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Lecture Topics

Review of Process Improvement
Characterize and analyze current performance
Understanding Root Causes

Improving Quality Performiance
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Review of Process Improvement

From the Planning presentation, recall that the steps are to measure,
analyze, and improve.

We will apply the following performance improvement steps
» Characterize and analyze current performance
- Generate Process Improvement Proposals {PIPs}
» Set performance goals
» Evaluate and select PIPs for implementation
- Implement PIPs

» Gather more data and evaluate the results

DR Cornebe Wallon Wriverziy 3

Characterizing the current performance means to measure your performance and
set baseline against which improvements will be compared.

The analysis will attempt to gain insight into the strengths and weaknesses of
your current performance. Will look at how to view data, segment or stratify the
data, and identify high leverage areas for improvement.
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Characterize and analyze current performance

In understanding the current quality performance, at least the following
guestions must be answered.

« Are there enough data points to draw conclusions?
» What kinds of defects are injected?

+ How effective are my defect removal activities?

» How does quality affect my productivity?

« Am | consistently delivering a zero to low defect product?

O Cacvands Hellon Wikosesty &

To address these issues and begin to understand the quality data available to us,
we are going to take a journey through a single student’s data set.
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The data journey

As we go though a student's quality data, begin to ask yourself the
following questions:

« Where can they improve?
« Whatissues are effecting them?

+ How could they address these issues?

» How could they improve? - W

+ What can they do different? ] %

- Why should they change? e {
~

- What are the root causes? — \\

L0 arnegle Welkon Vikeersily &

As the instructor goes through the following slides, they should note any ideas
that come from the students on a white board. This will aid in the PIP discussion
and subsequent quality planning and tracking presentations. It will also help
them in starting to think about what kind of things they could do differently with
their own work.
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Assignment - Frocess | Process Addition

Program 1- PSP 0.0 |
Frogram 2 - PEF 3.1 - estirmating and reporting softears size
- distiibuting devslopment time over planned projest phasss
- using 3 size counting and coding standand
+ recarding process probleme and improvement ideas
Program 3- PSP 1.0

5

Prograr 4 - PSP 1.1
ats that take several days of weeks. which are not

nded to include basic process statistics

Fregram 5 - PSP 20

eseribed separately

Program &- PSP 2.1

Progiam 7 & &- PEP 2.1

TZE o s sllon Wi wsrsy 6

Process used in generating the following Student #4 data. This student took the
traditional PSP 1 and 2 courses, which may very slightly from the PSP
Fundamental and Advanced programming assignments, thus this slide is
included in helping the instructor and students interpret the data.
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Actual Development Time

How much time did the
student spend on each
program?

Where did the student
spend most of their time?
How did the distribution of
time change as the
process changed?

Hours

Actual Development Time

402 403 404 405 406
Program ID

407
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Percent Planning and Postmortem Time

Why is the percentage so Percent Planning#Postmortem Time
high for assignment 4?
.
Is this spike in time found
in Planning, Postmortem,
or both? < N
= . N
N
\’ -
400 401 402 403 404 405 406 407

Program ID

©2010 Carnegie Mellon University &
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Percent Planning Time

What percentage of time Percent Planing Time
should the student plan for 25
in the future for planning? = — =
.
* >
75
G0 wr a2 s as as e a0
Program D
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Percent Postmortem Time - 1

Why is the percentage so Percont Postmortem Time
high for program s
assignment four? A
Is it caused by the = 151
introduction of PSP 1.1? W 4 .
P <
Doesthetimespentin PM | o —— 5w w & w
correlate to program size? Program 1D

©2010 Carnegie Mellon University 10

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 10




252 Anisanced: Undsrstanding and w.aioy ay Gualty Periomancs

Percent Postmortem Time - 2

PM Time vs. Actual A&M
.

Assignment & was identified as
an outlier because it took twice as
long as planned to complete due
to the fact is was completed
weeks after the program was )
initially coded and unit tested. In 10 e
all other cases PM was conducted
right after UT. This can be seen
by reviewing the student’s time
log.

PM Titne.

P

3% e
e e ¢ PUTive

—Lirez; (P Time)

° 166 260 M 4 B &M
Actual A8

PM Time vs. Actual A&M, wic 8

The time spent performing the PM b >
in Assignment 4 seems to be _; E
consistent with other data points e *

when compared to size. 2 =2 »>

PR Tim

So why was the percentage of 1
time spent in PM so much higher E
than other programming “
assignments?

Actunl ASH 20 Carvaghs Walbm Uoivscaty 11

The instructor should take this time to discuss correlation between any two
measures as it applies to quality.

The instructor should also talk about outlier in quality data. As you change your
process, previous data points can become obsolete and skew the data.
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Percent Postmortem Time - 3

Percent Test Time

Looking at Percent Test
Time you will notice that =
percent of time spent in /
Test for Assignment 4 . \ .
dropped significantly.
Which was due to the fact
that no defects were found
in Test, which can be seen Program>

by looking at the Defects Defects Removed in Test
Removed in Test.

Thus percent distribution for _? AN
other phases, such as PM Sl \
increased proportionately. )

N, o
// i e 2 :
- e @
T S S T
Program D

©2010 Camegie Mellon University
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How did the distribution of time change as the process changed?

PLAN ~same 100% I _ - -
DLD Increased . ur
DLDR Increased ::mwu
CODE Decreased = CODE
CR Increased :::ZR
COMPILE Decreased Al
ut Decreased

PM Decreased

How did these additional phases and tasks effect productivity?

@23 Sarrele Vellon Urivereily 13

As the process changed and more phases were added such as personal reviews
and design templates
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How did additional phases and tasks affect productivity?

Productivity declined with Productivity
each change in process.

Once process stabilized
productivity increased to
initial levels.

size Units per H
/|
/

How is the student able to
do more work in the same
amount of time?

Program ID

©2010 Carnegie Mellon University 14

The decline in productivity can be associated with the student’s learning
curve
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How is the student able to do more work in the same amount of time?

Total Defects.

Where are most Defects
Injected? Removed?

How effective are the student’s H
reviews? .

How effective are the different
process steps at removing T
defects? s

Defect Removal % by Phase
~ >

How does review effectiveness
affect the time spent in test?

What s the cost of quality?

What does the student know
about the defects he/she
injects/removes?

©2010 Camegie Mellon University 15

In general the student had less defects to fix and was able to remove more
defects earlier in the process where it is less costly to fix. Thus, was able to
spend more time on design and quality.
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PSP Advanced: Understanding and Improving Quality Performance

Where are most Defects Injected?

Defects Injected in Design

Prior to the introduction of PSP2.1,
most of the defects were injected in
the Code phase.

Defect Injection % by Phase
100

ki o £ .
Prog
Defects Injected in Code
.

3 8 5 8838

rrrrrrrrr

rrrrrrrrr

©2010 Carnegie Mellon University 16

It could be possible that some defects recorded as injected in CODE prior to PSP
2.1 were actually design issues.

Defects seem to be evenly injected in both code and design phases after the
introduction of formal Design specification and verification concepts in PSP 2.1.
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PSP Advanced: Understanding and Improving Quality Performance
Where are most Defects Removed?
After PSP2.1 Prior to PSP 2.1
y 4
/] AN
©2010 Camogio Mlln University 17
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How effective are the student’s reviews? - Yield

Yield measures the

| |
R4

efficiency of each ——— s
fllterlng ph;sfe at B 1 piose
removing defects. =
9 Phase | Wiai——0> F
vield - v
/
- i} Defect
Tajrets ™
B ) remoa
e Tl
S W
b
-
Injeyts N
Proces oy |3}

ww
Phase YL
Phase W/ S,
yield ]
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How effective are the student’s Reviews? — Phase Yield

Phase Yield represents the defects removed during a phase as a % of those
present at the start of the phase, plus those injected during that phase.

Looking at the student’s Phase yield for programs 5 — 8 (PSP2 and PSP2.1),
which review is least effective?

How could the student possibly improve their phase vield?

i & [To-Date  |To-Date
Injected |Removed

Progrom 7 [Progrom [Progras

Program [Frogram & [Frogram |Program 8 [Prugram
Removed |8 Injacts

5 Injected |Pemoved |6 Injsotedd [Pemoved |7 Injectsd
[ 3 3
y ] o) o ol 5
=N 4 [
[Code Review i ] ] [ :
Corngile 4
Iinn're,u 2 z
il 0 3

Instructor should ask the students why we only care about program’s 5-8?

Main reason: Programs 1-4 did not have reviews, thus would make the Phase
Yield smaller than they actually are using PSP 2 and 2.1.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 19
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How effective are the student’s Reviews? — Process Yield

Process Yield is the

percentage of defects
removed before the first

compile or test.

The percentage of defects

removed prior to compile

and test significantly Y

increased with the

introduction of reviews.

Yield
/ N\
/ Y.
/
4
7
- P
S A /
S i
00 a0 02 03 a4 405 06

Program 1D

Process Yield =

100 * (defects found before the first compile or test)

(defects injected before compile or test)

©2010 Carnegie Mellon University 20
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How efficient are the different process steps at removing defects? - 1

Defect Removal Leverage (DRL) measures the relative efficiency of a
process step at removing defects.

DRL is the number of defects removed per hour by a process step
relative to a base process.

+ The usual bass is unit test (UT).
» DRL (X/UT) is the DRL for phase X with respect to unit test.

(defects/hour phase X)

DRL(X/UT) =
(defects/hour unit test)

©2010 Carnegie Mellon University 21
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How efficient are the different process steps at removing defects? - 2

For Assignment 8

PSP Student Workbook - [PSP2.1 Project Plan Sum... Dg]

Fle Edt View Insert Format Records Tools Window Help
R HEX
CarnegieMellon [
Software Engineering Institute PSP2.1 Project Plan Sumi
verect kemoval Emciency
Plan Actual To-Date
Defects/Hr. DLDR 22 07 13
Defects/Hr. CR 74 19 50
Defects/Hr. Compile 212 30.0 223
Defects/Hr. UT 14 09 12
DRL (DLDR/UT) 16 08 11
DRL (CRUT) 54 241 40
DRL (Compile/UT) 154 336 181
Record: [14] < T > [M]r* of 1 (Filtered) B NE
Actual total size FLTR

©2010 Carnegie Mellon University 22
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How does review effectiveness affect the time spent in test?

The higher the Process Test Defects vs Yield
Yield the less defects
found in test. 2

Less defects in test
results in less time in test.

Test Defect Density.

20 40 60 80 100 120
Yield

Test Defects 1000 * (test defects)

Test Defect Density = =
KLOC (actual A & M)

©2010 Carnegie Mellon University 23
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What is the cost of quality (COQ)?

COQ measures process quality in a way that is meaningful
to management.

The COO elements are failure, appraisal, and prevention
costs.

Failure cost is the time spent in repair and rework plus the
cost of any scrap. In PSP, it is compile and test time.

Appraisal costs are the costs of inspecting for defects. In
PSP, appraisal cost is design and code review time.

In the TSP, inspections are included in appraisal costs.

2213 Camegs Rsllon Unissraly 24
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Failure Cost of Quality
In general, the % Failure FasseCostolavsty
COQ decreased with the .
introduction of PSP2.1 = X
X 7N
2 N A i
AV
H] A\ »
\\
v
S w1 e as w4 as w4
Program D

100*(compile time + test time)
% Failure COQ =

Total development time

©2010 Carnegie Mellon University 25
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In general, the %

increasing with the

Appraisal COQ began

introduction of PSP2.0

PSP Advanced: Understanding and Improving Quality Performance

Appraisal Cost of Quality

Appraisal Cost of Quality

£
S
=
o
7 —¥
Z
7
a 401 02 03 404 05 406 407
Program ID

100*(design review time + code review time)

% Appraisal COQ =

Total development time

©2010 Camegie Mellon University 26
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PSP Advanced: Understanding and Improving Quality Performance

Total Cost of Quality

Total Cost of Quality

Quality is Free when
proper attention and
discipline is applied to
reviews.

Total Cost of Quality %

COQ = % Appraisal COQ + % Failure COQ

2518 Carnagle Wisllon Univsrally 27

Properly conducted reviews significantly reduce testing time and produce high-
quality results. Unless the engineer is committed to producing high-quality
products, the review process is likely to be ineffective. Engineers whose
objective is to begin testing as soon as possible rarely perform code reviews or
perform them so poorly that they are a waste of time.
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Appraisal to Failure Ratio (A/FR)

When A/FR is greater than 1, the student is Tost Defects vs AR
spending more time in reviews than in compile
and test. 2
The number of test defects is typically much 2
lower for higher values of A/FR (2 2 is a good §
goal). However, too high a value ( >> 10) could s
mean excessive time is being spent in reviews. E)

Eo
In this case the student is approaching the goal - N
of 2 or higher, but there is still room for L
improvement. ®

0z o0a o8 o8 1 1z 14 15 18
Appraisal to Failure Ratio AR
.
14 v
" % Appraisal COQ
H / AFR = ———m M8
/ * % Failure COQ
4
Program 1D
28

©2010 Carnegie Mellon University
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What does the student know about the defects
they inject/remove?

For the student to understand their defects, they need to be able to
answers questions such as:

What are the most common types of defects?
Which defects cost the most?

What types of defects are injected most in the design and code
phases?

What types of defects are primarily removed in compile and test
phases?

What phase had the largest average fix time?

What phase had the largest total fix time?

T2 Caragte Kallon Unvsreiy 22
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70 Documentation
20 Syntax

30 Build, Package
40 Assignment

PSP Advanced: Understanding and Improving Quality Performance

50 Interface
What are the most common types of defects? 80 Checking
80 Function
%0 Syaem
100 Environment
Defects Removed by Type
16
14
12
< 10
3
© 8
6
4
-
o
80 30 20 70 40 60 50
Defect Type

©2010 Carnegie Mellon University 30

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 30




10 Documentation
PSP Advanced: Understanding and Improving Quality Performance 20 Syntax

30 Build, Package

40 Assignment

50 Interface

i 60 Checking
Which defects cost the most? =
unction
90 System
100 Environment
Defect Fix Time by Type

200

160

140

o 120
E

F 100
x

" 80

60

40

20

0

80 70 50 30 60 40 20
Defect Type

©2010 Carnegie Mellon University
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PSP Advanced: Understanding and Improving Quality Performance 20 Syntax
30 Build, Package

What types of defects are injected most in the design
and code phases?

80 Function
90 System
100 Emvironment

(-3 Fle Edt Vew Insert Format Records Tools Window Help
CarnegieMellon ersoonl Soiwae Procoss
Software Engineering Institute PSP Percent Injected/Removed by Type Report

Number Injected | Percentage Number Percentage
Injected Removed Removed
Type Design Code | Design Code  Compile UT | Compile UT
m o
20 6 (158%) 6 1 3%3% 63%
30 8 \any/ 8 a71%
0 5 132% 2 1 8%  63%
50 1 26% 1 6.3%
60 2 . 53% 1 63%
0 2 3 /BN 19% 1 1 59%  63%
(
80 4 13 \667% ) (3429 1 68.8%
\57%/ (429
a0
100
Totals 6 38 17 16 Z
TypeNumber of defect type

©2010 Carnegie Mellon University 32

Design, Types 70 and 80

Code, 20, 30, 80 (If you look at the defect log, you will notice that the type 80
could have been miss categorized. They were most likely injected in Design,
however it was prior to PSP2 and PSP2.1)
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70 Documentation
PSP Advanced: Understanding and Improving Quality Performance 20 Syntax
3

. . 0 B
What types of defects are primarily A rasie
removed in compile and test phases? 6

5 Seudent Workbook - 9SP Percen njected and Removed by Type Report] (= |ETJBK) Sosysem
B ——y nvironment
i3 He Edt Vew Insett Fomat Recods Toos Wndow Hep -8 x

Typeliumber of defect type.

©2010 Camegie Mellon University 33

For compile, both tables show Types 20 and 30
For Test, Types 80

Instructor should note that Type 80 defects are usually injected in the design
phase, thus they have escaped both the Design Review and Code Review.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 33




PSP Advanced: Understanding and Improving Quality Performance

What had the largest average fix time?
What had the largest total fix time?

PSP Student Workbook - [PSP Defect Fix Time Report] [ |1/

Fle Edt View Insert Format Records Tools Window Help
- 8 X
i Persogal Soware Progessst
e Engineering Institute PSP Defect Fix Time Report
Removed
Defects Removed = Removed  in Compile
Injected In in Compile | inUT and UT
DLD/UT had largest
Fix Time 60 60 average fix ime
Total 1
Avg. FixTime € 60
CODE FixTime 55 190 245
Total 17 14 CODE/UT had
Avg FixTime 323529412 1357142857  7.303225806 largest total fix time
TOTALS Fix Time 55 250 305
Total 7 15 32
Avg.FixTime 323529412 166666667 953125
Symbol of phase

©2010 Carnegie Mellon University 34
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Generate Process Improvement Proposals (PIPs)

Now that we have taken a journey through
the data:

« Where can they improve?

- What issues are affecting them?

= How could they address these issues?
= How could they improve?

» What can they do different?

=« Why should they change?

« What are the root causes?

HOW DOES THE DATA SUPPORT YOUR
ANSWERS?

@O0 Camsge sllen Unlversliy 35

The instructor should be having this discussion with the class as they are going
through the data, or while they are on the journey.
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Example PIPs

i.  Process Yield has been declining over the last 2 programs, which
will lead to miore defects being found in Test. To improve Process
Yield, focus on improving the code review phase yield as it is only
37.5%. Try reviewing at a slower pace and take a break between
the code and code review phase.

2. Review type 70 & 80 defects in the defect log and update review
checklists to find and fix defects prior to test. They are the most
costly and they are currently making it through to the failure phases.

3. Implement Design Verification Techniques to improve the effectives
of design reviews and reduce the number of defects making it into
test.

2018 Carnagts Bsllon Unisrslyy 30
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Review of Process Improvement

From the Planning presentation, recall that the steps are to measure,
analyze, and improve.

We will apply the following performance improvement steps
» Characterize and analyze current performance
- Generate Process Improvement Proposals {PIPs}
-p-  Set performance goals
- Evaluate and select PIPs for implementation
- Implement PIPs

» Gather more data and evaluate the results

Characterizing the current performance means to measure your performance and
set baseline against which improvements will be compared.

The analysis will attempt to gain insight into the strengths and weaknesses of
your current performance. Will look at how to view data, segment or stratify the
data, and identify high leverage areas for improvement.

== Software Engineering Institute | CarnegicMellon ©2010 Carnegie Mellon University 37




252 Anisanced: Undsrstanding and w.aioy ay Gualty Periomancs

Set performance goals

What quality goals should the
student consider for next time?

How can the student change
their process to meet the new
quality goals?

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 38
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A Quality Goal Consideration

Quality Goal: Increase Process Yield by 20%.
+ Current Yield = 50%
« Desired Yield = 60%

How can the process change to meet the new quality goals?
Improve Code Review effectiveness

Current Desired
Phase  Phase
Phase Yield Yield

DLD Review
Code
Code Review

Unit Test
PR

B2018 Caragle bllen Univeesy 36
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Review of Process Improvement

From the Planning presentation, recall that the steps are to measure,
analyze, and improve.

We will apply the following performance improvement steps
» Characterize and analyze current performance
- Generate Process Improvement Proposals {PIPs}
» Set performance goals
emp- Evaluate and select PIPs for implementation
- Implement PIPs

» Gather more data and evaluate the results

e L P

Characterizing the current performance means to measure your performance and
set baseline against which improvements will be compared.

The analysis will attempt to gain insight into the strengths and weaknesses of
your current performance. Will look at how to view data, segment or stratify the
data, and identify high leverage areas for improvement.

== Software Engineering Institute | CarnegicMellon ©2010 Carnegie Mellon University 40
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Which PIPs could improve Code Review effectiveness?

1 Process Yield has been declining over the last 2 programs, which
will lead to more defects being found in Test. To improve Process
Yield, focus on improving the code review phase yield as it is only
37.5%. Try reviewing at a slower pace and take a break between
the code and code review phase.

247 Review type 70 & 80 defects in the defect log and update review
checklists to find and fix defects prior to test. They are the most
costly and they are currently making it through to the failure phases.

3. Implement Design Verification Technigques to improve the effectives
of design reviews and reduce the number of defects making it into
test

B2 mrrage Hallon Wners Ty M
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Review of Process Improvement

From the Planning presentation, recall that the steps are to measure,
analyze, and improve.

We will apply the following performance improvement steps
» Characterize and analyze current performance
- Generate Process Improvement Proposals {PIPs}
» Set performance goals
» Evaluate and select PIPs for implementation
- . |mplement PIPs

» Gather more data and evaluate the results

ST Lamnegie Bl Uniesty A2

Characterizing the current performance means to measure your performance and
set baseline against which improvements will be compared.

The analysis will attempt to gain insight into the strengths and weaknesses of
your current performance. Will look at how to view data, segment or stratify the
data, and identify high leverage areas for improvement.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University
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Implement PIPs -1

1. Process Yield has been dseclining over the last 2 programs, which
will lead to more defects being found in Test. To improve Process
Yield, focus on improving the code review phase yield as it is only
37.5%. Try reviewing at a slower pace and take a break between

the code and code review phase.

= Update process script to take short break between code and
code review phase

= Increase plan code review time

F20T Carvoghs Bellon Wrivicsity 43
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Implement PIPs - 2

2. Review type 70 & 80 defects in the defect log and update review
checklists to find and fix defects prior to test. They are the miost
costly and they are currently making it through to the failure phases.

+ Review defect log

«  Update Code Review Checklist to look for the defects that are
escaping to compile and test

2010 Cacvanbs Hollon Metoscsty 44
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Review of Process Improvement

From the Planning presentation, recall that the steps are to measure,
analyze, and improve.

We will apply the following performance improvement steps
» Characterize and analyze current performance
- Generate Process Improvement Proposals {PIPs}
» Set performance goals
» Evaluate and select PIPs for implementation
- Implement PIPs

=—p-. Gather more data and evaluate the results

B2 acnenle Mollon Universily 45

Characterizing the current performance means to measure your performance and
set baseline against which improvements will be compared.

The analysis will attempt to gain insight into the strengths and weaknesses of
your current performance. Will look at how to view data, segment or stratify the
data, and identify high leverage areas for improvement.
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Gather more data and evaluate the results

1. Follow the updated process on a few additional assignments

2. Evaluate the results. Realize that some changes to your process will
invaliclate historic performance.

3. If the data shows improvement. keep the change. If ho improvement
is found. then re-evaluate the process changes and revise.

4. Continue the Quality Journey
Characterize and analyze current performance
Generate Process Improvement Proposals (PIPs)
Set performance goals h
Evaluate and select PIPs for implementation \
Implement PIPs

(Gather more data and evaluate the results

B200 Cersegle Mellon Unsraiy 48
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Evaluate the results

To determine if implemented process improvements have been effective:

» you should periodically repeat the steps for baselining your work
processes and comparing the baseline performance to previously
established improvement goals.

«» be careful to avoid the complications of bolstering and clutching.

Bolstering is the selective recall of only those results that reinforce an
opinion or belief, usually manifest by forgetting failures and
remembering only successes. Use of all PSP data from all projects
should preclude bolstering.

Clutching is the tendency to perform badly when under pressure or when
a good outcome is especially critical, thereby negating successful
performance on past projects when using the same processes. By
following established processes and using data (rather than instinct) as
a basis for instantiating process changes, clutching can be minimized or
avoided.

@289 Laroegle Bellon Yoversity 47
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Continue the Quality Journey

Set realistic and challenging goals by using data analysis to
+ identify problem areas
« dstermins the root cause of problems

« determine the potential effects of process change

set quantifiable and challenging improvement goals

B0 19 tavvapts Bisthon Uebiisty 48
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Messages to Remember

You cannot know your quality performance without detailed tracking of
actual data.

Performance consistency depends on the early removal of defects.

Understanding the causes behind defect injections and escapes can
lead to many ideas for process changes.

You can improve quality performance by learing from your data and
trying new process ideas.

Focus on regularly making small improvements and major changes will
take care of themselves.

2010 aroene Wellon Uoiversiy 4%
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