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Abstract

Cost estimators need to utilize and develop estimating methods
for project components beyond cost. Schedule is one of those
components. The Space Systems Command (5SC) Financial
Management Cost organization, known for the development of
the Unmanned Space Vehicle Cost Model (USCM), started
development of a Schedule Model in 2018. This journey has
yielded some exciting new methods, products, and processes. It
has also brought challenges as we could not address schedule
exactly as we would with cost.
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from a cost modeler’s
perspective
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Common best practices » Use of data collection templates
from the cost community  Utilizing techniques such as regressions for estimating
» Collecting and storing historical data

» Using the rigor of a WBS to organize data and methods

» Well established process (e.g. normalization, CER
development, etc.)

Simplified process for developing a cost model

Build a data : Develop
collection (ll)olllsrc(;c cri:r’;a NoSr_Ir%a{llvz;Sto Repeg’_cBSteps methods by
template y Fros WBS
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Schedule report - - « A cost report, regardless of fidelity, always sums to a
Cost report total -- schedules do not behave this way
rEI- Complexity * Schedule data has more dimensions and parameters
associated with each date or duration which make

each “data point” more complex than the equivalent
“cost data point”

. “Complete” schedules Schedules will often drop milestones after they have
¥ don’t exist passed making collection more challenging whereas
cost reports retain all elements from start to finish

* No single authoritative source exists for schedules

Terminology: SRA = Schedule Risk Analysis, IMS = Integrated Master Schedule
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v" Background X X « This presentation is a high
| Development Approach X level OverVieW Of the paper
3 Model Overview X X « Recommend reading the
Q Estimating Model paper for a more
- Data Collection X X comprehensive description
« Data Storage d shared
. Methods . It_ﬁsson; Letagnih share
. . rougnout bo
 Schedule Summarization X presentation and paper
O Task Search X X

L Conclusion X X
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Elements of the Model End Users Benefits

« Data driven methods used to phase cost estimates
Data driven uncertainty for schedule
inputs/assumptions in cost estimates

Schedule Estimating Cost estimators

Model
Schedulers  Data driven uncertainty bounds in SRAs
Schedule Summarization Schedulers « Consistent means of summarizing an IMS (for SRAs)
Framework
Cost estimators Faster data collection to develop Schedule
Estimating Relationships
Schedule Task Search

» Access to historical analogous tasks similar to tasks

Schedulers on the critical path (for SRAs)

* Provide data driven approaches for addressing schedule analysis
» Develop better processes for utilizing schedule data

Objectives
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Schedule Various Collection
. . file tvpes template = Schedule Reports Schedule

Estimating yp P — | [ )

\ wmo Database HH I Metrics
Model HH -

EEE|

Support to independent research

schedule . Python Output . [Extmctions ' p
Summarization scripts files Excel file M
Framework Future work >
Schedule Eg MS (only) = IMS 'Sl'ask i
Task Search Y == Database earc

Results
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Identify Collect
desired data by
metrics parameter

Template Statistics

124

Parameters

Database will calculate
add’l fields based on these

parameters

= Process for identifying & collecting schedule data

Store in
database

Repeat as necessary

Satellite &

Ground ‘

Ground
Satellite

Breakout of Satellite vs
Ground system parameters

cting Schedule Data

Lesson Learned: Data collection
needs to be focused around the

desired metrics

Evaluate Develop
results methods
Meta data
o
Schedule &
duration

Schedule data is not the
only focus.
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About Specificity in data collection is required
. Field name Example
» Data collection type description Launch
template captures Value 1/1/2023
schedule and related Original_name Launch Date
meta data Date Type (B = Baseline / F =
. F t / A = Actual F
» Status: Continually D°Zeczs (I‘; ”ap) o
. ate Accuracy (P = Precise
evolvmg E = Estimated) E
ABC IMS Schedule SV 1
Source document Consolidated Jan 2022.pdf
Lesson Learned: Data Date of source 1/31/22
sourcing needs to be very Day is estimated. Only month
rigorous Notes and year are known.

Data shown is notional
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About

» Used to store data captured
using the data collection
template

 Provides reporting that
corresponds with desired metrics

696 6956

Programs Dataset Rows

e Database

Data Maintenance

Data Maintenance:
Progam Description
Progam Viewer
Bulk Import
Data Clean Up
Data Validation

Program Mame
Maintenance

S5C Programs

Missing Data

Template:

Export Template

Data entry for Program descriptions

View NMeta Data

Import multiple records within an excel file

Review/validate multiple entries for milestones

Validate milestones that are not in correct order of occurance

Validate Program Mames

Designate programs as 55C programs

Generate report of missing meta data

Allows user to export a template file for bulk impor

Screenshot

10
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Excel is insufficient for All prior schedule studies utilize Excel as
data repository

St(,)rage ,and reportmg for » Data storage via Excel was not going to
this project suffice given the functionality desired

(L

Don’t spent too much time on the initial
report structure and incorporate a
feedback mechanism in the report
development process

Reporting structure is hard
to get right on the first try

@

\ Data needs to be « The Schedule Database has built-in data
. . validation functionality to help identify
/\ maintained holes in the data and inconsistent entries
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Developed 3 satellite system specific

metrics with more in the queue

Motivation

Each method seeks to provide a data driven

analysis where none existed

Metric Development Process

Collect data
Identify used
Metric relevant to
metric

Integrate
into
Schedule
Database

Metric Domain

Duration between Long Lead and Space
Production award
Launch growth from baseline to actual  gpace

Time between sequential launches Space
Time between software increments Ground/SW
Time between software deliveries Ground/SW
TVAC related metrics Space
IA&T duration Space
Time to ILC or time between ILC and Space
launch

Conduct A? onltlnue/

Analysis natysis

«Sryrint” Document

P Results

eaaonldle cor[/sat202Me t h O d S

Status
Developed

Developed
Developed
In progress
In progress
Idea phase
Idea phase

Idea phase

Final Review

Stage
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fp Common * Milestones we needed to collect were not always
included in our primary data source type (e.g. an IMS)
Issues ne
® « Errors in source data

Analysis sprints  Enabled us to establish scope and go/no-go position
l
-Kv allowed us to go fast =27 ™"
X Other Challenges » Process necessitates modifications to templates and
6_;’; reporting

« Explanation of “why” (e.g. why did the schedule slip)
was hot part of scope but is a lingering element
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Database

Contents
Overview

‘Schedule Task's

i USCM IMS Database Upload Admin Logout

Dataset Attributes
Number of Programs: 9
Number of Schedules: 2
Mumber of Tasks: 54315

Tasks by Year:

Tasks by Duration (Days):

Purpose

Provide rank ordered schedule task

name search results

Task Search
Flaght Softeane Build 1

Choase forecastfactuals/both tasks:

AT = FofeCast W

Results Table

Pragram  Tadk Mame

1 Flight Software Build 1
Fight Software Build 1
Flighn Software Build 1
Right Softvware Build 2
Flight Soltveang Build 3

rli;j'\.! Soltvenie Build 4

Choose & program:

b A

SEart Faniih

Search Results

B Fligivt Bax Bk,

Technologies
Python

Django

Machine Learning
NLP

Choose milestone or all tasks:

Duration Pefcent

Complate

Database Search Parameters

earch (i.e."IMS Database)

Score Threshold:

Sehedule

or

Scone

100

T

oG
06
1

5

Status
Prototype
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1. User searches on a term

2. Natural Language
Processing techniques are
applied

3. Results from each
technique are scored and
ranked

4. Results provided to user
to analyze

String Similarity
(every character)

nginé in"Search Engine

Q, Flight Software Build 1

Word Word Combinations
Similarity (n-grams)

Scoring and Ranking

Task Name Score

SV 2 Flight Software Build 1 100
Flight Software Build 3 96
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Lessons Learned in developing search algorithms

Search « Search algorithms are not a commonplace
“rses solution in the cost estimating community
capabilities are

» The use of search is incredibly efficient when

necessary compared to the approach of first mapping
tasks to a standard structure
= -  Natural Language . The computational complexity, memory
EE Processing can be requirements, and other considerations can
computationally require evaluating tradeoffs and alternate

expensive approaches to those originally developed
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Summary Way Forward

 Lots of (analytical) opportunities with * Schedule Estimating Model: continued
schedule data and method development data collection and method development

* There are many best practices from the « Task Search: Improve search algorithms
cost community that can be leveraged to and architecture; add more data

perform schedule research « Summarization: Optimize for faster

» Unique processes need to be developed results

because schedule =~ cost * Socialize results with community

* Recommend reading the paper to learn
more about SSC’s Schedule Model
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