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SYSTEM MODEL

Multi-agent systems as distributed systems

Mailbox

confirm / delete event

Chat Writer

User

Dispatcher

request request

request draft replyrequest schedule

proposed replyslots / event match

approve / edit status scheduling decision

Calendar

Each agent is an independent process: agents share no memory and coordinate through FIFO queues.

= LLM agent



MOTIVATION

Agentic AI: Power and fragility

A multi-agent system is a distributed system.

POWER

Why multi-agent systems are capable 

- Interacting agents 
Specialized components combine their capabilities.


- Separation of concerns 
Each agent has its own skills, context, and responsibility.


- Structured workflows 
Complex tasks are broken into reusable steps.


- Parallel execution 
Independent parts can run concurrently.



MOTIVATION

Agentic AI: Power and fragility

FRAGILITY

Why the same structure is hard to trust 

- Asynchronous communication


- Distributed decisions


- Non-deterministic behavior

A multi-agent system is a distributed system.

DeadlocksOrdering mismatches

Premature decisions

POWER

Why multi-agent systems are capable 

- Interacting agents 
Specialized components combine their capabilities.


- Separation of concerns 
Each agent has its own skills, context, and responsibility.


- Structured workflows 
Complex tasks are broken into reusable steps.


- Parallel execution 
Independent parts can run concurrently.



EU AI ACT REGULATION

The AI Act as a […] promote the uptake of human-centric and trustworthy 
artificial intelligence (AI), while ensuring a high level of 
protection of health, safety, fundamental rights […]     AI Act · Art. 1

For agentic AI, this translates into workflow requirements:

TRANSPARENCY                            AI Act · Art. 13(1)

Can we understand what the system did? 

The workflow should record decisions, 
messages, and tool calls.

HUMAN OVERSIGHT                      AI Act · Art. 14(1)

Can a human intervene at crucial points? 

The protocol defines control points for review, 
approval, rejection, and escalation.

workflow requirement
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WHAT IS MISSING

Two halves of transparent oversight

FORMAL FOUNDATION

Make the system verifiable 

- Formal semantics 
A precise model of execution.


- Derive local agents 
Projection from the global protocol.


- Prove guarantees 
Deadlock-freedom, required approval steps.

The goal: Transparency and human oversight
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- Formal semantics 
A precise model of execution.


- Derive local agents 
Projection from the global protocol.


- Prove guarantees 
Deadlock-freedom, required approval steps.

The goal: Transparency and human oversight

- Trace semantics 
A precise record of the execution.


- Accountability events 
Decisions and approvals appear in the trace.


- Human control points 
Explicit points for review and approval.

Reason formally about oversight



WHAT IS MISSING

Two halves of transparent oversight

HUMAN OVERSIGHTFORMAL FOUNDATION

Make the system verifiable

The goal: Transparency and human oversight

Formalism that serves foundation and interface: Message Sequence Charts

Writer 

Draft: "Thursday 
at 10:00 works."

Approve this reply? 

approve edit

def approve_email_reply(draft): 
  Writer(draft) >> User(draft) 

  User: reply = approve_or_edit(draft)  

  if reply != "" @ User: 
    User(reply) >> Mailbox(reply) 
    Mailbox: status = create_draft(reply)

Reason formally about oversight



ROUTING AN EMAIL

Message Sequence Chart

User

LLM ACTION 
category = classify_email(email) 

✓ reply schedule spam

LLM ACTION 
draft = draft_reply(email)

SEND 
email = "… Best regards, M."

RECV 
email

Mailbox

RECV 
email

SEND 
email

Dispatcher Writer

RECV 
draft

SEND 
draft

HUMAN INPUT 
reply = approve_or_edit(draft) 

✓ approve edit

RECV 
reply

SEND 
reply

TOOL ACTION 
status = create_draft(reply) Whatever the Dispatcher routes, the reply reaches approve_or_edit before any external action is taken.




LLM ACTION

Anatomy of an LLM action

def classify_email(email: str) 
→ category: str

classify_email



LLM ACTION

Anatomy of an LLM action email: str 

"Hello, I am part of a small applied  
research group working on […]"

category: str 

"reply"

def classify_email(email: str) 
→ category: str   LLM

classify_email



LLM ACTION

Anatomy of an LLM action email: str 

"Hello, I am part of a small applied  
research group working on […]"

category: str 

"reply"

def classify_email(email: str) 
→ category: str

system = "You route incoming mail…" 
user   = f"Email: {email}"

  LLM

prompt = 
    system + user

classify_email



LLM ACTION

Anatomy of an LLM action email: str 

"Hello, I am part of a small applied  
research group working on […]"

category: str 

"reply"

def classify_email(email: str) 
→ category: str

system = "You route incoming mail…" 
user   = f"Email: {email}"

  LLM

{ "category": "reply" }

prompt = 
    system + user

str → parse

classify_email



LANGUAGE 

DESIGN SPACE

How should multi-agent systems be specified?
Specification that is executable, global, and correct by construction.

<>

✗     Automata


✓     Executable, structured programs if x < max: 
    x = x + 1
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 CHOREOGRAPHIC PROGRAMMING 

COORDINATION SCOPE 

SEMANTICS LANGUAGE 

DESIGN SPACE

How should multi-agent systems be specified?
Specification that is executable, global, and correct by construction.

<>

✗     Automata


✓     Executable, structured programs if x < max: 
    x = x + 1

✗     Local (per agent)


✓     Global (protocol level) msg(A,B,m)

send(B,m) recv(A,m)

{ }

✗   Low-level configurations


✓   Symbolic executions (MSCs)

2008 · Honda, Yoshida, Carbone — multiparty asynchronous session types
2013 · Carbone, Montesi — choreographic programming

(states,ch)
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 CHOREOGRAPHIC PROGRAMMING 

REALIZABILITY COORDINATION SCOPE 

SEMANTICS LANGUAGE 

DESIGN SPACE

How should multi-agent systems be specified?
Specification that is executable, global, and correct by construction.

<>

✗     Automata


✓     Executable, structured programs if x < max: 
    x = x + 1

✗     Local (per agent)


✓     Global (protocol level) msg(A,B,m)

send(B,m) recv(A,m)

{ }

✗   Low-level configurations


✓   Symbolic executions (MSCs)

✗   Checked after the fact


✓   Enforced by construction

2002 · Genest, Muscholl, Seidl, Zeitoun — cooperative & local-choice HMSCs
2005 · Genest — implementation via asynchronous controllers

2008 · Honda, Yoshida, Carbone — multiparty asynchronous session types
2013 · Carbone, Montesi — choreographic programming

(states,ch)



SYNTAX

FORMAL MODEL — GLOBAL

The workflow language

 skip 

 sequence 

 local action 

 message 

 branch 

 loop  

 parallel

P ::= empty 

|  P1 ; P2 

|  act A : (y1,…,ym) = f(x1,…,xn) 

|  msg A(x1,…,xn) → B(y1,…,yn) 

|  if c@A then P⊤ else P⊥ 

|  while c@A do P⊤ exit P⊥ 

|  P1 ‖ … ‖ Pn



EXAMPLE

SYNTAX

FORMAL MODEL — GLOBAL

The workflow language

msg A(x) → B(y) ; 
while y@B do { 
    act B : y = f() ; 
    msg B(y) → C(y) 
} exit { empty }

 skip 

 sequence 

 local action 

 message 

 branch 

 loop  

 parallel

P ::= empty 

|  P1 ; P2 

|  act A : (y1,…,ym) = f(x1,…,xn) 

|  msg A(x1,…,xn) → B(y1,…,yn) 

|  if c@A then P⊤ else P⊥ 

|  while c@A do P⊤ exit P⊥ 

|  P1 ‖ … ‖ Pn

 # message from A to B 
 # decision owned by B 

 # assignment at B 
# message from B to C   

 # exit



SEMANTICS

EXAMPLE

SYNTAX

FORMAL MODEL — GLOBAL

The workflow language

msg A(x) → B(y) ; 
while y@B do { 
    act B : y = f() ; 
    msg B(y) → C(y) 
} exit { empty }

 skip 

 sequence 

 local action 

 message 

 branch 

 loop  

 parallel

send A(x) → B recv B(y) ← A

while y@B   ⊤

P ::= empty 

|  P1 ; P2 

|  act A : (y1,…,ym) = f(x1,…,xn) 

|  msg A(x1,…,xn) → B(y1,…,yn) 

|  if c@A then P⊤ else P⊥ 

|  while c@A do P⊤ exit P⊥ 

|  P1 ‖ … ‖ Pn

y = f()

send B(y) → C recv C(y) ← B

while y@B   ⊥

A B C

 # message from A to B 
 # decision owned by B 

 # assignment at B 
# message from B to C   

 # exit

Set of symbolic MSCs — one for each number of loop iterations:



ORCHESTRATION CHALLENGE

Example workflow with branching
Executor

send plan

Planner

recv plan

Reviewer Orchestrator

plan, needs_review = make_plan()

send plan

send result

critique = review(plan)

send critique recv critique

_ = nop()

recv plan

result = execute(plan)

recv result

summary = finalize(critique, result)

if 
needs_review 

else

critique = "no review"
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ORCHESTRATION CHALLENGE

Example workflow with branching

send plan recv plan

plan, needs_review = make_plan()

send plan

send result

critique = review(plan)

send critique recv critique

_ = nop()

recv plan

result = execute(plan)

recv result

summary = finalize(critique, result)

if 
needs_review 

else

⊤ ⊤

⊥ ⊥

The Orchestrator cannot just go on to receive result: 
If the ⊤-branch was executed, critique would remain 
unreceived in the channel forever.

Decision ⊤ / ⊥ is broadcast to every involved agent.

⊤

⊥

critique = "no review"

 # projected local program (in distributed system) 

 var critique: str = "no review" ; 

 recv Orchestrator(needs_review) ← Planner ;                    

 if needs_review then { 
     recv Orchestrator(critique) ← Reviewer ; 
 } else { 
     empty 
 } 

# branch has now been resolved locally; safe to continue 

 recv Orchestrator(result) ← Executor ;                    
 act Orchestrator : summary = finalize(critique, result) ; 

ExecutorPlanner Reviewer Orchestrator



CORRECTNESS

The Zipper lemma

Projection of program P preserves the global workflow.


The projected agents have exactly the behaviours of P,

up to auxiliary control messages.


The generated distributed program is deadlock-free: 
Every partial projected run can be completed.

THEOREM
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For P;Q, projection is compositional:

Derive local programs for P and Q, compose them locally.

If some lifelines have already entered Q while others are still 
completing P, the unfinished P-part can still be completed 
consistently.

ZIPPER LEMMA

P

Q
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P;Q
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zippergen.io

ipperGen



PYTHON IMPLEMENTATION

ZipperGen tool

GLOBAL PROTOCOL

@workflow 
def command_center(): 
  with parallel: 
    with branch:  # Email stream 
      while True @ Mailbox: 
        Mailbox(email) >> Dispatcher(email) 
        Dispatcher: route = classify(email) 
        # … 

    with branch:  # Chat stream 
      while True @ Chat: 
        Chat(msg) >> Dispatcher(msg) 
        Dispatcher: route = classify(msg) 
        # …

The message sequence chart is both the semantics and the interface.

zippergen.io / chat



PYTHON IMPLEMENTATION

Approval is part of the protocol
GLOBAL PROTOCOL

@fragment 
def approve_email_reply(draft): 
  Writer(draft) >> User(draft) 
  User: reply = approve_or_edit(draft) 
  if reply != "" @ User: 
    User(reply) >> Mailbox(reply) 
    Mailbox: status = create_draft(reply)

zippergen.io / chat

DECLARE HUMAN ACTION

@human( 
  kind="edit", 
  prefill="{draft}", 
  instruction="Edit or submit as is", 
  outputs=["reply: str"], 
) 
def approve_or_edit(draft): pass

INBOX 
One entry per


open @human step: 
the approvals the run


is waiting for.


LOCAL CHOICE 
Nothing is sent until

this returns. The User

lifeline decides.



CONCLUSION

Summary and future work

ZipperGen specifies agent workflows as global protocols.

Next: Test where this gives useful guarantees in practice.

WHAT HAS BEEN DONE

- Protocol-level workflows 
Global descriptions of agents, messages, and choices.


- Projection to local agents 
Executable local programs.


- Deadlock-free execution 
Generated agents follow the projected protocol.


- Human control points 
Approvals, rejections, and verdicts are part of the protocol.


- Causal Past Logic 
Runtime properties over MSCs.



CONCLUSION

Summary and future work

OPEN QUESTIONS

- Expressiveness 
Exceptions, cancellation, recovery, long-running workflows.


- Evaluation 
Which case studies show the strengths and limitations?


- Human interface 
How should traces, approvals, and verdicts be presented?


- Discussion 
What guarantees do we actually want for agentic AI?

ZipperGen specifies agent workflows as global protocols.

Next: Test where this gives useful guarantees in practice.

WHAT HAS BEEN DONE

- Protocol-level workflows 
Global descriptions of agents, messages, and choices.


- Projection to local agents 
Executable local programs.


- Deadlock-free execution 
Generated agents follow the projected protocol.


- Human control points 
Approvals, rejections, and verdicts are part of the protocol.


- Causal Past Logic 
Runtime properties over MSCs.


