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Abstract

The “Lean” paradigm for process improvement is lo@og increasingly popular in
software and systems engineering, as well as metwuiiag. However, the Lean

influence arrives most often as redesign and rewotke form of a Kaizen event. This
article explains how the Lean principles can uselelp design good processes from the
start. Moreover, since Lean is based on queuingryh@rocesses designed in this
manner can be optimized through simulation. Thelardemonstrates the application of
these concepts with results from a simulation stfdyn industrial software process. It
also discusses the relationship of Lean concepAgjiile and the CMMI.

Introduction

Many different approaches to process improvemeve: faund their way into the
software and information technology industry inamicyears. Lean [1] is a current focus
of discussion. Lean thinking evolved from conceptyployed at Toyota beginning
around 1950. Lean derives from experience in matwurfimg, but has been applied



successfully in service and software processed [#.five widely recognized Lean
principles [1] are as follows:

» Value — identify and focus on the value to be pomdilfor the customer

* Value Stream — manage the process (stream) pragltiervalue

* Flow — maintain a smooth flow of work products tigb the process

* Pull - only produce work products when the nextpss step or customer is
ready

» Perfection — make each work product defect freduding intermediate work

Each of these principles includes both a cultunal #chnical component. Although this
author recognizes the importance of culture to es&ftil process improvement, this
article focuses on the technical component of Ledmch is often misunderstood and
misapplied. The cultural components include languagtional culture, and general
adoption challenges. While these are important,tteey can only be addressed once the
technical foundation has been properly understood.

Typically, Lean principles are deployed through & events where processes (often
laboriously established through CMMI, ISO 9001, &ixl Sigma-based approaches) are
reworked to remove “waste”. A Kaizen meeting fasisn improving a selected portion
of the value stream, or process, by identifyingtaties to realizing the Lean principles.
Fortunately, those organizations just beginningpitoeess improvement journey have
the option of building the Lean principles intoithgrocesses from the start through
“Process Optimization by Design”, rather than tlytolater Kaizen working meetings.

L ean and Process Definition

Many people have come to believe that Lean is ath@uvolume or quantity of process
description. That is, it is commonly believed thdtean process is one that is defined in
a few pages of text and diagrams, rather than & heogthy document. Actually, the
word “lean” in the process context, refers to theant of inventory (parts and materials
in storage) and work in progress (work productsemwady, but not yet completed). Lean
does not refer the volume (e.g., number of pageketition) of the process that
transforms them. A Lean process is one that operaté minimal inventory and work in
progress. That may require an extensive processip#sn, or not. Lean stresses
developing process descriptions that implement.dan principles, not arbitrarily
reducing page count.

When organizations do focus on reducing the volofrteeir process descriptions, they
often think only of the organizationally definedpess. That is, they seek to remove
steps or activities from the general process reguents. These are only a small part of
the effective process volume of an organizatiormbrst organizations, the
organizationally defined process gets extensiwalgred for individual projects. Thus,
each element of the organizational process has toaalinstantiations. The result is
that most of the volume of processes in an orgéinizaesults from project-specific



tailoring. Standardizing, or reducing the amounpmfject-specific tailoring and
alternatives, usually is a more effective methodeaiucing the real volume of processes.

Lean is about the amount of work in progress, time of processes. What does this
mean in the context of software development? Exesngf work in progress include:

* Requirements that have been approved, but notrossig
» Design units that have been approved, but not coded
* Code that has been approved, but not tested

Thus, Lean is about reducing the amount of thesaskof items — thus, making
production of software flow continuously. The siatibn model discussed in a later
section helps to show how reducing work in progteads to greater efficiency and
higher throughput.

This notion of Lean matches the vision of Agile eieyment. The Waterfall model is the
antithesis of Lean. A typical Waterfall model regsi that all requirements analysis be
completed before design, all design be completéordeode, all code be completed
before testing, etc. Thus, the Waterfall model mazés work in progress. For example,
all of the work done to date for each phase is viloqlrogress because it cannot proceed
further into production.

The Lean view of process indicates that the Wadterfadel is the least efficient,

although it requires the least discipline to execiitue Agile development requires more
discipline than Waterfall development. For exampladvall and Muthig [7] report that
configuration management (a basic developmentmise)) is especially difficult for

large Agile projects. Unfortunately, many practi@os view Agile approaches as an
excuse for dispensing with discipline, usually tesg in poor quality as well as lower
efficiency.

L ean and Queuing Theory
The approach of Process Optimization by Designdeswon the implications of the

gueuing theory underlying Lean thinking. The parfance of a queue can be described
mathematically, as follows:

Vy +V7
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Where:

T = actual cycle time

Vw = variability in work (task) size

Vp = variability in process performance

u = utilization

C =theoretical cycle time to process one unit of work



Figure 1 shows the interactions among these termscUitves represent the relationship
between utilization and throughput for different leva@lsariability (Vw plus Vp). At 100
percent of capacity cycle time becomes infinitely ladgwever, processes with low
variability (represented by the lower curves in Figuredn operate closer to 100%
capacity without experiencing dramatic degradatiopesformance. Interestingly, most
software organizations have little insight into tla@acity of their processes and don't
actively manage it. Managers often aim, unrealidticédr 100% (or higher) utilization.

100%:

Cycle Time

Increasing Variability

Utilization

Figure 1. Process Throughput for Various Conditions (from [2])

This model helps to explain the phenomenon of thgthimal man-month” [5], in which
adding staff to a project that is late, tends to maleter. Traditionally, this has been
attributed to the increased communication overheauteged with larger teams.
However, the queuing model suggests other factors maydve important. Adding
capacity (in terms of staff) to the project reduces teerttical cycle time (C) for
processing one item of work. At the same time it tesuala reallocation of the work
among the staff (increasingvyand redeployment of processes (increasip)g $ince the
variabilities are power functions and the capacityqtbgcal cycle time) is linear (see
equation above), the effect of increased variability €asily exceed the benefit of an
increase in resources.

Other quantifiable factors also contribute to the perforceaof queues (although we will
not go into the arithmetic behind them here). Thuguing theory defines the
characteristics of an effective and efficient procesguding:



» Balance the work load across subprocesses
» Break work into small packages

* Manage process utilization

» Control process variation

» Control task variation

* Minimize hand-offs and waiting

These characteristics can be built into a processglitannitial definition, regardless of
the specific modeling or representation technique eyepldn the definition (e.g., IDEF,
ETVX), or applied during subsequent updates to dedingti

Moreover, these characteristics are measurable prop@ntipsrformance parameters) of
the process. They help to describe its local perfocmand determine its overall
throughput. During initial process definition, many loé$e performance parameters may
be estimated in order to make design decisions. Ttesisions can be supported with
simulation studies, as described in a subsequetibsetater, during process execution,
these parameters should be measured to guide sengguacess management decisions.
Consequently, the Lean paradigm links simulationragsneement, and process definition
together.

This article reports the results of a discrete simulagtody of process performance. The
study employed the Arena modeling package (Rockwatibsation) and generic
industry data. The simulation results show how decgsabout task size and work
balance affect overall process performance. The adaigonstrates that a systematic
process design approach incorporating Lean conceptsimmdation makes it possible to
optimize the quality and throughput of processes duheg design.

Relationship of Lean to Agile

A simple comparison of the five recognized principlekean [1] with the twelve
principles of the Agile Manifesto [3] suggests sommpwnality. In particular, six Agile
principles map to three of the Lean principles, as shioglow:

Value
» Our highest priority is to satisfy the customer.
Perfection
» Continuous attention to technical excellence armtigtesign enhances agility.
* Atregular intervals, the team reflects on how to becoree effective, then
tunes and adjusts its behavior accordingly

» Deliver working software frequently.

» Working software is the primary measure of progress.

* The sponsors, developers, and users should be abl&ntain a constant pace
indefinitely



Despite the alignment of two Agile principles witlethean Principle of perfection, many
implementations of Agile methods have been criticimedailing to pay sufficient
attention to quality (i.e., perfection), resulting irffta@re that does not satisfy the
customer.

The Lean principles of Pull and Value Stream are rarporated into most Agile
methods. This is not surprising given that the Ailnifesto downgrades the
importance of processes (i.e., Value Stream) relatie¢hter contributors to software
development. Pull is a property that can only be tstded in the context of a specific
process. In contrast, Lean views the process as tbleamism for achieving perfection,
optimizing flow, and responding to pull.

Many practitioners use Agile as a rationale for avoigirgress discipline. However, a
Lean process requires disciplined performance to cooedihatcontinuous flow of work
through it. An effective implementation of Agile metisogso requires discipline.
Proponents of Agile methods might benefit by studyivegLean principles of Pull and
Value Stream and giving these factors additional weigh

Simulation of Process Design

The effects of the Lean principles on performance cateb®nstrated through discrete
simulation modeling. The authors are conducting vases of simulation studies. The
first phase involves a simplified process characterizeiddustry data from published
sources. The second phase will study an actual indlusrocess using data obtained
from real projects developed using an actual process.

Figure 2 shows the simple process segment simulatedase 1 of our study. While
similar to industry practices, it is a substantiat@iification of a real-world process.

Defects Discovered Latent

Defects
A

Design Code
Design =* Review ™ Code [~ Rreview ™" Test
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Figure 2. Description of Simulated Phase 1 Process

This process includes five activities. The actestprocess a fixed set of requirements
using a fixed pool of resources (personnel). Eaduirement results in one or more units



of work called a Design Unit. At each stage, iteraimay be required due to defects
inserted in the Design and Code activities, and thand in the Design Review, Code
Review, and Test activities. The performance of pibcess is evaluated in terms of the
time required to complete processing all requireiiand the latent defects remaining.

Design (work) Units are grouped into packagesrgslementation. All the units of a
package flow through the process together. Thisgg®was simulated under two
different conditions of work package size (or sc@s:

» Large packages with an average size of 10 Desigts Un
* Small packages with an average size of 5 DesigtsUni

This initial simulation study employed the Arenadebng package (Rockwell
Automation) [4] and generic industry data. Approately 1000 work units were
processed in each simulation run. The simulatios repeated 50 times for each
scenario. Performance was evaluated in termsadé ¢yme (duration), effort expended,
and latent defects. Table 1 summarizes the results.

Table 1. Initial Simulation Results

Performance Small Design Large Design I mprovement (%):
Measure (Work) Packages | (Work) Packages | Largeto Small
Cycle Time per Unit 0.79 0.93 17

Effort per Unit 12.29 14.34 17

Latent Defects 0.05 0.07 25

The table shows significant improvements on aké¢hperformance measures are
obtained simply by breaking the work into smallackages for processing. Thisis a
principle of both Lean and Agile, although as poesly reported, configuration
management [7] becomes a significant challenge lattie Agile (and Lean) projects.

The Phase 1 results are sufficient to show thakwackage size can have an effect on
performance. Phase 2 will provide more accuratrmétion on the effects of this and
other factors in a real industrial setting. Thid demonstrate the value of simulation in
helping to design processes and work flows.

Process Optimization by Design
Process Optimization by Design is an approach fd@menting the Lean principles at

the start of process definition activities, rattiean as later improvement rework. This
approach involves fives steps, as described inréigu



Customer

ldentify Value

Needs
Existing : . ISO 9001,
Process Define Architecture |[*— cymi etc.

}

Analyze Architecture

«— Estimated
Performance

\ 4

Define Subprocesses

Existing .
Process

\ 4

Performance
Data — |Improve Process

Figure 3. Process Optimization by Design

The five steps and techniques commonly used toemeht them are as follows:

» ldentify thevalueto be delivered by the process. Obviously, a saévprocess
is intended to deliver software, but what are ttrtital to quality” characteristics
of that software? These are the factors that thegss should seek to optimize.
Quality Function Deployment (QFD) may be usefuleher

» Definethearchitecture of the overall process. The architecture incluties
specification of basic components, connections,camstraints. Many process
design methods focus on identifying individual caments and say little about
the architecture. IDEFO is a process descriptiohrigjue often employed to
describe the high-level organization of processes.

* Analyzethearchitectureto identify bottlenecks and optimum operating
conditions. Lean principles and the queuing moe#p ko evaluate how well this
process will operate. Many factors, such as tagk @nd task effort, will have to
be estimated at this stage. The authors recommisoete process simulation at
this stage.

» Definethe subprocesses. Techniques such as Entry-Task-Verification-Exit
(ETVX) may useful for documenting individual subpesses within the overall
architecture. The details on individual activitrasst be specified in sufficient
detail to guide implementers.



* Improvethe process. Factors that were estimated while evaluating the
architecture should be measured and analyzed dprowgpss execution to
identify improvement opportunities. Conventionat Sigma methods are useful
for analysis. McGarry, Card, et al. [8] provide geal measurement guidance.

The focus on analyzing the process architectutigeisnost significant contribution of
Process Optimization by Design. Many sources recenthileveloping a process
architecture (e.g., [6]). However, few provide auypstantial guidance on evaluating the
process architecture. Process Optimization byddegiews the performance of the
process architecture in terms of the Lean heusistis well as from the perspective of
simulation. Process designers get meaningful fezkdba the likely performance of their
designs before investing in detailed subprocessifsgaions.

Summary

Lean Principles can be applied during initial psscdesign as well as during Kaizen and
other after-the-fact improvement activities. Siatign of process designs help to
identify bottlenecks, evaluate alternatives, andstdperational policies. The “Process
Optimization by Design” approach incorporates Lpenciples, established process
definition techniques, and simulation to help eaghe definition of close to optimal
process designs.

Future work, i.e., Phase 2 of the simulation stwdlapply this approach to specific
industry processes and projects, rather than workith a generic process and data. This
will provide examples of specific decisions basadtos approach.
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