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Requirements tracing - “ability to describe and follow life of requirement in hoth forward
and backward directions”*

Trace matrix - collection of trace links, “specified association hetween pair of artifacts,
one comprising source and one comprising target”+

Tracing hetween artifacts:
e Requirements to design
o Testcases to requirements
o (Code to requirements %

+Gotel, 0 Cleland-Huang, J, Huffman Hayes, J, Zisman, A, Egyed, A, Griinbacher, P, Dekhtyar, A, Antoniol, G, Maletic, ). and Méder, P.
Traceability fundamentals. Chapter 1in Cleland-Huang, ., Gotel, 0. and Zisman, A. (Eds.) Software and systems traceability, Springer,




e Automated methods/tools for candidate trace matrix (TM)
- Information retrieval based and other techniques

* Not 100 % accurate
- Often retrieve unrelated items (false links)

SOLUTION

- Candidate TM verified by Afuman analysts

But certain analyst hehaviors ---> decreased accuracy
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e Automated methods/tools for candidate trace matrix (TM)
- Information retrieval based and other techniques

* Not 100 % accurate
- Often retrieve unrelated items (false links)

SOLUTION

- Candidate TM verified by Afuman analysts

But certain analyst hehaviors ---> decreased accuracy



Prior work I1, 21 shows these lead to errors of judgement
o longtime to decide
o Revisiting a link (backtracking)

Could he tied to human decision making systems - System 1(S1] - fast, instinctive thinkint
and System 2 (S2) - slow, deliberate, logical thinking — ahove hehaviors helong to $2

Wel-Keat KONy ant Jame Hi Al HAYES, Pro) J-ndasel traceantiny: Al et A VANTAton uSiy rankeu rewieval ant Set-nase
measures”. Published in the Proceedings of Empirical Researchin neuuiremgls Engineering workshop (EMPIRE2011), an RE 2011
workshop.




RQ1: Analyst hehaviors that reliably lead to making errors, and
where fall on Kahneman’s thinking system dichotomy ($1,52]
(Phase 1-discover)

R0O2: What enhancements for automated tracing tools can he
designed to curb unwanted behaviors? (Phase 2 - enhance)

RQ3: Improvement in accuracy of final TM constructed by analysts




Replicate experiment of Kong et al. (RETRO-LOGGING) - more
data

Classify data per Kahneman dichotomy

Is TM analysis performed hest within System 1decision-
making?




For each hehavior discovered, design feature(s) to :
enhance RETRO.NET
Warnings
Prohibitions
Restructuring




Do software enhancements actually curb hehaviors?

Is decrease in unwanted hehaviors accompanied by ’
decrease in number of errors analysts make?




Unwanted behavior/Software enhancements

o Longtime to decide analyst more than average time on link decision,
prompt with warning

o Backtracking analyst re-visit previous link decision then prompt with
warning

Fourteen subjects in two groups
o RETRO.NET control (non-enhanced) - five participants finished
o RETRO.NET experimental (enhanced) — nine participants finished L

“Changestyle” - 32 reqts to 17 tests




Measured precision, recall, 12 - measure, Iag of final TM and time it took to

_ L g
compiete task (minutes) — experimentai netter on most measures not' time

Group Aggregation Prec. Recall F2 Lag Time Delta (TP) Delta (FP)
RETRO actual 0.063 1 0.251 1.1 NA N/A N/A
Mean 0.083 0.776 0.262 2.552 75 1.6 53
Control
Median 0.068 0.971 0.254 1.96 60 0 9
Experimental Mean 0.156 0.961 0.329 1.85 82 1.222 118.7
Median 0.069 0.971 0.283 1.765 86 1 59.5




Basic prompts might avert analysts from undesired behaviors - at expense of time

ldentified items for future study:
Collect number of times prompts appear
Collect amount of time analyst takes when dismissing, reacting to prompt
Track action taken by analyst after prompt
Track number of false positives (etc.) added and removed

Potentially track each individual true positive link displayed hy RETRO.NET to learn its final i’
disposition




o Phase 1: Discover analyst hehavior
o Phase 2: Enhance software to curtail/validate curtailment of
unwanted hehavior
o Phase3
Undertake wider scope similar study
Collect richer data from larger groups
Undertake statistical analysis




o We thank participants from software engineering classes who participated in Study
o We thank NASA and NSF as prior grants funded the development of RETRO.NET

o We thank Jody Larsen, the developer of RETRO.NET

o We thank NSF for partially funding this work under grants GCF-1911117 and CNS-
1642134
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® The independent variables: different version of RETRO.NET
“control” and “experimental.”

e The dependent variables: precision, recall, f2-measure, lag and
time to perform the experiment.

e Controlled variable: Answer set RTM of “ChangeStyle” dataset .‘
and “Retro.NET” tool.




|# of Correct Links Remrnedl
|T0tal # of Correct Linksl

|# of Correct Links Rerurnedl Recall =
|# of Returned Linksl

Precision =

f—measure: is the harmonic mean of recall

1+a?
The f,- measure, i.e., f-measure for a = 2. fa = a2 1

+ —
recall = precision

Lag: Lag is a measure of the separation between true and false links. For a requirement g,
(g, d) for true link. lag(q, d), the lag of an individual link (g, d), is the number of false links

that have higher relevance scores than (q, d).

z[a.d}ET lag(q.d)
|T|

lag =




HOW TRAGING WORKS? .
Tracing Task

Human Analyst performing Vetting Final TM

Initial Requirement Retro.NET Tracing on Candidate TM
Documents Software



Internal validity:

e Tracing tool

® Human error,

® Hypothesis guessing,

® Personal bias in constructing of the answer set
Construct validity: There were minimal threats to construct validity as standard IR
measures (precision, recall, f2 and etc.)
External validity: Experimental dataset :
Conclusion validity: statistical analysis *
Reliability validity: The study process is defined and easily repeatable.




e\We recruited Upperdivisionssoftware.engineering computer science students.

eThey signed the Informed consent and filled pre-study survey as a form of agreement to
participate in our study.

eHeld demo/training session to let users get familiar with tool and tracing process.

eThen they worked with testing dataset called “Moonlander” on their own time out the
class with provided instructions.




Total of 14 subjects participated in a preliminary study conducted in Spring 2017 at
University of Kentucky.
We collected:

® Pre- and post-study survey

e Time logs (time to perform tracing)

e Final TM results (XML)

Out of 14 results
® 5 analysts were in control group (worked on non-enhanced RETRO.NET)
® 9 analysts were in experimental group (worked on enhanced RETRO.NET) &




We propose three-step experimental study to:

Determine if there really are behaviors that lead to errors

of judgement for analysts

Enhance the requirements tracing software to curtail
such behaviors, and
Determine if curtailing such hehaviors results in
increased accuracy




Both groups used “changestyle” dataset - 32 requirements traced to 17
system tests
Collected:

Pre- and post-study survey

Time logs (time to perform tracing)

Final TM resuits (XML)
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Rea 1: When roll hold mode hecomes the active mode, the roll hold reference shall be
set to the actual roll attitude of the aircraft, except under the following conditions:

The roll hold reference shall be set to zero if the actual roll angle is less than 6
degrees in either direction, at the time of roll hold engagement.

The roll hold reference shall be set to 30 degrees in the same direction as the actual
roll angle if the actual roll angle is greater than 30 degrees at the time of roll hold
engagement.

The roll reference shall be set to the cockpit turn knob command, up to a 30 degree
limit, if the turn knob is commanding 3 degrees or more in either direction.
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Step

Initialize Test

Phi = 0;

APENg = false;

TurnKnob = 0;

% Initializes test sequence outputs

AttitudeLevels

TurnKnob = 0;

EndTest = 0;

% Tests correct PhiRef for several attituc

B APEngage LowRoll
% Tests low attitude

SetLowPhi
Phi=4;
APENg = false;

Transition

1. true

1. EndTest ==

1. duration(DD_PhiRef == 0 sec) == DurationLimit
% transitions when the discrete derivative of PhiRef

% is equal to 0 for a certain time limit. This means the
% signal is not changing.

1. true

uuiuG diiu INUri usvsiupinGii

Next Step
AttitudeLevels v
TurnKnobLevels v
APENngage_MedRoll v

EngageAP_Low
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Step Transition Next Step
Initialize Test 1. true AffitudeLevels v
Phi=0;
APENg = false;
TumKnob = 0;
% Initializes test sequence outputs
B Attitudelevels 1. EndTest == TurnknobLevels v
TurnkKnob = 0; J
EndTest = 0; .
% Tests correct PhiRef for several attituc -
B APEngage LowRoll 1. duration(DD_PhiRef == 0 sec) == DurationLimit APEngage_MedRoll v
% Tests low attitude
% transitions when the discrete derivative of PhiRef =y -
% is equal to O for a certain time limit. This means the / A A \ 6 A
% signal s not changing. nents Validation Tests Design Implementatloh
SetLowPhi 1. true EngageAP_Low v
APENg = false; validates ——
T uuiuG dilu Imurin usvsivpinvin val ..n.p\___\
GO - (o1 —{]
satisfies implemgnts
Requirements-based Testing for Controller Development
This model is usad to show how to perform basad testing using test harnesses, Test Sequanca blocks, and the tast managar. _
Ta view the dema, snisr ing ilotDemeo in MATLAB(R). satisfies implemgnts { ]
dauble HeadingodeAutapilotl Roll Autopilol _ val _:mﬂ/
Psi Ref Authar: The MathWarks, Inc. validates | —1
HOG Ref double Model Version: 1.216 >
Date: 2B-Jul-2017 05:43:31
double R ~ double Copyright MathWorks 2017
Pai Phi Cmd J
Psi
doubla
s 1.
= - ToolA /J \__TooB _/ \ ToolC / \__ ToolD / g
baolean Heading Mode H—_]7 AttitudeContrallerAutopiy
H%zda J— S TR Disp_Cmd
double Mode switch
P1ni doupi| P8 double
double EuEtnd
CO——gtfreers (e v«
P : » Ail Cmd
- e zero Eng switch
@ baclean 5 eng E— Basic Roll Mode
AP Eng double "=
| Tum Knob
Turn Knaob
Raoll Reference
RollAutopilotMdIRef.slx
Copyright 2017 The MathVWorks Inc.




step

BN N . B

Ak

a0

Initialize Test
Phi = 0;
APENg = false;
TumKnob = 0;

% Initializes test sequence outputs

AttitudeLevels
TumKnob = 0;
EndTest = 0;

% Tests correct PhiRef for several attituc

B APEngage | LowRoH
% Tests low attitude

bedER &

Kernelh

endi £ A
HNIPQUAD
4% NIPQUAD_FMT
B\if dnfm:l;l(

i pasll]
4 olif define
% HIFQUAD
8 else
&Y error ‘P
43 endi £
Bl min

max
clanp
min_t

max_t
clanp_t
clanp_val

Swap
8 container o

T}

Transition Next StEp

1. true AtftitudeLevels v

1. EndTest == TurnknobLevels v

1. duration(DD_PhiRef == 0 sec) == DurationLimit APEngage_MedRoll A4

% transitions when the discrete derivative of PhiRef
XBER Q0 AR m.y  BE e« D5 MAOMELR2 BEOBE nents

s A Linux_2.6.29_0506 Pia'-
* container_of - cast a member of & structure out to the containing struch
* @ptr: the pointer to the member, v
: @type:the type of the container struct this is embedded in File Name S,
by @member: the name of the member within the struct. Kdunp. et (g \1221 \1inuwe2. 028 va

'
#define container_of(ptr, type, member) ( { \

const typeof( ((type *)o)- >member ) ¥*_mptr = (ptr); \

(type *)( (char *)_mptr - offsetof(type,member) );})
struct sysinfo; ) 8
extern int dO_8YSinfo(struct sysinfo *info); .
#endif /* _KERNEL__ */

#define SI_LOAD_SHIFT  1¢
struct sysinfo {
long uptime;
ned long loads[3];
unsigned long totalram;
unsigned long freeram;
unsignad long sharedram;
unsigned |
unsigned
d

/* Seconds since boot */
/* 1,5, and 15 minute load averag:
/* Total usable main memory size *
/* Available memory size */

/* Amount of shared memory */

/* Memory used by buffers */

/* Total swap space size *
/* swap space stll available */

/* Number of current processes */

/* explicit padding for mesk */

/* Total high memory size

lo
uns:;ﬂai lang freehigh;

>

w syslmb IZY Function in Timer.c (@121 \kernel) st Ine 1320 (82 Ines)|

int do_sysmfo struct sysinfo *info)
{

unsigned long mem_total, sav_total;
unsigned int mem_unit, bitcount;

unsigned long seq;
% o
Tum Knob

Roll Reference

L& Avallable high memory size */
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Keyboard ¢ (z:\1221\1inux2 808
Keyboard ¢ (g:M221\1inuxc2598
Keybosrd h (g:\1221\1inux2 247
Reyboard h (g:\1221\1inux2 286
Keyetl. e (g:\1221\1limx2 6510
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Tracing to identify relationshipns

Trace matrix supports
Change impact
Regression testing
Criticality assessment+




Tracing

Tracem
ch:
Reg
Crit

Requirement Functional design Internal design Code Tests
Restaurant has two Mgmt Page 45 Line 34, 57,
ordering stations screen #2 12485 63
A waiter may order Order screen Page 19 Line 12, 14,
from any station 6215 34,57,92
Any customer at a table | Order screen Page 39 Line 113, 85
may request a separate 2391
check
A customer may get Check printing Page 138 Lines 74,104
checks from more than 49234,
one station 61423




Tracing to identify relationshipns

Trace matrix supports
Change impact
Regression testing
Criticality assessment+
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