United States Patent

US010877874B2

(12) ao) Patent No.: US 10,877,874 B2
Alluri 45) Date of Patent: Dec. 29, 2020
(54) SYSTEMS AND METHODS FOR MODELING 6,353,806 B1* 3/2002 Gehlot ... GOGF 30/33
AND GENERATING TEST REQUIREMENTS 7124406 B2* 10/2006 R 71(7)/31/42‘41‘
,124, YU oo
FOR SOFTWARE APPLICATIONS 2004/0103396 Al* 5/2004 Nehab ............... GOGF 11/3684
. 717/127
(75) Inventor: Chandra M. Alluri, Herndon, VA (US) 2005/0076328 Al* 4/2005 Berenbach ............... GOG6F 8/10
717/104
(73) Assignee: FEDERAL HOME LOAN 2005/0138514 Al* 6/2005 Burdine ........ GOIR 31/318569
MORTGAGE CORPORATION 714/733
(FREDDIE MAC), McLean, VA (US) 2007/0074166 ALl*  3/2007 Overturf et al. .............. 717/124
2007/0266366 Al* 11/2007 .. 717/104
3k
(*) Notice: Subject to any disclaimer, the term of this 2008/0082969 Al*  4/2008 Agha etal. oo 7177130
patent is extended or adjusted under 35
U.S.C. 154(b) by 1087 days. OTHER PUBLICATIONS
(21) Appl. No.: 12/345,084 John Joseph Chilenski and Steven P. Miller, “Applicability of
’ - ’ modified condition/decision converage to software testing”, soft-
(22) Filed: Dec. 29. 2008 ware engineering journal, Sep. 1994.*
’ Chilenski, John Joseph, and Steven P. Miller. “Applicability of
. s modified condition/decision coverage to software testing.” Software
(65) Prior Publication Data Engineering Journal 9.5 (1994). pp. 193-200. (Year: 1994).*
US 2009/0178021 Al Jul. 9, 2009 (Continued)
Related U.S. Application Data
o o Primary Examiner — Kamini S Shah
(60) ggoxél(s)i%nal application No. 61/006,187, filed on Dec. Assistant Examiner — John B Johanser
’ ’ (74) Attorney, Agent, or Firm — Finnegan, Henderson,
(51) Int. Cl Farabow, Garrett & Dunner LLP
GO6F 11/36 (2006.01)
(52) US. CL (57) ABSTRACT
CPC i GO6F 11/3684 (2013.01) .
(58) Field of Classification Search Systems, methods, and computer-readable storage media are
CPC GOGF 11/3684 described for modeling the requirements of software to
USPC. .................................................. oo a8 generate test requirements. In one exemplary embodiment, a
See application file for complete search histor;/. computer-implemented method comprises generating a
model of the requirements using a tree graph model, iden-
(56) References Cited tifying primary paths of the tree graph model using an

U.S. PATENT DOCUMENTS

5,542,043 A
5,913,023 A *

7/1996 Cohen et al.
6/1999 Szermer ...........ccceouen. 714/38.1

algorithm, and creating test cases based on the identified
primary paths.

23 Claims, 10 Drawing Sheets

200



US 10,877,874 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

Chilenski, John Joseph, and Steven P. Miller. “Applicability of
modified condition/decision coverage to software testing.” Software
Engineering Journal 9.5 (1994). pp. 193-200. (Year: 1994).*

M. Utting et al, Practical Model-Based Testing: A Tools Approach,
Morgan-Kaufmann 2006, http://www.cs.waikato.ac.nz/~marku/
mbt/, 2 pages.

http://www.smartesting.com/cms/en/explore/products, “Test Designer™
v3.3,” 5 pages.

AM. Memon, “An Event-Flow Model of GUI-Based Applications
for Testing,” Software Testing, Verification and Reliability, Jan. 2,
2007, Wiley InterScience (www.interscience.wiley.com), pp. 137-
157.

“IEEE Recommended Practice for Software Requirements Speci-
fications,” IEEE Std. 830-1993, approved Dec. 2, 1993, 32 pages.
P. Ammann et al., “Introduction to Software Testing” Cambridge
University Press, ISBN 978-0-521-88038-1 Hardback, pp. 27-91,
150-165 (2008), 89 pgs.

R. Binder, “Testing Object-Oriented Systems” Addison-Wesley,
ISBN 0-201-80938-9, pp. 111-118, 123-125, 176-201, 269-282,
(2000), 55 pgs.

B. Beizer, “Software Testing Techniques”, Van Nostrand Reinhold,
ISBN 0-442-20672-0, (1990), 575 pgs.

* cited by examiner



U.S. Patent Dec. 29, 2020 Sheet 1 of 10 US 10,877,874 B2

100

|FrontEnd System 110 i

i
: Client System 120 :
i
| <126 123 124 125 :
! DISPLAY 2 < 5 |
! STORAGE
| User Interface | |« RAM ROM DEVICE |
! 127 |
! |
i i
| <128 H H 121 H |
| t
! INPUT DEVICE > BUS ;
! |
] |
| 129 122 i
! CURSOR |, i
| CONTROL PROCESSOR :
|
| |
! yy !
Lt e o o o o e e - — s e o o 2 o 2o o] o i ot o o e o i o s 2 o 2t e ot o o o o o o |

ig 130

Back-End System 140 | T 3
! 1
| |
i {
| A4 h4 |
| |Server System 160 () !
i 3
: :
| Modeling and Testing Tool Data Repository | |
| 170 150 3
: :
i I
I i
| |
i i
t |
i i



U.S. Patent Dec. 29, 2020 Sheet 2 of 10 US 10,877,874 B2

00

201

202 203

204

206
‘|||||‘|||l’ 207
205 ||E‘||

FIG. 2



US 10,877,874 B2

Sheet 3 of 10

Dec. 29, 2020

U.S. Patent

Ve "Old

uonounj ajge1sa | R3] ﬂ

soseoasn |\

MBI/ 0UBUBDS | MIIA 93IT

i

-\/

L1E

/

/¢ papun ]

EE

CEEEE RV CEELS

5

MOPUIM 7 MBIA JPT 8Ji4

/

\hoﬁeo 1891 X

/

0ce

/

ole



US 10,877,874 B2

Sheet 4 of 10

Dec. 29, 2020

U.S. Patent

g¢ "Old

PIYD se yuIy aised F)
layy aised 0

alojag aised O

pIyO se ajsed )
Adop [B

ng 4

a91eq X

191y 8sB28SM} MON
a100g 05B0BS MON  (Z MOY UlBl EF ~H-__ cle

PIYD S MOj3 AN LB A RS O | R
~aoydUN) O|GBIST) K= Q|
®

S9SBO9SN (/
MBIA OLBUBIS | MBIA 99i]

4

/ \n papiun, |

¢ lles|esssss+X[aaag

] MODUIM/MBIA JIp3 3 |

/ /101ain 1s9) B

/ /

0ce 0iL€



US 10,877,874 B2

Sheet 5 of 10

Dec. 29, 2020

U.S. Patent

J¢ "Old

PIlYD se yur 8sed F]
iayy sised )

aiojag a1sed OJ

PIYD se djsed []
fdop (B

ng o

a)8jag X

Ja)y youeig maN

alI0jag youelg maN
alojag dajs maN

PIIYD Se youeig maN
pIIyD se da)g MaN

youeig gy

Z Moy Ulep £k~

~€le

| Moy ule £F B zle

uonouny a|qelsa &
Saseoas)

5

/\/

MBIA OLBUBIS | MAIA 93IT

LLE

r 4 y 4

papaun. ]

]

0ce 3%



US 10,877,874 B2

Sheet 6 of 10

Dec. 29, 2020

U.S. Patent

ac 'old

uondQ afoAD soueRiWaY <> 8dA] aouBHIWSY Ji <&> B
dnfAng xey snup-Y 10BAU0D pajenojen= dning snuip-y paisenbas Jasn 18 O
sdq gz=> dnAng xej J0BJU0D SNUIN-Y Jf <&> B
sdq gz = dnfng xepy snuip-v pajsenbay Jasn = dning xep 10BJ)U0D SNUIN-Y 18S O
sdq Gz< dnfng xep 10BAUOD SNUIN-Y §| B> B
dnAng xep snuip-y 1onpoid D = dnhng Xe 10B3U0 SNUIN-Y SJendeD O
sdqg-z} = dning xepy 10npoid DI = dnAng xey pajsenbay Jasn = dnAng xe Joejuod Q
G'z}=> dnfng xep JoeHUOD J| <B> B
dnAng xepy SNUIN-Y Joe4U0D pajenojen= dning SnUIN-Y pajsanbai 1esn 188 O
sdq Gz=> dnfng Xej 10BAUOD SNUIN-Y J| <&> B
sdq 6z = dnfng xepy snulj-Y pajsanbay Jasn = dnAng Xep 10B1U0D SNUIN-Y 18S O
sdq Gz< dnfng Xep J9B1U03 SNUIN-Y J| <> B
dnAng xepy snuip-y Jonpoid H = dnAng Xep JoBUOD SNUIN-Y S)e[NdeD O
dnfng xep j1oenuo?) u) abueyd oN a
G'Zi< dnhng Xep 10eAU0D J| <> B
Ipy sousyway + dn Ang xep 1onpoid O = dnAng xep j10e5U0) djeINoje) Q
0 = Ipv souepiway Jes @
uondo 9john aouepiway = adA) souepiway | > B
adA ] aoueniway (Dd1) 10BAU0) aAsIRY A
Jojeoipu) Buneo|4/pexoo‘uondo ajAn sousjway‘skep DYy Jadng'dNANG XeW'ajel 89)9) aAsuUdY O
shep g1 ‘9’1 @109 = adAL @ouepiwey 188 A
dnfng snuijy-v ‘ Xely dnAng * ajey 88j9) aAsLBY A
SNUIN-Y = 8dA1 33)9 77 puB A = pu| 9Y9TT 41 < B
uoojjeg Jo paxi4 = adA| ajey Jsaselul J| <> B

|MOj} ulep £ B
ae v SONVE B
IEEEEEEN) =)

MBI/ OLBUBIT | MSIA 981

WX GONY\SISPOWOWAQ SI0L\LEQL - 662 SISAUL\G6.L-IMS\TWOVdoo dopisaqidoniseigs | eseAsBumes pue syuawnooqy o]

> pLE




U.S.

Patent Dec. 29, 2020

310 3/20

Sheet 7 of 10

US 10,877,874 B2

K] Test Creator/ , /

g[X]

File Edit View Window /

DA RR|PX[-H P e[ o] [m)| (@)

LA

Scenario View

C:\Docu#nts and Sety‘égs\f353198\Desktop\Thesis 799 - 1031\Tools Demo\Models\Demo.xm! [_|3[X]
Tree View

4104

& Usecases

&8\ FUNCTION - 1 )
-

[ S D Step 1

D Step 2

D Step 3

D Step 4

#0D Step §

8- ~<& F1-Cil1

B- <@ F1-C2L2
E <% F1-C3L3
{ B <& F1-C4L4
E ® F1 CSLS

B-® F1.Cels
...... > VP 2
@ F1-C7L3

Flow—2
;~£a Flow-3
Flow-4

El a FUNCTION 2
a- & Flow-1
P ----- D Step 1
- Step 2
8- F1-C1L1
& <® F1-C2L2
8- F1-C3L3
8- F1-C4L4

&< F1-C5L5
B-@ F1-C6L5

£ Flow-2

>420

--£3 Flow-3

8 a IF-ELSE-MODEL
i B2 Node-1
;<8 IF-condition1
‘(@ ELSE-condition2
g. NESTED-IF-MODEL
83 Node-1
B-<@ IF-condition1
i B-<® [F-condition3
i i B-< IFcondiion5
<> IF-condition
-8 ELSE-condition?
B <@ ELSE-condmond

B8-<® IF-condition8 _J

430

> 440

-~

4

FIG. 4



US 10,877,874 B2

Sheet 8 of 10

Dec. 29, 2020

U.S. Patent

S 'Old

4]

<youeig/>
<youesg/>
] SNUIN-Y 1083U0D pajejnojen= dning snuln-y pajsenbai Jasn 183,=joqe] do)S>
<,¢C}+0}.=P! ;54 GZ="p dning xey 10BAAUCD SNUIN-Y },={oqe] Youeig>

<youeig/>

Ang xep snuIN-Y paisanbay Jesn = dnAng Xel 10eu0d SnuiN-v 18S.=I2qe] daig>
W£21'dvV4~SS.=qluonisinbal ,sdq G116 dnéng Xej 10BU0D SNUIN-Y JI.=[oqe] Youeig>
P dnfng xe Snuip-y 1onpoid DN = dnAng Xep 10BJUOD SNUI-Y B)ejnojed,=jaqe] dais>

<de)g/><,d918,=0d4) 58001 .=p! .dnAng xep 1oeAU07) Ul 36ueyd ON,=|8qe] do}S>
<,78001.=P! ,G'Z116% dning Xey 10e5u0) Ji,=19qe] youelg>

1800}.=P! JpY 8ousjway + dn Ang xe} 1onpoid QI = dnhng xew ajenojed,=jeqe| daig>

<daig/><,dais,=0dk} ,52004,=P! .0 = [Py soUEHIWSY JBS,=[oqe| doiS>
<,72001.=p! JuondQ 8joA) ssuepiwaey = adh) aduewaYy Ji.=Joge] youeigs

] <da)g/><,d8)g,=804} ,72001.=P! ,0dA | BduERILBY (D) 10BAUOD BABUIRY,=[8qe| dO)S>

Ipuj Buieoq/paxo0‘'uondo 8j0A7 aouajiwaYy 'sABp JHY JadnS'dNANG XN 'dlel 83)5) analaY,=|8qe| da)S>
<dalg/><,d01S,=dA} ,81,001.=P! ,SAEP 6 ') 0109 = 8dA | souBpWaY 19S,=|oge| dalS>

<do)g/><,d918,=adA) ,51004.=p! AnAng snuip-y * xely dning * ajey 895 aAsuIeY,=[eqe| dajS>
<,60001.=P! SNUIN-Y = 8dA ) 884977 pue A = pu| 39j977 Jl,=|9G8| Youesg>
<.50001.=P! 2211~ d¥4 SS.=qiuonisinbas ,uoo|jeg Jo paxi4 = adA ] ajey isasaly| §l=|9qe| youesgs
<,£0004.=P! MO4 UIBW,=[9qB] MO|4>
<,2000}.=P! .G DNV.=0qe| as808sN>
<,G5104.=QIXeNIuaLINg | 0001,=P! ,S8SEIBSN,=8qe] LOOY>

Mo |[B o | @22 0G0 BUEE| 8|

dioH mopulff ambyuo?d sosoef] sjoo] MmalA yomeaS Ip3 alid
x|~ [lux'sonwidopisaqy} | y8Ge\sbumag pue sjuswnooq\:g] - pedixal 1




US 10,877,874 B2

Sheet 9 of 10

Dec. 29, 2020

U.S. Patent

9 'OId

sdq Gg = dnfng xe|y snuin-y pajsanbay Jasn) = dnAng Xeyy 10B2U0O SNUIN-Y J8S : daS “p|
(€21 'dv4~SS) sdq GZ< dning Xej 10BAUOD SNUIN-Y §) : Youelg 'E}
dnfng xep snutiy-v 1onpoid D = dnéng Xepy Joe1u0d snuIN-Y Sjejnoje) : daig "z
dnAng xep\ 10e5u07) Ul 8Bueyo oN : dalS '}
G'¢}< dnAng xep 10e.u07 §] : youeig o}
[py souayway + dn Ang xep 1onpoid DN = dnAng Xep 10BJU0Y) Bjgnoje) : dais '
0 = [y souepiway jog : dalS g
uondQ ajoA9 soueniway = adh) souepiwaY | : youelg
adA | souepiway (Dd) 102AU0D aAsL}RY : dBlS "9
Jojeaipu| Bupeoj4/pexoo‘uodo ajokn sousjway‘shep DYy Jodns' dNANG Xe‘alel 99)0) aAalsy : dals G
shep g1 ‘a1 0109 = 8dA] souepway J8g : dalg
dnAng snuin-v ‘ Xep dnAng * ajeY 83)9) anaulRy : da)S ¢
SNUIN-Y = adA| 88} 77 puB A = pu]| 884977 4] : Youeig g
(2211 dY47SS) uoojieg o paxid = adA) ajey isasejy| §| : youesq |

} — OUBUSIS - MO UIBN ~ G DNV

S9SE0as|)

SMOI4 lIV £}  Mold1j8S (] Soseoas( |IV & : eseossn s

MOIA 0LBUBDS | MaIA 981

|wx'80Z4-GONY\SIPPONIOWAQ SIP0 1\ £0L - 66/ SIS8Y1\662-IMS\NNDVAdoo dopisaaidopisaaigs | egensBuyés pue sjuawpooqy:o[]

Lo

oLe

> 019




U.S. Patent

Dec. 29, 2020 Sheet 10 of 10
710
Model the __
Requirements
720
Verify the Model  {~/
Y
730
Select Test Paths |~
Sensitize the Test ,\7/4 0
Paths
A
Record the Expected | 750
Outcome for Each [~/
Test
760
Conform the Path |~/

FIG. 7

US 10,877,874 B2

00



US 10,877,874 B2

1
SYSTEMS AND METHODS FOR MODELING
AND GENERATING TEST REQUIREMENTS
FOR SOFTWARE APPLICATIONS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/006,187 filed Dec. 28, 2007, entitled
“Systems and Methods of Modeling and Generating Test
Requirements for Software Applications,” which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure generally relates to the process of
software development, and more particularly to systems and
methods for modeling and generating test requirements for
software applications.

BACKGROUND

The process of software development may include the
following general steps: requirements gathering; developing
use cases to document the requirements; modeling the use
cases; coding the software; and testing the software.
Depending on the size and budget of the software develop-
ment project, the above steps may be performed by one
individual or may be divided among individuals or groups of
individuals.

For example, the step of gathering requirements may be
performed by a business analyst, also commonly referred to
as a systems analyst and functional analyst. In gathering
requirements, the business analyst may communicate with
clients (i.e., the procurer of the software to be developed) to
gather the client’s requirements for the software. The
requirements may be organized, for example, into system
requirements, functional requirements, and user require-
ments.

Once gathered, the requirements may be modeled by the
business analyst. Modeling the requirements may allow the
requirements to be better managed and more readily under-
stood. In addition, modeling the requirements may assist
with the creation of test cases to be used in the testing of the
software. The requirements may be modeled using a stan-
dardized general-purpose modeling tool, such as the Unified
Modeling Language (UML) or modeled using flowcharts,
tables, graphs, such as a directed acyclic graph (DAG), and
the like.

Using current systems and methods, both the process of
modeling the requirements and the development of test cases
require highly specialized skills and large quantities of time.
Systems and methods consistent with the principles of the
present invention facilitate the modeling of the requirements
of a software application and the generating of test require-
ments using the information in the model.

SUMMARY

Consistent with the present invention, as embodied and
broadly described herein, systems and methods are disclosed
for modeling and generating test requirements for software
applications.

According to one embodiment, a computer-implemented
method for automated software requirements testing and
sensitization for consistent performance, performed by a
processor hosted on a server and connected via a network
connection to at least one networked database, a modeling
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tool, and a client system is disclosed. The method comprises
retrieving modeling requirements of software, wherein the
modeling requirements are specified in the form of one or
more use cases for contract pricing; receiving, via a graphi-
cal user interface, a user’s selection of one or more portions
of previously-created models; generating, using the model-
ing tool, a tree graph model based on the modeling require-
ments and the one or more user-selected portions of previ-
ously-created models, wherein the tree graph model
comprises one or more details for uncovering bugs or errors
of the software; analyzing the tree graph model and verify-
ing complete path coverage for the modeling requirements,
by determining whether predicate and clause coverage cri-
teria of the tree graph model yields n+1 truth values, wherein
n is a number of clauses in a predicate of a logical expression
in the tree graph model; generating a plurality of test paths
for traversing the tree graph model, wherein the plurality of
test paths uncover unhandled exceptions corresponding to
the bugs or errors; testing the modeling requirements by:
selecting, using an algorithm based on the tree graph model,
a test path among the plurality of test paths; storing, in a
memory, data associated with one or more expected out-
comes from traversing the selected test path; generating,
using an algorithm and based on the selected test path, one
or more data values that cause the processor to traverse one
or more branches of the selected test path for the software
without the bugs or errors; sensitizing the selected test path
by inputting the one or more data values; generating a
plurality of test cases based on the tree graph model and the
one or more data values, wherein the plurality of test cases
exercise each object and relationship in the selected test
path; generating one or more test outcomes by traversing the
sensitized test path and the plurality of test cases via running
the generated data values through the software; retrieving
the one or more expected outcomes; comparing the one or
more test outcomes to the one or more expected outcomes at
multiple intermediate verification points along the selected
test path; and conforming the selected test path to produce
the expected outcomes, based on a difference between the
one or more test outcomes and the one or more expected
outcomes; and repeating the testing of the modeling require-
ments for the plurality of test paths, wherein the test paths
are sensitized by inputting the one or more data values that
cause the processor to do the equivalent of traversing the test
paths if there were no bugs or errors and wherein the
sensitized test paths are conformed to produce the expected
outcomes.

In another embodiment, a computer-readable medium
containing instructions for performing, when executed by a
processor hosted on a server and connected via a network
connection to at least one networked database, a modeling
tool, and a client system, a method for automated software
requirements testing and sensitization for consistent perfor-
mance is disclosed. The method comprises retrieving mod-
eling requirements of software, wherein the modeling
requirements are specified in the form of one or more use
cases for contract pricing; receiving, via a graphical user
interface, a user’s selection of one or more portions of
previously-created models; generating, using the modeling
tool, a tree graph model based on the modeling requirements
and the one or more user-selected portions of previously-
created models, wherein the tree graph model comprises one
or more details for uncovering bugs or errors of the software;
analyzing the tree graph model and verifying complete path
coverage for the modeling requirements, by determining
whether predicate and clause coverage criteria of the tree
graph model yields n+1 truth values, wherein n is a number
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of clauses in a predicate of a logical expression in the tree
graph model; generating a plurality of test paths for travers-
ing the tree graph model, wherein the plurality of test paths
uncover unhandled exceptions corresponding to the bugs or
errors; testing the modeling requirements by: selecting,
using an algorithm based on the tree graph model, a test path
among the plurality of test paths; storing, in a memory, data
associated with one or more expected outcomes from tra-
versing the selected test path; generating, using an algorithm
and based on the selected test path, one or more data values
that cause the processor to traverse one or more branches of
the selected test path for the software without the bugs or
errors; sensitizing the selected test path by inputting the one
or more data values; generating a plurality of test cases
based on the tree graph model and the one or more data
values, wherein the plurality of test cases exercise each
object and relationship in the selected test path; generating
one or more test outcomes by traversing the sensitized test
path and the plurality of test cases via running the generated
data values through the software; retrieving the one or more
expected outcomes; comparing the one or more test out-
comes to the one or more expected outcomes at multiple
intermediate verification points along the selected test path;
and conforming the selected test path to produce the
expected outcomes, based on a difference between the one
or more test outcomes and the one or more expected
outcomes; and repeating the testing of the modeling require-
ments for the plurality of test paths, wherein the test paths
are sensitized by inputting the one or more data values that
cause the processor to do the equivalent of traversing the test
paths if there were no bugs or errors and wherein the
sensitized test paths are conformed to produce the expected
outcomes.

In yet another embodiment, a system for automated
software requirements testing and sensitization for consis-
tent performance is disclosed. The system comprises a
memory having program instructions and a processor hosted
on a server and connected via a network connection to at
least one networked database, a modeling tool, and a client
system wherein the processor executes the program instruc-
tions. The executed program instructions perform operations
comprising: retrieving modeling requirements of software,
wherein the modeling requirements are specified in the form
of one or more use cases for contract pricing; receiving, via
a graphical user interface, a user’s selection of one or more
portions of previously-created models; generating, using the
modeling tool, a tree graph model based on the modeling
requirements and the one or more user-selected portions of
previously-created models, wherein the tree graph model
comprises one or more details for uncovering bugs or errors
of the software; analyzing the tree graph model and verify-
ing complete path coverage for the modeling requirements,
by determining whether predicate and clause coverage cri-
teria of the tree graph model yields n+1 truth values, wherein
n is a number of clauses in a predicate of a logical expression
in the tree graph model; generating a plurality of test paths
for traversing the tree graph model, wherein the plurality of
test paths uncover unhandled exceptions corresponding to
the bugs or errors; testing the modeling requirements by:
selecting, using an algorithm based on the tree graph model,
a test path among the plurality of test paths; storing, in a
memory, data associated with one or more expected out-
comes from traversing the selected test path; generating,
using an algorithm and based on the selected test path, one
or more data values that cause the processor to traverse one
or more branches of the selected test path for the software
without the bugs or errors; sensitizing the selected test path
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4

by inputting the one or more data values; generating a
plurality of test cases based on the tree graph model and the
one or more data values, wherein the plurality of test cases
exercise each object and relationship in the selected test
path; generating one or more test outcomes by traversing the
sensitized test path and the plurality of test cases via running
the generated data values through the software; retrieving
the one or more expected outcomes; comparing the one or
more test outcomes to the one or more expected outcomes at
multiple intermediate verification points along the selected
test path; and conforming the selected test path to produce
the expected outcomes, based on a difference between the
one or more test outcomes and the one or more expected
outcomes; and repeating the testing of the modeling require-
ments for the plurality of test paths, wherein the test paths
are sensitized by inputting the one or more data values that
cause the processor to do the equivalent of traversing the test
paths if there were no bugs or errors and wherein the
sensitized test paths are conformed to produce the expected
outcomes.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate various
features, embodiments and aspects consistent with the
invention and, together with the description, explain advan-
tages and principles of the invention. In the drawings:

FIG. 1 is a block diagram of an exemplary overview of a
data processing system suitable for implementing embodi-
ments consistent with the principles of the present invention;

FIG. 2 illustrates an exemplary directed acyclic graph,
consistent with the principles of the present invention;

FIGS. 3A-3D illustrate screenshots of an exemplary mod-
eling and testing tool, consistent with the principles of the
present invention;

FIGS. 4-6 illustrate screenshots of an exemplary model-
ing and testing tool, consistent with the principles of the
present invention; and

FIG. 7 is a flowchart of an exemplary method for mod-
eling and generating test cases, consistent with the principles
of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to various embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever convenient, similar
reference numbers will be used throughout the drawings to
refer to the same or like parts. The implementations set forth
in the following description do not represent all implemen-
tations consistent with the claimed invention. Instead, they
are merely some examples of systems and methods consis-
tent with the invention.

FIG. 1 is a block diagram illustrating an exemplary
system 100 in which embodiments consistent with the
present invention may be implemented. In the embodiment
shown, system 100 includes a front-end system 110, com-
prising client system 120, and a back-end system 140,
comprising data repository 150 and server system 160.

Client system 120 includes a bus 121 or other commu-
nication mechanism for communicating information, and a
processor 122 coupled with bus 121 for processing infor-
mation. Client system 120 also includes a main memory,
such as a random access memory (RAM) 123 or other
dynamic storage device, coupled to bus 121 for storing
information and instructions to be executed by processor
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122. RAM 123 also may be used to store temporary vari-
ables or other intermediate information produced during
execution of instructions by processor 122. Client system
120 further includes a read only memory (ROM) 124 or
other static storage device coupled to bus 121 for storing
static information and instructions for processor 122. A
storage device 125, such as a magnetic disk or optical disk,
is provided and coupled to bus 121 for storing information
and instructions.

Client system 120 may also include a display device 126,
such as a thin film transistor liquid crystal display (TFT-
LCD), for displaying information to and receiving informa-
tion from a computer user through, for example, user
interface 127. A user may interact with components and
software of the back-end system 140 through the use of user
interface 127. An input device 128, such as a keyboard
including alphanumeric and other keys, may be used for
communicating information and command selections to
processor 122. Another type of user input device is a cursor
control 129, such as a mouse, a trackball, or cursor direction
keys for communicating direction information and com-
mand selections to processor 122 and for controlling cursor
movement on display 126. This input device typically has
two degrees of freedom in two axes, a first axis (e.g., x) and
a second axis (e.g., y), that allows the device to specify
positions in a plane.

Front-end system 110 may be connected to the back-end
system 140 through network connection 130. Network con-
nection 130 may include, alone or in any suitable combina-
tion, a telephony-based network, a local area network
(LAN), a wide area network (WAN), a dedicated intranet,
wireless LAN, the Internet, and intranet, a wireless network,
a bus, or any other communication mechanisms. Further,
any suitable combination of wired and/or wireless compo-
nents and systems may provide network connection 130.
Moreover, network connection 130 may be embodied using
bi-directional, unidirectional, or dedicated communication
links. Network connection 130 may also implement standard
transmission protocols, such as Transmission Control Pro-
tocol/Internet Protocol (TCP/IP), Hyper Text Transfer Pro-
tocol (HTTP), SOAP, Remote Procedure Call (RPC), or
other protocols.

Back-end system 140 includes data repository 150 and
server system 160. In the embodiment shown, server system
160 includes modeling and testing tool 170. Modeling and
testing tool 170 facilitates a user in the modeling of software
requirements and the testing of software during a software
development process. A user may interact with the modeling
and testing tool 170 through user interface 127 of client
system 120. Processor 122 and a processor (not illustrated)
of the server system may execute instructions of the mod-
eling and testing tool 170 to perform operations and func-
tions of the modeling and testing tool 170 described in
further detail below.

Data repository 150 may comprise one or more databases
that store information and are accessed and managed
through back-end system 140. By way of example, data
repository 150 may be an Oracle™ database, a Sybase™
database, or other relational database. Data repository 150
may be used to store information about the software appli-
cation that is being modeled and tested. Systems and meth-
ods of the present invention, however, are not limited to
separate databases or even to the use of a database as other
organized collections of data or memory systems will serve
as well.

Although the embodiment disclosed in FIG. 1 illustrates
the modeling and testing tool 170 stored on the server
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system 160, alternate embodiments may store the modeling
and testing tool 170 on client system 120. For example,
modeling and testing tool 170 may be stored using RAM
123, ROM 124, or storage device 125. Processor 122 may
execute instructions of the modeling and testing tool 170 to
perform operations and functions of the modeling and
testing tool 170 described in further detail below. The
configuration and number of programs, systems, and pro-
cessors implementing processes consisted with the invention
are not critical to the invention.

In an exemplary requirements gathering process, a user
(e.g., a business analyst) may meet with a client to formulate
and document the requirements of a software application to
be developed. As used herein, the term “requirements” refers
to the needs or conditions that the software must fulfill. In
one embodiment, requirements are actionable, measurable,
testable, related to identified business needs or opportunities,
and defined to a level of detail sufficient for the design of the
software. The requirements may be organized as user
requirements, system requirements, and functional require-
ments.

For example, the requirements may be organized into a
formal document report, commonly referred to as a software
requirements specification. The software requirements
specification is a complete description of the behavior of the
software to be developed. The software requirements speci-
fication may include information regarding: interfaces; func-
tional capabilities; performance levels; data structures/ele-
ments; safety; reliability; security/privacy; quality; and
constraints and limitations. The software requirements
specification may also include use cases that describe the
user requirements. The user requirements may be generally
defined as the interactions that a user will have with the
software.

A use case may be generally defined as a sequence of
steps that describe a software’s behavior as it responds to a
request that originates from outside of the software, such as
a request from a user or another software. Specifically, use
cases are meant to describe sequences of actions that the
software performs as a result of inputs from the users; that
is, they help express the work flow of a computer applica-
tion. Because use cases are developed early during the
software development process, they may be valuable in
helping a tester of the software to start testing activities
early.

Although different schemes and templates for the orga-
nization of a use case exist, there is a general consensus
concerning the core sections of a use case. For example, a
use case may comprise: a use case name, which is a unique
identifier for the use case; a version, which informs a reader
of the stage of the use case; a goal, which briefly describes
what the user intends to achieve with the use case; an actor,
which is someone or something that interacts with the
software; preconditions, which defines the conditions that
must be true for a trigger to meaningfully cause the initiation
of the use case; a trigger, which describes the event that
causes the use case to be initiated; basic course of events
(i.e., transaction flows), which are often conveyed as a set of
numbered steps that define a primary scenario, or typical
course of events (commonly referred to as “primary path,”
“happy path,” “happy flow,” “basic flow,” or “sunny day”);
alternative paths, which represent secondary paths or alter-
native scenarios; post-conditions, which describe what the
change in state of the software will be after the use case
completes; and business rules, which are rules or policies
that determine how an organization conducts its business
with regard to a use case.
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A scenario is similar to a use case but, in most instances,
not as detailed as a use case. Specifically, a scenario may be
defined as one path or work flow of an actor through a part
of'the software. Scenarios correspond to goals that users will
set out to accomplish. A use case, on the other hand, spells
out, step by step, what must take place for that scenario to
run to a successful completion.

In addition to use cases and scenarios, the software
requirements specification generally presents the require-
ments in a sequence (i.e., course) of events for the software
and sequences (i.e., courses) of actions for the software.
Functional requirements (i.e., calculations, technical details,
data manipulation and processing, and other specific func-
tionality) of the software may also be represented within the
software requirements specification as logical expressions
and program structures, such as if-else structures, nested if
structures, decision tree structures, case/switch structures,
and the like. Logical expressions may also be derived from
various software artifacts, such as code, specifications, and
finite state machines. In one specific implementation, a
logical expression may be defined as two arithmetic expres-
sions connected by a relational operator indicating whether
an expression is greater than, equal to, or less than the other,
or connected by a logical variable, logical constant (e.g., true
or false), or logical operator.

The requirements of the software detailed in the software
requirements specification may be represented as a model. A
model may provide a richer, higher level, and more seman-
tically precise set of constructs than the underlying natural
language of the software requirements specification. Using
a model may reduce ambiguity, make it easier to check for
incompleteness of the captured requirements, and may
improve understandability by providing a different perspec-
tive from which to view the software.

There are multiple modeling designs and tools, such as the
entity-relationship model (ERM), Unified Modeling Lan-
guage (UML), directed acyclic graph (DAG), transaction
flows, activity diagrams, and the like. As disclosed herein,
modeling and testing tool 170 may model the requirements
of a software using a DAG design.

A DAG is an example of a tree graph. More specifically,
a DAG is an example of a directed graph with no directed
cycles. A DAG has a topological sort, an ordering of the
vertices such that each vertex comes before all vertices it has
edges to. FIG. 2 illustrates an exemplary DAG, 200. As
illustrated, DAG 200 has six edges (i.e., branches) and seven
vertices (i.e., nodes); vertex a (201), vertex b, (202), vertex
¢ (203), vertex d (204), vertex e (205), vertex f (206), and
vertex g (207).

The requirements of the software detailed in the software
requirements specification may be represented as a tree
graph model using modeling and testing tool 170. The
modeling and testing tool 170 may model the requirements
of a software requirements specification by abstracting the
implementation details of, for example, the use cases, activ-
ity diagrams, sequence diagrams, state-transition diagrams,
and logical expressions contained in the requirements speci-
fication. The modeling and testing tool 170 may model the
requirements as a tree graph model, and specifically, a DAG.

The modeling process may begin by user activating the
modeling and testing tool 170 via user interface 127. FIG.
3A illustrates an exemplary screenshot generated by the
modeling and testing tool 170. As illustrated, the screenshot
includes a tree view workspace 310 (selected in the illus-
trated screenshot) and a scenario view workspace 320.
Modeling and testing tool 170 may model a variety of the
components within a use case, for example, state changes,

25

30

40

45

50

55

8

returning values, and computations. As an initial step, use
cases to be modeled may be entered into the modeling and
testing tool 170 by entering a name of a use case to be
modeled. For purposes of illustration, the name “Testable
function” 311 has been entered for a use case. Subsequently,
as illustrated in FIG. 3B, transaction flows for use case 311
may be created by the user. For purposes of explanation,
transaction flows “Main flow1” 312 and “Main flow2” 313
have been created. Transaction flows 312 and 313 may be
represented as nodes in the tree graph model being created.

The primary scenario or typical course of events that
describe a transaction flow of a use case may be represented
as branches in the tree graph model. For example, as
illustrated in FIG. 3C, a user may enter the steps for
transaction flow 312. Steps may have sub-steps to further
describe the transaction flow. An example of a modeled
transaction flow (i.e., Main flowl 312) with steps and
sub-steps of the transaction flow is illustrated in tree graph
model 314 of FIG. 3D. In general, because use cases are
usually expressed in terms that a user can understand, use
cases rarely include complicated predicates that contain
multiple clauses. Accordingly, a graph generated from use
cases often result in a graph with complete path coverage.

FIG. 4 illustrates the modeling of logical expressions,
if-else statements, and nested if statements, which may also
be contained in a requirements specification. The process of
modeling logical expressions, if-else statements, and nested
if statements is similar to the process disclosed above for
modeling use cases. For example, FIG. 4 illustrates an
exemplary tree graph model 410 comprising logical expres-
sions 420, if-else statements 430, and nested if statements
440.

In modeling a logical expression, a user may define the
scope of the testable function which needs to be further
analyzed. In the illustrated example of FIG. 4, a user may
define Function-1 as the root node for the tree graph model
410. In general, a logical expression may contain predicates
and clauses. Predicates may be taken from if statements,
case/switch statements, for loops, while loops, do-until
loops, and the like.

If, for example, a logical expression has four predicates,
it may be modeled using four nodes: Flow-1, Flow-2,
Flow-3, and Flow-4. In addition, if there exists any activities
or events along the flow between the root node, Function-1,
and the four nodes of the predicates, they may be created as
steps. To check the expected behavior of the logical expres-
sion, verification points may be added to the model. A
verification point may be used to compare an actual result to
an expected result. As illustrated in FIG. 4, exemplary tree
graph model 410 for Function-1 may include verification
points VP1 and VP2. Verification point VP1 may include
five predicates represented as F1-C1L.1, F1-C2L.2, F1-C3L3,
F1-C41 4, and F1-C5L5. Verification point VP2 may include
five predicates, F1-C1L1, F1-C2L2, F1-C3L3, F1-C4L4,
and F1-C6L5.

In instances wherein the logical expression includes com-
pound predicates, prior to modeling, the compound predi-
cates may be broken down to equivalent sequences of simple
predicates or to the disjunctive normal form. If there are n
clauses in a predicate, the combinatorial coverage of the
logical expression leads to 2” truth values. Applying appro-
priate predicate and clause coverage criteria results in n+1
truth-values.

Each of the tree graph models (e.g., tree graph models 314
and 410) generated by the modeling and testing module 170
may be stored in data repository 150 as an XML document
for easy parsing of the text. The stored XML documents may
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be subsequently opened in any other standalone instance of
the modeling and testing tool 170. For example, subsequent
users may create additional models by editing, copying, or
cutting and pasting portions of the XML document. FIG. 5§
illustrates an exemplary portion of the XML document
corresponding to tree graph model 314. Users may open
multiple XML documents of previously created models,
analyze these models separately, and cut and paste portions
of the models into the tree view workspace 310 to create a
new model or edit an existing model.

XML documents corresponding to models generated by
the modeling and testing tool 170 may also be used to keep
track of changes, as well as capture information related to
the user who created or edited the model and the date and
time the model was created or edited. The XML documents
may also assist in configuration management. Configuration
management is a field of management that focuses on
establishing and maintaining consistency of a software’s
performance and its requirements, design, and operational
information throughout the development process of the
software.

In general, a test-ready model contains enough informa-
tion to produce test cases for its implementation automati-
cally. Accordingly, an algorithm may be designed to produce
ready-to-run test cases with only the information (e.g.,
structure) in the model. Modeling and testing tool 170 may
support both manual and automated test generation.

For example, in the exemplary DAG 200 illustrated in
FIG. 2, an algorithm may be designed to identify test
requirements by visiting a particular node or edge, or by
touring a particular path in the graph. Utilizing such an
algorithm, four test or paths (T) may be generated using the
primary path coverage as T={a, b, d}, {a, b, e}, {a, ¢, {}, {a,
¢, g}. Bach primary path corresponds to one scenario of the
model (i.e., the DAG 200).

Modeling and testing module 170 may be utilized to
produce ready to run test cases from, for example, generated
tree graph model 314. In one embodiment, modeling and
testing module 170 may utilize the basic tree-traversal
algorithm to traverse the tree graph model 314. The activi-
ties/events/steps (i.e., represented as branches) in between
the nodes of the tree graph model 314 are collected and
displayed in the form of a continuous sequence of steps in
the test case. The resulting test cases generated by the
modeling and testing module 170 comprise a series of tests
that will cover tree graph model 314 so that each object and
relationship is exercised and errors are uncovered.

FIG. 6 illustrates an exemplary screenshot of test cases
generated from tree graph model 314 using the basic tree-
traversal algorithm. As indicated in FIG. 6, scenario view
workspace 320 is selected. The selection of scenario view
workspace 320 displays the test cases 610 generated by the
traversal of the structure of tree graph model 314 using the
basic tree-traversal algorithm. Test cases 610 map to a
testing requirement.

FIG. 7 is a flowchart of exemplary steps used to model
and test software requirements in accordance with modeling
and testing tool 170. In the embodiment shown, in the initial
step, the requirements of a software application, typically
organized into a software requirements specification, are
modeled (step 710). Once the requirements have been mod-
eled, the model may be verified (step 720). For example, the
model may be reviewed to ensure that the model provides
complete path coverage for the requirements. In the instance
wherein a logical expression is being modeled, if n clauses
are present in a predicate of the logical expression, the
combinatorial coverage of the logical expression leads to 2”
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truth values. The model may be verified to ensure that
appropriate predicate and clause coverage criteria results in
n+] truth-values.

A basic tree-traversal algorithm may be used to identify
and select test paths within the model (step 730). Examples
of test paths are illustrated in FIG. 6. In a subsequent step,
the selected test paths may be sensitized (step 740). For
example, a test path may be sensitized by inputting specific
data values that would cause the software to do the equiva-
lent of traversing the selected path if there were no bugs or
errors in the path. The expected outcome for each test
requirements may be recorded and stored by the modeling
and testing tool 170 in data repository 170 (step 750). The
expected outcomes may be compared to the outcome
received from the sensitized test path. If the expected
outcome differs from the outcome received from the sensi-
tized test path, the path may be conformed to produce the
expected result (step 760).

The foregoing description of possible implementations
and embodiments consistent with the present invention does
not represent a comprehensive list of all such implementa-
tions or all variations of the implementations described. The
description of only some implementations should not be
construed as an intent to exclude other implementations.
Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. One of
ordinary skill in the art will understand how to implement
the invention in the appended claims in other ways using
equivalents and alternatives that do not depart from the
scope of the following claims. It is intended that the speci-
fication and examples be considered as exemplary only, with
atrue scope and spirit of the invention being indicated by the
following claims.

What is claimed is:
1. A computer-implemented method for automated soft-
ware requirements testing and sensitization for consistent
performance, performed by a processor hosted on a server
and connected via a network connection to at least one
networked database, a modeling tool, and a client system,
the method comprising:
retrieving modeling requirements of software, wherein
the modeling requirements are specified in the form of
one or more use cases for contract pricing:—

receiving, via a graphical user interface, a user’s selection
of one or more portions of previously-created models;

generating, using the modeling tool, a tree graph model
based on the modeling requirements and the one or
more user-selected portions of previously-created mod-
els, wherein the tree graph model comprises one or
more details for uncovering bugs or errors of the
software;

analyzing the tree graph model and verifying complete

path coverage for the modeling requirements, by deter-
mining whether predicate and clause coverage criteria
of the tree graph model yields n+1 truth values, wherein
n is a number of clauses in a predicate of a logical
expression in the tree graph model;

generating a plurality of test paths for traversing the tree

graph model, wherein the plurality of test paths
uncover unhandled exceptions corresponding to the
bugs or errors;

testing the modeling requirements by:

selecting, using an algorithm based on the tree graph
model, a test path among the plurality of test paths;
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storing, in a memory, data associated with one or more
expected outcomes from traversing the selected test
path;

generating, using an algorithm and based on the
selected test path, one or more data values that cause
the processor to traverse one or more branches of the
selected test path for the software without the bugs or
errors;

sensitizing the selected test path by inputting the one or

12

receiving, via a graphical user interface, a user’s selection
of one or more portions of previously-created models;

generating, using the modeling tool, a tree graph model
based on the modeling requirements and the one or
more user-selected portions of previously-created mod-
els, wherein the tree graph model comprises one or
more details for uncovering bugs or errors of the
software;

analyzing the tree graph model and verifying complete

more data values; 10 . .
. . path coverage for the modeling requirements, by deter-
generating a plurality of test cases based on the tree .. . .
mining whether predicate and clause coverage criteria
graph model and the one or more data values, . .

. . - of the tree graph model yields n+1 truth values, wherein
wherein the plurality of test cases exercise each . ber of cl . di £ a losical
object and relationship in the selected test path; 01s a mumber ol clauses 1 a pre. 1cate of a logica

generating one or more test outcomes by traversing the 15 CRpressioln 1n th? tree graph model; .
sensitized test path and the plurality of test cases via generating a plurality of.test paths for .traversmg the tree
running the generated data values through the sofi- graph model, wherein the plurality of test paths
ware; uncover unhandled exceptions corresponding to the
retrieving the one or more expected outcomes; bugs or errors;
comparing the one or more test outcomes to the one or 20  testing the modeling requirements by:
more expected outcomes at multiple intermediate selecting, using an algorithm based on the tree graph
verification points along the selected test path; and model, a test path among the plurality of test paths;
conforming the selected test path to produce the storing, in a memory, data associated with one or more
expected outcomes, based on a difference between expected outcomes from traversing the selected test
the one or more test outcomes and the one or more 25 path;
e?(pected outcomes; and ) ) generating, using an algorithm and based on the
repeating the testing of the modeling requirements for the selected test path, one or more data values that cause
plurality of test paths, wherein the test paths are sen- the processor to traverse one or more branches of the
sitized by inputting the one or more data values that selected test path for the software without the bugs or
cause the processor to do the equivalent of traversing 30 errors:
the test paths if there were no bugs or errors and o . .
. .. sensitizing the selected test path by inputting the one or
wherein the sensitized test paths are conformed to .
more data values;
produce the expected outcomes. . .
- . generating a plurality of test cases based on the tree
2. The computer-implemented method of claim 1,
wherein: 35 graph model and the one or more data values,
the requirements comprise one or more of a logical Whereln the Ph}fahtY 9f test cases exercise each
expression, a use case, a program structure, a sequence objegt and relationship in the selected test pe}th;
of events, or a sequence of actions. generating one or more test outcomes by traversing the
3. The computer-implemented method of claim 1, sensitized test path and the plurality of test cases
wherein the tree graph model is generated by abstracting 40 using the generated data values;
implementation details contained in one or more of a retrieving the one or more expected outcomes;
logical expression, a use case, a program structure, a comparing the one or more test outcomes to the one or
sequence of events, or a sequence of actions. more expected outcomes at multiple intermediate
4. The computer-implemented method of claim 1, verification points along the selected test path; and
wherein a node of the tree graph model represents a 45 conforming the selected test path to produce the
transaction flow of a use case. expected outcomes, based on a difference between
5. The computer-implemented method of claim 4, the one or more test outcomes and the one or more
wherein a first branch of the tree graph model represents expected outcomes; and
a step of the transaction flow. repeating the testing of the modeling requirements for the
6. The computer-implemented method of claim 5, 50 plurality of test paths, wherein the test paths are sen-
wherein a second branch of the tree graph model repre- sitized by inputting the one or more data values that
sents a verification point. cause the processor to do the equivalent of traversing
7. The computer-implemented method of claim 1, the test paths if there were no bugs or errors and
wherein the tree graph model is a directed acyclic graph. wherein the sensitized test paths are conformed to
8. The computer-implemented method of claim 1, 55 produce the expected outcomes.
wherein the tree graph models comprise predicates and 10. The computer-readable medium of claim 9, wherein:
clauses of a logical expression. the requirements comprise one or more of a logical
9. A non-transitory computer-readable medium storing expression, a use case, a program structure, a sequence
instructions, which, when executed by a by a processor of events, or a sequence of actions.
hosted on a server and connected via a network connection 60  11. The computer-readable medium of claim 9, wherein
to at least one networked database, a modeling tool, and a the tree graph model is generated by abstracting implemen-
client system, perform a method for automated software tation details contained in one or more of a logical expres-
requirements testing and sensitization for consistent perfor- sion, a use case, a program structure, a sequence of events,
mance, the method comprising: or a sequence of actions.
retrieving modeling requirements of software, wherein 65  12. The computer-readable medium of claim 9, wherein

a node of the tree graph model represents a transaction
flow of a use case.

the modeling requirements are specified in the form of
one or more use cases for contract pricing:—



US 10,877,874 B2

13

13. The computer-readable medium of claim 11,
wherein a first branch of the tree graph model represents
a step of the transaction flow.

14. The computer-readable medium of claim 13,

wherein a second branch of the tree graph model repre-

sents a verification point.

15. The computer-readable medium of claim 9, wherein

the tree graph model is a directed acyclic graph.

16. The computer-readable medium of claim 9, wherein
the tree graph models comprise predicates and clauses of a
logical expression.

17. A system for automated software requirements testing
and sensitization for consistent performance comprising:

a memory storing program instructions; and

a processor hosted on a server and connected via a

network connection to at least one networked database,
a modeling tool, and a client system wherein the
processor executes the program instructions to perform
operations comprising:
retrieving modeling requirements of software, wherein
the modeling requirements are specified in the form
of one or more use cases for contract pricing;
receiving, via a graphical user interface, a user’s selec-
tion of one or more portions of previously-created
models;
generating, using the modeling tool, a tree graph model
based on the modeling requirements and the one or
more user-selected portions of previously created
models, wherein the tree graph model comprises one
or more details for uncovering bugs or errors of the
software;
analyzing the tree graph model and veritying complete
path coverage for the modeling requirements, by
determining whether predicate and clause coverage
criteria of the tree graph model yields n+l truth
values, wherein n is a number of clauses in a
predicate of a logical expression in the tree graph
model;
generating a plurality of test paths for traversing the
tree graph model, wherein the plurality of test paths
uncover unhandled exceptions corresponding to the
bugs or errors;
testing the modeling requirements by:
selecting, using an algorithm based on the tree graph
model, a test path among the plurality of test
paths;
storing, in a memory, data associated with one or
more expected outcomes from traversing the
selected test path;
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generating, using an algorithm and based on the
selected test path, one or more data values that
cause the processor to traverse one or more
branches of the selected test path for the software
without the bugs or errors;

sensitizing the selected test path by inputting the one
or more data values;

generating a plurality of test cases based on the tree
graph model and the one or more data values,
wherein the plurality of test cases exercise each
object and relationship in the selected test path;

generating one or more test outcomes by traversing
the sensitized test path and the plurality of test
cases using the generated data values;

retrieving the one or more expected outcomes;

comparing the one or more test outcomes to the one
or more expected outcomes at multiple verifica-
tion points along the selected test path; and

conforming the selected test path to produce the
expected outcomes, based on a difference between
the one or more test outcomes and the one or more
expected outcomes; and

repeating the testing of the modeling requirements for the
plurality of test paths, wherein the test paths are sen-
sitized by inputting the one or more data values that
cause the processor to do the equivalent of traversing
the test paths if there were no bugs or errors and
wherein the sensitized test paths are conformed to
produce the expected outcomes.

18. The system of claim 17, wherein:

the requirements comprise one or more of a logical

expression, a use case, a program structure, a sequence
of events, or a sequence of actions.

19. The system of claim 17, wherein the tree graph model
is generated by abstracting implementation details contained
in one or more of a logical expression, a use case, a program
structure, a sequence of events, or a sequence of actions.

20. The system of claim 17, wherein a node of the tree
graph model represents a transaction flow of a use case.

21. The system of claim 20, wherein a branch of the tree
graph model represents a step of the transaction flow.

22. The system of claim 17, wherein the tree graph model
is a directed acyclic graph.

23. The system of claim 17, wherein the tree graph models
comprise predicates and clauses of a logical expression.
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