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Industry Axiom?
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Embedded Software Development Challenges

= Application Complexity

4
>

>

Strong timing constraints
Low memory footprints

Concurrent/Distributed/
Networked

= Environment Complexity

>
4
>

Multiple RTOS vendors
Multiple chip vendors
Multiple IDEs

Limited host-target
connectivity

Low built-in
debugging capabilities

= Process Complexity

4
4

4

Requirements shift
Design translation errors
Lack of understanding
Difficult to maintain

Poor performance

Late discovery

Incomplete integration
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Experience Tells Us...

Debugging is not testing!

» Systematic testing tools and
methods are necessary to ensure
proactive and early problem
discovery

A debugger details symptoms,
but debugging requires a
diagnosis
» Runtime analysis is a key
practice for simplifying the
diagnosis of issues impacting
reliability, scalability and durability
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Would This Accelerate Quality?

Automated component testing
at all levels of complexity

» From the simplest function to
distributed systems

= Extensive runtime analysis
capabilities

» Memory and performance
profiling, code coverage, runtime
tracing

= Static metrics calculation
» Assist with test prioritization

= Dynamic links between code,
test results, and visual model

= Full regression testing abilities
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IBM Rational Test RealTime

= Automated component testing at all levels of complexity
— from the simplest function to distributed systems

= Memory and performance profiling, code coverage
measurement, runtime tracing and thread profiling

= Static metrics calculation to assist with test prioritization
= Dynamic links between code, test, and visual model

= Full regression testing capabilities

All in one tool
For any IDE - Hosted on any target!
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Fix Your Code Before It Breaks

» Rational Solutions and the Embedded Systems Market

= |BM Rational Test RealTime
» Serves and Empowers Any Test and Debug Process

» Delivers a Unified Component Testing and Runtime Analysis Solution

» Delivers Total Environment Adaptability

= What Do You Need?
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Rational Platform: Supporting Embedded Industry

/écanners Rationalisolution:
v Surgical Lasers Addressing your v Phones
v Pace-makers e.mbeddEd v Switches
design, test, and / Routers
management

Aerospace / Military Automotive

v Aircraft v Body Electronics
v Spacecraft v Power train

v Missiles v Chassis
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Fix Your Code Before It Breaks

= Rational Solutions and the Embedded Systems Market

= |BM Rational Test RealTime
» Serves and Empowers Any Test and Debug Process

» Delivers a Unified Component Testing and Runtime Analysis Solution

» Delivers Total Environment Adaptability

= What Do You Need?
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What We Have Seen

Every developer knows testing ensures quality
code...but few do more than debug

» 0 “Pll test in the next
| project — I've got
too much code to
write and fix”

But IS there room for risk In
the embedded world?
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A Day In the Life

Fewer tests lead
to less stability

Pressure |leads Less stability leads to
to fewer tests work under pressure
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Serves and Empowers any Test and Debug Process

= Test as you code

B Automatic component test template
and data generation T
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box testing |
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b code code code code 4
» All levels of complexity: N
From single functions )|

to distributed systems
» Static metric calculation for: Resolve
B tests prioritization
B complexity estimation

» Full regression testing
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Serves and Empowers any Test and Debug Process

= Test as you code

= Analyze while you test

- COd e Cove rag e | code code code code 1

code code code code |

H I code code code code i

a n a IyS I S code code code code |
code code code ode |

| code code code code

code code code code |
de code code code
e code code |

Test

B Memory profiling
Bl Performance profiling
B Runtime tracing
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Serves and Empowers any Test and Debug Process

= Test as you code

= Analyze while you test

= Resolve what you have uncovered |

» Test execution integrated with your |
debugger |

B8 Consolidated, detailed \ A
to-the-point test
reporting

888838388838
BERSS 60 60 0 0 o
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e S o oo o
D D D D D ® D D

» Test data hyperlinked
to runtime analysis results
and code
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Serves and Empowers any Test and Debug Process

= Test as you code
= Analyze while you test

= Resolve what you have uncovered

Now fix the defects, enhance your tests
And move on
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Serves and Empowers any Test and Debug Process

a Eases transition from manual testing to automation
» Source-code aware and thus easily adoptable
» Powerful test languages drive robust data-driven tests

» Creates shared debug and test vocabulary for your team

a Flexible to minimally impact preexisting processes
» Process agnostic, so you can stay in your comfort zone
» Shortens time-to-problem-resolution, maximizes time-to-code

» Mix and match functionality to accommodate your needs

a Built explicitly for the rigors of embedded development
» Manages target environment so you can focus on good test creation

» Handles all test enablement activities so you test early and often

» Guarantees test reuse when the environment changes to ensure your
testing effort will pay off in regression testing dividends
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Fix Your Code Before It Breaks

= Rational Solutions and the Embedded Systems Market

= |BM Rational Test RealTime
» Serves and Empowers Any Test and Debug Process

» Delivers a Unified Component Testing and Runtime Analysis Solution

» Delivers Total Environment Adaptability

= What Do You Need?




IBM Rational Software Conference 2009

IBM Rational Test RealTime - Overview

component lesting C00e VIEMOry: Ferermance; Runtme: = [nread
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Ada, Java Java NEVE] Java Java
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= Built to achieve standards compliance
» DO-178B

» MISRA
» Defense Standard 00-55
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A Unified Component Testing and Runtime Analysis Solution

a Combines entire features set into a single, unified tool
» Optimizes test effort through addition of runtime analysis functionality
» Accelerates problem resolution through shared team assets

» Simplifies refactoring verification

a Enables quality verification for all test granularity levels and
certification standards

» Focuses your efforts on a single toolset
» Produces information required for code certification
» Provides a means for achieving pervasive quality
a Accommodates the larger IBM Rational lifecycle solution
» Alleviates friction generated by use of non-integrated tools

» Improves team and asset stability through traceability

» Single vendor relationship ensures future integration improvement
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Fix Your Code Before It Breaks

= Rational Solutions and the Embedded Systems Market

= |BM Rational Test RealTime
» Serves and Empowers Any Test and Debug Process

» Delivers a Unified Component Testing and Runtime Analysis Solution

» Delivers Total Environment Adaptability

= What Do You Need?
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Delivers Total Environment Adaptability

Target Deployment Technology

A low-overhead, versatile target deployment technology
* Compiler-independent high level scripting API
* Debugger-independent test harness deployment

* Target-independent results upload & report creation

=ulll llarget iInaepenaence:
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Delivers Total Environment Adaptability

A=Biii te 64-Bi1
CressEbevelopment EnVireniments [F2nguiages
Usedl By @uir CUSIGIMErS
= WindRiver = Montavista = Tasking -k
= C++
= GreenHills = TI = CAD-UL = Ada
= J2ME/J2SE
= ARM = NEC = Cosmic
= Enea = Hitachi = Hiware Hlationms
= Windows CE = Apex = Hitex = Windows
= Solaris
= LynuxWorks = Sun = Symbian = Linux
_ = HP-UX
= Lauterbach = Microtec -

= AlX
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Delivers Total Environment Adaptability

a Customizable to support a complete range of embedded targets

» Assures tool adoption

» Reduces your ramp-up time when target configuration changes

» Guarantees the reuse of test assets despite target constraints
a Host, Build and Target Environment Agnostic

» Ensures portability of test and runtime analysis processes

» Simplifies multiple team deployment

» Optimizes ROI in comparison to home-grown test solutions
a Size and Speed Optimized to Limit Target Impact

» Enables full control to minimize instrumentation overhead

» Frees your tests from having to compensate for target restraints

» Avoids overtasking your system
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Fix Your Code Before It Breaks

= Rational Solutions and the Embedded Systems Market

= |BM Rational Test RealTime
» Serves and Empowers Any Test and Debug Process

» Delivers a Unified Component Testing and Runtime Analysis Solution

» Delivers Total Environment Adaptability

= What Do You Need?
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IBM Rational Test RealTime
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Rational Rhapsoady
Rational ClearCase
Rational ClearQuest
Rational Test Manager
RUP
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IBM Rational Test RealTime

component lesting coae VIEMOry: EFeriormance Runtime = Inread
COVErage | Frofiling | Bromiing, = lracing; |Erofiling

C, C++, Ada, Java ‘ CiC++, AdaB3/35, C, C++
Java Primitives — Lhase  Active Thread Java
(J2ME/J2SE) Trac  Representation

Cuctam Tact: | | | |
SYSLEM [ESUNY]

c Message-based C Target-based Test
Threads, Tasks,
Processes & Nodes 7 Model-driven
=0[ L

- — Development
Rational Rhapsoady
Rational ClearCase
Rational ClearQuest Development
Rational Test Manager Best Practices
RUP
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IBM Rational Test RealTime: Test Script

= Testing_C - Rational Test RealTime - [C:Rational’, TestRealTime' examples' Testing_C'ptu’simple.ptu]

[ File Edit Yiew Project Build Editor Tools ‘indow Help

=&l x|

=& x

IE Enad 1N Sl =l > II|J_||2DD°/=L|Q « % 4 ‘r|jj|cwsua|s.u

Z[c-06 2)|#® 5 8w

“ﬁ*lx’x’examplesﬂmﬁ b} L ¥ !|J_|‘) () xv|ﬂ1j[®?.ﬁ[x B

-’“)(‘»-[@M

=

@ Start Page | [ simple.ptu

HERDEER Test_runtime_simple, , - Setlings...
-- wvapriable declaration for simple_ piu @ Ty
e o El-ddfdouble
#int cowverage ; - Rezultz
ﬁ:!.nt, slml?le_aa,s:!.mple_ab,slmple_ac,slmple_ad,slmple_af,slmple_ag; “ @ double. ptu
#int =_linkl, = linkZ ;
o @ IOUICE.C
BEGIN ° [_]...;i‘;ﬂoat
SERVICE simple sl fe-Flesults
s @ float. ptu
TEST t1 ° @ OLICE.C
FAMILY nominal g
o El-4# general
ELEMENT [#-Results
@ @ general. ptu
TAR simple aa, INIT = -G, EY = -5
VAR simple sk, INIT = 5, EY = &, delta=40% @ - & source.c
VAR simple ac, INIT = 5, MIN= § , MAN=C o - simple
VTAB simple_ ad, INIT = 5, EV== - Results
& @ zimple. ptu
VAR = linkl, INIT IN {1,2,3} EV¥== ° - 48 source.c
VAR siwmple_af, INIT = 5, EV¥{s_linkl) IN {5,5,5} S
TAB simple =g, INIT = 5, EVW(s_limkl) IN [5,5, 5] o B U*S“_nat
[+-Results
END ELEMENT ° - 4% shr_mat. phu
END TEST
END SERVICE s @ IOUICE.C
@ I:—]--Di‘istring
- [#-Resultz
L imie T o4t P @ shring. ptu
SERVICE simple =2 @ @ FOurce.c
L
=] shiuct
TEST tl o B
FAMILY nominal Bl-Results
ELEMENT @ @ struct phu
VAR simple_as, INIT IN {&,5,5}, EY¥ = & ° @ J—
END ELEMENT .
END TEST o E-diftable =l
« = Project Browszer | Agzet Browser I
TEST tZ +| \.E @
F\eady I m:on:o |i Line: 31 Col: 1 et &
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IBM Rational Test RealTime: Metrics Calculation - 1

Components Under Test - Step 2/ 5

Select the filez or units that you want to test.

Use the combo box ta chooze the zelection mode.

Click on the next button bo zpecify detailz of test caze generation for the selected items.

'EotL: £:ah also make pour selection using the complexity metrics diagram accessible via the | FE SNSRIy [T e ey | 2 x|
Litkon,

Select the unitz that you want to test.
“'ou can configure the graph by clicking on the "Options..."" button,

LInit Selection

3 v Metrics-derived graphical matrix

Functions I File Mames I Wig) / Graphical representation of units depending on their testability Tested Units I Filename I
O % splitLinelchar ™ Yalues, char *inel0] itrtDatalnline.c T _ _ Ml % comazpointichar %s)  titDatalnline.c
O % ieadvalchar * vatlame) rtrtDratalnline. o T : v v Bl % cpliLinelchar = Valu... ttD atalnline.c
O % datalnLineSetUpjchar “filename,char sep.int flag)  trDatalrLine.c [ Bl ®siririfloat 2. floatb)  fikeraD.e .
D % sinsinlfloat a, float b) filteraD .o 5 . 7 Bl % cadvarchar * vall... ttDatalnline.c
. x . = | ¥ datalnLineSetlpch... ittDatalnline.c

O % comaZpaint(char *s) D atalrline. o 3 = Bl addint s i e 3D
O % addiint », int ) fiteraD.c. 1 : addint it y} lher3D.c

=

3

=

=
4| H

£

[=]

[u

=

o

£

=)

[X])

=

O

LCancel |

representing units complexity -
used for test prioritization

2 7 12 17
MWumber of statements

Calculation of static metrics ")
for tested classes/functions
from selected components —

Cancel Options... Help
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IBM Rational Test RealTime: Metrics Calculation - 2

4= BaseStation_C - Rational Test RealTime - [Metrics Yiewer [BaseStation]] ;Iglll
{| File Edit Wiew Project Build Metrics Tools indow Help = %
[ 27~ M« [esaa] » 00][[75% 18 & Q € ¥|[[Mecsnvsase 1| & - 0 & 4[4 57 %[ w3 2]
“ﬁ*lﬁexamples;”ﬂm "I '-) x !|J_|‘) Q’bmﬁ[@.ﬁ[x@lqoiﬁl LI

E @ Start Page | % Runtime Trace [BaseStation] | ¢E| Metrics YWiewer [B azeStation]
File View Hl—— — Settings...

- () Root File View B o &BaseStation_C -
[+~ @ baseStation. cpp B Hlntloduction
- &5 UM T SMSG.C &7 Riead eFirst. tat
- @ UmtzConnection. cpp O UmtsServer.cpp -&Interactive

[

[ .

B+ & UMTSCODE.C E ';.:;“;';';Ltﬂbe[ . o £ BB aseStation

- @ TCPSCK.C O baseStation.cﬁp E‘"H?SUHS

1+ &5 PhoneNumber.cpp O UrmtsConnection.cpp emary Frafile

B & ltemsList opp B UMTSMSG.C el
tatic Metrics

- @ UmtsServerh

[

[

[

[

[

Halstead Metric - Wocabulary

¢ @ X o

UmtzServer.cpp.met

- |bernsList. bnet

- Phomneturnber. h.met
- UmntsConrnection. h.rmet
- M etworkMade bh.met

M ItemsList.cpp
- @ MNetworkMode.h

O PhoneMumber.cpp
- &3 UmtsConnection h 25 23 B3 B0 29 53 23 45 ETCRSCKE -
- @ PhoneNurnber. b

& UMTSCODE.C

i @ Hemslisth Statements Mested| Ext Comp|Ext%ar Use UmtsSfarver.h.met
i W
- - 1 0 o ----TEPSEK.CT;t
Calculation of static I I e
metrics for analyzed R
. 1 4 1 2 ] untime Trace
functions/methods o
from instrumented immmc - m el Metrics information is
files e mmcem]  accessed directly from
T the project browser
1 2 1 2 [, Tl
1 1 1 1 i} &+ Praject Brawser

HETERED
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IBM Rational Test RealTime: Code Coverage

[ &% UMTSCODE.C _|LI
| >

Source |Hates I

.}* Project Browser

i BaseStation_C - Rational Test RealTime - [Code Coverage [BaseStation]] = |ﬁ'|i|
4 File Edit View Project Build Code Coverage Tools ‘Window Help | = x
[ 7~ B BB A |Basestatio ] » [|[||J_||1DD°/OLIQ & @ < '|J_||Microsoft\fisuaIB.D ;I[ -0 & ‘%“J.' i ‘“J‘l”@ k2
|S) @ sb[ieampes S| @ 5 & 7 s[FleEfcEhifc(cuull6 XN cHE| %@ > A K|

- E| ¢E Code Coverage [BaseStation] E|

B 8 | Settings...

- [ Test #1 Sat Apr 19 221 kepsch_set_addr e _

o B Test#2satapr1aza tepsck_return_t tcpsck_set_addr { tcpsck_sock_addr_t *addr, -l 4 &Basestatlon_.c =

- 3 Root char *hostname, e {ilntroductlon
= - &3 PHONENUMEER H { int partnurm x | &Q ReadMeFirst tt

. o [E-dInteractive
== -4 UMTSCONNECTION.C struct hostent *phe: v .
= - & UMTSCONNECTION.H struct sackaddr_in *psin; ¢ Recul
= &1 &5 NETWORKNODE.H - Resuls
= §-45 UMTSSERVER CPP if Mopsck_is_init) o o - o UmtsSfarver.c:pp
- EI@ TEPSCKC « % @ ItemsList.cpp
- fA— }return (TCPSCK_ERRORY; J ¥ e . & PhoneNumber.cpp
=] - W tcpack_init W e ""@tCDSCk'C
=] - W tcpsck_new_socke psin = &isin_tab[sin_id«]); W o - & UmtsCode.c
(=] - W tcpsck_bind_and_li: sin_idu++ ) J % @ UnitzConnection.cpp
= - % tcpsck_gethastnam *addr = (tcpsck_sock_addr_t)psin; W o @ Umtstzg.c -
=l - % tcpack_get_port :
= . ‘tCDSCk_ge‘DT memset (ivoid ") psin, O, sizeof {struct sockaddr_in))Fesr @ v oo & baSESta_“mCDD
o FhecK_areep psin->sin_family = AF_INET, Test #2 v o .  Launch MobilePhone GU
= - Wlepsck_connect if (hostname == (char 710} o Gl UmtsCods
= - % tcpsck_close { - Results
= - W topeck_send psin-=sin_addr.s_addr = INADDR_AMNY; @ - 3 UmtsCode2 ptu
=] . :tcpsck_data_ready I} o - & UnitsCade.c
. else

= tepsch_tecy % H--&@PhoneNumber
=] - W tcpsck_end N — (hast ) - Fasults
I=] - ®lcpack_get_last_er” phe = gethostbyname (nosiname)
= ) thssck_set_eno_r " if fnhe == (struct hostent "0 -| @ - 3 PhoneNumber. ot
= I < | » a ... /% PhoneN umber otd LI
1

@ Asset Browser

x

|

Executing MovisualB\BaseStation.exe ...
SovisualBhBazeStation. exe
Split unneeded

BazeStation:A connection was forcibly clozed by a peer

Build A Messages A Properties

heady

Rational ClearCase
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IBM Rational Test RealTime: Memory Profiling

&= BaseStation_C - Rational Test RealTime - [Memory Profile [BaseStation]] ;lilﬂ
& File Edit View Project Build Memory Profile Tools ‘Window Help - | & %
|3 5~ B B A |Basestato x| » [|[||J_||1DD°/OLIQ &« @ I '|J_||Microsoft\-’isuaIB.D ;II >0 % %“J,' T t“]‘“]@ kol
J_|ﬁ*la"a"examplesj“]ﬁ‘r"l'-}?!|“‘)()xv|ﬂﬂ[®?.ﬁ[x@[QC"[MI LI

E| @ temary Profile [BaseStation] | E|
@TEStS ~ ISettings...
=] M [EaseStation) Sat Apr 19 22:0311 2 &B TS——
--OABWL - . @ A azeStation_ -
S FIU 1 -BasesStation o ErdFIntroduction
| 033 @164 Leaked bytes in 5 blocks . X - &3 ReadMeFirs tu
BB SatApr 13 2310:53 2003 1.1 - (BaseStation) o EFdFInteractive
L ABWL Blocks Summary Bytes Summary o E--@BaseStation
[+- Fesults
\f S ----@UmtsServer.cpp
| W o - & ItemsList. cpp
%mti 122 :‘l"':es J . @ PhoneMumber. cpp
g ptes
. 8, MLK B bytes 2 B Allocated  $ B Allocated v oo -~ &tepsch.c
§ W Unfreed @ B Unfreed v oo - & UntsCode.c )
O Maximum O Maximum ¥ o - & UmtsConnection.cpp
W o - &4 UmtsMsa.c
\’ S ----@baseStation.cpp
12 10 12 279 219 279 W e - i Launch MobilePhane GLI
o E-d#UntsCode
€ A Total of 12 blocks were allocated E-Results
#, 10 blocks were not freed @ - &3 UmisCode2.ptu
8 A maximum of 12 blocks were allocated at the same time @ @ UmtsCaode.c
& A Total of 279 bytes were allocated ° H--G@PhoneNumber
211 bytes were not freed - Results
0 A maximum of 279 hyjtest were allocated at the same time 0 @ Phameumbar otc
© Run @ Sat Apr 19 22:03:11 2003 . . 7 Phorehumber otd =l
© ABWL (Late Detect Array Bounds Write) 3. Fiaiesil Y=
| | LI_ A write operation 1 byterst past the end of the memory block at Dx431680 ;l g TG Bt @ ST
= I ame Walue
Marme BazeStation
Exclude from Build Ho
Execute in background es
\ Build A Messages A Properties A Rational ClearCase [
= EECL)
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IBM Rational Test RealTime

i BaseStation_C - Rational Test RealTime - [Performance Profile [BaseStation]]

40 File Edit ‘iew Project Build Performance Profile Tools Window Help

Performance Profiling

=l=lx]

|| x

|3 7~ Bl BB A |BaseStation | » 00 |J_|| IEERA L 4 Wi |J_|| Microsaft Visual 5.0

=[N

I3 s sfireances o 6 6 7 2|6 6 %[N [SHE| L BRE > |6

ERRAIE A =
=

E| @ Performance Profile [B azeStation] |
(& Tests . Settings...
LB Test #1 [BaseStation) Sat Apr 19 Top 3 Functions 2 :
. ] Test#2 SatApr 19 2310:53 200 45,45 % @ 535335‘5“0”—5 =
s C{ilntroduction
* @ FieadtdeFirst. bt
O tepsck_data_ready o ErFInteractive
0.08 % W void UmtsServer:chec.. W o - B BaseStation
2727 % O void UrntsServer:chec. .. - Results
A% O Cthers (= 5% W 5 - & UmtsServer.cpp
\f o ----@ItemsList.cpp
W o - & PhoneMumber. cpp
v - 59 topack.c
1.1 -Summary o ° gu
' . 2 mtzCode.c
All Times are expressed in us )
\f . ----@Umtsﬁonnectlon.cpp
Name Calls| Function|[F+D time |F time | F+D tim¢d AvgF v o - & UmisMsg.c
time ¥ (% of (% of time ¥ o @ hazeStation.cpp
oot} .root} v o - @ Launch MobilePhone GLUI
topsck_data_ready 1010014261 [10014261 45.45 45.45] 1001426 o E-il#UmtsCode
woid UmitsServer 5| 007333 EO079E3 eriery 27 27| 1001330 [ Results
checkUmtshetworkConn ° @ UrntsCode?. ptu
EC.tIDn 0 @ UmtsCode.c
void UmitsServer 5| 5994533 5894533 erie| 2721 999105 158 Phanehumb
.checkPowerSupply () @ - . OnTt HImLEt
tcpsck_new_socket 1] e949] eoa9] oo o003 eodg és;:me“umba . _
tcpschk_init 1 1394 1354 0.01 0.01 1394 A ® . . I_’I—I
tcpsck_send 2 1378 1378 0.m 0o B89 PR — | I
N 21| lint main 1 9220220547331 <0.01] 100001 g2zl v | i FroetBrowser | £ assetBrowser
= Mame Yalue
Mame B aseStation
Exclude from Build Ha
Execute in background fes
U \Build A Messages Froperties A Rational ClearCaze
Ready IEHEEEEC
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IBM Rational Test RealTime:

+: BaseStation_C - Rational Test RealTime - [Runtime Trace [BaseStation]]

gﬁile Edit Yiew Project Build Runtime Trace Tools wWindow Help

Runtime Tracing

=&l

=& x

JJﬂ: -1~ IBaseStatiolLl w00 |J_|| 75% ;I X Z ‘ ‘@q A |JJ|MicrosoftVisual B0

-

|5 s spfreames | & 5 6 7 2% 6 X[ [WE| L ME [ | #A

R ALEE II=Ld
=]

!

= &BITEMSLISTH

EI--@NETWDF!KNDDE.H

= @ PHONENUMBER.H

- @ LUMTSCOMMNECTION

- & BASESTATION.CPP 4|
- &I TEMSLIST.CPP

- B List
. objl:List

- E] MetworkNode

» obij:Mebwark

¥ objl:Mebwork

¥ obj2:Metwoark
e 3 obj3:MNetwark

@ PHOMWENUMBER.CP

= E] PhaneMurber
i... obj0:PhoneNumt
- &5 TCPSCK.C
i Use of TCPSCK.C
- &5 UMTSCODE.C
LUse of UMTSCODE.(
- & UIMTSCONNECTION

- B LostConnection
L il LostCornnes
=~ B UmtsConnection
e obi: U mtsConnec
- & UMTSMSG.C
iUz of UMTSMSGE.C

- & UMTEMEG H

- B UmtsMsg
i objl:Umtstsg
objl:Umtskdsg
objZ: Umtzhdzg

4

- obj3Umtstzg ¥
»

E|

@ Start Page | Eé Runtime Trace [BazeStation] |

1iTuas

Lims 21%uasr

Lims 26 Tus

Lims BlSusr

Lars 247

Lams 27iuasr

4

X

[¢ int main [
List & List::Li

Lirmt= Server & UmtsSe... |

y obil:Umts Server
[]

-l

Lims 217us

£x Lldms Slus
£r ldms 95us
&r ldms liius
&x ldms 158us

Er ldme 250ur

Lims Gfdus ”s‘?‘”s“:”“'lzm fEdus
Lims S08us [fo — — — — — — []
Léns L47us topsck_inil Use of TCPSCK.C |Léms 147us
L5ms S56us | o — — — — — — — : _______
LSms 59%us tepsck_nek_socket ;I
1
Lims fidur [fo — — — — — — — l— — — — — — — :I1J
Léms 976us lcpsck_%el_addr .|
Lims 96 [fo — — — — — — — : _______ :I.rl
- — = = T | |
int UmtsServer exec || | :
2: Lime TiSus lcpscklaccept ;I
Er Lims 38005 (o — — — — — — — : _______

Phone Number % Phor:eNumbel::PhoneNumber [qlnslgned int) obj0:Fhoneumber |25
= - — = — — = = - == === - ==

Umts Connection 3 Umts Connection:: Umts Cénnection [tep=ck_socket_handle_t)

! |
e — — — — — — —

|
|
1
| is 1
|
|

topsch_recw

at 25 14ms S512us: Return of topsck_recy

Settings...

. & BazeStation_C
E| -{ilntroduction
Pk 0 ReadeFirst txt
l_fj---‘tglnteractive
- BB aseStation
£ Results
- Memory Profile
Test
Static Metrics
Rurtime Trace
Code Coverage
Graphic

[#- Perfarmance Prafils

@ UmtsServer cpp
@ ItemsList. cpp
@ PhoneMumber.cpp
@ topack.c
@ UmtsCode. c
@ UmtzConnection.cpp
@ Umtshdzg.c
@ baszeStation.cpp
- i Launch MobilePhone GUI
[—:I»i‘f UmtsCode
#-Results
@ UmtsCode2. ptu
@ UmtsCode.c
[—:Iv@ PhoneMumber
H#-Results
@ Phonetumber. otc:

@ ¢ KXo

R R S

¢ © v 0 © © © ¢ ¢ ¢

@ @ PhoneMumber. otd -
< | »

C»* Project Browser | @ Aaszet Browser I

[THDC M @f8nas
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IBM Rational Test RealTime: Test Report

+: BaseStation_C - Rational Test RealTime - [Test Report [UmtsCode]]
A.Eile Edit Yiew Project Build Test Report Tools Window Help = %
|® T - Bl B [Omscoce =] » 00 [[[00% =] @ & 9 M ¥ |[[Micostvesn =] B~ 0 € 2[4 57 % w3 k2]

|5 du s [ricampies || 6 6 7 2([% 6 X[ HEP|[ L RG] [ |

:II @ Start Page | @ Test Report [UmtsCode] x|
[ Settings...
¥ 5J3 UmisCods2 1232 -Efement 1 | stings
% & B cods_int 1.2.3.2.1 Wariables o BPBaseStation C -
v 5 & T_ ‘1 Yariable Statug Init ¥alue E xpected Yalue |Obtained ¥Yalue % E---&Introduction
N sl 2R
W : SBEI t1 i facseed 34 34 34 X @ ReadtdeFirst. bt
emer TEYET TEYET L ;
o &5 Test Coverage o eseed = e @ E---&lnteractwe
? L2335 Test Coverage ° [l [ BaseStation

w = wTest2 File UMTSCODE.C -Reslts
1's 71+ £ Element 1 code_int & Umss

e & Test Coverage Functions and exitz 100.0% [2/2], +0.0 [+0] @ Mt &rver. epp

Staternent blocks B6.7% (2/3], +0.0 [+0) 'y @ ItemzListcpp
* B vTestd Implicit blacks none ° @ PhaneMumber. cpp
¥ £ Element 1 Decisions B6.7% [2/3), 0.0 (+0) . - & topsck o
& Test Coverage Loops 33.3% (2/6), +16.7 [+1] -4 .:' i
@ mizlode.c
- 2 S anvice O

v =) dfzodzw;l;e e 124 * Test 3 S - &4 UnntsCennection.cpp
W =8 \/Tes_t'l 1.2.4.1 -xffxformaﬁbn % @ Umtsh sg.c
v : AE i Test Mame 3 Test Family niominal ° @ baseStation.cpp

: smen Stétus : Failed Execution Time 29 micro sec. N % Laurch MobilePhore GLUI

- 4 Test Coverage Failed ariables 1 v, & g UntsCod
W - % Test2 1 [143) 3¢ 2 mtzCode
v . &b Erment 124298 Sament 7 51 Flesuls

Lo @ Test Coverage [[1.2.42.1 Heaicies v o - £ UrntsCode2 ptu
W B GTest2 2 (243) Variable Status Init Value Expected Yalue |Obtained Yalue W e - & UmtsCode.c
W Fi Y Element 1 A ficss=d L il o o E-uBPhoneNumber

! butfer Failzd " Rl " [#- Results

@ Test Coverage 1243 Jest Coverage . 3 Phoneumberctc ;l
W B vTest2 3 (33 File UMTSCODE.C 2| | B
1's ¢ B ¢k Element 1 hd code_int L
| | of Funclions and exits [100.0% (2/2), +0.0(+0] | e AR e I & Asset Browser

»

_NI -cin="cvizualbhatu. cio’' VA=EVAL ;I

TestRTH{-5TARTEXEC, Rational(R] Test RealTime C and Ada Test Report Generator 2003, 06.00.000.004

TestRTH{-COPYRIGHT, Copyright{C) 1992-2002 Rational Software Corporation. &l rights reserved.

C:4A ational\TESTRE~3bintintelawind2yod2ard -g "-IC: %R ational\TestRealTime\examples\B azeStation_Chintermediates_files79024449 log" "-ocvizualBi\UmtzCode xrd" "cvisual6h T U mtsCode. rod"
TestRTA/-TEST_ERRO. Unit Test Report Generator execution completed with incorrect tests

TestRTH{-EMDMOEWAR, End of execution with 1 warning(z) -
[rod2wrd] Generation of graphic results "cvizualBhTUmtsCode_1.itx" for decode_int/2. LI

Build

Messages A Properties A Rational CleaiCase
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IBM Rational Test RealTime

Component Testing for C and Ada Presentation




IBM Rational Software Conference 2009

Test RealTime: Component Testing for C & Ada

= Source code-driven, data-intensive functional and structural testing
via function calls

=  Automatic

>
>
>
4

Test template generation from source code
Test data generation from pattern language
Stub creation

Regression Testing

= Detailed reporting

= Use of static metrics for test prioritization

>

Software Complexity Level

= Works with Test RealTime Runtime Analysis features

>

>

Memory and Performance Profiling

Code Coverage and Runtime Tracing
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Test Harness Architecture and Responsibilities

1. Test driver

» Calls the function-under-test with
the desired range of parameters

Generated

» Checks returned parameters
Test Driver

» Accesses global variables

2. Stubs

» Check input parameters

_ Global
» Return desired parameters Rl

s 1=

ot Generated stubs 1z
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Component Testing for C & Ada: Process

Code Fix

Test Enhancement \
D D

Test Script Test Result
Design Analysis

O,
! Coding

Software
Engineer

Compilers /
Linkers /

| Debuggers
Simulators /
Emulators /
Targets
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Component Testing for C & Ada: Test Script Pattern

£+ automated - Rational Test RealTime =le] =]
File Edit Wiew Project Build Editor Tools Window Help

IEP-mE o] =1 > |20z =] @ & P M ¥ [[[cviuaso S r~-06 2|« i wle2 N

| =) @ s friacivies || &« 6 6 7 2[4 6 X[ WG| % B> | A =] #|

=

[ addi.c | [ addiptu

M [[m] F55] | m D2 TestR Tdemo',UnitTeskir ' =] || Settings...

Fry
. . X { 5 E--*Test
—— Declarations of the global vaXiables of the tested file int c; - Fesults
gextern int addiiint a, int b): G- Memary Profile
c=ath; i
BEGIH returnic); --Test

- Static Metrics

(- Rurtime Trace

-- Code Coverage

-- Graphic

1~ Perfarmance Prafile

@ addi.ptu
- 42 addic

'

—— Declaration of the service addi

SERYICE addi
SERVICE TYPE extern

—— Tested sarvice parameters declarations
#int az

#int bz

—— By function retwrned type declaration
#int ret_addi;

Test Script Ml Tested Function:
Template a+breturns c
Automatically 3 simple integers
Default Generated to be checked!
Values for

mdi = addifa, bj; TeSted

ED ELENENT Tested Variables
IR RS Function

Invocation

4] | vl | o ,
i+ Prajact Browser I 4By Aisset Browser I
Kl | »
Feady I m:on:o |i Line: 4 Col: 1 o2 5

VAR a, init

EHVIROHMENT ENV_addi
ll VAR b, init =

oo o

VAR ret_addi, init

Default
EHD EHVIROHMENT —— ENV
Test USE ENV_addi

TEST 1

St r u Ct u re FAMILY nominal

EHD SERVICE —— zddi
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Component Testing for C & Ada: Test Language

TEST 1 Input values initialization: |
- Multiple,
ELENMENT - Ranges, etc. ‘
The
function | #ret val =nyfunction(y, a, z, b, c);
under test
VAR gl ob, I nit=0
VAR v, init in {-1,glob, 0}

Asingle MWAR z.fiel dl,init=a[2]

instruction | VAR b init==
to defineall | \ap ¢ nit=b
test data ’

VAR ret _val, init=M_DEFINE

STUB al | oc_bl ock, 0=>(100)&a, OTHERS=>()NI L

END ELEMENT STUBs:
- Check parameters,

- Return values

END TEST

VAR a[1..10],init from1 to 1000 step 1

Expected values definition:
- According to requirements
- Using Range, delta, etc.

e::

ev in {-1,0, 0}
ev(y) in {0,2, 3}
ev=ret val

m n=y, max=y*10
ev=10, delta=10%
ev=init

In 2 lines,
3x1000=3000
test cases are
generated!
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Component Testing for C & Ada: Reporting

= Easy to understand report

» Passed and failed test
cases at a glance

» Initial, expected, obtained
values for all managed
variables and stubs

» Source code coverage
information from Rational
Test RealTime Code
Coverage feature

= Exports to HTML great for

» Distributed development

» Test subcontracting

- BaseStation_C - Rational Test RealTime - [Test Report [UmtsCode]] =) 5[
“ File Edit ¥iew Project Build TestReport Tools Window Help _|E| X
H‘ -1 K QIUmlsEude;I » I]I]HJITUUZ;IQ*Q« '|H|MlclusultV|sua\E.U j[ E~-0 6%‘”,“ m'm“”@ \?|
[T e e v 5 6 1 2][% % %[0 @ HE] % &@] | A =
5||| @ Ston Poge. |y Test Repon [UsCace] | x
= [ Settings...
b E@ UmtsCode2 7232 Lement 1 B =
% & B codein [1.2.32 1 Variables o Bpaaesiaion C =
\’T' - Yariable Stalus Init Yalue Expected Yalue |Obtained Value > &Intruduchun
v B e x Passed 34 34 34 x £ FieadMefirstnt
v e Element 1 buffer Passed [1243" "1243" o B i interactive
- & Test Coverage 7.233- Jasf Covarage . &) B asestation
L' Bl o Test2 File UMTSCODE.C
W - a Elemert 1 code_int
@ Test Coverage Functions and exits 100.0% [2/2), +0.0 [+0) @
o Statement blocks BE.7% [2/3). +0.0 [+0) 3
X b v Teatd Implicit blocks none -
X b Element 1 Decisians 66.7% [2/3), +0.0[+0] .
& Test Coverage Loops 333X (2L BT[]
. S
@ Senvce Coverage 124 'x Jest 3 & @ UmtsConnection.cpp
v [=- =] decode_int *®
v B % Testl [1.2.41 4% informafion o @UmtsMsg_c
v AEN i1 Test Name 3 Test Farily nominal ® @ baseStation.cpp
emen — {f5tatus Failed Execution Time 29 micro sec. . % Launch MobilePhone GUI
& Test Coverage  |[Falled Varisbles 1 o o BepUnkOud
v = v Test2 1 [143) ”® Y mtsCode
v A Element 1 724208 Flement 7 [#-Results
& TestCoverage.  |[1.2821 Fuaisbles v e £ UnisCode? plu
W B Test22 (243 Yariable Stalus Init Value Expected Yalue |Obtained Yalue « @ @ UntsCode.c
v - EI_ . i P'assed 0 0 a @ @Phnna“umher
=men buffer Failed N g Fresults
- & Test Coverage 7243 et Coveage R 43 PhoneN umber ol
v v Test2 3 (349) |[File UMTSCODE C 4 [ B
w =3 .{l Element 1 > code_int 5
< [ > || Functions and exts [100.0% (272), +0.0 (+0] o | ] | & pssetronse |
.
A -cin="cvisualBhatu oo’ Wa=EVAL - - - ;I

TestRT--COPYRIGHT, Copyright(C] 1332-2002 Rational Software Corporation. All rights reserved.

C:A\Rational\TES TRE ~3\bintintelswind2viod2ud -g "IC:%A ationalhT et ealTime\examples\B aseStation_Chintermediates_files73024449 log" *-ocvisualtyImtsCode. xid" "cvisualB\TUmtsCode.iod"
TestAT-w-TEST_ERROD, Unit Test Repart Generator execution completed with incarrect tests

TestRT--ENDNOEWAR. End of execution with T wamingls) -
[rod2urd) Generation of graphic results 'cwisualB\TUmtsCade_1.it" for decode_int/2. ﬂ

Buld A Messages A Pioperies A Rational CleaCase

eady 0000k E

N TestAT--STARTEXEC. RationallR) Test RealTime C and &da Test Repart Generator 2003.06.00.000.004
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Component Testing for C & Ada: Tests Comparison

No

. 2 UmtsCode Configuration Settings x|
= B etW e e n . Configuratian: | Microsoft Visual 6.0 =]
a_[:unligulaliun Properties Mame Value
. . C-CyGeneral Continue Test Build Despite Warnin| T&S
» 2 iterations of same software component | | oo

Target Deployment Port Simulation
Display Diff of Last Twa Test Runs [

Additional Test Compilation Options No

» 2 different development environments e sttt
. -é.ﬂgul::‘ijm?:;ﬂyz :plﬂjfment Port dditional Flepart Generation Olptior]
» Instrumented vs. non-instrumented code | e mson COMPARISON of 2
.. Evtemnal Command w&hs
» Generated code vs. manual code b | B
@) > — i [ 2 >

! Coding Test Script Test Result Test Result

Software Definition Analysis Analysis

Engineer

Backup of previous
dynamic test results

Variable Status Init Value Expected Value [Obtained Value |Obtained value
Comparison
x1 Failed 9 9 10 e
|| i1 Failed 9 g 10 5
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IBM Rational Test RealTime

Component Testing for C++ Presentation
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Test RealTime: Component Testing for C++

= Source code—driven, functional and structural testing
via method invocation scenarios

=  Automatic

>
>
>
4

Test template generation from source code
Assertion checking
Stub creation

Regression Testing

= Detailed reporting

= Use of static metrics for test prioritization

>

Software Complexity Level

= Works with Test RealTime Runtime Analysis features

>

>

Memory and Performance Profiling

Code Coverage and Runtime Tracing
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Test Harness Architecture and Responsibilities

1. Test driver

» Invokes a sequence of methods
in the set of classes under test

» Assesses returned values
S

Generated Test Driver

» Assesses cluster properties

2. Stubs

. =« P Tty
» Check input parameters
_

» Return desired parameters
Generated

3. Class assertion checks Stubs

&
» Based on user-defined contracts _=
| |

S5 /’\7
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Component Testing for C++: Process

Code Fix
Test Enhancement

| Compilers/
Linkers /
Debuggers
Simulators /
Emulators /
Targets
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Component Testing for C++: Cluster Properties

Test class

Preamble
Create test context

Cluster property
definition

Test case

Cluster,property check
[ ]

<<Cluster>>

TEST CLASS stack tst (myParam) :lifo tst
i

PROLOGUE
{
COMMEHT obhject creation

#3tack =; wmwyParam i(0):
fmyParsmm &£3;
fiz.create (] ;

h

‘\\\\‘.PRDPERTY slotEmpty ('s.1isEmptvyi) )

//////OTEST CASE push pop empty
i

H=.pushii):

CHECE PROPERTY "after push™ IsMotcEmpry
/#j = s.pop(];

CHECK [(j==1)

CHECE METHOD int Ztack::isEmptvi(l
K
EPILOGUE
i

Ha.ra=():
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Component Testing for C++: Cluster Properties

i TEST CLASS stack_tst (myParam) :lifo_tst
¥
i PROLOGUE
‘ lpopo ¢
i COMMEHT object creation

1 PUSh(I) gotack =; myParam 1i(C

2: j=pop() s:Stack fmyParam &3

{i==j} fis.create()

s:Stack

‘ | }
PROPERTY sNotEmpty (!'s.isEmptvi()]

TEST CASE push pop empty

iISEmpty {
#=.pushii) ;
CHECK PROPERTY "after push" IsNotEmpry
b :
Cluster under test ——— *#J = s.popl():
. . , //local call check
stimulation using C++ call e del B e

CHECK [i==1i)

Checks _— CHECK METHOD int Stack::isEmpty ()

}

Called methods EPILOGUE
Boolean expressions J{
#s.raz():
Postamble: |
Clean test context

Test class instantiation Sample ;
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Component Testing for C++: Class Assertion

A set of conditions expected to always be true

Class context

Class invariant
Method pre-condition
Method post-condition

State definitions

Transitions
between
states

Stack

pop():ltem
push(l:lItem)
clear()

_/CL]ES Stack
{

S Invariants

O THVARTAHT [ (first == 0 && last == 0] || (first != 0 && last != 0));

A8 Pre— and postoonditions
HWRAP pop
 —*bequise (firat != O]

TRAP clear

L EHSURE (count ()] == 0]

A4 States

ﬂ.ST]{TE Empty { (count () == 0] }
STATE NotEmpty { (count ()] > 01 }

A Transitions
TRAHSITION Eupty TO NotEmpty:

TREAHSITION MNotEmpty TO Empty;
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Component Testing for C++: Test Report

Easy to understand report:
Passed and failed test cases and assertion at a glance

Status for all executed
test cases and test suites

Summary of test and
contract-check

Listing of failed test cases

? -Tested Contracts

BN
N \
\;

4 PhoneM umber xrd

EI % FhoneMumber
- B Test
L % Sample
= é‘i‘} Contracts

=1 =] PhoneMumber

“ Method Contract

2.1 -Class PhuneNuth—‘ -hl;lar%etjd i Status
2.1.1 -Method Contrac etho
Method ’Expreﬁiun Status Executed Failed Passed
PhoneNumber & (stringLength > 0)  |Failed o 1 1 0
(unsigned int length)
# REQUIRE ()
|
| Assertion
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IBM Rational Test RealTime

System Testing for C Presentation
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Test RealTime: System Testing for C

component lesting coae VIEMOry: EFeriormance Runtime = Inread
COVErage | Frofiling: = Frofiling, = lracing  Frofiling

C, C++, Ada, Java C, C++ C, C++ C, C++ C, C++
Java Java Java NEVE]

SYSIEM 1esting |
i C ‘ Message-based C
Threads, Tasks,
\ Processes & Nodes

Rational Rose RealTime
Rational ClearCase
Rational ClearQuest

Rational Test Manager
RUP
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System Testing for C: Message-Passing Testing

Integration and validation testing from:

>

>

>

>

Single thread ... up to
Task(s) ... up to
Node(s) ... up to

Large networked system

Functional, load, and performance testing via message-passing API

Powerful scripting language

Detailed reporting

Regression testing

Works with Test RealTime runtime analysis features

>
>

Memory and Performance Profiling

Code Coverage and Runtime Tracing
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Test Harness Architecture and Responsibilities

1. Virtual Testers
» Simulates external systems

» Stubs internal actors

2. Each Virtual Tester
» Sends events to the SUT

» Controls the event flow

» Checks event data and timing

» Can be duplicated for load testing

3. System Testing supervisor

» Monitoring services for virtual
tester distribution, communication
and synchronization
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System Testing for C: Message Adaptation Layer

= Full support of any
communication interface

1. Adaptation layer Virtual Tester
— Built with C procedures to send System Testing Script
and receive events (C-structs) SEgD WAITTIL
()

- Symbolic management of events

Adaptation Layer

- Enables test script independence
of the messaging API

2. Message API

- Part of the system-under-test

i

Y

- Provided by a communication card

- Defines how to send and receive
events
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System Testing for C: Test Script Structuring

| NI TI ALI ZATI ON i nit_proc() ' Preamble. Postamble and
TERM NATI ON end_proc() — |

Error recovery blocks
EXCEPT!I ON recover _proc()

SCENARI O mal n

/ | Test script composed
of SCENARIOs and

SCENARI O test casel
- sub-SCENARIOs ...

END SCENARI O -- test casel

SCENARI O test _caseZ2

- _— | A scenario can be split into

I NSTANCE Virtual _Testerl INSTANCE blocks to define
asynchronous behaviors

_END I NSTANCE — Virtual _Testerl (Virtual Testers)

_ I NSTANCE Virtual _Tester?2

- END | NSTANCE — Virtual _Tester?2

END SCENARI O -- test case2
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System Testing for C: Test Script Behavior

Loops

Synchronizations between
Virtual Testers

IF statements

Init of outgoing Events with
high level instructions

Send an Event via a defined
communication channel

Set up atimer

Definition of constraints on
incoming Events

Wait for complex conditions

Call to external C code

CHANNEL MY _COVMIYPE: nyl i nk
SCENARI O exanpl e
VH LE (TIME(nytimer) < 100)
RENDEZVOUS start _exanpl e
' F (sync == 0) THEN
VAR creq, | N T={send=>..,neg=>{opt=> .., }}
SEND (nylink, creq)
END I F
TI VER nyti mer
DEF MESSAGE cresp, Ev={ ...}
VWAL TTIL (MATCHED( cr esp) | | MATCHI N& cack) , WI'I ME>15)

CALL nyexternal func()

END WHI LE
END SCENARI O -- exanpl e
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System Testing for C: Reporting

= Dynamically jump between sequence diagram,
test report, and source code

= Exportto HTML

Results Summary Test Summary

- Rational Test RealTime - [Test Report [MobilePhone¥T]]

|SUTSystemunde...| | phonel1_0 | | phonez 0 &Elle Edit ¥ew Project Buid Test Report Tools Window Help -
n= 25 43ms 25 183ms IRE T I R =112 K2[ (o =119 &/ M|[=) du o [ragevzmanses =
[ connect  Jesvams e /6 s e [FIE[GOTl Y &0 W o > 0] # /805 & 5[] 0] [Heonvisacs 1] &~ 0 © 5]
raConnect 7 H| ce [PhoneNumber] | %HuntlmeTrace[Ease/atmn] | £25 Runtime Trace [MabilePhongvT] | &y Test Report MobiePhonevT] | ¢ |+
25 123ms (- EBMobilePhoneV T srd :
1 -Report Information ‘ |
2z 143ms &3 Report Information
25213 W - 3 INSTANCE phanel _0 |||Ralinnal(R] Test RealTime System Testing
o connect = clims w - E]INITIALIZATION |[Copyright(C) 20012002 Rational Software Corporation
e e 25 223ms v < CALL tepsel_init [[Praject BazeStation_C
v QCALL tepsck_new_socket Project File F \ProgramFiles\RationahTestRealTime\examples
MAAITTIL 25 233ms W 4o CALL tepsck_sel_add: \BaseStation_C\BaseStation_C.rtp
Urntshdzag) =
22 583ms thype w 4 PROC handie Workspace EasgStahnn_C
25 533 v & CALL tepsck_connect Test Mode MobilePhoneT
v &y FROC handle Report File F\FProgramFiles\RationahTestRealTime\examples
SCENARID "BaseStation_Ch\MobilePhoneT.rd
v =& mein Genaration Time Won Jul 01 2001 57 2002
22613ms W = B SCEMNARID connect Test Script Yersion m
- fypes UrntsMag) w - <1 SEND (nCornectBaseStafon) |27~ P "
ms v o @ WAITTIL MATCHING mResporse o 5
aile
ERD WAITTIL | 4=53%ms W (= EJSCENARID call_busy ot n
1 v <1 SEND (mCall B aseStation) ol3)
4s808ms
v @ WAITTIL [MATCHING[mResponse sl Taotar phonet
a4 626ms v £l EISCENARIN call_success -
f " Virtual Tester Occurence |d (]
fpe \shdsg) W <] SEND [mCall BaseStation) Waching KONDS
8z E02Zms W o @ WAITTIL MATCHING mResponse
L 4 =+ EITERMINATION |2
ERD WAITTIL | &#s602ms :
ndiall v L G TALL topsck_class -INSTANCE phonet_0
v L G TALL topsck_snd .1 - INTIALIZATION .
© Tine S0 est details
Cornect to the Base Station
165 B04ms ype UnitsMsg) 2.7.1 -CALL tepsck_init
Tirne: 60 s
ERD WAITTIL [ 16 624ms Parameter ‘Slatus ‘ |Inil Value |Expemed Value |0htained Value |
[T
165 Bdme return value \F‘assed |D | |D
2.7.2 -CALL tepsck_new socket
Time: 112 ms
Parameter ‘Sla(us |Ini|VaIue I[ ¥ | Value |C' ined Value
4 | L J||sck |Passed o | la12

at 15 342ms: INIT BLOCK

Virtual Testers
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Probe Feature: Show Exchanges and Replay Them

= Deployment Process
» Define probes location in applications/simulators for sent and received messages

» Execute normally using simulators/Hardware/GUIls to create/populate the test script

» After execution, a UML/SD report shows all exchanged messages or events and
generates the script to replay

SUT Applicatio N Dynamic Results
Dynamic Results 1

v

Y

»
»

Péotocol

Generated Script
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IBM Rational Test RealTime

Runtime Analysis Features Presentation
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Benefits of Runtime Analysis Features

Get insights into program execution

» See how various components of a running application may affect
each other during execution

Get an overall picture of an application's execution behavior
over a period of time

Detect hard-to-find problems
» Memory leaks
» Performance bottlenecks

» Unused and/or untested code

Directly correlate all analysis results to

» Test cases and code
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Runtime Analysis Features: Code Coverage

4. BaseStation_C - Rational Test RealTime - [Code Coverage [BaseStation]]

4 File Edit View Project Build Code Coverage Tools ‘Window Help

[ 5 ~ B BE A |Basestatio =] » 00 |J_||1DD°/o | % & @ ] '|J_||Microsoft\fisuaIB.D . .
| =) o [vvcampes ||« 0 & % = [F[E] c[[ali[L][cum[u] Up tO nine |nCI’ementa|

2| H Code & [BaseStation] | i
T 5 Cota G BerSltor coverage levels, incl.
- Test #1 Fiidpr1811:34:05 2003 | fepsck_get ermor_message
Test #2 Fri &pr 1811:35:43 2003 || [} MC/DC

tepsck_return_t topsck_get_last_error ()

{
#hfdef _WING2

return{ftcpsck_return_t) WSAGetLastError(); Coverage Vlewer and
Select teSt Case j if?i‘naalte;.::in((tcpsck_return_t)errno); test Cases

o o NH #endif
contribution to code | } .o
Cove rage P tepschk_return_t tcpsck_close {topsck_sg : ¢ gtﬁ:&;c
o )
am . : . g ﬂm:sﬁlonnection. cpp

- @ mtstzg.c

: ::2222:_::-,\, sacket LO O pS be h aVI 0 r ¥ o & baseStation.cpp
s k:b' d: o | - VN -~ @ Launch MobilePhone GLUI

N i analysis g
= - @ tcpack_get_port B- Results
= - ®iepsck_accept S @ UmtsCode2. ptu
= - % topsck_connect @ - & UmtsCode.c
= - % tepsck_send B PhoneNumber
= :tcpsc::_data_ready EaYa) nt : - Fg;;l: s
== topsck_recy - Y oneMurnber.otc
= - W tcpack_end D etal | e d & @ PhoneMumber. otd
= .. ®iepack_get_last_emor PhaoneMumber.
= Soe coverage B e
== [ topsck_get_emor_message . . S esults
= D"@UMTSEDDE-E StatIStICS (%) ighl ight executed/ § Launch BaseStation
= B &5 UMTSMS6.C % MobilePhonewT. pts
= E]--@ BASESTATION.CPP

b non-executed Boolean [t

conditions (C & Ada) ENEEE

an.nnyg |i|Line: 327

2l
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Runtime Analysis Features: Memory Profiling

£ BaseStation_C - Rational Test RealTime
File Edit Wiew Project Build Memory Profile Tools Window Help
JJ.: F-E K« IBaseStatiol;I = 00 |J_|| 00z |6 e G ¥ |J_||MicrosoftVisuaIB.D =] [ -0 &

|5 € spfivcemes [0 0 6 7 2[5 6 %[00 W] % D@ | | 6] Memory error
x| @  ermary Profile [BaseStation] I [ BASESTATION.CPP I
@Tests

1B (BaseStation] FriApr 18 1 B C:RATIONAL' TESTREALTIME' EXAMPL... |8 |[=] [E| Stat I Stl CS per
o e test case

- B FIU ; B " :
ginclude "atlprobe.h" /¢ to use TestRT pi -
(- %, 164 Leaked bytes in 5 ||| genai ¢ 1-BasesStation
B Fricp 18 11:35:43 2003

Q) AEWL int main( | 1.1 - (BaseStation)

{
- 4 FIU int codes Blocks Summary

| B-/%,154 Leaked bytesin 5
2B Fiidpr1211:59:29 2003 | | #1£a=£ PROBES

<& Memory Profile [BaseStation]

Bytes Summary

....OABWL £F opan the probe trace wien applicabion
Al atl_ start_traceilbase_ctx,"" ,phone, 10000} ;
YA #endif

/%104 Leaked bytes in 4

£ Tubtorial infeo

FF To remcove the memory error (ABNL)

S GFo donzz ome lewvel inm the call stack
UntsServer *server= new UntsServer(l0);

O Allocated &
M Unfreed &

O Allocated
B Urnfreed
O Maxirmum

Blocks

O Maximum
A Tutorial info
A the following 3

Type of [y Sl R Call Stack
memory error © A Total of 12 blocks were allocated ||nked to

code=server
£ alods g Ecae at the and of the a2 & 10 hIOCkS were not freed
e ctx); & A maximum of 12 blocks were allocated at Sou rce CO e
i €@ A Total of 279 bytes were allocated
& 211 bytes were not freed
@ A maximum of 279 bytes were allocated at the sa
€@ Run @ Fri Apr18 11:34:05 2003

M e m O ry | eak © ABWL (Late Detect Array Bounds Wite)

Awrite operation 1 byte(s) past the end of the me

I I d I has been detected
hlg h | Ighte In the This 12 byte block was allocated here:
1 List & List::List (int) [CARATIONALTESTREAL TIMEVEXAMPLES
SOU rce COde ed |t0r WEASESTATION_CVSRCUTEMSLIST.H] line 17
UmtsServer & UmtsServer:UmtsServer (int) [CARATIONALNTESTREALTIME
WERAMPLES\BASESTATION CVERCAVJMTSSERVER.CPP] line 42

Aock at 0x43166D address
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Runtime Analysis Features: Performance Profiling

4. BaseStation_C - Rational Test RealTime - [Performance Profile [BaseStation]] - Iﬁllll
= s

40 File Edit iew Project Build Performance Profile Tools Window Help
|3 5~ B B A |Basestatio x| » UU|JJ|1uuz ~| e & <@ '|J_||Micr0soft\u"isual8.0 =l I >0 & %“J,' i ‘“J .“J @) k9|
B s pfreames s 56 7 2|6 6 X[ [CHE| L RG> |

E| @ Performance Profile [B azeStation]

@Tests
i B Test #1 [BaseStation] Friapr12 113405 2002 || 1 -BaseStation - - -
B0 Tem sz Fosen 8148 20 Top 3 Functions Graphical depiction of

B st slowest three performers

O tcpsck_data_ready
W void UmtsServer:checkUmtsMe. .
O void UmtsServer.: checkFowerS...

Performance data Function or
for one or more Function + Descendant
test cases 14 -Summary time measurements

All Times are expressed in us

2778 %

Name Calls| Function Ftime |[F+Dtime JAvg F time
time ¥ {% of .root.|{% of .root.
) )
Sortable IISt Of topsck_data_ready 9| BO12025| 8012025 44 .44 44 .44 890225
woid UmtsSerer A| BO0738H| 5007389 2r.7a 2778 1001477
fu nCtionS and :checkUmtSNetworkCDnnectlon i}
void UmntsServer: 4| 4995512 4995812 2r7 2r7 999162
.checkPowerSupply ()
methOdS tcpsck_new_socket 1 2593 2593 0.02 0.02 2893
topsck_init 1 1424 1424 0.01 0.01 1424
woid UmtsConnection: 4 864 3548 <0.01 0.02 216
processiessages )
tcpsck_send 2 326 526 <0.01 <0.01 413
MetworkMode & MNetworkMode: 4 B95 B95 <0.01 <0.01 173
MetwarkMode (char *, char ®) |

[TO0005 [w




IBM Rational Software Conference 2009

Runtime Analysis Features: Runtime Tracing

i’ BaseStation_C - Rational Test RealTime =1&1x|
File Edit Wiew Project Build Runtime Trace Tools ‘Window Help
|2 5~ B B 4 |Basestatio>] » 00 ([ 752 =| & & % &] ¥ ||| Microsoft visual 6.0
|E) @ b [irmmampies || @ & & 7 2[[[% & %]
; E| g‘:): Fiuntime Trace [BazeStation]
- &4 BASESTATION.CPP =
B ITEMSLIST.CPP
&HITEMSLIST.H

{ & EList
.. objl:List

- & NETwORKNODEH Powe I’fU' SearCh, --------

ifd=f PROEBES
¢ - ElNetworkNode

filtering & | el
] . . fendif
- 3 objl:MetworkNode

¥ objZ:MetworkMNode trl g g e rl n g

Lir Fimr Gdlur

< '"Runtime Trace [BaseStation]

woid UTntsConnection: thandle!| tepscl
{
if (ret==TCPSCE_ERROR}
{
teopsck_return t tmp=tcpsck_get .
cerr =<"BaseStation:" =< tcpsck,
throw,LostConnection(tup) ;

ok M ode

Lés ETms Elénas | @ int List:isEmpty [

Source component  EEeElE
Lés 2fms EPIus | g oid* List:iget Curre. .

browser for |
expansion/collapse |-
of UML-based
tracing diagram Timing ‘ B ..
J, gaLemCornecion Information Selected trace
g cvent highlighted

. objl:UmtsConnection
L4: dlm: 290

- & UMTSMSG C

L g mmsss In the source
' |l T e code editor

El- E] UmitsMag
dowsz to the end of this J

Catchraised

i objl:Umtshsg 14r 4lms S7lur
13

i % obj2:Umtstag 1#s lms 60 | |
at 14s 27ms 326us:void UmtsConnection: :processMessages () exce ptl O n S nREREE El@ [3,1]12

wioid UmtsConnectionl:processMessages 0 : '_.I !

| I Lér dlme 175ur
| |
P

anection: tprocessMessag
tcpsckjet'_last_enor

sd7

Lldr dlms S¢5us

catch euception |

L % ki ks 2 _lLI [
4| f L2 B P
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=l ]

= s

. BaseStation_Jlava - Rational Test RealTime - [Runtime Trace [BaseStation]]

{éﬁile Edit Wiew Project Build Runtime Trace Tools window Help

|8 7 ~ WM B A |Basestatio x| » 00 |J_|| x| G '|J_||JavaJDK1,4,g | [ o~
D s mpfreames s 56 7 2[4 6 XD [HE| L G| M

ERAIE A =
=

i E| @ Start Page | g Funtime Trace [B aseStation] |
o G Basesiaioniavs = | g ] [0 ] [Thiesd Il [
. 5] BaseStation
@ HardwsareMonitor java I Thread |d I Mame | State | Pricrity | Since ;I
=~ Bl Hardwaret onitar — 3 Hardware Monitor sleeping 5 Bz 289ms
: ‘... objl:H ardwarebornitor — 4 Metwork Load ko, nning [} Bz 289msz
E| @ LogServer.java — 4 Metwark Load Mo... sleeping 5 Bs 289msz
=l LogServe =] 2 Log Server unning 5 Bz 289ms
L . 2 Log Server sleeping 5 75 220mz
HE | 4 Metwork Load Mo... unhing 5 73 220ms J
— 4 Metwork Load ko, zleeping I} Bz 291msz
D - H =] 2 Laog Server unking 5 B2 291ms
yn am I C e ap [ 2 Log Server sleeping 5 9z 223ms -

Memory Usage Bar
QEVERONY)

i obj2:PhoneMumbe
.. objZPhoneb,

E| @ UmtsCong
e

Dynamic Messages
Coverage Bar
(C/C++/Java)

: - objZUmtstsg
E| @ UmtzReader java

El- B UmtsReader

: . objl:U mtsF eader

S A ek e fenin

o

I S KT

While runti

tracing activity

IS executing

A= 202ms

er logJava lang. String)

Click Threads Bar to
get their properties
(C/C++/Java)

tion. Lo

A= 202ms

[baseStation. Umtg

£

00002 @01
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Test RealTime: Integration with Test Manager

z#Webshop - Rational TestManager - [Test Plan - ClassicsCD - Component Testing]

AL == Test Plans are
”E PR A ‘E ) Gereral | lterations - Configurations | TestInputs attaChed to TeSt

Jﬂ =m0 A [P B o« BEl External Documents Implementation | Custom | Statistics

RealTime artifacts

— Manual implementation;
B3 TestPlans I

i Iy ClassicsCD

iy ClassicsCD - Component T
Bl ClassicsCD Admin
B Iterations

Select,.. Hpem.. | [Clear | Froperties . |

Irort from Test Ease [esigh,.. |

 Automated implementation: A dlreCt aSSOCIatlon Can be
| | established between test
[Sees | o | e Input , a test case and a

Suite . - - :
RO Java Test Scripts i teSt Implementlng It
Pr ROA VB Test Scripts:

— @l - (Rational Test Dakastare)
YU - {Rational Tesk Dataskore)
Command Ling '
WE - (Rational Test Dataskore)

Test Plans are built

and organized within
TestManager
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Test RealTime: Integration with Test Manager

i BaseStation_C - Rational Test RealTime - [Test Report [UmtsCade]]
. . . &4 File Edit View Project Buld TestReport Tools Window Help

ali=a NI =@ & Faka | @
Run and monitor the tests built with ks o c'ﬁ“ﬂ‘}“l' Tt s e el
[[Mictosoit isual 60 | [ -0 % &

.
TeSt I eaITI I I fro I I TeStM a.n ager 2 st Page | 28 Runtime Tiacs [UntsCode] I &, Test Repon [UmisCode] I
= &5 UmtsCode.kd [=
¥ 25 UmtsCode? 1.2.4-%Test 3
&) ] CODE_INT
5 B % \rT;sH 1.2.4.1 -xTe.st Information
Test Mame 3 Test F
L' £} Element!
_BWehsh Rati I TestM. 2 7 o &8 Test Coversge Status Failed Execu
A8 EnShopoharlOnattest A HaHED : v G a2 9 Failed Variables 1
3 - == == " - % Tes
File View Monitor Tools ‘Window Help . v 2 Flementl 1 242 ¥ Eaments
= | o, | & a, 930' | |%¢. | P | J & TestCoveraze | 1l 5401 Bymiasles
GO M3G ——
j — A i % = @ Eed B o Test2 [Variahle Status Init Value
I 03 | WA [ |8 52 | (98| = [ | B[4 * e i
- Test E”"'e’agf buffer Failed =
- - & Servios Camrage ” 1.2.4.5 -Test Coverage
it S B J X A F I T
e @dﬁ|l§lﬁ|é~: E|§|;ﬁ L HJ?”@%!%E HJ nor o ‘ v = EIDECODE_INT File UMTSCODE.C
= v i S " code_int
gﬂ | @ H [HH] W % D ‘ v e Functions and exits 10001
Statement hlocks 33.39
I Suite - Dverall il =1 i = ||:||£| Irplicit blocks nong
- e — - Decisions 33.39
Suite lteration | Users Inside | Loops 3330
1.2.5 -Service Coverage
| Temporary Suite 1: 1 computer resources 100 % File UMTSCODE.C
B Paralel A 100 %
: 5 = el T2 altolpostprn "ovisualEn T OmisCode "ovisuales] DmisCode
=8 ?| Catalog Search Shell 1 timefs] 11 100 % tealTime\examples:BaseStation_Chintermediates_files79024443 lag” -cio="cvisualbhatu. 4
3 alTime C and &da T est Report Generator 2002.05.20.468.004
""" El Group_Maode One: 1 tme(s] 141 100 % 102 R ational Software Corporation. Al rights reserved

tel\win32\vodZad -g "“IF\FrogramFiles\R ational\ T estRealTimetexamples\B aseStation_(]

ieneratar execution completed with inconect tests
uith 1 wamingls)

tsCode 1.its" for DECODE INT/2

!

I State Histogram - Standard

1of] _ Bl Finally, inspect from Test RealTime
ol [/ [ [ WV [/ [/ /4 GUI the detailed results when
Mot Stated i Quie Server  Code Overhead  GUI - .
e — | TestManager gives a failed status
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Test RealTime: Integration with ClearCase

4. BaseStation_C - Rational Test RealTime - [C:Rational’ TestRealTime' examples'BaseStation_C' kests' UmtsCode2.ptu*]

[ Eile Edit iew Project Build Editor | Tools ‘Window Help
|- EE o : &
JJ . = *I.-".-"examples _I“J w h % Target Deployment Part Editor — #

4 Start Page | [ UmtsCadeZ ptu ! Configure Todls...

HEADER. Unmt=Code, 1.0

—— TESTED FILE INCLUDE DIRECTIVES

#finclude "UntsCode h"

—— TESTED FILE DECLARATIONS

BEGIN

—= Declaraticn of the service code imt

SEBVICE code_int
SERVICE TYPE extern

—-— Tested service parameters declareticns
fint x:
fohar buffer [Z00];

TEST 1
FAMILY nominal

ELEMENT
TAR =,
TAR buffer,
foode_intix,
END ELEMENT

init = 3, er = init
init = *° ev = "Il3"
buffer);

END TEST -- TEST 1

TEST Z
FAMILY nominal

ELEMENT
VAR x,
VAR buffer,

init = 34, er = indit
init = "', ev = "Iz43"

Execute a kool command

Check Out

Check In

Undo Check Out

Compate ko Previous Yersio
Shows Hiskory

Show Properties

o 4| mtlu-lnlua

b |

Settings...

¢ ¢ X%

v e 9 @ @ ¢ © ¢ ©

@

@

i+ Praject Browser I 4By hsset Browser I

- &Bases tation_C o

E--C{ilntroduction
a FieadtdeFirst. bt
-{ilnteractive
=8 B BaseStation
- Results
@ UmtzServer.cpp
@ ItermzList.cpp
@ PhoneMumber.cpp
@ tepack.c
@ UmitsCode.c
@ UrntzConnection.cpp
@ Urntzhd sg.c
@ bazeStation.cpp
% Launch MobilePhone GUI
[l A UntsCode

=1 Results
B Memory Prafile

e |race

1+~ Code Coverage
raphic

- Performance Profile
@ UrntzCada2 ptu
@ UmtsCode. c
- f»@ PhoneMumber
- Results
@ PhoneMumber.ote

@ PhoneMumber.otd ;I

R HE |_ @ |Line: 37 Col: 23 #2 (G
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Test RealTime 7.5 features

= Integrated with new Rational Quality Manager Express Edition and Rational
Quality Manager Standard Edition

= |ntegrated with new Rational Software Architect Standard Edition v7.5

= Updated support for Eclipse v3.4 integration

= New integration with Telelogic Rhapsody v7.4 and TestConductor (7.5)

= Updated integration with Wind River Workbench 3.0

= New out-of-the-box support for Symbian OS

= New support of IPv6 network infrastructure
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