Static Modeling of
Multi-Variable Production Systems

Steve Johnson & Pat Macholan
Quest Diagnostics, Inc.

2009 ASQ Lean Six Sigma Conference
ooy Quest March 2009

@ Diagnostics

Purpose/Objectives

Purpose:
Provide an overview of how Static Modeling can

be utilized to optimize key system inputs to meet
customer determined outputs.

Objectives:

Understand the key principles of creating a static
system model

Understand how modeling key input variables can
be used to provide a sensitivity analysis for
predicting impact to key service factors.

Demonstrate the key benefits and applications of

0 static system modeling
uest
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Set the Stage
Develop the Theory

Application and Examples:

1. How many machines are required to complete
production in time to meet customer TAT requirement s?

2.How many FTE are required to complete production in
time to meet customer TAT requirements?

3. How many FTE are required to satisfy customer drive  n
service goals?

Questions & Final Thoughts
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Focus
Patients
Growth
People

Vision
Dedicated People Improving the Health of Patients
Through Unsurpassed Diagnostic Insights
Company Background
40,000+ Employees
900+ Clinical Scientist PhDs/MDs
Patient Service Centers
Rapid Response to Esoteric Laboratories
145 million patient encounters annually
Six Sigma/Lean Journey
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Six Sigma at Quest Diagnostics, Inc.

BBs dedicated at every major lab
Patient Services & Logistics
Laboratory Operations
Support Functions: Client Services, Billing, Etc
MBBs supporting regional Business Units
Member of the SLT
GBs focused within management (supervisor
level & above)
Champions accountable for GB projects within
their functional area (schedule & outcome)
Managing MBB
Quest Support overall lab operations
@ Diagnostics Support core process & functional areas
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Applications of Modeling at Quest Diagnostics

PATIENTS

1. Reduce Patient Anxiety Time
2. Meet/Exceed Customer Expectations for turn around time

GROWTH PEOPLE

1. Improve equipment utilization 1. Shortage of technical workforce
2. Improve productivity 2. Staffing to volume

Quest
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The critical supplier of raw materials is also the
customer for Quest Diagnostics.

This does not allow the flow of raw materials into
production to be controlled, as specimens cannot be
tested until they are collected.

Regardless of the arrival profile, customers requir e
production to be completed by a pre-determined time

This variation in customer flow with set customer
expectations exists in each of the core processes o f
Quest Diagnostics
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The following examples are  not specific to
Quest Diagnostics applications
The examples to be shown will relate general
concepts that can be integrated in the creation
of static models to;
Minimize resources and total system cost to meet
customer requirements

Predict the impact of arrival patterns to required
system inputs

Predict the impact of staffing and productivity
levels on overall system performance

Ot Predict the impact of varying service levels to
@ Diagnostics I’eC]UIred System InpUtS
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B The Theory

Classic variables of project management:

Cost
Time Pick any Two
Quality
All Process Outputs can be viewed as a function;
Y= f(x)

Therefore, any process output can be viewed as
function of three primary variables;

Y = f(Cost + Time + Quality)
Quest
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m The Theory

How is Y = f(Cost + Time + Quality) optimized?

If manufacturing inputs / outputs are constant
then an optimal production plan can be easily
calculated.

How can system resources be optimized if
manufacturing inputs / outputs vary?

Static models can be constructed of the system
incorporating all critical cost and lead time
variables.
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,tﬂ‘ Application- Example 1:
Equipment Model

Objective: Determine the number of
resources required to complete
production by 6:30AM

Variables:
Incoming rate by hour
Machine capacity
Process lead time

Quest
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Equipment Model
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WIP = MAX [0,
- - (Incoming Flow —
Variable inputs are always Eauipn Hourly Capacity)]

T these GliE thet Hourly Production = MIN
only cells users need to input [(Incoming Flow + WIP),
Hourly Capacity]

Total System Capacity
is multiple of all
machine variables

Hourly system state is calculated
on each line, including WIP

~

f Future system volume is /I_l
scaled proportionally to

A2y IEEE SUEVLG) current system volume | [ Finish Time = the time
are in BLUE 100% production is
|_A_| achieved

Example 1. Equipment Model
Sensitivity Analysis

Example 1 Tornado Diagram:

250

3%

Est.
Completion
Time




Application- Example 2:
Production Staffing Plan

Objective: Determine an optimal staffing
plan by hour to complete
production by 6:30AM.

Variables:
Incoming rate by hour
Productivity rate
Process lead time

Example 2:
Production Staffing Plan




Example 2:
Produ(\finn Ctaffinn |an

Hourly Capacity =
(# of FTE) x
(Productivity/hr)

el

Staffing can be
varied by hour

/

Hours with
utilization < 100%
are conditionally

formatted RED

Total labor costis
added with addition of
FTE cost/hour variable

Application- Example 3:
Customer Service Staffing Plan

Objective: Determine an optimal staffing
plan to maintain pre-determined
customer service factors

Variables:
Incoming rate by hour
Productivity rate
Required average speed to answer
Required total service factor

Requirements:
QTP: Excel queuing calculation add-in




Example 3:

Customer Service Staffing Plan

Cust

Required FTE = # of
servers req. to meet
system variables

Cyvarmnla D-

Estimated System
Variables by hour at

H modeled staffing level

el

Staffing can be
varied by hour
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Example 3: Customer Service Staffing
Sensitivity Analysis

Example 3 Tornado Diagram:

10 Calls/Hr

70%

60 Sec

Req.
FTE

Conclusion

Questions &
Final Thoughts
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