Automated Test Case Generation
with
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(an introduction)
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TC-Gen ... testing concept overview

® Testinterface approach:

= data interface between G23 protocol stack and a PC test
system

= e.g. standard serial cable, COM-ports on both ends
= for running test cases: usually shared memory on one PC

system primitives

Traces
protocol primitives

duplicated primitives

redirected primitives

Protocol stack Test interface PC test system
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TC-Gen ... testing concept overview

® On stack side:

=test interface entity included in the FRAME

= uses corresponding hardware driver for
communication

® On PC test system side:
=test interface executable using the FRAME

¢ connects using standard OS drivers or via a
Multiplexer

= used by tools like TAP, xPanel & PCO

=these tools finally provide GUI-stack-access for
testers
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TC-Gen ... testing concept overview

® TAP (Test Application Process) :

= program which executes test cases by sending,
receiving and comparing primitives to/from the
protocol stack

= TAPCaller provides GUI interface

® PCO (Point of Control and Observation):

=tools cabable to stimulate the protocol stack and
display traces and duplicated primitives

= used for logging and replaying test sessions
® xPanel (eXtended Panel):
= virtual mobile”
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TC-Gen ... testing concept overview

® The software layers:

VCMS

Nucleus, PSOS, ...

Windows, Linux, ...

Target Test system
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TC-Gen ... testing concept overview

® The software layers: CCDdata

Div.
Entities

(PS) || TST [eTST

TAP

Caller

FRAME FRAME

VCMS

Nucleus, PSQOS, ... _ _
Windows, Linuy, ...

Target Test system
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TC-Gen ... testing concept overview

® Field Test Example:

decode
CCDAAa " interprete

duplicated
Protocol o primitives,
primitives ¢ control
Stack (display, aces
(e.g. d-sample) keyboard)
primitives system primitives
2 p— mes
TST — duplicated primitives Ly flogfile
traces
traces
Target Test system
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TC-Gen ... testing concept overview

® TAP-Test Example (test case build):

G
= Generators _. — . [
' S K0 -
+ doc2txt -

SAP ‘makcdgtdclib”  Primitive / Message
¢ Xgen Document Constants and Structs
¢ ccdgen
= Compilers
+ msdev/cl
o (mktc) — || Testcase
GRR. dsp
Compllers DLL
TDC Linker
Testcases
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TC-Gen ... testing concept overview

® TAP-Test Example (test case run):

\nterprete

TAP
Caller

Testcase . Start
DLL StOp
duplicated
Protocol primitives o
Stack traces files
(e.g. win32-exe) primitives

primitives

duplicated primitives
TST | TS ———

PCO
logfile
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TC-Gen ... testing concept overview

® \Whatis a PCO-logfile anyway ?

= contains all traces and primitives received during a
time period of a testsession (e.g. a field test)

¢+ ... defined by starting/stopping logging
=the format is binary but with linebreaks after each
primitive
¢ ... and can be Iinterpreted by PCO-server only
= any kind of PCO-viewer may request (portions of) it
¢ .. for replaying or other tasks
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TC-Gen ... testing concept overview

® For more information see:

=>\gpADOC\testplatform_userguide.doc
=>\gpADOC\tdc\tdc_intro.ppt
=>\gpADOC\pco\pco _intro.ppt
=>\gpADOC\tapcaller\tapcaller _intro.ppt

= ... and many other documents in \gpADOC !
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TC-Gen ... motivation

® \Why do we need another generator ?

= current generators (like tdsgen) don‘t actually generate
¢ .. but translate e.g. Word documents into TDS-files
¢ (and anyway TDS will not be used anymore)

=the actual test case has to be written manually

¢ ... requiring detailed knowledge of the expected
behavior

=with an automated generator taking the real and
up-to-date primitive flow into account ...

* new test cases could be easily created
* buggy behavior could be easily reproduced
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TC-Gen ... motivation

® The Idea:
= usage of the existing “tool chain®
= ... but eliminating manual P_gr_valh
behavior assumptions Primitive / Message

Constants and Structs

Testcase
GRR dsp D |_ L
Compllers

TDC Linker

Testcases
////}CGen
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TC-Gen ...

Testing Concept Overview
Motivation
Usage
How it works

Current Limitations & Outlook

{51 TEXAS INSTRUMENTS



17

TC-Gen ... usage

3 PCO-Controller M= E3
® Atfirst we need a PCO-lodfile: —
i ) T Switch to REFLAY mode |
= request duplication of primitives out of PS Name: ST 4
. . Z
(currently manually, upcoming ccddata features will Startlogaing | “ 1 i |
enable more comfortable selecting — ,Matrix Reloadeg/”-) | | Testenvionment
. . . g . Activate Add viewer ...
= and start logging into a specified .pco-fil erEl N
I:> t ” t h . . - t — Stack contral
optionally watcn arriving primitives e e ——
" Send I
a P-L.gp ge g gha 4 pco loaded - O} % r SE:r'le
File Edit “iew Server Target Toolz Help i [Send
B [= w2 2 i | StiZind-path: | No shiZindtable loaded ‘o
T| Tine | Fr... | Hane | P | Content :I Cend:
@ (3736707 m=  GMM  MMGMM_REGJREQ 72 01 02 04 00 J - F'nrmtwes
g 63736707 ms  GMM  GMMRE_ENARLE REQ 27 04 OB 01 00 10 00 00 02
@ 63736847 ns  GRR  GHMRR_CR WD 22 00 00 00 00 \
@ 63742705 ms  GRR  GMMRR_CELL_IND 22 01 00 00 01 00 01 OF 33 01 00 05 /{
@ 63743026 ns MM MMGMH_ACTIVATE IND 22 01 00 00 01 00 01 OF 00 01 00 01 ol
@ 63743236 m=  GMM  GMMREG ATTACH CNF 92 02 03 00 00 01 00 00 01 00 01 OF
% 63743436 ns  GHMM  GMMRR_SUSEEND REQ 27 00 01 02 01 M :i> ﬂ’_} ,:i} o | g
63743446 GRR  GMMRR_SUSPEND_CNF 22 06 0B 01 00
o 63743446 Ez GMM  HMGMM_REG REQ 77 01 01 04 00 WAL e e e e
@D £3743466 ns MM MMGMH_REG_CNF 22 01 00 00 01 00 01 OF 01 01 00 01 RR | o o | |
g 63743496 ms  GMM  GMMREG ATTACH CHF 97 02 00 3A& 6F 01 00 00 01 00 01 OF
dh 63743506 m=  GMM  GHMRRE_RESUME_REQ 77 06 OB 01 00 GRR |- [ | | |
@d 63743516 ms GRR  GHMRR_CELL_IND 27 01 00 00 01 00 01 OF 33 [0200348F0100 PL -
@ 63743797 ms  GMM  GMMRR CELL RES 72 01 00 00 01 _I—I
@ 63744047 ms  GMM  LLGMM_ASSIGN_REQ 22 FF FF FF FF 44 33 22 91 00 00 00 *
g 63744087 ms  GMM  GMMRE_ASSIGH_REQ 97 44 33 22 91 44 33 22 D1 01 01 00 IW
@ 63744217 ms  GMM  GMMRR_ATTACH START... ?? 12 44 33 22
u?:ln 63744237 ms  GMM LI, UNITDATA_REQ 77 01 00 00 00 44 33 22 ?1 00 03 DD_'lll EendSygtemprimitiveltDIMM|
'Fiead_l,l [T erties selected E xit I Communication... |i|
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TC-Gen ... usage

® Secondwe use TCGen with the PCO-lodfile:

= startthe PCO-server (if not already running) %8 g4 pi
= call TCGen:

= ok, call it with appropriate parameters ©
(library paths and more parameters are taken from the tcgen.inifile)

= eVtl. inspect the generated files in the VisualStudio
(if the project already contained cases the new stuff will be merged at the
beginning of all files)

= ... or just build the testcase DLL from command line:
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TC-Gen ... usage

< Test Caszes: gmmnsn_caseses. cpp

. T_CASE GMMSHOZ8
® A look at the results: - «
= BEGIN_CASE ("replay_from_logfile")
f'-i"tap_prims.svt: - cthtestsessionsA\GMM_SMO01 _pco loaded 1

setup_routings for GHHSHOZE():
oap Jogged =tuff fron CMMEMWOAS

E||j“| @ H"’l"'l a.ll Dl %'l EEE I?IT El 1 - Test Step Excerpt: gmmsmn_steps. cpp

File Edit “iew Server Tarmget Toolz Help

T[|[Snd | Hame |Rew [Content | oort2GHMM.SEND (mmgmm_ tnsi_ind GHMSMOZE 8(3):
gn MM HMGHM THSI_ IND GHM T2 63 D2 09 AVAIT (gmmreg_attach conf GHMSMO2E_3()):
g  GMM  GMMREG_ATTACH CNF MMI 02 OB 12 0

lEﬁlIl MMT GMMEEG PLMN MODE REQ  GMM 00 03 00 O TIMEOUT (3003
4

port2GHM . SEND (gmmreg_plnn_mnode_req GHMSHMOZE8_10());

Element ¢ Constraints Excerpt: gmm=n_constraint=.cpp

=Rk GhMREG_ATTACH_CHF I
..... @ attach_type [Attach tupe) 0z T_FEIMITIVE UNICOH gmmreg_attach cnf GMMSMOZ28_9()
IZ—:I'C:'.:I plrnity (PLM |d§nt|f|catlnn] 01 0206020001 0F 03 T_GMMREG_ATTACH CNF prin:
o @ v_plmn [valid flag) m prim—rattach_typs= 0=x02:
=& mee [mobile country code] 02 06 02 prim—:plmn= plmn_GHMMSMO28_&6();:
{::, mee [1] g jIE'_plmn plmn_GHMSHOZ8_ 60D
l::::l MM [2] 0z T_plmn ]_:IStI"uCt-.:
H-- & mnc [mobile network code] o001 oF petruct—»w_plmn= 0=x01;
----- @ lac [location area code) 0E 30 Eftruct— rmoc= moc_array_GMMSMOZ28_7():
----- @ rac [routing area code) FF o
T_AREAY<US GHMSHO28_ 7
..... @ cid[celid] 16 6F . CER7 MEC_ArTay_ -
----- @ gprs_indicator [GPRS indicatar] ao const U8 arrav_eslements[3]=
----- @ zearch_running [Search is still unning] 00 002
= .
Ready N=06,
D=02
return T_ARRAY<UE8:{arrav_element=s)
} ¢ moc_array GHMSHOZE Y
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TC-Gen ... usage

## tcgen.tce - TapCaller _ (O] x|

o NOW What {O do W|th |t ’7 File Contral View Configuration  ?

: = EH & ©O0 0|9||s & PIF|U| T
':>yOU mlght use TAP and run Tes!Easle | |5tatn! | DlatI_TitIel | | | |

the fresh test case with a GMM MO =nlay from Ioghle
Windows-PS

Wiew Tdg Elow

= you might edit the TDC files and adapt them to your special
needs

¢ e.g. change ,online parameters” like IMSI

+ unfortunately manually by using the VisualStudio
+ ...due to the lack of a dedicated ,test case editor”

+ of course the beloved perl scripts can do nice work, too ©
= ... then rebuild the test case and use TAP again
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TC-Gen ...

Testing Concept Overview
Motivation
Usage
How it works

Current Limitations & Outlook

{51 TEXAS INSTRUMENTS



22

TC-Gen ... how it works

® TCGen Is iImplemented as a PCO-Viewer ...
= by internally deriving from viewer core C++ classes

=which enables it to easily request all primitives from
a specified PCO-logfile

= ... as often as it wants to

® In a first pass ...

= all necessary routings are generated in TDC

¢ using information about the primitive sender and receiver
¢ ... and the SAP name, currently taken from primitive name

= all declarations of constants, structs a.s.o.
+ are writtento the TDC header files
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TC-Gen ... how it works

® Many further passes

= look inside the primitive hierarchy level by level
= generate:
* SEND()/ AWAIT() commands for primitives
¢ parameter values and sub-structures
¢ TIMEOUT() commands for delays
= ... and finally the whole test case

® More implementational details ...

=will be documented in
\gpf\DOC\tcgen\tcgen_description.doc

= can be found out from the sources In
\gpflutil\tcgen\... ©
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TC-Gen ...
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TC-Gen ... current limitations & outlook

® Unfortunately in many cases the pure
generated test case will fail due to:

= a |ot of parameter values coming from network
¢ ... and with Windows-PS we don‘t have that
= sometimes missing initial primitives

+ e.g. with BMI-image the first SIM_GMM_INSERT IND
gets lost

= several parameters which could be ignored
¢ ... but which are expected with exactly the recorded value

® A quite funny side effect:
= If the PCO-logfile comes from a TAP run which failed
= ... the new generated test case will pass ©
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TC-Gen ... current limitations & outlook

® Further problems are ...
= quit long time differences between primitives

¢ ... which are not necessary with the Windows-PS
+ put a maximal timeout value can be defined
= primitive duplication does not work with all entities by now
+ pecause of changed timing
¢ e.g.for LLC the PS will crash
= currently no support of duplication of pointers by the FRAME
¢+ e.g. for descriptor lists

® And finally ...

= air-messages are currently handled as binary blocks

= no support of other formats then TDC
¢ put TTCN-3 should be no problem

= no complete GUI exists
+ allowing execution of all processes from one place
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TC-Gen ... current limitations & outlook

® Some solutions seem obvious:

=the generated TDC files could be post processed to ...
¢+ set parameters to ,,not used” etc.

=the TST queue on target could be temporarily
enlarged

¢ to reduce timing influences

=the support of pointer duplication could be
Implemented

¢ e.g. similarly as done with PCON on UMTS stacks
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TC-Gen ... current limitations & outlook

® Concerning the GUI support ...
= a first step is already done:

— Seszzion

TCGen can be started right Switch to ONLINE mode |
from the PCO-controller Name: [GMM_SMOOT =] .|

Test case generation |
Entity ko test; IGMM

Drirectary for output; IHgEEmH:Dndaths"»test'\gmm

Bun ~ Cancel |

"% P:AGPF\BIN\tcgen. exe

sourcing PisgpfsBIN-. . cfg-stcgen.ini ...
sourcing PisgpfsBIWNA. . cfgspco.dini ...
generating testcase ...

.. generation succeeded *

23 gee "g2imwcondatsmsstesthgmm' for results.
—» For compiling the test—-dll call e.g.:
medev Sg23mscondatsmsstestsgmmsGMM_test.dsp AMAKE

press any key to continue ...
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TC-Gen ... current limitations & outlook

® TCGen could/will be enhanced to support:

= Iinterpretation of air messages using ccddata-DLL

= upcoming ccddata features to find out redirections
independent from ,random” primitives in logfile

=the option to generate primitives with direct
parameter passing

= configuring the level of structure expanding

= rules specified in an extra file and applied during
generation
+ to e.g. set/ignore special parameter values

= a dedicated GUI for convenient generation

® ... after all TCGen is still in Beta state ©
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Thanx for your patience !
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