rd Annual

international symposium

hybrid event

Data Visualization to Address Program and Systems Engineering Problems in
Large Projects

Modeling Schedule Logic




Outline

* Problem context

» Data visualization with graphs

« Data visualization for modeling and solving problems
« Data visualization for systems engineering

« (Case study

* Process to develop the interactive schedule logic modeling
capability

* |mportance of interactivity
 Ease of process
* Additional material
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Problem Context
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Problem Context - Working with large schedules

Unique attributes of Iarge projects Problems impact Program Management and Systems
. Ext v hedul Englneerlng Efforts
X reme, ylarge scheaules ) ) Earned Value Management

. Murky picture of work/product relationships - Management Reserve Allocation
. Changes over time convolute the schedule and . Risk

understanding of work/product relationships . Impact assessments for technical solution feasibility (design,

: : development, integration, verification, validation, production,

. Not readily human comprehensible operati%n, sustain?nent) P

Types of problems

. StaffManagement/Customer do not have full
understanding of schedule

. New staff have difficulty comprehending

. Poor comprehension of risk and impact on other
project areas

. Assessment of change is limited — full scope is hard
to identify

. Misunderstandings drive unneeded changes —
further obscuring schedule structure and resulting in
incorrect logic

. Variance Analysis Reports are based on silos of
information

. Belief or trust in schedule is deteriorated




Working with Large Schedules

Current approaches to dealing with
large schedules

« Critical path analysis
« Network diagrams (schedule logic

diagram) — displays relationships

E il
Current State with Large Network Diagrams




Working with Large Schedules

Current approaches to dealing with
large schedules

« Critical path analysis
« Network diagrams (schedule logic

diagram) — displays relationships




Working with Large Schedules

What if you could:
SEULUENY . V/ary the levels of abstraction

I SO | Visually consider (individually or

* Critical p combined)

« Network — completed tasks

— In-work tasks

— work not started

— work by Product Realization Team (PRT)
work by major component
work by major project milestone

work by float duration, critical path or
any number of other project specific
needs

diagra

What if we could have this?




Data Visualization with Graphs
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* Nodes (or vertices)

» Relationships
(or edges)

www.incose.org/symp2023 9



* Nested Drawings

— Graph inside a node
— Graph inside an edge

— Edges to nodes in other nested
drawings

www.incose.org/symp2023 10



* Nested Drawings ——| .

— Graph inside a node

— Graph inside an edge cusers Cluster 2
— Edges to nodes in other nested = Fﬂ-ik

drawings

e — |
I —
T
]
7 INSN
e —
e —
| ———
I

www.incose.org/symp2023 11



e Labels

— Node labels
— Edge labels
— Connector labels

— Edge decoration
labels

acl-ecu
acl : Accelerator

etrsm : ~IFS_TRSM
eepc : ~IFS_EPC
eice : ~IFS_ICE

bp : BatteryPack

CAN_Bus
epc : ElectricalPowerController
ctrl
|
O fp : FS_EPC 6}

ice: InternalCombustionEngine

fi2 : Fuellnjector fra : FuelRail

Port : ICEFuelFitting ¢

unnamed1 : Fuel &—¢ unnamed4 : Fuel

unnamed5 : Fuel

unnamed1 : Fuel

unnamed2 : Fuel

unnamed3 : Fuel

ICEFuelFitting : FuelFlow ¢

fi1 : Fuellnjector

——- unnamed1 : Fuel

s

fr : FuelRegulator

fi : Fuellnjector

unnamed1 : Fuel

Port : ICEFuelFitting

0 fp:~CAN_Bus

i2 : ElectricCurrent

i1 : ElectricCurrent sm : Transmission -

g1 : Torque
0 fp:FS_TRSM
1

emg : ElectricMotorGenerator o—6 dif 4

12:: Torque

1 : Torque

www.incose.org/symp2023

|
torqueln : Torque ¢ ——————@——¢| torqueOut : Torque

fuelFlow : Fue

injectorDemand : Real

unnamed3 : Fuel

unnamed2 : Fuel

unnamed1 : Fuel

ft : FuelTankAssembly

FuelTankFitting : ~FuelFlow >

IFlow

flowrate : Real

press : Real

p1: Fuel 9
Port : ~FuelTankFitting €/

p2 : Fuel 4|

Port : ICEFuelFitti

12



One-Dimensional Swimlanes

Two-Dimensional Swimlanes

www.incose.org/symp2023 13
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Data Visualization for Modeling and
Solving Problems

www.incose.org/symp2023 14



Support users in modeling their systems as graphs

Apply graph visualizations and analyses to
discover areas of interest in their data

Apply graph visualizations and analyses to
optimize their systems

www.incose.org/symp2023

15



* Support users in

modeling their systems
as graphs

www.incose.org/symp2023 16



* Apply graph
visualizations and
analyses to discover
areas of interest in their

data

www.incose.org/symp2023 17



\ TI]IH SﬂUJlIEf Supplychain SupplyChain

SOFTWARE

Filter Controls Location Interactions  Production Flow
. I a * - .%- hd : Q ‘ - ’
e Locations

== Africa

visualizations and - S
analyses to optimize
their systems

EuopeEnER

Parameters Chart Production Type Distribution

Asia Pacific

Europe / EMEA

Latin America

North America

Copyright © 2007 - 2022 Tom Sawyer Software. All rights reserved.
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* Deliver pertinent information to decision makers
 Communicate key results to stakeholders

www.incose.org/symp2023
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* Deliver pertinent
iInformation to decision
NELGES

www.incose.org/symp2023 20



 Communicate key
results to stakeholders

(L Tom ST Retail Network

Afvcan R

Asian Regionsl Headquariors

nal Hoaduar

Gorporate Headquartors
European Regional Headauarte

South American Regional Headguarters
Westor U.S. Regional Headquarters

Western US. Regional
Headquarters

South American
Regional
Headquarters

European Regional
Headquarters

Corporate Headquarters

African Regional g

Headaquarters

Asian Regional Headauarters

High Prority
On-hold Status

|

@ Sales Per Square Foot

@ Medium Priority
Closed Status

High Prority @ Medium Priority  © Low Priority

www.incose.org/symp2023

Low Priority Open status

outers [Tiekets

Dongouan
Tanin
Gobu City

Damansara
Shiraz
Bangeo
Seoul
Panama Ciy
Jskarta
Kuwait Ciy
Edmonton,
Oubai
Karachi
Bogota
oo oct
Bloomingt
sabianca
Aventura,
Garacas
Paulo

Country  Regional HQ
Chna  AsianRog
China
Phitppines.
ran
Malaysia  Asian Rogi
ran AsinRegl
Thaland  Asian Regi
SoutKorea Asian Regi
Panama Corporate
Indonesia  Asian Rogi...
Kowat  AsianRegi
Canata  Wester U,
United Ara.. Asian Rogi
Pakisan  Asian Rogi...
Colombia _ South Am.
Egpt  AficanRe
United Sta... Corporate
Moroceo  Alfcan Ro.
Unied Sta... Corporate
‘South Am.
South Am.

Ava
4000000
4000000
3500000
3000000
2800000

1600000
1500000
1500000
15000.00
1500000

Retall Net

Gross Sales Proft
30000000.00 1000000
'20000000.00 8000000.00
50000000.00 5000000.00
/2000000000 500009000
15000000.00 5000000.00
14250000.00 5277777.78
0 501368889
12860625.00 4346394.23
93,75 4887037.50
11606714.06 4642685.63

4374115 472687057
835105409 485462383
853200138 4740000.77
810540131 5065875.82
770013125 513342083
731512469 487674979
694306645 463291230
660190003 4401266.69
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Data Visualization for Systems
Engineering
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Bring human experts back into the equation

www.incose.org/symp2023 23



* Bring human experts back into the equation

— “There is something interesting here, let’'s look further”

— “| have seen this pattern in another situation, a similar
solution may be helpful here as well”

— "There is an almost-pattern right there!” (almost
vulnerablility in a communications network, almost
viable alternative for supply chain component, etc.)

— “We can optimize the system here”

— Multiple views into the same data provide a basis for
the solution

www.incose.org/symp2023
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* Implications of dynamic change for visualization and analysis
— Formation of new graph topology
— Updates that need to be highlighted
— Trends to be discovered

New Insights to be Discovered and Communicated

www.incose.org/symp2023 25



People and Incidents  People Network

a

Incidents Map

Timeline Incidents By Type Offense Detail People By Age

Incidents By Precinct ~ Social Network Analysis People Incidents

Jan'08

Incidents

www.incose.org/symp2023

Mar '08

Apr '08

26



T, Jn270952AM

Jan 24 11:39 AM

Jan 24 07:30 AM.

->

-
'

£ S e ———
'

Jan 24 07:18 AM
Iy

Jan 23 12:20 PM

Jan 23 11:30 AM
A
'

Jan 23 11:24 AM

Jan 21 07:11 AM

Jan 19 03:31 PM
A

Jan 19 03:27 PM
4

Jan 23 07:12 AM

Jan 22 0709 PM

Jan 28 05:17 A

Jan 19 02:59 PM.

Jan 22 0403 PM

.org/symp2023

WWWw.INncose




Retweet 1

Retweet 2

Retweet 3

Retweet 7

Retweet 8

Retweet 9

Retweet 10

Retweet 11

Retweet 4 Retweet § ——————————————————————————> Retweet 12

Retweet 6

#graphanalytics

#TechTipTuesday #SystemsEngineering

www.incose.org/symp2023

#TSPerspectives

#graphdatabase

#graphviz

Retweet 13

Retweet 14

Retweet 15

Retweet 16
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o000 ¥¥ Supply Chain X + Y

& @& demonstrations-east.tomsawyer.com/demonstrations/supplychain?username=jsix@tomsawyer.com how = O & ¢

R

[om SAWUEr  supply chain

SOFTWARE

Products Production Flow = Location Interactions

@ Q ‘H S | e
Final Products
Asia Pacific
B china

China Tools (DKO01) Zinc
Ballpoint Pen

Transform

Manufacture

(NZ01) Brass — > (NOO1) Brass Ring
Retractable Ballpoint Pen With Logo (BRO1) Bronze Assemble

Blue Ballpoint Pen with Cap

Transform

Retractable Blue Pen Manufacture
Transform

North America Manutacture e > (SK01) Fountain Pen Barrel
(DEO5) Pen Barrel

ted States of America (CH02) Coal aniades oot .
—_— .
ReuseStationeryCorp (DEO04) Brass Clip

Red Ballpoint Pen Assemble

(UKO1) Fountain Pen Cap (US05) Fountain Pen
US Pen Company (BRO1) Zinc — (ITo1) Plastic W

Fountain Pen

Multicolor Pen Manufacture Assemble

(SGO01) Ink Cartridge —|
Pen Se‘ Manufacture * Assemble

Assemble
Tansorn (CH03) Steel ———=**—»  (US01) Fountain Pen Tip J

(BRO1) Iron ————"—»

(SK01) Fountain Pen Core

Details Products  Transport Flows Production Type Distribution ~Product Alternatives

@ Production Code Text Production Type Country Location Region Producing Producing Remainder Status
Pb-0001 Pen Barrel Intermediate Slovakia SKO01 Europe 0.00 -240

()
Pc-0001 Pen Core Intermediate Slovakia SKO1 Europe 100.00 -10 Q
PI-0001 Plastic Base Material United States of ... US02 North America 1250.00 191
PI1-0001 Plastic Base Material Italy 1ITO1 Europe 5000.00
CI-0002 Plastic Clicker Intermediate United Kingdom UKO1 Europe 2090.00
Co-0001 Pen Cap Intermediate China CHO04 Asia Pacific 1080.00
Pt-0001 Plastic Tube Intermediate China CHO05 Asia Pacific 320.00
Bp-0003 Red Ballpoint Pen Final Product United States of ... US04 North America

www.incose.org/symp2023




Implementd“eature 1b

Fred

Design Beature 1

Implementteature 1a

Design Feature 2 Implemeg t-eature 2

Mary

Docume({feature 1

Implemeni.interface 1

Susan

Test Feyture 1

Mary

Document ESature 2

Implemeriiterface 2

Susan

Test Fejitire 2

Documeniatioh Review

Susan

Integriitioh Test

www.incose.org/symp2023

Finill S8ild

DeployAgpjcation
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Version 43.1

Hold Approval
Meeting

Review Market 2 )
Research < Write Requirements. Communicate @
Feature Approved Approval
= Requirements Approved

Identity Feature
Stakeholders Requirements Kickoff

Requirements Approved?

Market Research Available?

8

Restart Approvals
Cancel Feature
Feature Cancelled
Outcome of Meeting?
Feature Rejected i Modiy Requirements

Overrule Rejection and Re-Start Approvals

Version 20.0

Market Research Available?

G

Hold Approval

i ?
Meeting Requirements Approved

Review Market Write Requirements
< Research

Feature Approved Short Cycle Project or POC?

Communicate
@ B {& Requirements
(€ [E)

Review Requirements Approval

s
Requirements Kickoff ° Approval Meeting Needed?

Requirements Approved

O Added —

O Modified
O Removed

www.incose.org/symp2023




F G
BL Project BL Project
Activity Name WBS Start Finish Start Finish Predecessors

Activity ID Successors

SDTES123010
SDTES123030
SDTES122020
SDTES122030
SDTES123000
SDTES121330

TES:
TES:
TES:
TES:

: ENV Tester, Certification - Certification Test
TES:

ENV Tester, Certification - Record Test Results (TD)

ENV Tester, Certification - Release Tester for Operation
ENV Tester, Software - Release Calibration Program (AP)
ENV Tester, Software - Release Control Program (AM)

ENV Tester, Hardware, Build - #2 Assemble

SDS.ABC.04.01.08-2212.11.04
SDS.ABC.04.01.08-2212.11.04
SDS.ABC.04.01.08-2212.11.03
SDS.ABC.04.01.08-2212.11.03
SDS.ABC.04.01.08-2212.11.04
SDS.ABC.04.01.08-2212.11.02.03

-Nov-2020 A 12-Nov-2020 A
-Nov-2020 A 25-Nov-2020 A
-Feb-2020 A 30-Apr-2020 A
-Mar-2020 A 17-Jul-2020 A
1-Jul-2020 A 10-Nov-2020 A
[-Oct-2019 A 31-Oct-201S A

6-Nov-20
18-Nov-20
3-Feb-20
23-Mar-20
1-Jul-20
1-Oct-19

6-Nov-20 SDTES123000 SDTES123020
24-Nov-20 SDTES122030, SDTES122020, SDTES120150, SDTES12018( SDTES083170
30-Apr-20 SDTES122010 SDTES123030
15-Jul-20 SDTES122000 SDTES123030
30-Sep-20 SDTES121330, SDTES120120, SDTES120020 SDTES123010
31-Oct-19 SDTES121320, SDTES121110 SDTES123000

SDTES121320 TES: ENV Tester, Hardware, Build - #2 Fabricate SDS.ABC.04.01.08-2212.11.02.03  -Sep-2019 A 30-Sep-2019 A
SDTES121240 : ENV Tester, Hardware, Procure - Inventory SDS.ABC.04.01.08-2212.11.02.02  -Aug-2019 A 30-Aug-201S A
SDTES121060 TES: ENV Tester, Hardware, Design Drawing Definition - Release Drawing SDS.ABC.04.01.08-2212.11.02.01.01 -Feb-2020 A 20-Mar-2020 A
SDTES121050 : ENV Tester, Hardware, Design Drawing Definition - Peer Review Drz SDS.ABC.04.01.08-2212.11.02.01.01-Nov-2013 A 3-Dec-2019 A
SDTES120240 TES: ENV Tester, Requirements, Documentation, Software Requirement SDS.ABC.04.01.08-2212.11.01.02.05 -Feb-2020 A 20-Mar-2020 A

3-Sep-19
19-Aug-19
3-Feb-20
1-Nov-19
3-Feb-20
23-Dec-19
3-Feb-20
23-Dec-19
3-Feb-20
2-Dec-19
3-Feb-20
21-Nov-19
20-May-20
1-May-20
3-Sep-19
13-May-19
27-Apr-21
7-Apr-22
31-Mar-22
24-Mar-22

30-Sep-19 SDTES121300, SDTES121310 SDTES121330
30-Aug-19 SDTES121200, SDTES121100, SDTES121210, SDTES12122( SDTES123030
20-Mar-20 SDTES121050 SDTES123030
29-Nov-19 SDTES121040, SDTES121000, SDTES121010, SDTES12102( SDTES121060
20-Mar-20 SDTES120230 SDTES123030
27-Dec-19 SDTES120220 SDTES120240
20-Mar-20 SDTES120200 SDTES123030
27-Dec-19 SDTES120190 SDTES120210
20-Mar-20 SDTES120170 SDTES123030
13-Dec-19 SDTES120160 SDTES120180
20-Mar-20 SDTES120140 SDTES123030
9-Dec-19 SDTES120130 SDTES120150
29-Jun-20 SDTES120110 SDTES123000
19-May-20 SDTES120100 SDTES120120
10-Mar-20 SDTES120010 SDTES123000
17-May-19 SDTES120000 SDTES120020
3-May-21 SDTES116200 SDTES116050
13-Apr-22 SDTES116180 SDTES1009770, SDTES1017610
6-Apr-22 SDTES116170 SDTES116190
30-Mar-22 SDTES116160 SDTES116180

SDTES120230 TES: ENV Tester, Requirements, Documentation, Software Requirement SDS.ABC.04.01.08-2212.11.01.02.05 -Dec-2019 A 6-Jan-2020 A

SDTES120210 : ENV Tester, Requirements, Documentation, Software Documentatii SDS.ABC.04.01.08-2212.11.01.02.04 -Feb-2020 A 20-Mar-2020 A
SDTES120200 TES: ENV Tester, Requirements, Documentation, Software Documentatii SDS.ABC.04.01.08-2212.11.01.02.04 -Dec-2019 A  6-Jan-2020 A
SDTES120180 : ENV Tester, Requirements, Documentation, Operating Procedure (/SDS.ABC.04.01.08-2212.11.01.02.03 -Feb-2020 A 20-Mar-2020 A
SDTES120170 TES: ENV Tester, Requirements, Documentation, Operating Procedure (£SDS.ABC.04.01.08-2212.11.01.02.03 -Dec-2019 A 13-Dec-2019 A
SDTES120150 TES: ENV Tester, Requirements, Documentation, Maintenance Procedur SDS.ABC.04.01.08-2212.11.01.02.02 -Feb-2020 A 20-Mar-2020 A
SDTES120140 : ENV Tester, Requirements, Documentation, Maintenance Procedur SDS.ABC.04.01.08-2212.11.01.02.02-Nov-2019 A 11-Dec-2019 A
SDTES120120 TES: ENV Tester, Requirements, Documentation, Test Plan (TK) - Release SDS.ABC.04.01.08-2212.11.01.02.01-May-2020 A 30-Jun-2020 A
SDTES120110 TES: ENV Tester, Requirements, Documentation, Test Plan (TK) - Peer Re SDS.ABC.04.01.08-2212.11.01.02.01-May-2020 A 19-May-2020 A
SDTES120020 : ENV Tester, Requirements, Compatibility (CD) - Release SDS.ABC.04.01.08-2212.11.01.01  -Sep-2019 A 20-Mar-2020 A
SDTES120010 TES: ENV Tester, Requirements, Compatibility (CD) - Peer Review SDS.ABC.04.01.08-2212.11.01.01 -May-2019 A 17-May-2019 A
SDTES116030 : ENV Tester, Certification, BTT, Record Test Results (TD) SDS.ABC.04.01.08-2212.10.05 20-Feb-23 24-Feb-23
SDTES116190 TES: ENV Tester, Certification, Build #2, VTT, Release Tester for Operatio SDS.ABC.04.01.08-2212.10.05 23-Mar-23 29-Mar-23
SDTES116180 TES: ENV Tester, Certification, Build #2, VTT, Analyze Test Results SDS.ABC.04.01.08-2212.10.05 16-Mar-23 22-Mar-23
SDTES116170 : ENV Tester, Certification, Build #2, VTT, Record Test Results (TD) SDS.ABC.04.01.08-2212.10.05 9-Mar-23 15-Mar-23
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Aerospace

Aerospace

Filters | Settings [ (el

« Nodes are activities in
the schedule

* Relationships are the [l

AAA

SYE: DB, Quaification- Quaificaton Report = SYE: DB, Qualficaton- Conduct System Qualficaton Raport (SOR)

‘SYE: DB, Detakied Design- Release Dighal Engineering Manual (No Testing)

TES

schedule logic o

SYE: DB, Dotaiod Design- Dolver Reasoner = SYE DB, Dotalod Dasign- Conduct Basine Dosign Review (BOR)
SYE: DB, Doalod Design- Daver Data Procossar

SYE: DB, Requirements and Archfscture- Submit CDR Completion Memo = SYE: DB, Requirements and Archlecture- CDR Respond 1o Requirements Actons Memo

- SYE: DB Croato Usor Stores

@M TESTBED
predecessors and
SUCCESSOrs)

AXX
SYE
@M QuaL,

——|  VE:0B Requrements Development - RCP Exempiar (Completed 4122 -72922)  ——
SVE: DB Star (Startod - 1 T SYE:DB Concopt of Oporatons- Product Development Pian (Completod 10/1/20 - 6:30722)
- SYE: DB, Concept of Operatons- ABC Archacture Modeling (Completed 101121 - 41/22)

- SYE: 0B, Dotaled Dosign- Wirstramo
L SYE: 08, Concept of Oparations- Dighal Twin Demo (Completed 1/1/22 -68022)  ————

- SYE: DB, Concept of Operations- Miestone and Feature Planning

‘SYE: 08, Conceptof Oporations- Strategi Plan (Compleed 10/1120 - /30%21) €08 Fiish — SYE: SEPM Completod —| _ MLS: Tior 0 Mlestones, Major -

ABC Program - Completed.

<E<N<N<N<]

Attribute Value Activities
Activity Name SYE: DB Create User Stories &

ID SDSYE101890 D

Name SDSYE104...
SDSYE104...
SDSYE104...
SDSYEQ00...
SDSYE101...
SDSYE999...
SDSYE101...

Project Finish

Project Start

Status Completed

Type SYE

WBS Code SDS.ABC.04.01.01-2212.11.03
WBS Name SYE: DB Create User Stories

www.incose.org/symp2023

Timeline

Activity Name

SYE: DB, Concept of Operations- Milestone and Fe...
SYE: DB, Concept of Operations- Digital Twin Dem...
SYE: DB, Concept of Operations- ABC Architecture...

SYE: DB Start (Started - 10/1/20)

SYE: DB Requirements Development - RCP Exem...

SYE: DB Finish
SYE: DB Create User Stories

WBS Code

SDS.ABC.04.01.01-2212.11...
SDS.ABC.04.01.01-2212.11...
SDS.ABC.04.01.01-2212.11...

SDS.ABC.04.01.01-2212.11

SDS.ABC.04.01.01-2212.11...

SDS.ABC.04.01.01-2212.11

SDS.ABC.04.01.01-2212.11...

Q

Project Start  Project Finish Status
Completed
Completed
Completed
Started
Completed
Started
Completed
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7 SOFTWARE

Aerospace

Aerospace

Filters = Settings

@ mops
. Mec

@M QuaL,
@M (°) mooT H
@M (HP) MODT

Electrical ICD
SYE.16.01.01

T Lol oo s ol 5 oty s st s Wi o Pt W]

= v seP Comge—

SYE.16.01.02

Oocuments | ) ICDGE,

Status

[ mobsim

(X) MODT

(M) MODT

(X) Subsystem, Normal Env
MODH

All Env Complete

(M) MODH

AER Ready

QUAL

[ Not Started
[l started
. Completed

Attribute
Activity Name
ID

Name
Project Finish
Project Start
Status

Type

WBS Code
WBS Name

Value
SYE: SEPM Completed
SDSYE999999

09-01-2026

Started

SYE
SDS.ABC.04.01.01-2...
SYE: SEPM Completed

SYE.16.01.04

H

System Reviews

[ vE:System PRI, System Reviews- Conduct Technical Review #1 || SYE: System PRT, System Reviews- Provide Final Conlent to Custormer fo Technical Review #1

[ SVE: Sytam PR, System Reviows Gonhet Tl Aeviow 2

}{ YE: System PRT. System Roviews- Provide Final Content to Customer for Technical Roview #2

Behavior Analysis Review/Consulting

SYE.16.05.01

SYE: System PRT,

. Requirements Review- Receive Final

SYE: System PRT, Extornal Interfaces Vaiidation & Emulators) SYE: System PAT,

SYE: System PRT, Behavior

'SYE.16.05.03

SYE: Systom PRT, Behavior

Activities = Timeline

=

ID Activity Name

SDSYE999999 SYE: SEPM Completed

SDSYE104520 | SYE: Safety

SDSYE1000770 SYE: Risk Ranking of Subsystem Hazards complete
SDSYE104850 | SYE:RE

SDSYE104860 SYE: RE

SDSYE101020  SYE: Requirements, PM, FY23, (TA) - Release initial draft of DB s...
SDSYE100990  SYE: Requirements, PM, FY23, (TA) - Release Final

WBS Code

SDS.ABC.04.01.01-2212
SDS.ABC.04.01.01-2212.13.02
SDS.ABC.04.01.01-2212.13.01
SDS.ABC.04.01.01-2212.15.04.01
SDS.ABC.04.01.01-2212.15.04.01
SDS.ABC.04.01.01-2212.01.01.06.01
SDS.ABC.04.01.01-2212.01.01.06.01

Project Start

www.incose.org/symp2023

Q

Project Finish
09-01-2026

Status
Started
Started
Completed
Not Started
Not Started
Started
Started




_Tﬂm SﬂUJlIEf Aerospace Aerospace =

7 SOFTWARE

Filters = Settings

@ mops

. Mec

@M aua

@M (P) MoDT SYE- ASA, Management - AC Handoff to PA
@M (HP) MODT

M moDsIM

(X) MODT

(M) MODT

(X) Subsystem, Normal Env, i3 ERR, Passive
MODH

All Env Complete

(M) MODH

AER Ready

QUAL

Status

@ Not Started
@l started

. Completed

Attribute Value Activities ' Timeline
Activity Name SYE: Risk Ranking of Subsy... &
ID SDSYE1000770

Name

Q
ID Activity Name Type WBS Code Project Start Project Finish  Status
SDSYE999999 SYE: SEPM Completed SYE  SDS.ABC.04.01.01-2212 09-01-2026  Started
SDSYE104520 SYE: Safety SYE  SDS.ABC.04.01.01-2212.13.02 Started
Status Completed SDSYE104850 SYE: RE SDS.ABC.04.01.01-2212.15.04.01 Not Started
Type SYE SDSYE104860 SYE: RE , , SYE  SDS.ABC.04.01.01-2212.15.04.01 Not Started
WBS Code SDS.ABC.04.01.01-2212.13... | 'gpgyE101020 | SYE: Requirements, PM, FY23, (TA) - Release initial draft of ... SYE  SDS.ABC.04.01.01-2212.01.01.0... Started
WBS Name SYE: Risk Ranking of Subsy... . gnayE100990  SYE: Requirements, PM, FY23, (TA) - Release Final ~ SYE  SDS.ABC.04.01.01-2212.01.01.0... Started

Project Finish
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= Tl]m SﬂmuE[ Aerospace Aerospace

SOFTWARE

Filters = Settings

@M vops

. Mec

@M QuaL Ballasts

@ (P mopT SYE- ASA, Management - AC Handoff to PA

® M (HP) MODT

@ mopsim

(X) MODT

(M) MODT

(X) Subsystem, Normal Env

MODH

All Env Complete

(M) MODH o
AER Ready
QUAL

TESTBED

Status
@l Not started

[l started
m Ml Completed

Attribute Value Activities Timeline
Activity Name VTT: System, Requirement ...
ID SDVTT010070

Name (XSC) Requirements, CON...
Project Finish 05-28-2021

Project Start

=

Status Completed

Type VTT

WBS Code SDS.ABC.04.01.03-2212.01....

WBS Name VTT: System, Requirement ... < series
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Tl]m 5ﬂl|Jl|Ef Aerospace Aerospace

> S OFTWARE

Filters = Settings

[ MmoDps

. Mec

. QUAL ———— PM, FY22, (1

@M (P) MoDT \ = T |

@M (HP) MoODT = ~ (oo o heeinroe | ;

. MODSIM 1 { Approved Intornally | { SYE: ERB - Ganeral Updats ERB Approved Extomally |

(X) MODT [[5ve: 8 -Oran socurty Pl |
Sve Ena - o : Soratre | —

(M) MODT =

e o
(X) Subsystem, Normal Env, i3 ERR, Passive ‘
MODH

[[sve: Ere - As £ne Aopoved wamaty |
All Env Complete

SYE:ERB SYE: ERB - Of Nominal ES Released

[ sve-ens - Ac i {7 'SYE:ERB - Access Conirol ERB Approved Externaly |

(M) MODH (e ——
AER Ready [ } CErme |

QUAL | SYE: ERB - Resat Impact Assessmant Sent to Customer | —

[ sve:ere } | SYE:ERB ERB ERB Approved Internally
Status
Ol B G I T Ty
Not Started

[ started
. Completed

Attribute Value Activities Timeline

'SYE: Lifecycle Program Doc Development, Review, and Training AAA- FF

Activity Name SYE: ABC AS Started

ID SDSYE1000230

Name

Project Finish

Project Start

Status Started

Type SYE

WBS Code SDS.ABC.04.01.01-2212.15...
WBS Name SYE: ABC AS Started

www.incose.org/symp2023




- [0m 5AUET  Aerospace Aerospace =

ZSOFTWARE

Filters ~ Settings

PMT

SYE- ASA, Management
MODS/MODT

@ vobs

. Mec

V] [\

@M (P) MoDT

@M (HP) MODT

@ MopsIm

(X) MODT

(M) MODT

(X) Subsystem, Normal Env
MODH

All Env Complete

(M) MODH

AER Ready

QUAL

= Status

Attribute Value Activities  Timeline
Activity Name VIT:VTT - Started &
ID SDVTT000000

Q
Activity Name Type WBS Code Project Start Project Finish  Status

Hame Eaned SDVTT000000 |VTT:VTT - Started sosmcmm 03-2212 01042017 | |Started

project Einish SDVTT000001 VTT: VIT - Integration SDS.ABC.04.01.03-2212 06-01-2019  Completed
Project Start 01-04-2017 SDVTT999999 VTT:VTT - Completed VIT  SDS.ABC.04.01.03-2212 02-24-2025  Started

SIAts Staed SDVTT140200 VTT: Tracking, Update, Rigidflex HW, Test - PWA VIT  SDS.ABC.04.01.03-2212.14.01.03 08-07-2019  01-21-2020  Completed
Type haR! SDVTT140070 VTT: Tracking, Update, Rigidfiex HW, Design - Schematic - F... VIT ~ SDS.ABC.04.01.03-2212.14.01.01 07-11-2018  Completed
WBS Code bbbt eh SDVTT140050 VTT: Tracking, Update, Rigidflex HW, Design - Review Sche... VTT  SDS.ABC.04.01.03-2212.14.01.01 07-05-2018  07-10-2018  Completed
ML MIT=VI Tronics=tarted SDVTT140020 VTT: Tracking, Update, Rigidflex HW, Design - Review Design VTT ~ SDS.ABC.04.01.03-2212.14.01.01 07-02-2018  07-02-2018  Completed

www.incose.org/symp2023
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Case Study
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Case Study L Lt

* Active project
 Schedule implemented in Oracle Primavera P6
— 3 years old — rebaselined 3 times
—  Design Agency and Production Agency schedules
— Over 13,000 activities in each schedule
— Manual handoffs between schedules
— In the middle of rebaselining again
— Trying to plan verification and production activities
—  Trying to assess impact of changes
— Cannot meet schedule

«  This research developed a process to model schedule
Ioglc and analyze the results

Problem framing — questions that needed to be answered and
how the answer can be understood

—  Work within limitations of existing resources

— Modeling the schedule logic (workflow or
predecessors/successors%

— Tom Sawyer Perspectives data visualization software
— Interactive meetings

www.incose.org/symp2023
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Process to Develop the Interactive
Schedule Logic Modeling Capability
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From dataset based on
project structure and needs

Once the initial set up is
complete, the capability can Based on key factors
be used over and over with

Import updates as they
occur and assess
changes

new schedule data.

\\\MAl///

ORACLE

PRIMAVERA P6

NS
fom sallyer www.incose.org/symp2023 43




Process — ldentify Key Factors

Five data elements pulled from schedule
Derived additional elements from Activity text for filtering/grouping

‘ Start/Finish

‘ Activity
Name/Description

Work Breakdown
Structure (WBS)
Relationship

(Predecessors/ ‘

Successors)

Activity ID ‘

www.incose.org/symp2023 44



Process — Set Filtering/Nesting

Searchable Activity Table

Activity ID

Activity Name/Description

Relationship (predecessors/successors)
Start/Finish (baseline, current)

WBS for hierarchy/structure

Timeline
Activities by date

www.incose.org/symp2023

Filters for Diagram

Status (Complete, In work, Not started)
Project Realization Team (PRT)
Project Phase

Process Area

Nesting/Grouping for Diagram

PRT

WBS

Relationship

Multiple ‘depths’ of schedule path

45



Results

Addressed specific schedule and program problems

1.

Program schedule flowchart generated for basis of replanning - compared to
implementation in schedule (Correctness)

Testers supporting environmental and functional testing. All activities are
occurring at the same time and there are not enough testers to support this.
Does this need to be reworked? (ldentification of Risk)

Overlap of planned functional, environmental and acceptance testing for
electronics modules. (ldentification of Risk and Verification planning)

Acceptance testing durations for electronics modules — too long and all on top
of each other (Identification of Risk)

Test Equipment hardware deliveries to production agency — new scope (Impact
Assessment)

Path from Advanced Engineer Release (AER) to First Production Unit
(Correctness and Identification of Risk)



Results — Correctness of Schedule

Replan — verify correctness of schedule

« Matches planned flow of work

lnl
wr

« Missing links in schedule TESTBED

 PRT missing entire interface to
another subsystem

* Incorrect coding in schedule
(naming convention)

« Missing handoffs from production
schedule — no ties into real body of

work




Results — Identification of Risk

Understand known areas of concern
better as well as identify areas of
concern not realized before

* Rolling bow wave of activities as
schedule pushes (timeline)

« Multiple activities in parallel

* Downstream areas of activities at
risk

* Production planning and handoffs —
linking of schedules




Results — Impact Assessment for Proposed
Changes

« Identify each touchpoint for area of

change o

MLS

« See farther downstream

o
QUAL VTT
-+

TES

AN
J




Results — Verification Planning

* |dentification of activities and data st e
eeding into a verification activity

[ o] [
® d e | l t I fl Ca tl O | l Of b Ottl e | I e C kS fo r QUAL Quality Acceptance of System/Testbed Deliveries Hardware from Testbed Received, Accepted and Kitted

G

[ ] L] L]
S I I a re d fa‘ I I I tl e S O r reSO l | r‘ eS TESTIEEY Initial Acceptance of Hardware Complete Hardware Management Processing of Testbed Deliveries

Timeline

D y Name Type s Project Start Project Finish Status
» a » . - a SDQAL0S1179 QUAL: PPP, Tests, EMR/EMI Test - Instrumentation Tech Basis Review QUAL . 0 12.04.0 10-04-2022 Not Started
SDQAL051250 QUAL: PPP, Tests, EMR/EMI Test - Develop Report QuAL SDS.ABC.04.01.06-2212.04.04.07 08-29-2024 Not Started
SDQAL051220 QUAL: PPP, Tests. EMI Test - Conduct QUAL SDS.ABC.04.01.06-2212.04.04.07 10-2024 Not Started
L L u SDQAL050390 QUAL: PPP, Staged Assemblies, Stage 1 - Qual Support (LOE) (AXX- b) QuAL SDS.ABC.04.01.06-2212.04.03 10-03-2022 Not Started
a ro a C h e S b a S e d O n ava I I a b I I I t Of SDQALOS0000 QUAL: PP, Prep, Genera - Schedule EIEMRIESD Faciy auaL SDS.ABC.0401.0 101 04 Mot Stared
SDQAL050360 ‘QUAL: PPP, chassis - Qual Support (LOE) - Prep QuAL SDS.ABC.04.01.06-2212.04.02 09-02-2022 Not Started

140170 QUAL: S ks - Opportunity Window QUAL SDS.ABC.04.01.06-2212.03.03 05-22-2020 Started

SDQAL040540 QUAL:  Staged Assembly, System Check - Functional Testing & VVA_248 QUAL SDS.ABC.04.01.06-2212.03.05.12 04-13-2022 Not Started

SDQAL040550 QUAL:  Staged Assembly. System Check - Completed QUAL SDS.ABC.04.01.06-2212.03.05.12 04-19-2022 Not Started
SDQAL040290 QUAL:  Staged Assembly, Stage 9 (MEC-Subsys) - Readiness Review QuAL SDS.ABC.04.01.06-2212.03.05.04 03-19-2021 Started




Importance of Interactivity
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Results — importance of interactivity

« Comprehension
« Consensus
* Credibility

« Correct
« Comparison

«  Change Verification or Impact
Assessment

* (Re)Centering during investigation
« Concentration/Focus

e Communication/Awareness



Results — importance of interactivity
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« Correct
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Results — importance of interactivity

« Comprehension o
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Results — importance of interactivity

« Comprehension o
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- Consensus 0’70’@,.070’7

o S
«  Credibility fano'/hg
« Correct : M/of/\, -
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o .03
Comparison /se O'%S Daia

«  Change Verification or r?ﬁ)act
Assessment

* (Re)Centering during investigatjon
« Concentration/Focus 5
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/,



’fn'.\- ‘.\,

Ease of Process
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Results - Feasibllity

Can this process be performed by a Systems Engineer with no
training in the tool set?

Export of data from schedule
Using the interactive diagrams
Updates with new schedule data
Repeating process

. Inviting users to use the application
Moderate
. |dentification of factors critical for viewing (several iterations)

. Setting up filters in Perspectives

. Determining what to investigate first when addressing a problem

. Setting up nesting/grouping in Perspectives (for someone with
training)

Hard

«  Setting up nesting/grouping in Perspectives (for someone
with no training or experience)
— Needed training
—  One time effort to establish settings



Future Work

«  Highlight changes from updates (comparison)
Expansion of timeline capability

*  Providing guidelines to activity naming structure to
maximize capability

 Research performed for projects in the aerospace and
defense industry, but application can be more broad

—  Applicable to any industry with large, multi-faceted projects such as
education, energy, healthcare, information and technology, large
infrastructure projects

—  SysMLv 2.0

—  Digital Engineering Environment
—  Digital Thread
—  App Building
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Additional Material
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A5 | A6 | A7 | A8 | A9 |A10|A11 [A12

25 | 26
27 | 28

Want to see more? Ask more
questions?

T

Come by the Tom Sawyer booth (#2)

C . c 13| 14
This case study data is available for E
15 | 16 VILLAGE
demo

Times to come by:
Monday, July 17 09:30 — 19:30

% 1 2 5 6 9 |10
Tuesday, July 18 09:30 — 18:00 3|4 7|8 1 (12

Wednesday, July 19 09:30 - 17:00

Main entrance

AT B A B AT
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Questions? Contact Us

Dr. Davinia Rizzo, Aerospace Corporation
 davinia.rizzo@aero.org

Dr. Janet Six, Tom Sawyer Software
* jsix@tomsawyer.com

Joshua Salinas, Aerospace Corporation
e Joshua.Salinas@aero.org
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