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– Systems Engineering Challenges

– SoS Engineering Challenges

❖ SoSE Activities Performed 
– Certification Strategy

– Step by Step Process Description

❖ Summary, Achieved Outcomes & Conclusion
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Definition: A system of systems (SoS) is a system-of-

interest (SOI) whose elements are themselves 

systems.

A SoS brings together a set of systems for a task that 

none of the systems can accomplish on its own.

Each constituent system (CS) retains its own 

management, goals, and resources while coordinating 

within the SoS and adapting to meet SoS goals.

ISO/IEC/IEEE 15288, 

2015, ANNEX G

SoS Characteristics: SoS are characterized by 

managerial and operational independence of  the 

constituent systems, which in many cases were 

developed and continue to support originally identified 

users of the constituent concurrently with users of the 

overall SoS.

INTRODUCTION: SYSTEM OF SYSTEMS
SOS DEFINITION & CHARACTERISTICS
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Emergence: A key characteristic of SoS – the 

unanticipated effects at the systems of systems level 

attributed to the complex interaction dynamics of the 

constituent systems. 

In SoS, constituent systems are intentionally considered 

in combination, to obtain and analyze outcomes not 

possible to obtain with the systems alone.

The complexity of the constituent systems and the 

fact they may have been designed without regard to their 

role in the SoS, can result in new, unexpected 

behaviors. 

Identifying and addressing unanticipated emergent 

results is a particular challenge in engineering SoS. 

INTRODUCTION: SYSTEM OF SYSTEMS
SOS EMERGENCE

ISO/IEC/IEEE 15288, 

2015, ANNEX G
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INTRODUCTION: SYSTEM OF SYSTEMS
INCOSE SOS PRIMER – FURTHER READING
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CALIFORNIA HIGH-SPEED RAIL SYSTEM (CHSRS)
BRIEF INTRODUCTION

Source: https://www.wsp.com/en-GL/projects/california-high-speed-rail

https://www.wsp.com/en-GL/projects/california-high-speed-rail
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CALIFORNIA HIGH-SPEED RAIL SYSTEM

PROCUREMENT STRATEGY / CONTRACT PACKAGING

CEDAR VIADUCT AVENUE 12

Source: 2018 Business 

Plan & 2019 Project 

Update Report to the 

California State 

Legislature.

Note: Revised Draft 2020 

Business Plan available: 

https://hsr.ca.gov/docs/ab

out/business_plans/2020

_Business_Plan.pdf
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CHSRS: PROGRAM DEVELOPMENT LIFE CYCLE
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CHSRS: USE OF DIGITAL THREADS (TRACEABILITY)

10
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CHSRS: CONTRACT VS. SYSTEM CERTIFICATION

11
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http://en.wikipedia.org/wiki/File:US-DeptOfTransportation-Seal.svg
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CHSRS: FOCUS OF THIS PRESENTATION

CONTRACT CERTIFICATION

ACCEPTANCE & HANDOVER

OBJECTIVE

EVIDENCE

SYSTEM CERTIFICATION

SYSTEM IS SAFE, SECURE

AND READY TO OPERATE

FINAL

DESIGN

CONSTRUCTION

& INSPECTIONS

CONTRACT

CERTIFICATION

— INFRASTRUCTURE IS READY TO OPERATE

o EXAMPLE PERFORMANCE REQUIREMENTS

— INFRASTRUCTURE IS SAFE & SECURE

o EXAMPLE SAFETY REQUIREMENT

http://en.wikipedia.org/wiki/File:US-DeptOfTransportation-Seal.svg
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PROGRESS
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– Brief System of Systems (SoS) Overview

– California High-Speed Rail System (CHSRS) Program

– Use of Digital Threads in the CHSRS Program

❖ SoSE Challenges Faced
– Systems Engineering Challenges

– SoS Engineering Challenges

❖ SoSE Activities Performed 
– Certification Strategy

– Step by Step Process Description

❖ Summary, Achieved Outcomes & Conclusion
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SYSTEMS ENGINEERING CHALLENGES FACED
REQUIREMENTS QUANTITY

General Provisions
234 Pages, 1,334 Shall Statements

Scope of Work
97 Pages, 447 Shall Statements

Design Criteria Manual
1,279 Pages, 7,951 Shall Statements

Third Party Agreements
551 Pages, 1,819 Shall Statements

Standard Specifications
434 Pages, 2,274 Shall Statements

PROCUREMENT

CONTRACT (CP1)
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SYSTEMS ENGINEERING CHALLENGES FACED
PROGRAM OF (INDEPENDENT) PROJECTS

CP1

CP2-3

CP4

Future Contracts
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS

225+ MAJOR

STRUCTURES

TRENCH

UNDERCROSSING
RIVER CROSSING

VIADUCTS



www.incose.org/symp2022 17

SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS

CP1: 34 Major 

Structures
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS (CONT’D)

Typical / Type 

of Structure Roadway 

Overheads
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN SUBMITTALS

Geotechnical

Civil

Std. Const. Drwgs.

Retaining Walls

Structural
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN V&V REPORTS, SUBMITTAL CERTIFICATIONS

Geotechnical

CivilStructural

Std. Const. Drwgs.

Retaining Walls

Certificates 

of Compliance
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF SUBMITTAL RECORDS

Fourth Revision

81 Files

Design Change 

Notice (DCN)

Plans (Design Drawings)

Verification & Validation, 

Submittal Certification

Submittal 

Log

Safety & Security 

Certification Report
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SYSTEMS ENGINEERING CHALLENGES FACED
ALLOCATED REQUIREMENTS & OBJECTIVE EVIDENCE
Submittal 

Log

81 Files

Verification & Validation, 

Submittal Certification

Allocated Requirements
(Technical Contract Requirements [TCR])

Objective Evidence
(Reference and RM Tool Traces)

Contractor V&V Report
(Including Requirements Verification 

Traceability Matrix [RVTM])
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SYSTEMS ENGINEERING CHALLENGES FACED
CONSTRUCTION CERTIFICATION: QUALITY MILESTONE (DATA PACK, QMDP)

Avenue 10

QMDP 21: STR08, 

Avenue 10

QMDP 01: GDW01, 

Guideway Pkg 01

QMDP 53: 

3RDP001, AT&T

QMDP 54: 

3RDP002, PG&E

Submittal 

Log
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SOS ENGINEERING CHALLENGES FACED
INDEPENDENTLY MANAGED (& OPERATED) PROJECTS (CONSTITUENT SYS.)

STR08 / Ave 10 

STR08 / Ave 10 

List of Quality Milestone 

Data Packs (QMDPs)
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SOS ENGINEERING CHALLENGES FACED
INDEPENDENTLY MANAGED (& OPERATED) PROJECTS (CONT’D)

CP2-3 CP4
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SOS ENGINEERING CHALLENGES FACED
CERTIFICATION APPROACH: PUTTING IT ALL BACK TOGETHER

SOURCE/CREDIT: 

HTTPS://GARAGESIMEONE.CH/P

ORTFOLIO-VIEW/ORIGINALTEILE/
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PROGRESS

❖ Introduction
– Brief System of Systems (SoS) Overview

– California High-Speed Rail System (CHSRS) Program

– Use of Digital Threads in the CHSRS Program

❖ SoSE Challenges Faced
– Systems Engineering Challenges

– SoS Engineering Challenges

❖ SoSE Activities Performed 
– Certification Strategy

– Step by Step Process Description

❖ Summary, Achieved Outcomes & Conclusion
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SOSE ACTIVITIES PERFORMED
HIGH-LEVEL VERIFICATION, VALIDATION & CERTIFICATION STRATEGY

Individual Project 

Requirements

Certifications with 

Supporting Evidence

Black Box Approach, 

Defined Interfaces, Project 

Specific Implementation

Demonstration of 

Compliance (V&V)

Progress 

Measurement
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SOSE ACTIVITIES PERFORMED
VERIFICATION & VALIDATION APPROACH

Contract Sites Submittals

RM Tool 

Modules

RM Tool 

Attributes

RM Tool Links

(Digital Threads)

Types
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SOSE ACTIVITIES PERFORMED
VERIFICATION & VALIDATION APPROACH: 6 KEY STEPS

Contract Types Sites Submittals

Digital 

Threads

Step 1

Contract

Requirements

Step 2

Technical 

Contract Req.

Step 3

Type 

Requirements

Step 4

Site-Specific 
Requirements

Step 5

Submittal-Specific
Requirements

Step 6

Objective 

Evidence
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 1 – CONTRACT REQUIREMENTS

Contract
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 2 – TECHNICAL CONTRACT REQS.

Contract

32

Digital Threads
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 3 – TYPICAL (EW) REQUIREMENTS

HSR Earthworks (Type) Applicable (Subsets) TCRs 

Allocations to 

Individual Sites
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 4 – SITE-SPECIFIC REQUIREMENTS

HSR Earthworks #1 (Site-Specific Applicable (Subsets) TCRs 

Allocations 

to Submittals
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 5 – SUBMITTAL SPECIFIC REQS.

HSR Earthworks Submittal (Requirements Verification Traceability Matrix)

Submittal Reference to Objective Evidence
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 6 – SUBMITTAL LOG & REPOSITORY

Submittal Reference to Objective Evidence

CP2-3, CP4: Submittal Log
New CPx: Submittal Repository 

(Example: Drawing List)
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SOSE ACTIVITIES PERFORMED
PERFORMANCE REQ. EXAMPLE: STEP 6 – OBJECTIVE EVIDENCE

Drawing TT-E6001

Page 9 of 340

250 MPH

Digital Thread

Submittal Certification 

of Compliance (CoC)
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SOSE ACTIVITIES PERFORMED
VERIFICATION, VALIDATION & CERTIFICATION

250 MPH

Trust but Verify

using Digital Threads

Submittal Certification 

of Compliance (CoC)
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SOSE ACTIVITIES PERFORMED
SAFETY REQ. EXAMPLE (CRITICAL ITEM -> CERTIFIABLE ITEMS LIST [CIL])

Design Construction

Risk of Thrown Objects
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SOSE ACTIVITIES PERFORMED
PROGRESS MEASUREMENT

Individual Project 

Requirements

Certifications with 

Supporting Evidence

Black Box Approach, 

Defined Interfaces, Project 

Specific Implementation

Demonstration of 

Compliance (V&V)

Progress Measurement 

using Module of Metrics
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SOSE ACTIVITIES PERFORMED
MODULE OF METRIC (MOM) – INSPIRATION

2013 IBM Webinar
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SOSE ACTIVITIES PERFORMED
HIGH-SPEED RAIL MOM

Using Digital Threads
Module of Metrics
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SOSE ACTIVITIES PERFORMED
DEFINING THE 100% CONTRACT CERTIFICATION SCOPE (BY QMDP)

QMDP 01: GDW01

Guideway Package 01

CP1: 70+ QMDPs (Quality 

Milestone Data Packs)

Various Submittals 

by QMDP

CP1 Structures
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SOSE ACTIVITIES PERFORMED
CP4 EXAMPLE: BUILDING THE MOM

Contractor 

QMDP Plan
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SOSE ACTIVITIES PERFORMED
CP4 EXAMPLE: SUBMITTALS BY QMDP, MEASURING PROGRESS

Design Submittals

Construction Submittals

Submittal Dates Acceptance Dates

Information Retrieved from 

Contractor RM Tool Database

Planned Work Completed Work

Achieved Progress
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SOSE ACTIVITIES PERFORMED
CP4 EXAMPLE: USING THE DIGITAL THREADS

Design Submittals

Requirements Verification 

Traceability Matrix (RVTM)
Certificate of 

Compliance (CoC)
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SOSE ACTIVITIES PERFORMED
CP4 EXAMPLE: REPORTING CERTIFICATES OF COMPLIANCE (COC) PROGRESS

MoM View(s)
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SOSE ACTIVITIES PERFORMED
CP4 EXAMPLE: SAFETY & SECURITY CERTIFICATION REPORTS (SSCR) PROGRESS

MoM View(s)

SYSTEM IS SAFE, SECURE

AND READY TO OPERATE
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PROGRESS

❖ Introduction
– Brief System of Systems (SoS) Overview

– California High-Speed Rail System (CHSRS) Program

– Use of Digital Threads in the CHSRS Program

❖ SoSE Challenges Faced
– Systems Engineering Challenges

– SoS Engineering Challenges

❖ SoSE Activities Performed 
– Certification Strategy

– Step by Step Process Description

❖ Summary, Achieved Outcomes & Conclusion
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SUMMARY
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ACHIEVED OUTCOMES & CONCLUSION

❖ Large System of Systems
– SoS Authority & Leadership: Program verification, validation & certification approach with tailored 

project type implementation (i.e., civil works, track and systems, trainsets, etc.)

– SoS Architecture: Program as SoS with projects as constituent systems

– SoS Autonomous Constituent Systems & Emergence: Projects as black box with defined interfaces: 

inputs (requirements) & outputs (construction certifications)

❖ Use of Digital Threads enables Convenient Access to:
– Technical contract requirements and critical items (i.e., RVTMs, CILs)

– Design & construction submittals and individual submittal files (drawings, calculations, etc.)

– Design & construction certifications (e.g., CoCs)

– Safety and security certifications (e.g., SSCRs)

❖ System Certification
– Trust but verify: Provision of certifications and supporting objective evidence

❖ Conclusion
– Verification, validation & certification provides high transparency and trust that the final California 

High-Speed Rail System will be Safe, Secure, and Ready to Operate.
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