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Let's book some tickets!
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Pretty simple right?



What It Takes to Reserve a Seat

Booking retried?

Seat state is stale?  _ _ } o
N

- Reservation expires before payment?
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Same seat, two users? Event Delivered Twice?

|

Late or out of order confirmation?



What happens under load?

When producers outrun consumers,
queues grow and latency spikes.

What happens when state
must be rebuilt?
Recovery often means replaying

history without repeating bad side
effects.

What happens on retries?

The same work may be attempted
again after partial failure.

What happens when events
arrive out of order?

Real systems rarely preserve the
order you hoped for.

What makes reliable event systems hard to build?

What happens after a crash?

In-memory progress disappears, but
the outside world keeps moving,.

What happens when we have
duplicates?
At-least-once delivery means the

same event may arrive more than
once.



The Anatomy of an Event-Driven System
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Defining the Event
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Defining the Event

& event.rs

pub enum BookingEvent {

ReservationRequested {
booking_1d: Uuid,
seat_1id: String,
user_1d: Uuid,

L

PaymentReceived {
booking_1d: Uuid,

F



Defining the Event over the wire with Protobufs

@ event.proto

message BookingEvent {
oneof kind {
SeatReservationRequested seat_reservation_requested = 10;
PaymentRecelved payment_received = 11;
ReservationExpired reservation_expired = 12;

}.
}.

message SeatReservationRequested {
string booking_1id = 1;
string user_id = 2;
string seat_id = 3;

}.

The schema is usually defined in proto files, and crates like prost help generate the types



The Producer

Message Broker / Log
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The Producer

& producer.rs

struct Producer {
topilc: Topilc,
partitioner: Partitioner,
buffers: PartitionBuffers,
client: BrokerClient,

}.

impl Producer {

async fn send(&self, event: BookingEvent) — Result<()>:



What's a Topic?

& producer.rs

struct Producer { struct Topic {

topic: Topic, name: String,

partitioner: Partitioner, partition_count: usize
buffers: PartitionBuffers, 1

client: BrokerClient,

}.

impl Producer A{

async fn send(&self, event: BookingEvent) — Result<()>;

A topic is a collection of related events. Practically, a topic is accompanied by metadata



Why Partition?
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Partitioning scales a topic by splitting one ordered sequence into multiple lanes.



Choosing a partition

& partition.rs

fn partition_for(key: &[u8], n: u32) — u32 {
hash(key) % n

A simplistic partition can be derived based on hashing the key % n



Buffers

& producer.rs

struct Producer
1 struct PartitionBuffers {

topic: Topic, batches: HashMap<PartitionId, Batch>,

partitioner: Partitioner,

}.
buffers: PartitionBuffers,

client: BrokerClient, struct Batch A
} events: Vec<Event>,

bytes: usize,

impl Producer { created_at: Instant,

async fn send(&self, event: BookingE }

Batches events in memory, grouped by partition, until it's ready to flush



Buffers & Flush

& producer.rs

impl Producer {

async fn send(&self, event: Event) — Result<()> A

let partition = self.partitioner.choose(&self.topic, &event);
self.buffers.push(partition, event)?;

if self.buffers.should_flush(partition) A
self.client.flush(partition, &self.buffers).await?:

0k (())
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Buffers & Flush

& producer.rs

impl Producer {

async fn send(&self, event: Event) — Result<()> A

let partition = self.partitioner.choose(&self.topic, &event);:
self.buffers.push(partition, event)?;

if self.buffers.should_flush(partition) {
self.client.flush(partition, &self.buffers).await?:

0k (())



When Buffers Fill: Backpressure

& producer.rs

enum BackpressureMode {
Block,
BlockWithTimeout(Duration),
FailImmediately,



Backpressure turns load into latency,
loss, or a crash. Pick one.



When Buffers Fill: Backpressure

& producer.rs

enum BackpressureMode {
Block,
BlockWithTimeout(Duration),
FailImmediately,
1
impl Producer {
async fn send(&self, event: Event) — Result<()> Ao
match self.buffers.push(partition, event)?; } {

0k(()) = {}
Err(Full(e)) = self.mode.apply(e).await?,



Sending to the Broker

& event.rs

let event = BookingEvent::ReservationRequested { ... };

producer.send(event).await?;



The Message Broker

Message Broker / Log
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“A Message Broker is essentially a kind of database optimized for
handling message streams. Producers write messages to the
broker, and consumers recieve them by reading from the broker.

Martin Kleppman



Message brokers are hard.

Durable, Ordered, Replayable are three distributed systems
problems in a trench coat.



The Consumer

Durable State



Consumers are Streams

& stream.rs

pub Stream for Consumer 4

type Item = Result<Event, Error>;

fn poll_next(self: Pin<&mut Self>, cx: &mut Context) — Poll<Option<Self::Item>>;
1
while let Some(event) = consumer.next().await A

handle(event?).await?:



What's a Stream?

& stream.rs

pub trait Stream {
type Item;

fn poll_next(self: Pin<&mut Self>, cx: &mut Context) — Poll<Option<Item>>;

A future yields one value, a Stream yields multiple values later




What is a Future?

& future.rs

pub trait Future {
type OQutput;

fn poll(self: Pin<&mut Self>, cx: &mut Context) — Poll<Self::0utput>;

A future is a value that is not yet Ready



: >
What is a Future~ Jub enum Poll<T> 1

Ready(T),

& future.rs Pending,

pub trait Future {
type Output;

fn poll(self: Pin<&mut Self>, cx: &mut Context) — Poll<Self::0Qutput>;

Poll indicates whether a value is available or if the task is scheduled to wakeup



What is a Future?

—;ig* Tokio



What is a Future?

—;ig* Tokio

Value



Ilterator

& Iterator.rs

pub trait Iterator {
type Item;
fn next(&mut self) — Option<Self::Item>;

iter.next() — Option<Item>

next () advances the iterator by consuming one item in a collection



Stream is an Async lterator



Consumers are Streams

& stream.rs

impl Stream for Consumer o

type Item = Result<Event, Error>;

fn poll_next(self: Pin<&mut Self>, cx: &mut Context) — Poll<Option<Self::Item>>;
1
while let Some(event) = consumer.next().await

handle(event?).await?:



Handling Events & State in the Consumer

& handle.rs

async fn handle(event: Event) — Result<()> {
let booking = decode(&event.payload)?;
db.insert(&booking) .await?;
metrics.bump();
commit(event.offset).await?:

0k (())



Offsets are watermarks

& handle.rs

async fn handle(event: Event) — Result<()> {
let booking = decode(&event.payload)?;
db.insert(&booking) .await?;
metrics.bump();
commit(event.offset).await?;

0k (())



Offsets are watermarks

eventy event; event,

=™ watermark

(durable up to T,)




Watemarks enable at-least once delivery



The Gap between Effect & Commit

& handle.rs

async fn handle(event: Event) — Result<()> {
let booking = decode(&event.payload)?;
db.insert(&booking) .await?;
metrics.bump();
commit(event.offset).await?:

0k (())



Recovery & Replay

& recovery.rs

async fn replay_from(last_committed: Offset) — Result<()> {
let mut stream = consumer.stream_from(last_committed.next()).await?:
while let Some(event) = stream.next().await {
handle(event).await?;

commit(event.offset).await?;

}.
Ok(())



What happens under load?

Backpressure slows producers
when consumers fall behind.

What happens when state
must be rebuilt?

Replay reconstructs state from the
log.

What happens on retries?

The same work may be attempted
again after partial failure.

What happens when events
arrive out of order?

Ordering is usually preserved only
within a key or partition.

What makes reliable event systems hard to build?

What happens after a crash?

Recovery restarts from the last
committed offset.

What happens when we have
duplicates?

ldempotent event handlers



Thank You

Find me on GitHub , X, Linkedln as @shrirambalaji
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