDiff

25

Visualizing featuresin code with xVue

File Tool Options Features Summary TestCases Update GoBack Help
— | ¥;

H
—1long

cmpd {(dString)
I' char *dstring;
v |§
=
|
‘ - - -
=-- Codeinredisuniquely related
- to the date sorting feature.
==
go=-
=
e H
r_—
;"_' ?mtch (delim = tolower(*p++))
IT= case “Ff°:

if (value < 1 || walue > 12 || nDigits > 2)

&_ return —-1;
>
— case .7

‘kr File: Line: Coverage: Highlighting:

?( £££2 cmp? .o 16 of 151 block highest weight
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Cleanscape Testwise xDiff

CLEANSCAPE _ _ _
GEEETTE» ¢+ Filedifferencedisplay tool

n vl preven sael hilue jodelvs hangesl and
added, respeciively, rom meedtT 10 mivels 02

I“’"EEE Piet | Pt | Sme | Limd | Clase | B |

xAtac Display program differences i e st i
XxRegress Visualize the difference between =% """ -
1 = oo lewELLe |m:hi:a-¢ rile)
XPrOf tWO fl Ies . i P12 losdFila |paithHem [lle| | jt:ﬂ: 3::1 I
. Compare versions of code, i v Wbl aliny: )
XS“Ce glotal deling svnl [§pa=hilyms. I‘.le.I delets 1.5 &

avul [Apa<hiars.mm delate Imcde

LE |[matahb [opsr 5rll||r th E1) |
[T ¥E- 3, |sfpe [windic we
a4t yEalgkt |a¥pc [ulnic ha

documents, data, computer
output

grel [EpathRume. taxt delets 1.0 &

wral [EpwthHumm.em  dalsts focdt

LE [|ombay [oper #file rh EF] 0
met mrodik  [aape [winfo ws

XVUG e yhaijky [eape [winfo s

XDIff ratirn 1 e i aiturm 1

xFind

26 4/30/02

= | elae | o | =law |

:_:5 while (d[ackE EE) | — whils [i[== BE]} |
aval [ FpathHema,Cant Lh@ert eval | FpathBarg. axl iraert
1 |
dleaa § eloea B
re#cirn U retorm O

| i
e 4 I - — A
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| dentifying problemsin source code with xDiff

CLEANSCAPE o ——
L Testwise Ble EH Ses e *Find |
T
XAtac g
A o [
XReqgress cos ‘ 1
9 Object ——;—___..,,1\‘ -
. il Digils;
xProf | e R
i int -
xSlice R 2
Rﬁjacted e Int dedim:
xFind Object - - | nDigite - |
" while [iedigi {
#Enligits:
xVue i | e = e+ O v+ - T
xDiff switch [delim = tolower[<H14]]
= f‘am i
. i (WS < [ 1) VN > R 1) nDigits » B
Candidate Seed Files Seed List Madules Transitiee Seeds
{Object Updste | Al | N Update | an | o empl.e Al ]
I | = I | J '"_| !cm:E.c
! seedGen 1 ™ oo o | e
| seadien_2 + d21e51ring —
1 dateValue Qs0Lc
+ day skip.r
+ month sortc
*p
+ value
+ year
= PR =] |  — =] V{ < [p=) W 1=
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Displaying program differences with xDiff

CLEANSCAPE Ciode in red, green and blue is deleted, changed and
L Testwise __ added, respectively, from mydiff ! to mydgfd. __
YAtac YDift & Filel | File2 | Syne | Loud | Close | Help
XRegrESS :r-ﬂ-:nﬂ;:: 12 J £ ol adeitions: 0 & of deletions: (
Fil namee! 12 [y 377 1| File nasme 2: [ny 32 "
xProf = = 1
. E Eprn-’! leadFPila {pathRamse file)} |
xSlice glcbal modtag
) g PTO3 loadPile [{pathWame file} | glcbal addiag
xFind global meodtag glebal deltag W
global addtag l'
xVue glcockal daltag aval [FpazhBams.te dalete 1.0 a
eral [$pazhHam=.om | delete Smodb
Diff =rel [FpathBams,text dzlete 1.0 & 1f {[eatsh {oper 6fille £} £]}
XDI eral [FpathMamz.em dzlste fmodt. est mwodthk  [eppr [winfo wi

if {[=ateh {opar $file r} £]) |
oot wmwodbtk [ezpr [winio wi
¥t yheigkt [ezpc [winfo he —

st yvheigkt [ekpr [winfo he

L] :l II:&:'
retarn 1 retorn 1
- b oelae | | } else {
'_'ﬁ while {[L[ecf §£]} { —] while {l[eci §£]11 {
aval [fpathHams.bext ingert aval [$pathHams.kext irsert
} }
sloas §E aloas BE
ratarn O retagrn O
1 1
'?I""' ' *“'?I""I I =
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