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We’ve Been Using Al to Generate SysML Specs for a couple of years

Template-driven SysML generation evolved into agentic software synthesis

( N
I'll use the system spec template I'll use the logical architecture template
to describe a domain model, to deliver:
some high-level requirements, 1. subsystem requirements
a set of use cases, and a list 2. subsystem parts decomposition
of subsystems. 3. subsystem state machine
4. subsystem IBD
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Can SysML Specs Improve Al Coding?

P‘;}.’ggge e Hmm, I wonder
32.'7’,’.'; :i:as'!'ssed " \ if we can generate
wecasier L S SysML specs for
RN Claude Code.
T(H: T . ' . | SysML for Claude Code?
For months, Brian had been encouraging A = 0 Stre

[ Requirements === | “=-q

me to try vibe coding with Claude Code B
4 e Verification
. £ g : I
- g | |

PAIN-FREE I |
MBSE [} Il

Finally, one day...

COFFEE
FUELS
INSIGHT
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AIM Layered Specification Structure

SysML specs commonly contain
* Requirements
* Use Cases
* State Machines
* Test Cases
These are all useful to Code Generating Agents

We designed an AIM template to produce good specs

Test coverage is improved through specifications

Cal teCh ©Caltech

Al-Assisted MBSE for Agentic Software Synthesis

AIM APPLICATION SPEC TEMPLATE

LAYERED SPECIFICATION STRUCTURE

WHY § 3
feter o MISSION &
exists. . CONTEXT
WHAT
The things the DOMAIN &
S o SYSTEM MODEL
WHAT IT MUST DO
provye 3 REQUIREMENTS
constraints

HOW USERS
INTERACT
User goals &

workflows

HOW IT
BEHAVES OVER
TIME
State-based
behavior

HOW WE KNOW — o
IT WORKS
Verification & TESTING
validation plan STRATEGY
CLOSURE B
& CONTINUOUS
IMPROVEMENT (9 TRACEABILITY &
Cordares DEFINTION OF DONE
evolution

« Purpose & mission

+ System overview & boundaries

« Operational context & constraints
+ Assumptions & dependencies

+ Domain entities & key attributes
« Relationships & cardinality
+ Major system components
« External interfaces & providers

+ Functional requirements

+ Data & persistence requirements

« Business / domain rules.

« Ul requirements

+ Non-functional requirements

+ Explainability & visualization requirements
« Data management requirements

« (Top-level use cases listed here)

« Detailed use case narratives

« Actors, preconditions, basic paths
« Alternate and exception paths

+ Postconditions (required)

* Business scenarios.

« Lifecycle state diagrams for key behaviors
« States, events, transitions

« Invalid transitions & recovery
 Supports implementation & testing

« Assertion testing (per requirement)
+ Use case thread testing

« Test data & mocks

« Coverage goals & reporting

«+ Traceability requirements
« Definition of Done (completion criteria)
« System principles

« lterative refinement & feedback

TRACEABILITY —> IMPLEMENTATION —> TESTING ——> VALIDATION —> CONFIDENCE

Each layer supports the next. Each requirement traces to tests. Each test validates behavior.

https://ctme.caltech.edu



Why Vibe Coding Often Struggles

Not too different from human programming...

High token cost from repeated rebuilds
Re-coding is expensive, even with Al Agents

Vibe-coded apps are difficult to test and trust
If you have no spec, what do you test against?

Al loses context (Al Amnesia)
It forgets what it had learned in the previous sessions
and un-does things that were previously working
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SysML v2 is a good language for code gen specs

Al-Assisted MBSE with SysML v2

An integrated systems/software approach

Al-Assisted MBSE [ SysML v2 Specification
Single Source of Truth
%\% @ Executable intent
—y = d L v2 ------ >| & Unambiguous
Y - 2= @ Traceable
We tried SysML v2 as a spec L 7 PR e © Tostable
/Gnguage for Al COding agents Wl ~E e UseCas;s 61&1 State Machines @ Constraints
Requirements \* )
9 State Machines l A l
It worked well for both Claude Code i
Claude Code Codex
a n d fO r CO d e X Intent-driven implementation Spec-driven implemedtion
AlTicker StockPicker x
e MYPT ::olso
| $9,067.00

Gainoss
40,00 (+0.00%)
Holdings

oA ss067

exr
BY  Ringand o
@ | :
@ workingApp @ U1+ Behavior ) Portfolio Simulation @) Signals @) Automated Tests| g0 Spec @ Working App @ Ul + Behavior @) Portfolio Simuiation @) Signals @ Automated Tests
R > | Same Working App | € === ===~ >

& o If the system does not
SYSML v2 iISa good spec Ianguage for AI codlng. @/ behave as intended, the

specification was incomplete.
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Lower Token Cost, Faster Progress

Iterating on the spec can be done
without Claude Code or Codex (e.qg.,
ChatGPT)

The spec iterations don’t burn tokens

The coding agent re-writes the code a
lot less than it would without the spec

Vibe coding remains very valuable, in
particular, for tuning the user interface

Spec is re-generated after each coding
session

©Caltech

Caltech

LOWER TOKEN COST, FASTER PROGRESS

AIM SpecAgent does the heavy thinking upfront so the build agent can focus on implementation.

WITHOUT AIM SpecAgent WITH AIM SpecAgent
Vibe coder sends ideas directly to the build agent. SpecAgent does the heavy thinking upfront.
Build agent must figure out intent, structure, Build agent focuses on implementation.
behavior, tests, and edge cases.

. N % TOKEN COST TOKEN COST
) I VERY HIGH ( p SIGNIFICANTLY
| | i I
—_ @ -»> ! |
VIBE CODER | | VIBE CODER I i
e I BUILD AGENT | (Human) | AIM SpecAgent : BUILD AGENT |
R el (M + Chatgpr) || (Godex/ Claude)
@ Understand intent
@ Structure requirements
THE PROBLEM | @ Define behavior
ITERATE | @ Identify tests
% High iguity in intent and requi / \ @ Cover edge cases
C} Many iterations and rebuild loops EX':;Z?VE THE BENEFIT ——
IWERK: BURNS REBUILD @ Clear, complete intent and requirements ‘
g Hightoleniconstinption TOKENS. @ Fewer iterations and rebuilds
@ Slower progress and longer time to value TEST ‘ % Significantly lower token consumption
[ :f Faster progress and time to value
& J
/\ /} = Better specs.
240l O - ks = il - ..@ - M * s
Lower Fewer Faster Higher Quality Faster Better software.
Token Cost Iterations Progress Code Delivery
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AIM Spec Agent Builds Testable Specs

Qualified Messenger

Design Driven

Testing

Test Smarter, Not Harder

Matt Stephens and Doug Rosenberg

Apress®

We adopted test strategies from the
2003 book | wrote with Matt Stephens,
notably:

* Requirement Testing

* Use Case Thread Expansion

Testing against use case threads greatly
improves test coverage

©Caltech

Caltech

AIM SpecAgent BUILDS TESTABLE SPECS

Clear, structured specifications turn intent into verifiable behavior and reduce risk.

AIM SpecAgent

Does the thinking upfront.
Builds specs, not code.

© Reduces ambiguity
© Aligns stakeholders
© Enables better validation

© Speeds development

1. USE CASES
Describe how users
achieve goals with
the system.

The testable spec includes...

- 2. REQUIREMENTS
E Define what the system

must do.

A 3. TESTABILITY

Built-in testability makes
quality measurable.

Each use case includes:
@ Actors

@ Goals

@ Preconditions

Each requirement includes:
@ Clear statement of behavior
@ Acceptance criteria

@ Rationale / constraints

Each behavior is verifiable:
@ Given / When / Then

@ Acceptance criteria

@ Assertion tests

B

THE OUTCOME

Specs that are complete,
unambiguous, and
inherently testable.

Clear intent Testable specs Better alignment Fewer defects Faster delivery

@ Main success scenario @ Traceability to use cases @ Data & state checks @ Fewer defects
@ Alternate & exception flows @ Data and business rules @ Boundary & negative tests @ Less rework
idati Higher quali
WHY SPECS FIRST? @ Postconditions @ Non-functional requirements © API/ Ul validations O Higher qual .
3 (verifiable outcomes) @ Edge case coverage @ Confident delivery
@ Happy users
Use case.s capture intent [ Requirements are specific, Testability is designed in, Better software.
@ Drives quality and reliability and drive test cases. L measurable, and traceable. not bolted on. e dwith e
= = N ) wi
USE CASES GET EXPANDED INTO TEST CASES
USE CASE SCENARIOS TEST CASES EXECUTABLE TESTS VERIFICATION From intent
Bample: W) Main success, Eachscenariois WP LSPOP Defnetestaata, WP Behavior i executed to verification.
User resets alternate flows, converted into one steps, and expected and outcomes are From specs
password. and exceptions. or more test cases. results. validated. to confidence.
/ [ X Better specs.
THE RESULT @ -5 - an - - = e ek
Better software.

Al-Assisted MBSE for Agentic Software Synthesis
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The StockPicker Experiment Begins

| had an idea back when | was in college

P ain-Free

about picking stocks that were all going up MBSE

Simple ideas,

clearly expressed,

are easier

I had never used Codex and decided to try L

the spec that Brian and | were using with

Claude Code

It worked!!!

Caltech

THE svstews - PO

G THINKING ‘

0
A

PAIN-FREE
MBSE

COFFEE
FUELS
INSIGHT
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I wonder if this
works for Codex

as well as it does
for Claude.

SysML for Codex?
™ Structure %
M Behavior

M Regquirements === ] “-—-x

|
|

™ Allocation
] Verification STORAGE
|
' |
3 ¥ .
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Claude got good results from the SysML spec

Brian and | worked together with Claude
StockPicker built in 30 minutes and ran the first time
First build had a few bugs

We had also forgotten to specify “web app” and
online data source

We added Design Driven Testing to the spec and built
again

Number of tests run increased around 4X

Next build was much more reliable

StockPicker

NVDA

Trend: +2.31, TrendChange: +0.01 — Rising and accelerating

Price

A
e T

Date

2026-04-22

2026-04-22

2026-04-22

©Caltech Al-Assisted MBSE for Agentic Software Synthesis

Buy Price

$332.29 $332.29 $33229.00

$249.91 $249.91 $24991.00

$199.88 $199.88 $19988.00

$78208.00

https://ctme.caltech.edu

My Portfolio
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Three-Agent Collaboration

Human + AIM Spec Agent + Build Agent

| worked with both the Spec
Agent (ChatGPT 5.5) and the

Build Agent (Codex)

Disclaimer:

My first book featured a
UML model for a portfolio
management system so |
was not completely
inexperienced

Caltech

USE CASE DRIVEN
OBJECT MODELING
with UML

A PRACTICAL APPROACH

©Caltech

Three agents. One goal: better specs, better software.

SPEC INPUT
(SysML v2)

FEEDBACK
(Gaps, Clarity,
Evolve Spec)

-

corFEE
FUELS

INSIOHT

|
.

VIBE CODING AGENT (Human)

Provides intent, asks questions,
validates results, and drives value.

| steer, review,
test, and decide
what's next.

BUILD REQUEST
(Spec + Guidance)

/ RESULTS

&

SPEC AGENT
AIM + ChatGPT

| generate and
refine SysML v2
specifications.

Requirements
Use Cases

State Machines
Ul / Data

Tests
Traceability
Definition of Done

e N

MEM
CONTINUOUS
COLLABORATION
Spec improves
Builds get better
Fewer iterations.
Better software

BUILD DIRECTION

(Code, Tests,
Artifacts)

(What to build / change)

<+

Creates structured, complete specifications

that reduce ambiguity and guide implementation. J

Y.

DELIVERABLES
(Working software)

Al-Assisted MBSE for Agentic Software Synthesis

BUILD AGENT
Codex / Claude

@ x

CODEX  CLAUDE

Buldin.

| implement
the system and
(O, run the tests.

(Build agent does the thi
Better specs. Smarter agents. Better software.
Structure reduces ambiguity. Collaboration creates value.

https://ctme.caltech.edu

THE STOCKPICKER DEVELOPMENT TEAM

BENEFITS
@& Clearer specs
@ Better alignment
@ Higher quality code
& Fewer reworks
@& Lower token cost
@ Faster delivery

Al amplifies
good engineering.

11



StockPicker — one human developer, and not much time spent

Combined Spec-Driven Development and Vibe Coding —real application; real iterations

ﬁ StockPicker

()
£

About 3 calendar weeks, part time (30 or 40 hours)

Ticker search

StockPicker can: R
* Access Stock Data from an online feed [2e o @

| NvDA  BUY @) Rising

* Build a Simulated Portfolio [ o @
« Examine trends for individual stocks [ v O

| avo  BUY (@) Rising

» Track Portfolio Performance over time [ o O

Back

AMD

BUY - Overall and recent fitted slopes are positive

Overall Siope 1.65

Overall Direction

705

Overall window %

©Caltech

Caltech

Al-Assisted MBSE for Agentic Software Synthesis

AllTickers | My Portfolio

b Buy stocks when they're moving up.
N ¢ Sell them if they start going down.

All Tickers My Portfolio

Back
Buy More Sell
oy vare | e Portfolio History
Buy More ]| Sel Portfolio Performance
Buy
Buy
Buy More | sel

05/12 05/14
Date  Amount Portfolio Daily
Invested Value Change

2026- $509072.63 $509072.63 +$0.00
05-12
Latest Price $445.50

2026- $509072.63 $510036.00 +$963.
05-13
2026- $509072.63 $519461.50 +$942¢
05-14

0513

Aoply [11 @] <

https://ctme.caltech.edu
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AIM APPLICATION SPEC TEMPLATE

LAYERED SPECIFICATION STRUCTURE

Better Specs Lead to Better Outcomes

WHY
The reason
the system

exists

WHAT
The things the
system knows

and uses

WHAT IT MUST DO
The capabilities, &
behaviors and
constraints

Build testable specs, get testable code

B

a

HOW USERS
INTERACT <
User goals &

workflows

Bugs are spec errors

HOWIT
BEHAVES OVER
TIME
State-based
behavior

“If the system does not behave as intended, the
specification was incomplete”

HOW WE KNOW
IT WORKS

validation plan v

Verification &

CLOSURE
& CONTINUOUS
IMPROVEMENT
Confidence &
evolution

MISSION &
CONTEXT

DOMAIN &
SYSTEM MODEL

3 REQUIREMENTS

4 usk cases

;g} B STATE MACHINES

TESTING
STRATEGY

TRACEABILITY &

DEFINTION OF DONE

Purpose & mission

System overview & boundaries
Operational context & constraints
Assumptions & dependencies

o o e e

Domain entities & key attributes
Relationships & cardinality
Major system components
External interfaces & providers

D Y

Functional requirements

Data & persistence requirements

Business / domain rules

Ul requirements

Non-functional requirements
T e e e

Data management requirements

(Top-level use cases listed here)

o s e e D)

Detailed use case narratives
Actors, preconditions, basic paths
Alternate and exception paths
Postconditions (required)
Business scenarios

Lifecycle state diagrams for key behaviors
States, events, transitions

Invalid transitions & recovery

Supports implementation & testing

Assertion testing (per requirement)
Use case thread testing

Test data & mocks

Coverage goals & reporting

o e e e

Traceability requirements

Definition of Done (completion criteria)
System principles

Iterative refinement & feedback

TRACEABILITY —> IMPLEMENTATION ——> TESTING —> VALIDATION ——> CONFIDENCE

Each layer supports the next. Each requirement traces to tests. Each test validates behavior.

Caltech

©Caltech Al-Assisted MBSE for Agentic Software Synthesis

https://ctme.caltech.edu
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Spec gives a clear set of Requirements to test against

SYSTEM DESCRIPTION

StockPicker is a portfolio research and decision-support system for simulated portfolio evaluation.

The current version:
uses daily-close market data,
analyzes directional stock behavior,
supports simulated portfolio construction,
and helps users evaluate investment strategies over time.

StockPicker does no

- connect to brokerage accounts,

- execute real financial transactio

- or provide financial advice.

All portfolio activity in the current version is simulated.

Users remain responsible for their own investment decisions.

FUNCTIONAL REQUIREMENTS

# Platform and Architecture Requirements

ARCH_001 — Web Application
StockPicker shall operate as a browser-based web application.

ARCH_002 — Graphical User Interface
The system shall provide an interactive graphical user interface and shall not rely on command-line
interaction for normal operation.

ARCH_003 — Online Market Data Sources
The system shall obtain market data from online data services rather than from manually maintained

# Transaction History Requirements

HIST_@01 — Transaction History Semantics
The visible history table shall represent simulated portfolio-event history rather than automatic
valuation history.

HIST_002 — Event Types
History shall include:
— Buy events

— Buy More events

- Sell events

HIST_003 — Buy Event History Row
buy event shall create a history row showing:
date
event
amount invested
portfolio value after event
snapshot delta
cumulative profit/loss

HIST_004 — Sell Event History Row
A sell event shall create a history row showil
date
event
amount sold
portfolio value after event
snapshot delta
cumulative profit/loss

HIST_@@5 — Automatic Valuation Rows Hidden

[ Automatic valuation rows created by startup refresh or market-data loading shall not appear in visible
j history.

F HIST_006 — No Refresh Events
Visible history shall not display refresh events.

k HIST_007 — Cash-Flow Separation

Purchases and sales shall be treated as cash-flow events rather than investment gains or losses.

HIST_008 — Cumulative Profit/Loss Formula
Cumulative profit/loss shall be calculated using:

| - active portfolio value

- cumulative amount sold
- cumulative amount invested

HIST_@@9 — Snapshot Delta Calculation
Snapshot delta shall represent the change in cumulative profit/loss relative to the previous displayed
history row.

Ca I teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu 14



Testing Use Case Threads is very effective

USE CASE NARRATIVES

TEST_006 — Requirement Assertion Tests . .
The implementation shall include assertion tests that verify each testable functional requirement. # StockPicker 3 — Use Case Narratives

TEST_007 — Use Case Thread Tests ## Use Case: UC_001 — View Ticker Recommendations

The implementation shall include use case thread tests covering: Actor: User

- basic paths

- alternate paths Description: ) . .

- exception paths The user reviews ticker recommendations on the AllTickers page.

TEST_0@8 — Postcondition Verification B?S;;S::;h&ispuys the AllTickers page.
Use case thread tests shall verify stated postconditions. System loads available ticker data.
. System computes ticker recommendations using directional trend analysis.
. System displays each ticker with its recommendation.
. System sorts tickers by recommendation priority:
- Buy first
— Hold second
- Exit last
. System visually distinguishes recommendation categories.
User reviews the prioritized ticker list.
. User selects a ticker.
System displays the Ticker Detail page.

6
7
8
9

Alternate Paths:

2A — No tickers available

1. System detects that no tickers are available.
2. System displays an empty-state message.

3. Use case ends.

4A — Market data unavailable for one or more tickers

1. System marks the affected ticker as unavailable.

2. System does not present unavailable data as a valid recommendation.
3. Rejoin Basic Path at Step 5.

Exception Paths:

2E — AllTickers data cannot be loaded

1. System displays a recoverable error message.

2. System does not display misleading recommendations.
3. Use case ends.

Postconditions:

— Valid ticker recommendations are visible.

— Tickers are sorted Buy, Hold, Exit.

- Unavailable ticker data is clearly marked.
Nosnil

Ca I teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu 15



The Spiral Model Compressed by Al

The Spiral Model in Action

Iterate, Learn, and Optimize — Each Loop Delivers More Value

Keep spiraling @ UPDATED SPEC
outward through

multiple loops

A trip around the spiral used to
take weeks, months, or years

Updating the specification after
each trip around the spiral
enables the agentic process to
scale

AIM-GENERATED

INITIAL SPEC
(SysML / SysML v2)

® &

@

GOAL

Deliver value,
reduce risk, and
continuously

improve.
Nt

O «
05

Each loop is a step outward on the spiral

@

More complete e More capable e More reliable e More valuable

|

Caltech

©Caltech Al-Assisted MBSE for Agentic Software Synthesis
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Al BUILD

Al implements

TEST

Human acceptance

VIBECODE / TUNE

Refine and improve

SPEC UPDATE

Update spec
from learnings

UPDATED SPEC
Revised spec becomes
input to next loop

16



The Spiral Model Accelerated

Iteration time reduced from
weeks/months to about an hour
for Spec-Build-Tweak-Update Spec

Updating the spec at the end of
each iteration is the key

STOCKPICKER 2.0 - SPIRAL DEVELOPMENT JOURNEY

CORE

FUTURE FUNCTIONALITY
OPTIMIZATION « Ticker analysis
* Portfolio simulation
INVESTMENT ¢ Buy/sell workflow
OPTIMIZATION
3 u
ul OPTIMIZATION
OPTIMIZATION Pt
« Simplify views
2 * Improve signals
CORE « Remove redundancy
FUNCTIONALITY
1 :
INVESTMENT
OPTIMIZATION

* Portfolio behavior
over time

) * Investment use cases
Al-Generated Spec « Design-driven testing
SysML v2

Requirements
Use Cases FUTURE
OPTIMIZATION

* Strategy refinement
* Deployment

* Scaling

* Advanced analytics

r'y Each Al-assisted build cycle exposed the requirements
&J for the next spiral iteration.

Cal teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu
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One more trip around the spiral - StockPicker Test 4

Server-Side Portfolio Storage

Account Management

Multiple Portfolios per Account

Caltech

©Caltech

# StockPicker Test 4 Addendum
## Accounts, Server-Side Persistence, Multiple Portfolios, and
Persistent Data Model

This addendum extends the StockPicker application from a single-
browser-session

prototype into a persistent multi-portfolio application with
authenticated

user accounts.

Primary goals:

- Eliminate accidental portfolio/history loss

— Move persistence responsibility from browser local storage to the
server

— Support multiple named portfolios per account

- Preserve experimental and comparative investment strategies

— Improve long-term usability and trustworthiness

- Establish persistence architecture for future subscription
deployment

Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu 18



Spec Agent generates new Requirements and Use Cases

### REQ-410 — Multiple Portfolios
An authenticated user shall be able to own one or more named
portfolios.

### REQ-411 — Create Portfolio
The system shall allow the user to create a new named portfolio.

### REQ-412 — Rename Portfolio
The system shall allow the user to rename an existing portfolio.

### REQ-413 — Delete Portfolio
The system shall allow the user to delete a portfolio.

Deletion shall require explicit user confirmation before permanent

removal
or archival.

### REQ-414 — Active Portfolio Selection
The user shall be able to select one active portfolio at a time.

### REQ-415 — Portfolio Switching
Switching portfolios shall update:
- positions

- transaction history

Actor:
Authenticated User

Description:
The user switches from one active portfolio to another active
portfolio.

Basic Path:
1. User selects a different portfolio.
2. System validates ownership.
3. System saves pending changes to the current portfolio.
4. System retrieves selected portfolio data.
5. System restores selected portfolio state.
6. System updates active portfolio reference.
7. System refreshes:

- charts

- positions

- transaction history

- performance history

- portfolio settings
8. System displays updated dashboard.

Exception Paths:

Ca I teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu 19



From plan to build in under an hour

Caltech

This is a fairly large jump, so I'm going to make Test 4
usable in slices. I'm starting with a server APl that can
own accounts, sessions, and portfolios, using server-
side JSON persistence locally so we avoid adding npm
dependencies. The cPanel Python deployment can map
the same API shape onto Python's built-in persistence
later.

¢ Created 1 file, edited 1 fi

The first server-side account/persistence APl is in place
locally: register/login/session cookies, portfolio CRUD,
active portfolio, import/export, password change/reset
stub, and ownership checks. I'm going to add focused
domain/API tests now before wiring the Ul, so failures
stay small and readable.

©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu
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Build Agent implements the new Requirements and Use Cases

R StockPicker My Portfolio Log Out
Going Up?

{-(’ll

Buy stocks when they're moving up. Sell them if they start going down.

St kP' k My Portfolio (5 green tickers) Switch Portfolios | Portfolio History
OCKFICKer All Tickers | My Portfolio ] Account | Log Out
Go[ng Up? Total Value $115742.61 Gain/Loss +$0.00 Gain/Loss % +0.00%
Ticker Purchase Purchase Current Shares Value $G/L % GJL Actions
i Price
Buy stocks when they're moving up. Sell them if they start going down.
AMZN 2026-05-27 $269.56 $269.56 100 $26956.00 +$0.00 +0.00% Buy More
Sell
Account AAPL  2026-05-27 $310.77 $31077 100 $31077.00 $0.00 +0.00%
. A . -05- ¥ + +0.00%
Signed in as doug@parallelagile.com Buy More
Sell
Active Portfolio Create Portfolio
ORCL 2026-05-27 $191.26 $191.26 100 $19126.00 +$0.00 +0.00% Buy M
oRCL y More
Portfolio Name sl
i Green 100-share baselin
5 yellow tickers v Open
Current portfolio: 5 green tickers Description
Optional Create
StockPicker AiTickers | wy portoto | Account [ og out
Manage Active Portfolio Backup and Migration it they star
New name My Portfolio (5 yellow tickers)  Switch Portfolios Portfolio History
Export Active Portfolio
5 green tickers Rename Delete Total Value $234922.50 Gain/Loss +$0.00 Gain/Loss % +0.00%
Import JSON Ticker  Purchase Purchase Current Shares Value SG/L % GJL. Actions
. Dat Pri¢ Pric
Paste exported portfolio JSON here e riee riee
AVGO 2026-05- $420.20 $420.20 100 $4202050 +$0.00 +0.00% Bus
— 27 ly More
Sell

UNH  2026-05-  $38139 $38139 100 $38139.00  +$000 +0.00%
27

Buy More

It literally builds in a few minutes when given the spec!

GOOGL 2026-05-  $391.80 $39180 100 $39180.00 +$0.00 +000% | g vioe

Ca I teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu



Time Savings is Enormous

Cycle-Time Compression

Estimated elapsed calendar time for the StockPicker Test 4 feature set

Codex + domain expert hours to days
Spec, build, test, debug, update spec in one loop

Very fast senior developer — 2-6 weeks

Uninterrupted focus, strong context, few handoffs

Typical solo development
Normal interruptions, deployment friction, test/debug cycles

Scrum team
Planning, coordination, handoffs, QA, review, release cadence

4-10 weeks

6

8 10 12+

Weeks of elapsed calendar time

Cal teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis
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What Did Codex Do?

Al Coding Agent boosts Productivity — without burning many tokens

From SysML-style requirements to a deployed, testable StockPicker web app

© Interpreted The Spec

Parsed SysML-style requirements
Identified assumptions and gaps
Mapped requirements into app structure and tests

© Built The Product

Built ticker, portfolio, and detail views
Implemented recommendation logic and charts
Added buy, buy-more, sell, and partial-sell flows
Added valuation, gain/loss, and history behavior

Connected Real Data

Added server-side market-data fetching
Added cache and refresh behavior
Added safeguards for stale or failed data

o Added Persistence And Accounts

Added registration, login, logout, and sessions
Added multiple named portfolios per account
Moved portfolio state to server-side persistence
Added export/import backup support

Tested And Deployed

Generated regression and use-case tests
Fixed bugs from live exploratory testing
Packaged for cPanel/GoDaddy deployment
Debugged deployment and startup-file issues

Fed Learning Back

Captured discovered behavior as requirements
Updated spec addenda for future builds

Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu
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Moving the spec activities out of the coding agent minimized token use

What Did The Spec Agent Do?

No tokens used beyond my $20/month ChatGPT subscription.

0 Structured The Idea o Guided Testing
Turned product intuition into explicit requirements Turned expected behavior into testable requirements
Organized intent into features and constraints Added guidance for account and persistence tests
Kept the SysML-style spec as source of truth Identified edge cases for regression coverage

O Modeled The System )
Defined app structure and system responsibilities o Updated The Baseline

Captured portfolio, position, and transaction concepts Integrated lessons from live app testing

Added accounts, sessions, portfolios, and persistence Reassembled scattered addenda into a baseline
Kept future builds aligned with what was learned

Defined Behavior © Reduced Build Risk

Wrote use-case narratives and workflows Separated brainstorming from build instructions
Added preconditions, postconditions, and alternatives Made ambiguous behavior visible before coding
Clarified market dates, snapshots, and isolation Gave the build agent a clearer target

Ca I teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu 24



Results

Same structured specification >
similar working systems

SysML v2 turns out to be a good
spec language for coding agents

Ca I teCh ©Caltech

Al-Assisted MBSE with SysML v2

An integrated systems/software approach

Al-Assisted MBSE

SysML v2 Specification

Single Source of Truth

%\i @ Executable intent

- =)
l‘ d V2 ------ > @ Unambiguous
=3 3 @ Traceable
' 0
® @ Requirements ) UseCases @ Testable
W i)~ @ Use Cases 6_‘?_6 State Machines @ Constraints
Requirements @
9 State Machines
@ Constraints £ l
Claude Code Codex
Intent-driven implementation Spec-driven implemedtion
A StockPicker 3
My Portfolio
$506700
%000 c000%)
Holdings.
o ss087 207
Wsres <000
@ WorkingApp @) U1+ Behavior @) Portfolio Simulation @) Signals @ Automated Tests| g Spec @ Working App @ U+ Behavior @ Portfolio Simulation ) Signals @ Automated Tests

Rzt > | Same Working App | € - == ===~~~ >

SysML v2 is a good spec language for Al coding. @

Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu

If the system does not
behave as intended, the

specification was incomplete.
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AIM enables rapid spec development with minimal token usage

Traditional Development:

Minimize spec changes because they are expensive

Al-Assisted MBSE:

Maximize spec refinement because it is cheap

Cal teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu
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Late Last Night — We fed the Stock Picker 8 spec back to Claude

Spec is a 42-page PDF

Caltech

©Caltech

STOCKPICKER SPECIFICATION BASELINE v8.0
TABLE OF CONTENTS

1. Overview
1.1 Purpose
1.2 Scope
1.3 Design Philosophy
1.4 Authoritative Data Model
1.5 Testing Strategy

2. Glossary

equirements

.1 Account Management

Portfolio Management

Portfolio History and Performance
SQLite Persistence

Security

R
3
3
3.
3
3
3.6 User Interface Requirements

ok WN

4. Use Cases
4.1 Use Case Inventory
4.2 Use Case Narratives

5. State Machines
SM-002 Market Data Cache Lifecycle
SM-003 Portfolio Position Lifecycle
SM-004 Overall UI Flow

6. Testing Rules

Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu
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Claude took 30 minutes to build it — including Account Management

Security Settings
StockPicker Signed in as brianmoberiey@gmail.com

Portfolio strategy evaluation & decision support

Change Password
LogIn

Email

Password

Full disclosure: Actually, it took 32 minutes and 2 seconds to build and test

Ca I teCh ©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu
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Including enhancements to Portfolio Management, Transactions, etc.

All Tickers  Transaction History

Active olic
i witch My Portfolio 5
My Portfolio ly Portfolio +New Rename

Transaction History

. Date
Portfolio Totals
2026-06-10

$0.00 +0.00% 2026-06-10

Performance Index Graph Strategy Return: +0.00%

Holdings

Buy a Stock

AAPL — Apple Inc. ares 8 %

Before you trade: Simulation and decision-support tool only. Not investment, financial, or tax advice. All investment decisions are your responsibility.

Al-Assisted MBSE for Agentic Software Synthesis

Ca I teCh ©Caltech

Ticker

GOOGL

AAPL

https://ctme.caltech.edu

Brian 1
Price Amount
$371.15 $5,567.256

$361.19 $36,119.00
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Total cost to build from spec $13. Many tokens saved by spec agent.

® The full specification is implemented and tested. 97/97 tests pass.

Settings Status Config [[/EELLE Stats

Session

Total cost: $13.14
Total duration (API): 29m 13s
Total duration (wall): 32m 2s
Total code changes: 4346 lines added, 24 lines removed
Usage by model:
claude-haiku-4-5: 472 input, 14 output, @ cache read, @ cache write ($0.0005)
claude-opus-4-8: 10.9k input, 135.7k output, 15.4m cache read, 320.1k cache write ($13.14)

Current session
1 10% used
Resets lam (America/Chicago)

Current week (all models)
|

Resets Jun 13 at éam (America/Chicago)

Current week (Sonnet only)
0% used

What's contributing to your limits usage?
Approximate, based on local sessions on this machine — does not include other devices or claude.ai

Last 24h - these are independent characteristics of your usage, not a breakdown
54% of your usage was at >150k context
Longer sessions are more expensive even when cached. /compact mid-task, /clear

when switching to new tasks.

Skills, subagents, plugins, and MCP servers
No attribution data yet - accumulates as you use Claude

©Caltech Al-Assisted MBSE for Agentic Software Synthesis https://ctme.caltech.edu



Public Courses from Caltech CMTE

Educators WhyUs  Contact

Center for Technology &
Management Education

Caltech

Start Date

Qa a

Individuals  Organizations

July 18

Time Sat 8:00 AM - 2:00 PM Pacific Time

Duration 24 Hours

Pain-Free MBSE for

Format LIVE-ONLINE

Enterprise Teams
Practical Approaches in Model-Based Metheds

Program Type
Certificate Type

Model-Based Systems Engineering (MBSE) should accelerate delivery and improve CEUS
decisions—not add friction. Pain-Free MBSE for Enterprise Teams is a practice-driven :
program that helps organizations apply MBSE in a lean, pragmatic way, focusing
modeling effort only where it delivers clear value.

Program Number

Fees
Rather than emphasizing SysML notation in isolation, this course addresses the
modeling decisions that disproportionately increase effort while delivering little benefit.
Participants learn how to reduce over-modeling, avoid tool-driven workflows, and align
system models with real-world software and hardware development practices.

SEE FULL COURSE INFO ¥

Open-Enroliment/Public

Short Course

24

5480726

$2,550

‘ CONTACT ADVISOR

https://ctme.caltech.edu/

PAIN-FREE MBEE
po pain-free-mbse.html

Four 6-hour sessions,
starts Saturday, July 18

©Caltech

Caltech

Rosenberg | Pain-Free MBSE

Educators WhyUs Contact | Q & W

Center for Technology &
Management Education

Caltech

Individuals  Organizations

Start Date June 13

Time Sat 8:00 AM - 3:00 PM Pacific Time
Duration

Al-Assisted MBSE

Program Type

24 Hours
LIVE-ONLINE

Open-Enroliment/Public
Generative Al-Driven Models in Systems
Engineering

Certificate Type Certificate

CEUS 24
The Al-Assisted Model-Based Systems Engineering (AIM) Workshop is a
compelling enterprise training program at the intersection of Al and digital
transformation. Designed for engineering organizations, this 24-hour course
equips teams to apply generative Al tools within MBSE workflows,
accelerating model creation, improving analysis, and preparing systems
engineers for the next generation of intelligent design.

Program Number 5380626

Fees $1,950

SEE FULL COURSE INFO ¥

‘ CONTACT ADVISOR ‘

Al ASSISTED MBSE
WITH SYSML
ANINTEGRATED
SYSTEMS/SOFTWARE APPROACH

https://ctme.caltech.edu/
ai-assisted-mbse.html

< Four 6-hour sessions,
B starts Saturday, June 13

https://ctme.caltech.edu
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