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Process Is a central issue In many
domains

¥ Examples:
b Health care
b Manufacturing
b Management
P Government
b Scientific research (i.e. data processing)
b Software development

¥ Processes specify how products are built, and how
work Is done

b As collaborations of people, software, devices
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Process as Object
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Macro-Process Focus
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Micro-Process Focus

Outputs

Input Artifacts Artifacts
Effects on
the world
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i E itted
Needed approach: Define, analyze [~ o> corite

Automate, precise process definitions
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Little-JIL: A Real Language with
Precise Semantics

¥ Semantics rigorously defined using finite state
automata

¥ Process definition is a hierarchical decomposition

¥ Think of steps as procedure invocations
b They define scopes
b Copy and restore argument semantics

¥ Encourages use of abstraction
b Eg. subprocess reuse
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Little-JIL: A Real Language with
Precise Semantics

¥ Semantics rigorously defined using finite state
automata

¥ Process definition is a hierarchical decomposition

¥ Think of steps as procedure invocations
b They define scopes
b Copy and restore argument semantics

¥ Encourages use of abstraction
b Eg. subprocess reuse

A key feature In distinguishing this from
less formal languages (e.g. workflow)
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Little-JIL process language
features

¥ Blends proactive and reactive control

¥ Coordinates human and automated agents
b Without favoring either

¥ Emphasizes exception specification, management

¥ Facllities for abstraction, scoping, hierarchy

¥ Artifact flow, resource utilization integrated

¥ Concurrency, synchronization with message-passing
¥ Articulate specification of resources
¥ Semantics for aborting activities

¥ Pre/post condition constructs

¥ Facilities for human choice

There are
many more
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Little-JIL step visual representation

Step icon

Resources and interfaces
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In-Patient Blood Transfusion

v In-Patient Blood Transfusion Process A

=k

VCarry Out Physician Order for Transfusion A

Check for Type and Screen Follow Through Check
I + .
Prepare Document for Blood Pick-up Single-Unit Transfusion Process

Pick up Blood from Blood Bank
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Proactive Flow Specified by four
Seqguencing Kinds

- ¥ Seguential

b In order, left to right
= ¥ Parallel

b Any order (or parallel)
-@&- ¥ Choice

b Choose from Agenda
b Only one choice allowed

*» ¥Try

b In order, left to right
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Proactive Flow Specified by four
Seqguencing Kinds

These step
kinds support
human flexibility
INn process
performance

LIP6, Paris, June 2010
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¥ Seguential

b In order, left to right
¥ Parallel

b Any order (or parallel)
¥ Choice

b Choose from Agenda
b Only one choice allowed

¥ Try
b In order, left to right
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Proactive Flow Specified by four
Seqguencing Kinds

- ¥ Seguential

b In order, left to right
= ¥ Parallel

b Any order (or parallel)
-@&- ¥ Choice

b Choose from Agenda
b Only one choice allowed

*» ¥Try

b In order, left to right

Iteration usually through recursion
Alternation using pre/post requisites



Try and Choice Step Kinds
support human (agent) flexibility

Implement

Reuse Implementation Custom_Implementation

Look_for_Inheritance Look_for_Parameterized_Class

Look for Objects to Delegate to
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Pre- and Post-requisites

¥ Steps guarded by (optional) pre- and
post-requisites

¥ Are steps themselves

¥ Can throw exceptions

¥ May be executed by different agents
b From each other
P From the main step
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Exception Handling: A Special
Focus of Little-JIL

¥ Steps may have one or more exception handlers

¥ Handlers are steps themselves
b Exceptions and handlers are typed
b Handlers can have parameters

¥ React to exceptions thrown in descendent steps

b By Pre- or Post-requisites
b Or by Agents InterfaceFiles

Don!tCompile
/

DevelopinterfaceFiles A

>
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Four different continuations
on exception handlers

¥ Complete

P Handler was a GixupQ substep is completed

¥ Continue
b Handler cleaned up; parent step is completed

¥ Restart

b Handler cleaned up; repeat substep (deprecated)

¥ Rethrow

b Rethrow to parent step
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Artifact flow

¥ Primarily along parent-child edges
P As procedure invocation parameters
b Passed to exception handlers too

b Often omitted from coordination diagrams to
reduce visual clutter

¥ This Is Inadequate
b Artifacts also need to flow laterally

P And subtasks need to

¥ Synchronize
¥ Communicate with each other
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Channels and Lateral flow

¥ Channel is like a queue
¥ Can specify step(s) that can add artifacts
¥ And step(s) that can take them

¥ Steps needed channel inputs block when
waiting
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Resources

¥ Entities needed in order to perform step

¥ Step specifies resource needed as a type
b Perhaps with attributes, qualifiers

¥ Resource instances bound at runtime
¥ Exception thrown when @esource unavailableO
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Examples of Resources

¥ Access to artifacts: shared document, locks on
databases (e.g. electronic health records)

¥ People: various kinds with varying skills (e.g.
doctors, nurses)

¥ Devices: mechanical or electronic (e.g. X-ray
machines, infusion pumps)

¥ Consumable resources: licenses, physical
entities (e.g. blood)
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Examples of Resources

¥ Access to artifacts: shared document, locks on
databases (e.g. electronic health records)

¥ People: various kinds with varying skills (e.g.
doctors, nurses)

¥ Devices: mechanical or electronic (e.g. X-ray
machines, infusion pumps)

¥ Consumable resources: licenses, physical
entities (e.g. blood)

May be complex relations among them
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Agents

¥ Agents: Each step has an AGENT, which is a
distinctly identified unique resource responsible
for execution of the step (and all of its substeps)

¥ Process definition is orthogonal to assignments
of agents to steps

b Path to automation of process

¥ Have freedom to execute leaf steps in any way
they want
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Why focus on resources?

¥ Effect on system performance

b More resources ->
¥ Better performance
¥ Higher cost

b What is optimal cost/benefits tradeoff?

¥ Attention from various other disciplines
b Hardware, networking, manufacturing, OR

¥ Management is all about resources
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Doctoral Dissertation of
Mohammed S. Raunak

(currently at Loyola University,
Baltimore, MD, USA)
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Major Resource-related issues

¥ Definition: How to describe/define them

¥ Management. How to store, search, retrieve
them

¥ Assignment. How to select which one(s) to
use to satisfy requests

¥ Scheduling: How to plan out assignments to
be made In the future

¥ Optimization: How to establish optimal
resource mixes and allocation strategies

All of this is easier when the resources are m  ore homogeneous,
and their utilization is in a less di  sruption-prone environment

LIP6, Paris, June 2010



More complicating issues

¥ Interrelations:

b Some resources depend upon others
¥ Programmers need computers
¥ Operating suites need equipment, supplies, etc.

¥ Dependence upon context:

b Some resources can only do some things at some times
¥ Nurses can prescribe medications only in an emergency

¥ Complex constraints:

b Sometimes the same resource has to be used repeatedly
¥ The doctor who ordered the tests has to read them (except..)

¥ Multiple roles
b The same entity goes by different names and titles
b Participates in different structures
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Our characterization

¥ A resource Is an entity that is characterized by

P Ability to provide one or more @apabilitiesO
¥ Capability: The ability to support doing some task/activity/work

b A set of descriptive attributes
¥ Attribute: a (name, value) pair

¥ Capability set changes with context, circumstances
b Attribute values do too

¥ A resource Is a set of
b Guarded capabilities
P Guarded attributes
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Example Resource Specifications
from the Medical Domain

Name: John Smith

Job Title: Physician

Location: ED

Experience Level: 10

Cost: 100

Capacity: 8

Offered Capabilities:
(MDInitialAssessment, .true., 10, 2)
(MDProcedure, .true., 10, 5)
(MDFinalAssessmentandDecision, .true., 10, 3)
(RNPaperwork, [availability.nurse = 0! crowding > 100], 3, 1)

Name: Ellen Masterson

Job Title: Physician

Location: ED

Experience Level: 4

Cost: 80

Capacity: 8

Offered Capabilities:
(MDInitialAssessment, .true., 10, 2)
(MDProcedure, .true., 9, 5)
(MDFinalAssessmentandDecision, .true., 10, 3)
(RNPaperwork, [availability.nurse = 0! crowding > 100], 3, 1)
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Example Resource Specifications
from the Medical Domain

Name: John Smith

Job Title: Physician

Location: ED

Experience Level: 10

Cost: 100

Capacity: 8

Offered Capabilities:
(MDInitialAssessment, .true., 10, 2)
(MDProcedure, .tryg., 10,(5)
(MDFinalAssessmefhtandDecision, .true., 10, 3)
(RNPaperwork, [avalNability.nyrse = 0! crowding > 100], 3, 1)

Name: Ellen Masterson
Job Title: Physician
Location: ED
Experience Level: 4
Cost: 80 Capalbility Guard
Capacity: 8
Offered Capabilities:
(MDInitialAssessment, .true., 10, 2)
(MDProcedure, .true., 9, 5)
(MDFinalAssessmentandDecision, .true., 10, 3)
(RNPaperwork, [availability.nurse = 0! crowding > 100], 3, 1)
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Example Resource Specifications
from the Medical Domain

Name: John Smith

Job Title: Physician

Location: ED

Experience Level: 10

Cost: 100

Capacity: 8

Offered Capabilities:
(MDInitialAssessment, .true., 1Q, 2)
(MDProcedure, .tryg., 10,(5)
(MDFinalAssessmefhtandDecision).true., 10, 3)
(RNPaperwork, [avaNabili

Name: Ellen Masterson
Job Title: Physician
Location: ED
Experience Level: 4
Cost: 80 Capalbility Guard
Capacity: 8
Offered Capabilities:
(MDInitialAssessment, .true., 10, 2)
(MDProcedure, .true., 9, 5)
(MDFinalAssessmentandDecision, .true., 10, 3)
(RNPaperwork, [availability.nurse = 0! crowding > 100], 3, 1)

Quality level
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Example Resource Specifications
from the Medical Domain

Name: John Smith

Job Title: Physician

Location: ED Effort Required

Experience Level: 10

Cost: 100

Capacity: 8

Offered Capabilities:
(MDInitialAssessment, .true., 1Q, 2)
(MDProcedure, .tryg., 10,(5)
(MDFinalAssessmefhtandDecision).true., 10, 3)
(RNPaperwork, [avaNabili

Name: Ellen Masterson
Job Title: Physician
Location: ED
Experience Level: 4
Cost: 80 Capalbility Guard
Capacity: 8
Offered Capabilities:
(MDInitialAssessment, .true., 10, 2)
(MDProcedure, .true., 9, 5)
(MDFinalAssessmentandDecision, .true., 10, 3)
(RNPaperwork, [availability.nurse = 0! crowding > 100], 3, 1)

Quality level
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Another Resource Specification

Name: Bed 12
Job Title: Bed
Location: ED
Experience Level: 12
Cost: 250
Capacity: 1
Offered Capabilities:
(PatientinsideED, .true. , 10, 1)
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ROMEO approach to defining
and managing resources

¥ Store resource entities as database relations
¥ Turn resource requests into queries

¥ Group sets of attributes into predefined queries
b Serves some of the purposes of a type structure

¥ Add and delete resource instances dynamically as
data base modifications

¥ Change attribute values and guards dynamically
as DB modifications too

Seems to work for small numbers of entities
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The ROMEOQO architecture
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ROMEQO evaluation structure

¥ Use ROMEO to manage resources for a
discrete event simulation
b In a complex dynamic domain
b With very heterogeneous resource mix
b Many diverse simulation conditions

¥ Simulation results have value for the
application domain
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Executing Little-JIL Process Definitions

n Resource Parameter
Manager Manager
VintemsdisteMDassossmen: £
Who Outputs

Which step does” What is it
next? done to?

Step Agenda

Sequencer Manager
Agendas

y 3 L1
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Executing Little-JIL Process Definitions

s ROMEO Parameter
Manager
e
Who Outputs

Which step doesi” What is it
next? done to?

Step Agenda

Sequencer Manager
Agendas

[ ]
LT
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LIP6, Paris, June 2010

JSim: The Little JIL Simulator
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The GimpleEDOProcess

v TriagePatient &

Resource Acquisition
Agent: TriageNurse
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®
VTreatpatiEntsAsTheyArrive ]/_\.

ResourceAcquisition
Agent: AutoAgent

@
vTreatOnePatient A

Resource Acquisition
MNon-agent Res: Bed

-- Patients wait here until

a bed resource becomes
available and can be acquired

v RegicterPatient ‘& vpatienﬂnsideEDScopeA
legisterPatien

Resource Acquisition
Agent: Clerk

& DischargeOrAdmi
geOrAdmitScope
‘\_/’ PlacedIinBed & VnssessAndTreatScope& _

Resource Acquisition
Agent: Nurse

®
VMDInitialAssessment& VTestsScopeAbstra ctn/_\a ProceduresScope

Tests performed on
the patient

\7’ RMNAssessment A

Resource Acquisition: Resource Acquisition
Agent: Nurse Agent: Doctor

Bed-side procedures
performed on the patient



The GimpleEDOProcess
With a Policy Change

®
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ResourceAcquisition
Agent: AutoAgent
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Tests performed on
the patient

Bed-side procedures
performed on the patient



Triage Nurse can place
patient in bed

Numberof Patients in Waiting Room
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Impact of @ame doctorO
constraint
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Resource Specification
modifications took only minutes

Important because getting the right resource
mixes and substitution rules took
considerable experimentation
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Incremental Resource Scheduling:
The TWINS System

(with Junchao Xiao
Institute of Software
Chinese Academy of Sciences
Beijing, China)
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Need for allocation/scheduling

¥ Previously described work was based
on first-come-first-served resource
assignment

¥ Problems with first-come-first-served

P Myopic assignment choice can lead to
suboptimal resource utilization, create
bottlenecks
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An example: Two processes
In parallel both need same resources

2009/10 2009/11
27129 4-1.-.}-3:4-5-4.7:1-9-1.11.1.13 } 15.]-17 .} 19.] 21.} 23 1.25 § 27.].29 {31 -{. 2

] 10/30

s

10/13 10/24

Resource A needed for A1, A2;: B for B1, B2: C needed for C1,C2
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Two possible schedules
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Incremental Resource Scheduling

¥ First-come-first-served is myopic
¥ End-to-end static scheduling breaks down in a
dynamic environment

b Unexpected events can negate entire schedule
b Unanticipatable paths through the process can too

¥ Intermediate approach: Incremental scheduling
b Define a window of upcoming events

P Schedule over that window

b Reschedule when scheduled tasks have been
completed or when disruption negates schedule
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An Example

Resource Request:
Aaent: TriageN

V TreatOn

Triage
P1 Patient1

Triage
P2 Patient2

Register | Assess

Patient1 Patient1 >
Register | Assess | Discharge
Patient2 Patient2 Patient2
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The TWINS Incremental Resource

New Requirement
Rush Order
Exceptions

Resources Change

Scheduling Framework
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Scheduling cost variation with
changing window size

4000 - — 180
_ 93500 e 160 e Scheduling
S > \ 2 time
22 | 140 5
53 3000 5
2 2 / - 120 © Total patient
E e
2 72000 & = Number of
22 / 80 € rescheduling
[Sa= =)
0 © =
= 1500 ‘\:><I—l - 60
- -
1000 [ [ [ [ [ [ [ 40
1 2 3 4 5 6 7 8 9
Scheduling window size

LIP6, Paris, June 2010



Resource utilization rate as
number of doctors increases

1 _
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Effect of resource specification detall
on scheduling effectiveness

18100 -
16100 —e— Schedule with
14100 complete and
precise resource
12100 availability and
‘\ capability
10100

\ information
8100 Schedule with less
\\ complete resource
6100 \ availability and
capability
4100 \ information
2100

100

Total patient waiting time

25 26 27 28 29 30 31 32 33 34
Patient arrival interval (time unit)
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Effect of process detail on scheduling
effectiveness J

o
V ssessment AV petortests L5 peombedsicebrocedurel
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Effect of process detail on scheduling
effectiveness J

Elaborate Assessment step
with nurse and doctor doing | [ V Asesment [3Y PerformTests 2V perormBe dsideProcedurel
assessments in parallel with
each taking 11 time units

Resource Request:
Doctor, Nurse

42000
—e— Using the process
40000 from Figure 4 for
38000 scheduling and
g simulation
= 36000
g 34000 7 . ;Jsing the procfiss
c om Figure 4 for
= 32000 scheduling, and
% _/‘//./‘ using Figure 2 for
= 30000 / running simulation
2_ 28000 Using the process
g /'//:/ from Figure 2 for
o 26000 :
s //:/// scheduling and
24000 = simulation
22000 ‘
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Execution time of Assessment




Effect of process detail on scheduling
effectiveness J

vV AssessAndTest A
Elaborate Assessment step A,
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— //:/// scheduling and
24000 = simulation
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Execution time of Assessment




Effect of process detail on scheduling
effectiveness J

vV AssessAndTest A
Elaborate Assessment step ..A.
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Effect of process detail on scheduling

effectiveness

Elaborate Assessment step
with nurse and doctor doing
assessments in parallel with
each taking 11 time units
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Effect of process detail on scheduling

effectiveness

Elaborate Assessment step

assessments in parallel with
each taking 11 time units
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How window size affects the
percentage of steps for which
resources are not recomputed
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How patient arrival interval affects the
percentage of steps for which
resources are not recomputed
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GA cost compared to

exhaustive search

Time spent by ES (Second)
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Future Research

¥ Robust version of ROMEO
¥ Application to more domains
¥ Use In supporting actual process execution

¥ More experimentation wit
P How does time window de
P How does window size de

PDENC
PDENC

PbWhat GA parameters to use w

N TWINS

on domain?
on process?

nen?

b What process and resource details are worth

specifying?
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Final Words

¥ Promise of rigorous process definition is
being fulfilled

¥ Analysis is identifying defects
b Leading to improvement

¥ Execution Is happening
P Will lead to agent guidance

¥ Resource optimization Is showing promise
¥ This is a good time to @o processO
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Define a @ime windowO

¥ Based on what?
PTime
B Number of steps
P Kind of steps (e.g. up to next branch?)

¥ How large?
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Use Process to Identify Steps

¥ This 1s a graph analysis problem
¥ But not an easy one
¥ Details omitted here :-)
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ldentify Optimal Schedule

¥ Problem is NP-Hard
¥ How to search a large space

¥ Smaller windows
b Make smaller search spaces
b Are more myopic
b Require more rescheduling
¥ Larger windows
b Larger search spaces
b No assurance of optimality

¥ What is @ptimalOwindow size?
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Complexity of Seduling

g @@ @@@@ : zg
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Reschedule when needed

¥ When Is that?

¥ Wait until there I1s an unanticipated
request?

¥ Sense when projections seem QtaleC
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Genetic Algorithm Used

¥ Experimentation to suggest
b Window size
B Number of generations
P Crossover ratio
b Etc.
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