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PART  1

Agentic Systems Engineering



MBSE for Trusted Autonomy in the Agentic Era

• MBSE provides the discipline. SysML models and 
the V-process: requirements decomposition, 
components realization, systems integration and 
verification.

• IDDMBSE adds the data. Baras et al. place a data-
driven loop at every step of the V-model where the 
physics is known, learning behavioral models 
where it isn't.

• Incorporating Agentic AI into the  MBSE workflow.
AI agents configured to edit the models and the 
stack, configured to design and test novel 
components.

• Two systems provide an Agentic test bed:
quadruped extreme locomotion and AGV 
warehouse navigation.

• The question for this talk: what do you hand an 
agent so its work still fits the system it was built for?

C-BASE · 2026
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Agentic Systems Engineering Today

• NeMo Guardrails filter an agent's inputs, outputs, and 
dialogue [Dong et al., 2024; Rebedea et al., 2023], or its action 
sequences [Wang et al., 2025].

• Agent harnesses, such as the AWS Strands Labs open-source 
project, give agents tools, robot control, post-condition retry, 
and harness optimization. A delivery is retried until its local
postconditions pass.

• Generative MBSE assistants emit SysML v2 models with 
syntactic validation and no behavioral obligations [Bouamra et 
al., 2025; Benchat et al., 2026].

• Contract-based design grew from the supplier splits that 
systems engineers manage with ICDs and requirement flow-
down [Benveniste et al., 2018; Nuzzo et al., 2015]. It has the 
composition semantics, but it has specified the artifact, never 
the design process.

The gap, and the proposal. None of these can say whether a locally compliant delivery composes into a 
globally compliant system. We compute the interface instead of writing it: the agent receives the quotient of 
contract algebra, the weakest contract under which the assembled system still meets its specification.
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Delegate Design to Agents with Contracts

• Contract-Based Agentic Systems Engineering (C-BASE) hands the agent a contract representing the formal properties a 
component needs to satisfy.

• Contracts are multi-aspect, with layers focusing on structural conformance, parametric feasibility, and behavioral certification.

C-BASE · 2026
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PART  2

Assume-Guarantee Contract Theory



Assume/Guarantee Contracts
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Assume/Guarantee Contracts provide an algebraic framework for reasoning about formal system requirements.

• Let ℬ be the universal set of behaviors over all system variables. A property 𝑃 is a subset of behaviors, 𝑃 ⊆ ℬ. Similarly, a 
component 𝑀 is defined as the collection of behaviors it can exhibit, 𝑀 ⊆ ℬ. A component is said to satisfy a property, 
written 𝑀 ⊨ 𝑃, when 𝑀 ⊆ 𝑃.

• Definition (A/G Contract). An Assume/Guarantee (A/G) contract is a pair of properties 𝒞 = (𝐴, 𝐺)where 𝐴 ⊆ ℬ are the 
assumptions and 𝐺 ⊆ ℬ are the guarantees. A component is said to implement an AG contract if it satisfies the guarantees 
of the contract while operating under the assumptions of the contract.

• Contracts over a set of behaviors form a partial order with respect to an order called refinement. Given two contracts 𝒞1
and 𝒞2, 𝒞1 is said to refine 𝐶2 (denoted 𝐶1 ≼ 𝒞2) if any implementation of 𝒞1 is an implementation of 𝒞2. Colloquially, when 
𝒞1 assumes more and guarantees less than 𝒞2.

• Contract algebra introduces two useful binary operations:

• Contract Composition refers to the operation of combining two contracts such that the product is a contract which 
specifies the behavior of a system constructed via composition of implementations of the two subcontracts.

• Contract Quotient allows solving for a missing or residual contract such that its composition refines a top-level 
contract.
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A/G Contracts: Semantics and Operations
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• Contract 𝒞 = (𝐴, 𝐺): encapsulate the properties a component 
assumes of its environment and guarantees in return. Saturated 
form (𝐴, 𝐺 ∨ ¬𝐴); environments 𝐸 ⊆ 𝐴, implementations 𝑀 ∧
𝐴 ⊆ 𝐺 [Benveniste et al., 2018].

• Refinement, composition, conjunction, quotient:
𝒞1 ≼ 𝒞2 ⟺ 𝐴1 ⊇ 𝐴2 and 𝐺1 ⊆ 𝐺2

𝒞1 ⊗𝒞2 = ((𝐴1 ∧ 𝐴2) ∨ ¬(𝐺1 ∧ 𝐺2), 𝐺1 ∧ 𝐺2)
𝒞1 ∧ 𝒞2 = (𝐴1 ∨ 𝐴2, 𝐺1 ∧ 𝐺2)

𝒞1/𝒞2 = (𝐴1 ∧ 𝐺2, (𝐺1 ∧ 𝐴2) ∨ ¬(𝐴1 ∧ 𝐺2))

• Contract operations are closed: When the term algebra is a 
Boolean algebra, contracts are closed, and iterated delegations 
can always be computed.

• SysML v2 [§7.21.2] reads a requirement as “if all the assumption 
constraints are true, all the required constraints must be true”: the 
saturated contract. A delegated contract is a native requirement.

• Contracts become model elements. The quotient:
𝐴1 ∧ 𝐺2, 𝐺1 ∧ 𝐴2 ∨ ¬ 𝐴1 ∧ 𝐺2

• is a requirement with assume 𝐴1 ∧ 𝐺₂ and require 𝐺1 ∧ 𝐴2
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Delegation is the Quotient
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• Problem: Given a top-level system contract and the fixed siblings 
𝒞𝑗, find the least constraining contract that still composes into the 
system.

• Answer [Incer et al., 2018]: the quotient 𝒞𝑎𝑔𝑒𝑛𝑡 = 𝒞𝑠𝑦𝑠/⨂𝑗𝒞𝑗, the 
adjoint of composition:

𝒞2 ⊗𝒞 ≼ 𝒞1 ⟺ 𝒞 ≼ 𝒞1/𝒞2.

Theorem (delegation is canonical). Computed aspect by 
aspect, the quotient composes soundly with the siblings, and 
every sound specification for the slot refines it.

• Unfolding Obligations. With siblings (𝛼, 𝛾) composed, the 
quotient guarantee is 𝜑𝐺 ∧ 𝛼 ∨ ¬ 𝜑𝐴 ∧ 𝛾 , specifying the 
mission, plus keep the siblings’ assumptions true. E.g., for the 
quadruped, 𝛼 b un s th  p  nn  ’s  wn y w   t   n  c mm n  
smoothness.

• Hand-written specs keep only the mission, (𝜑𝐴 ∧ 𝛾𝑒𝑓𝑓 , 𝜑𝐺): 
wherever a sibling promise is void, a compliant delivery and a 
compliant sibling compose to violate the system guarantee. Naive 
delegation is unsound.
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Multi-Aspect Contracts: 
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• A delegated multi-aspect contract constrains three key properties of a 
component:
• Structure: Is the component structurally compliant?
• Parameters: Are the performance/risk parameters within spec?
• Behavior: Does the component actually do what was specified?

Definition (multi-aspect contract). A multi-aspect contract is a tuple:

𝕂 ≔ 𝜕, 𝒞par, 𝒞beh, 𝑚, 𝜀 ,

containing a polyhedral contract over the boundary attributes, an STL 
contract over its signals, and a margin and risk budget. A component 
implements 𝕂 when it realizes 𝜕, satisfies 𝒞par, and meets 𝒞beh at 
(𝑚, 𝜀).

• Lineage. Generalizes multi-viewpoint contracts [Benveniste et al., 2008]: 
viewpoints share one behavior universe, aspects live in different 
universes tied at the boundary. Satisfaction is a product, and the 
quotient is computed per aspect: sound, and conservative only where 
aspects overlap.



Multi-Aspect Contract-Based Agentic Delegation Framework 
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Multi-Aspect Fragment: SysMLv2 Structural Conformance Contract
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• Typed graph. 𝐺 = (𝑁, 𝑃, 𝐸, 𝑇, 𝜏, 𝜌, 𝛼)— node, port and connection 
occurrences, types 𝜏 ordered by specialization ⪯, ownership 𝜌: 𝑃 → 𝑁, and 
evaluated values 𝛼 (channels, interface types, QoS, parameters).

• Domain projection. The library vocabulary 𝐿 ⊆ 𝑇 of ros2-sysmlv2 selects 
the software view:

𝐺𝜋 = 𝜋𝐿(𝑓𝑙𝑎𝑡(𝐺)) = 𝑓𝑙𝑎𝑡(𝐺) ↾ {𝑥: ∃𝑡 ∈ 𝐿, 𝜏(𝑥) ⪯ 𝑡}

• Closure. With 𝐿 closed under owners and endpoint kinds, 𝜋𝐿(𝑌) is the 
unique largest 𝐿-typed subgraph, so every extractor selects the same graph. 
Requirements, physical structure and behavior stay native.

• Keyed contract. 𝑀 = 𝐶(𝐺𝜋) normalizes names and endpoint roles into 
keyed inventories: 
𝑘(𝑝) = (𝑒𝑛𝑑𝑝𝑜𝑖𝑛𝑡, 𝑓𝑞𝑂𝑤𝑛𝑒𝑟(𝑝), 𝑘𝑖𝑛𝑑(𝑝), 𝑟𝑒𝑠𝑜𝑙𝑣𝑒𝑑𝐶ℎ𝑎𝑛𝑛𝑒𝑙(𝑝))
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Definition (structural conformance). Writing 𝑅 ⊨ 𝑀: 
coverage is complete, records are well keyed, 𝑋𝑀

𝑐 = 𝑋𝑅
𝑐 for 

every inventory, and every required same-key value agrees.

Native typed graph  𝐺

node port connection

requirement physical part behavior
gray records stay in the native model

project: 𝜋𝐿 keeps 𝜏(𝑥) ⪯ 𝑡 ∈ 𝐿

ROS2-typed projection  𝐺𝜋

node port connection

closure retains each port's owner and each connection's endpoints

normalize: 𝐶, canonical keys

Model contract  𝑀

nodes endpoints relations params QoS

keyed inventories compared in both directions

model  𝑀 runtime  𝑅

Our published SysML v2 domain library
that makes this projection executable:

sysand.com/projects/seil-isr/ros2-sysmlv2

Key fields. ↾ = restriction, the subgraph induced on the selected records · fqOwner(p) = fully qualified 
ROS2 name of the node owning p (/perception/scan_filter)
kind(p) = publisher or subscriber · resolvedChannel(p) = topic name after namespacing and remapping 
(/scan)



Multi-Aspect Fragment: Polyhedral Contracts
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A polyhedron is the intersection of finitely many halfspaces. A Polyhedral contract is a pair (𝒜, 𝒢) where 𝒜 and 𝒢 are polyhedrons 
representing the set of assumptions and guarantees respectively. Let the vector 𝑥 be the collection of all system variables. Polyhedral 
contracts are general enough to reason about system parameters.

𝑃 ≔ 𝑥 ∶ ሥ

𝑘=1

𝑁

𝑎𝑘
𝑇𝑥 ≤ 𝑏𝑘 = 𝑥 ∶ 𝐴𝑃𝑥 ≤ 𝑏 Algorithms for refinement verification are implemented as linear 

programs. For instance, given three polyhedral contracts:

𝒞𝑖 = 𝑥 ∶ 𝐴𝑖
𝒜𝑥 ≤ 𝑏𝑖

𝒜 , 𝑥 ∶ 𝐴𝑖
𝒢
𝑥 ≤ 𝑏𝑖

𝒢
,

for 𝑖 = 1, 2, 3, the statement:

𝒞1||𝒞2 ≼ 𝒞3 𝒜1 ∩𝒜2 ∪ 𝒢1 ∩ 𝒢2
𝑐 ⊇ 𝒜3 ∧ (𝒢1 ∩ 𝒢2 ⊆ 𝒢3)

can be verified algorithmically by solving an LP through invocation of 
F  k ’       . Th                   P  yh                    ff       
and decidable.

𝑃
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Multi-Aspect Fragment: STL Contracts and Design Risk Quantification
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• Signal Temporal Logic (STL). Formulas over 𝜑 ≔ ⊤ | 𝜇 | ¬𝜑 | 𝜑1 ∧
𝜑2 | 𝜑1𝒰[𝑎,𝑏]𝜑2 carry a real-valued robustness 𝜌(𝜑, 𝑥), with 
𝜌(𝜑, 𝑥) ≥ 0 ⟺ 𝑥 ⊨ 𝜑 [Fainekos and Pappas, 2009].

• Contracts are a Specification. A pair (𝜑𝐴, 𝜑𝐺) becomes the 
implication 𝜑𝒞 = ¬𝜑𝐴 ∨ 𝜑𝐺, quantified by 𝜌 𝜑𝒞 , 𝑥 =

max −𝜌 𝜑𝐴, 𝑥 , 𝜌 𝜑𝐺 , 𝑥 . Positive robustness means the 
implementation satisfies the contract.

• Probabilistic measure of satisfaction. A component with closed-
loop signal distribution 𝑊 satisfies at margin 𝑚 and risk 𝜀 when:

ℙ(𝜌(𝜑𝒞 ,𝑊) ≥ 𝑚) ≥ 1 − 𝜀,
taken on the assume/guarantee implication.

• Proposition (risk composes). For a robustness-monotone 
decomposition, ℙ(𝜌(𝜑𝑠𝑦𝑠,𝑊) ≥ min𝑖𝑚𝑖) ≥ 1 − ∑𝑖𝜀𝑖 with no 
independence assumed, and every runtime violation localizes to 
one delegation.

• Risk budget. Allocated like mass or power: a slot proved by model 
checking carries 𝜀𝑖 = 0 and releases budget to slots certified by 
sampling.
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Delegation Descends Trees and Obligations Cross Couplings

• Two structures per aspect. A decomposition tree: 
SysML v2 containment is strict, and mass, power, and 
cost allocate down it. A coupling structure that is not 
a tree: connections cross branches, latency 
composes along paths, and behavioral conjuncts 
bind shared signals.

• Delegation descends the tree: the quotient is 
computed at a node. Classical budget allocation is 
iterated quotient.

• Preservation obligations cross the couplings: they 
are exactly the coupling edges that leave the slot 
toward a sibling that relies on them.

• Unit tests are tree-local; the failures live on cross-
boundary couplings [cf. interdependent multigraphs, 
Baras, 2014].

C-BASE · 2026
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PART  4

From Theory to Practice: Demonstration on AGR Navigation Stack



The C-BASE Design Protocol: Check, Never Trust 
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• Orchestrator. The contract authority, deliberately 
not generative: it computes quotients aspect by 
aspect, strengthens each into a monotone STL 
template [Asarin et al., 2012], checks realizability 
by witness synthesis [Raman et al., 2014], and 
allocates risk.

• Design agent. Returns a certified design change —
a typed model-and-code delta with a certificate 
that is cheap to check [Necula, 1997]: model 
checking (proved), conformal or zero-failure 
bounds (validated), falsification survival 
(adversarial).

• Referee and record. Accept by checking, never by 
trusting; every claim is recorded as proved, 
validated, or assumed [Leroy, 2009], and monitors 
ship with the system [Yamaguchi et al., 2024].



The C-BASE Demonstration
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• One slot, one residual. The local controller of an 
authored navigation stack for Nova Carter in Isaac 
Sim; six siblings are fixed. The work order is the 
per-aspect quotient, as source-bound JSON.

• Three aspects, one boundary. 47 endpoints with 
declared QoS; ten sampled-STL conjuncts; eight 
metric bounds; a risk claim, 𝜀 ≤ 0.1 over ≥ 275
episodes.

• Evidence and authority ride along. Retained 
verdicts with digests; the agent may change 
controller, clearance, detector — nothing else. A 
proposal is never an acceptance.



Agentic Design Workflow
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• Setup. Qwen 3.8, 27B at 8-bit, resident on the 
workstation: temperature 0, fixed seed, schema-
constrained JSON, thinking on. Two rounds, every 
request and response retained.

• Round 1, 70 s: decline. Both controllers violate the 
immutable 50 ms compute bound in retained live 
evidence (pursuit 86.2 ms, MPPI 69.8 ms); the agent 
refuses to weaken the threshold or to read inconclusive 
as satisfied.

• Round 2, 83 s: decline again. After the orchestrator 
restated, without changing, that admission is 
measurement rather than acceptance, five obligations 
are named as outside its authority.

• What the contract bought. The timing obligation is 
routed to its owner: selection cannot discharge it, so the 
orchestrator must re-derive the residual. No hidden 
fallback, no fabricated repair.

15



Results
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• Problem. Given the system contract and the fixed 
siblings 𝒞𝑗, find the least constraining contract that still 
composes into the system.

16

Orchestrator-owned diagnostic run in Isaac Sim: the authored Python stack drives Nova Carter 
north aisle, south aisle, home;  chase camera at 8 frames per simulated second, played at 5x. The 

widget follows this clip's clock

Same recording, four verdicts. Structural from the graph 
snapshot and QoS; behavioral from ten STL conjuncts over 
the trace; performance from controller events; risk only from 
a campaign; coupling from the sibling obligations.



What Each Aspect Caught, and What Stays Open
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Aspect Finding on the live Python stack Owner and status

Structural 14 of 47 endpoints off the declared sensor QoS: depth 5 not 10, TF subscriptions 
RELIABLE at depth 100

sibling runtime configuration; violated

Behavioral observation age 0.367 s against 0.25 s, repaired by time-consistent localization to 0.20 s 
 n  0.167 s; c     nc  h     t ≥ 0.42 m, its p   f w its  n   m  su      c  iz ti n-error 
bound

siblings, orchestrator; age satisfied since

Performance compute tail 280.9, 86.2, 69.8, then 16.2 ms against 50 ms, while the fixed-workload 
GPU record reads 1.2 to 1.9 ms

platform; intermittent, beyond selection

Risk and coupling ε ≤ 0.1 n   s ≥ 275 in  p n  nt  pis   s, fiv   xist; th    si u   p   f w its  n th  
structural fix and the error bound

next: the campaign

The insight. Every full route reached its three 
g   s with t  min        s ≤ 0.08 m  n  ≤ 0.16 
rad inside every envelope: a mission-only 
harness would accept all of them. The three 
aspects localize three defects to three owners, 
 n  th   g nt’s   c in    ut   th  f u th, th  
timing tail, to the orchestrator. The risk campaign 
that turns single trials into a certificate is the 
next step.



Takeaways
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What we showed

18

Delegation has a canonical interface. The aspect-wise quotient is the weakest sound specification for a slot, computed 
f  m th    chit ctu   m       th   th n w itt n; it c   i s th  sib ings’  ssumpti ns  s  it     c njuncts, th   x ct  b ig tions 
hand-written specifications drop and unit tests cannot see; and per-slot certificates add by a union bound into a system 
certificate, so every violation localizes to one delegation.

Wh  ’    x 

Open agentic frameworks

Wire the orchestrator, agent, and referee 
into AWS Strands-Robots and 
comparable open-source agentic design 
stacks, so the contract layer is portable 
across agent runtimes.

Hardware in the loop

Take the diagnostic trial from Isaac Sim to 
hardware-in-the-loop design of robot 
platforms, with the same contracts and 
monitors scoring the physical run.

Native SysML v2 library

A domain library that builds the C-BASE 
structure on native SysML v2 
requirements, so quotients, certificates, 
and monitors live in the model rather than 
beside it.
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  ℬ


  P


  P ⊆ ℬ


  M


  M ⊆ ℬ


  M ⊨ P


  M ⊆ P


  𝒞 = ( A ,   G )


  A ⊆ ℬ


  G ⊆ ℬ


   𝒞 1


   𝒞 2


   𝒞 1


   C 2


   C 1 ≼  𝒞 2


   𝒞 1


   𝒞 2


   𝒞 1


   𝒞 2


  𝒞 = ( A ,   G )


  ( A ,     G ∨ ¬ A )


  E ⊆ A


  M ∧ A ⊆ G


   𝒞 1 ≼  𝒞 2 ⟺  A 1 ⊇  A 2   and    G 1 ⊆  G 2


   𝒞 1 ⊗  𝒞 2 = ( (  A 1 ∧  A 2 ) ∨ ¬ (  G 1 ∧  G 2 ) ,    G 1 ∧  G 2 )


   𝒞 1 ∧  𝒞 2 = (  A 1 ∨  A 2 ,    G 1 ∧  G 2 )


   𝒞 1 /  𝒞 2 = (  A 1 ∧  G 2 ,   (  G 1 ∧  A 2 ) ∨ ¬ (  A 1 ∧  G 2 ) )


   (  A 1 ∧  G 2 ,    (  G 1 ∧  A 2 ) ∨ ¬  (  A 1 ∧  G 2 ) )


   A 1 ∧ G ₂  


   G 1 ∧  A 2


   𝒞 j


   𝒞  a g e n t =  𝒞  s y s /  ⨂ j  𝒞 j


   𝒞 2 ⊗ 𝒞 ≼  𝒞 1     ⟺     𝒞 ≼  𝒞 1 /  𝒞 2 .


  ( 𝛼 ,   𝛾 )


   (  𝜑 G ∧ 𝛼 ) ∨ ¬  (  𝜑 A ∧ 𝛾 )


  𝛼


  (  𝜑 A ∧  𝛾  e f f ,    𝜑 G )


  𝕂 ≔  ( 𝜕 ,    𝒞 par ,    𝒞 beh ,    ( m ,   𝜀 ) )


  𝕂


  𝜕


   𝒞 par


   𝒞 beh


  ( m ,   𝜀 )


  G = ( N , P , E , T , 𝜏 , 𝜌 , 𝛼 )


  𝜏


  ⪯


  𝜌 : P → N


  𝛼


  L ⊆ T


   G 𝜋 =  𝜋 L ( f l a t ( G ) ) = f l a t ( G ) ↾ { x : ∃ t ∈ L ,   𝜏 ( x ) ⪯ t }


  L


   𝜋 L ( Y )


  L


    M = C ( G 𝜋 )


  k ( p ) = ( e n d p o i n t ,   f q O w n e r ( p ) ,   k i n d ( p ) ,   r e s o l v e d C h a n n e l ( p ) )


  R ⊨ M


   X M c =  X R c


  G


   𝜋 L


  𝜏 ( x ) ⪯ t ∈ L


   G 𝜋


  C


  M


  M


  R


  ( 𝒜 ,     𝒢 )


  𝒜


  𝒢


  x


  P ≔  { x   :     ⋀  k = 1 N   a k T x ≤  b k } =  { x   :  A P x ≤ b }


   𝒞 i =  (  { x   :  A i 𝒜 x ≤  b i 𝒜 } ,    { x   :  A i 𝒢 x ≤  b i 𝒢 } ) ,


  i = 1 ,   2 ,   3


   𝒞 1 | |  𝒞 2 ≼  𝒞 3 ↔  (  𝒜 1 ∩  𝒜 2 ∪    (  𝒢 1 ∩  𝒢 2 ) c ⊇  𝒜 3 ) ∧ (  𝒢 1 ∩  𝒢 2 ⊆  𝒢 3 )


  P


  𝜑 ≔ ⊤   |   𝜇   |   ¬ 𝜑   |    𝜑 1 ∧  𝜑 2   |    𝜑 1  𝒰  [ a , b ]  𝜑 2


  𝜌 ( 𝜑 , x )


  𝜌 ( 𝜑 , x ) ≥ 0   ⟺   x ⊨ 𝜑


  (  𝜑 A ,    𝜑 G )


   𝜑 𝒞 = ¬  𝜑 A ∨  𝜑 G


  𝜌  (  𝜑 𝒞 , x ) = max  ( − 𝜌  (  𝜑 A , x ) ,   𝜌  (  𝜑 G , x ) )


  W


  m


  𝜀


  ℙ ( 𝜌 (  𝜑 𝒞 , W ) ≥ m ) ≥ 1 − 𝜀


  ℙ ( 𝜌 (  𝜑  s y s , W ) ≥  min i  m i ) ≥ 1 −  ∑ i  𝜀 i


   𝜀 i = 0


  𝜀 ≤ 0 . 1


  ≥ 275


   𝒞 j

