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CHAPTER 01

From Monolith to Microservices:
The Why and How of
Distributed Systems

Imagine your application as a small sapling. It's easy to plant, easy to water, and
grows quickly. But what happens when that sapling needs to become a towering
tree, supporting a bustling ecosystem of users and complex features? This is the
journey we'll embark on - understanding how software systems evolve from
simple, unified structures to complex, distributed architectures.

In this chapter, we'll explore the fundamental shift from monolithic applications to
distributed systems, often exemplified by microservices. We'll uncover the 'why'
behind this evolution, examining the challenges that push systems towards
distribution, and begin to understand the 'how' by looking at the core principles
that guide this transformation. This isn't just about technology; it's about a
mindset for building scalable, resilient, and manageable systems that can stand
the test of time and support even the most sophisticated Al agents.

This chapter is your starting point, requiring no prior knowledge of distributed
systems. We'll build our understanding step-by-step, ensuring you grasp the
foundational concepts before we dive into the intricate details in subsequent
chapters.

The Humble Monolith: A Unified Beginning

Most applications begin life as a monolith. Think of a monolith as a single, self-
contained unit where all functional components - user interface, business logic,
and data access layers - are tightly coupled and run as a single process. It's a
pragmatic choice for getting started quickly.

What is a Monolith?

A monolithic application bundles all its functionalities into one deployable unit. For
example, in an e-commerce platform, the user authentication, product catalog,
shopping cart, and payment processing might all reside within the same codebase
and run on a single server instance. All components share the same process and
often, a single database.
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e User: Interacts with the frontend.
* Frontend: The user interface (web or mobile).

* Monolithic Application: A single application process containing all
business logic.

* Single Database: All data for the entire application is stored here.

Why Start with a Monolith?

Monoliths offer several compelling advantages, especially in the early stages of a
project:

* Simplicity in Development: With everything in one place, development is
straightforward. You don't need to worry about inter-service communication
or distributed transactions.

» Easier Debugging: Tracing issues is often simpler as you can follow the
execution path within a single process and usually one language.

* Simple Deployment: You only need to build and deploy one artifact. This
makes continuous integration and continuous delivery (CI/CD) pipelines
initially less complex.

From Monolith to Microservices: The Why and How of Distributed Systems



* Lower Operational Overhead (Initially): Managing one application
instance is typically easier than managing many.

Real-world insight: Many highly successful startups, including early
versions of giants like Amazon, eBay, and Netflix, began with monolithic
architectures. It's a pragmatic choice for proving a concept quickly and gaining
market traction.

Growing Pains: When Monoliths Suffer

While great for starting, monoliths eventually face significant challenges as
applications grow in size, complexity, and user base. These "growing pains" often
become the driving force behind considering a distributed architecture.

Common Monolithic Challenges

» Scalability Limits: To scale a monolithic application, you typically have to
scale the entire application (e.g., run more copies of the whole thing). If only
one small part (like image processing) is a bottleneck, you still have to scale
the entire, potentially resource-heavy application. This is inefficient and
costly.

* Deployment Bottlenecks: Even a tiny change requires redeploying the
entire application. This can lead to longer deployment times, increased risk
of introducing new bugs, and a slower pace of innovation.

* Technology Lock-in: The entire application usually uses a single
technology stack (e.g., Java with Spring Boot, Python with Django). It's
difficult to introduce new languages or frameworks for specific features that
might be better suited for them.

* Team Friction and Slow Development: As the codebase grows, it
becomes harder for large teams to work on it simultaneously without
stepping on each other's toes. Merging code can become a nightmare,
leading to slower delivery.

* Resilience Issues: A failure in one component of the monolith can bring
down the entire application. There's no isolation between parts, making the
system brittle.

* Increased Complexity: Over time, a monolith can become a "big ball of
mud," where dependencies are tangled, and understanding the system as a
whole becomes incredibly difficult.
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I\ What can go wrong: Imagine an e-commerce monolith where a sudden
surge in traffic to the "recommendation engine" component causes the entire
payment system to crash because they share resources. This lack of isolation is a
critical vulnerability for production systems.

Embracing Distribution: The Microservices
Approach

To address the limitations of monoliths, engineers often turn to distributed
systems, with microservices being a prominent architectural style within this
paradigm.

What are Distributed Systems and Microservices?

A distributed system is a collection of independent computing elements that
appear to its users as a single coherent system. These elements communicate
over a network to achieve a common goal.

Microservices are an architectural approach where an application is composed
of small, independent services that communicate over well-defined APIs. Each
service typically owns its data, can be developed by a small team, and deployed
independently. They are a specific style of distributed system.
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User: Interacts with the frontend.

APl Gateway: A single entry point that routes requests to appropriate
services.

Product Service, User Service, Order Service: Independent
microservices, each responsible for a specific business capability.

Product DB, User DB, Order DB: Each service owns its dedicated data
store.

e Calls: Services communicate with each other over the network via APIs.
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Why Microservices? The Benefits

Microservices directly tackle the problems faced by monoliths, offering several
compelling advantages:

* Independent Scalability: You can scale individual services based on their
specific demand. If the "Product Catalog" service needs more resources, you
only scale that service, not the entire application. This is much more
efficient and cost-effective.

* Independent Deployment: Each service can be deployed, updated, and
rolled back independently. This accelerates development cycles, reduces
risk, and allows for continuous delivery of small changes.

* Technology Heterogeneity: Different services can be built using different
programming languages, frameworks, and data stores, allowing teams to
choose the best tool for the job. This prevents technology lock-in.

* Improved Resilience: If one service fails, it doesn't necessarily bring down
the entire application. Other services can continue to function, leading to a
more robust system.

* Team Autonomy: Small, cross-functional teams can own, develop, and
operate specific services end-to-end, fostering greater ownership and faster
decision-making.

» Easier Code Management: Smaller, focused codebases are easier to
understand, maintain, and refactor.

s Key Idea: Microservices are a strategy for managing complexity and
enabling agility, not a silver bullet. The goal is to maximize the benefits of
independent development and deployment while managing the inherent
complexities of distributed systems.

The Trade-Offs: When Not to Use Microservices

While powerful, microservices introduce their own set of complexities. It's crucial
to understand these trade-offs to avoid over-engineering.

The Hidden Costs of Distribution

* Increased Operational Complexity: Managing many independent
services, each with its own deployment, monitoring, and logging, is
significantly more complex than managing a single monolith. You'll need
more sophisticated infrastructure and tooling.
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» Distributed Debugging: Tracing requests across multiple services,
potentially written in different languages, can be challenging. You need
specialized tools for distributed tracing.

* Data Consistency Challenges: Maintaining data consistency across
multiple, independent databases is a complex problem that requires careful
design (e.g., eventual consistency, distributed transactions).

* Network Latency and Reliability: Services communicate over a network,
which introduces latency and the possibility of network failures. This needs
to be explicitly handled in every service.

* Overhead of Inter-service Communication: Every call between services
incurs network overhead, which can impact performance if not designed
carefully.

* Cost: While efficient at scale, the infrastructure and tools required to
manage a robust microservices architecture can be more expensive than a
simple monolithic setup, especially in the early stages.

“2 Important: Don't build a distributed system unless you have a compelling
reason to. The overhead is substantial. Starting with a well-architected monolith
and selectively extracting services as needed (often called the "strangler fig
pattern") is often a safer approach. This allows you to gradually migrate
functionality without a risky big-bang rewrite.

Timeless Principles of Distributed Systems Thinking

Regardless of whether you're building a traditional application or an Al agent
workflow, certain engineering principles are paramount when dealing with
distributed systems. These are timeless because they address the fundamental
challenges of coordinating independent components.

1. Decomposition: Break down a large problem into smaller, manageable
pieces, typically based on business capabilities or domains. For an Al agent,
this might mean separating a "Perception Service" from a "Planning Service"
and an "Action Execution Service."
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2. Loose Coupling & High Cohesion:

* Loose Coupling: Services should know as little as possible about the
internal workings of other services. They interact via well-defined APIs,
minimizing dependencies.

* High Cohesion: The code within a single service should be highly
related and focused on a single responsibility. This makes the service
easier to understand and maintain.

3. Independent Deployment: Each service should be deployable without
requiring changes or redeployments of other services. This is key to agility.

4. Data Ownership: Each service should own its data store, ensuring
autonomy and preventing direct database access from other services. This
enforces loose coupling and allows services to evolve their data schema
independently.

5. Resilience: Design services to withstand failures. This involves techniques
like retries, circuit breakers, and timeouts (which we'll explore in future
chapters). Assume failures will happen.

6. Observability: Understand what's happening inside your distributed
system. This includes comprehensive logging, metrics, and distributed
tracing. Without it, debugging becomes nearly impossible in a system with
many moving parts.

7. Automation: Automate everything from deployment to monitoring to
scaling. Manual processes don't scale with distributed systems and
introduce human error.

Real-world insight: Even complex Al agentic systems, which might
involve multiple specialized agents collaborating, rely on these principles. Each
agent or sub-agent can be thought of as a service, requiring robust
communication, independent logic, and clear interfaces to orchestrate complex
tasks. For example, a "research agent" might be a separate service from a "code
generation agent," communicating through a central orchestrator.

Practical Application: Decomposing an Al Agent
Workflow

While this chapter is conceptual, the best way to internalize these principles is to
apply them. Since we're not writing code yet, our "implementation" will be a
design exercise.

From Monolith to Microservices: The Why and How of Distributed Systems
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Challenge: Imagine you're building an advanced Al agent that can research a
topic, generate code based on that research, and then deploy the code to a test
environment. Currently, this is all handled by one massive script. How would you
start thinking about decomposing this into potential microservices?

Hint: Think about the distinct, independent capabilities or domains within this
workflow. What are the natural boundaries where you could draw a line and say,
“This part does one thing, and it does it well"? Consider the principles of high
cohesion and loose coupling.

What to Observe/Learn: This exercise helps you practice identifying potential
service boundaries and applying the principle of decomposition. You'll start to see
how different responsibilities can be isolated, laying the groundwork for designing
truly distributed systems. Take a moment to sketch out your ideas on paper or in
a simple text editor.

Common Pitfalls & Troubleshooting in Early Stages

As you begin to think about distributed systems, be aware of these common
traps. Avoiding them early can save immense effort later.

1. Premature Microservices: Don't start with microservices unless you truly
understand the problem they solve for your specific context. Many
applications thrive as monoliths for a long time. Over-engineering too early
can kill a project by adding unnecessary complexity and overhead before
the core problem is even validated.

2. Distributed Monoliths: This is a common anti-pattern where you split a
monolith into multiple services, but they remain tightly coupled, share a
single database, or are deployed together. You end up with all the
complexity of distributed systems with none of the benefits of true
independence.

3. Ignoring Network Problems: Forgetting that network calls can fail, be
slow, or drop messages is a recipe for disaster in distributed systems.
Always assume the network is unreliable and design your services to handle
partial failures gracefully. This includes implementing timeouts, retries, and
fallback mechanisms.

From Monolith to Microservices: The Why and How of Distributed Systems
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Summary: The Journey Ahead

In this chapter, we've laid the groundwork for understanding the evolution of
software architectures:

* Monoliths offer initial simplicity and faster development but face
limitations in scalability, deployment, and team agility as systems grow.

* Microservices address these challenges by breaking applications into
small, independent, and communicative services.

* This architectural shift introduces new complexities related to operations,
debugging, and data consistency, requiring careful management.

* Timeless engineering principles like decomposition, loose coupling,
resilience, and observability are crucial for success in distributed
environments, whether for traditional applications or advanced Al agent
systems.

* Crucially, always consider the trade-offs and avoid premature optimization
or blindly applying patterns.

The journey from a monolith to a robust distributed system is not trivial, but with
a solid understanding of these foundational concepts and principles, you're well-
equipped to navigate it. In our next chapter, we'll begin to explore the very first
steps of building distributed systems by diving into how services communicate
with each other.

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.

References

* Microservices Architecture Style - Azure Architecture Center
e Monolith First (Martin Fowler)

* Domain-Driven Design (Domain Lanhguage)
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CHAPTER 02

Scaling with Reverse Proxies
and APl Gateways

Imagine your application starts small, a single server humming along, directly
serving every user request. What happens when users multiply by thousands, or
even millions? Direct access quickly becomes a bottleneck, a security risk, and a
nightmare to manage. This is where reverse proxies and API gateways step in,
transforming a fragile single point into a robust, scalable entry for your entire
system.

In this chapter, we'll peel back the layers of how modern systems handle inbound
traffic, learning the timeless engineering principles behind reverse proxies and API
gateways. You'll understand not just what these components are, but why they
are indispensable for building scalable, resilient, and secure architectures,
especially in the context of distributed systems and emerging Al agent workflows.
We'll explore their core functionalities, their evolution, and how to think about
integrating them into your designs without falling into the trap of over-
engineering.

The Foundation: Understanding the Reverse Proxy

Before we dive into the complexities of large-scale systems, let's establish a
fundamental building block: the reverse proxy.

What is a Reverse Proxy?

At its core, a reverse proxy is a server that sits in front of one or more web
servers and forwards client requests to them. Instead of clients communicating
directly with your application servers, they communicate with the reverse proxy.
The proxy then decides which backend server should handle the request, fetches
the response, and sends it back to the client. The client never knows which
specific server actually processed its request.

Why does it exist? Imagine a busy restaurant. Instead of every customer
walking into the kitchen to place an order directly with a chef, there's a host or
maitre d'. The host takes your order, directs it to the right station (grill, salad,
pastry), and brings you the finished meal. The host is the reverse proxy. It exists
to manage inbound traffic, distribute work, and present a single, consistent
interface to the outside world.
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Key Benefits of a Reverse Proxy

Reverse proxies aren't just about hiding your backend servers; they offer a suite
of critical benefits that are essential for any production-grade application.

1. Load Balancing

What it is: Distributing incoming network traffic across multiple backend servers
to ensure no single server is overwhelmed. Why it matters: As user traffic
grows, you'll need more than one application server. A reverse proxy intelligently
sends requests to the server that's least busy or most available, ensuring optimal
resource utilization and preventing bottlenecks. This is crucial for horizontal
scaling. How it works: Reverse proxies use various algorithms (like round-robin,
least connections, or IP hash) to decide which backend server receives the next
request.

2. SSL/TLS Termination

What it is: Handling the encryption and decryption of secure (HTTPS)
connections. Why it matters: Establishing and maintaining SSL/TLS connections
is computationally intensive. By offloading this task to the reverse proxy, your
backend application servers can focus solely on processing business logic,
significantly improving their performance. How it works: The reverse proxy
holds the SSL certificate and manages the secure connection with the client. It
then communicates with the backend servers, often over unencrypted (but
internal and secure) HTTP, reducing overhead on the application servers.

3. Caching Static Content

What it is: Storing frequently accessed static files (images, CSS, JavaScript)
directly at the proxy layer. Why it matters: If a user requests an image, and the
reverse proxy has a cached copy, it can serve that copy directly without bothering
the backend server. This significantly reduces latency for the client, reduces load
on backend servers, and saves bandwidth. How it works: The proxy checks its
cache first. If the content is there and fresh, it returns it immediately. Otherwise, it
forwards the request to the backend, caches the response, and then returns it to
the client.
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4. Security Enhancements

What it is: Acting as the first line of defense against various network attacks.
Why it matters: By presenting a single public endpoint, the reverse proxy can
filter malicious traffic, block known attack patterns (like SQL injection or cross-site
scripting via a Web Application Firewall

* WAF), and hide the internal network topology from attackers. How it
works: It inspects incoming requests, applying security rules and
potentially integrating with security services before forwarding them to
internal servers.

5. Compression and Optimization

What it is: Compressing responses before sending them to the client to reduce
data transfer size. Why it matters: Smaller responses mean faster load times for
users, especially on slower networks, and reduced bandwidth costs for you. How
it works: The proxy compresses text-based responses (HTML, CSS, JSON) using
algorithms like Gzip or Brotli before sending them out, and decompresses
incoming requests if necessary.

Visualizing the Reverse Proxy Flow
Let's illustrate the basic flow of a client request through a reverse proxy to
multiple backend servers.
7 i 7,
| Client

Application Servers /
!

Reverse Proxy ‘

| | |
|

‘ App Server B | ' App Server C
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In this diagram, the Client sends a request to the Reverse Proxy. The
Reverse Proxy then forwards that request to one of the Application Servers
(A, B, or C) based on its load balancing strategy. The chosen Application
Server processes the request and sends the response back through the Reverse
Proxy to the Client.

Evolving to APl Gateways: The Microservices Era

As applications grow and adopt microservices architectures, the simple reverse
proxy often isn't enough. We need more intelligent routing, security, and
management at the edge. This is where the APl Gateway comes in.

What is an APl Gateway?

An API Gateway is an evolution of the reverse proxy, specifically designed for
microservices architectures. While a reverse proxy primarily handles traffic
distribution and basic optimizations, an APl Gateway adds a layer of intelligence,
acting as a single entry point for all APl requests. It encapsulates the internal
system architecture and provides a tailored API to each client.

Why does it exist? In a microservices world, you might have dozens or
hundreds of small services, each with its own API. A mobile app might need data
from 5 different services to render a single screen. Without an APl Gateway, the
client would have to make 5 separate requests, manage authentication for each,
and combine the results. This is complex, inefficient, and tightly couples the client
to the internal service structure.

The API Gateway solves this by:

* Aggregating requests: A single request to the gateway can trigger
multiple internal service calls, simplifying client-side logic.

* Decoupling clients from services: Clients only know about the gateway,
not the individual services, allowing internal changes without impacting
external consumers.

* Centralizing cross-cutting concerns: Authentication, authorization, rate
limiting, logging, and monitoring are handled once at the gateway, rather
than redundantly in every service.

Advanced Features of an APl Gateway

API Gateways extend the capabilities of reverse proxies with features crucial for
distributed systems.
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1. Authentication and Authorization

What it is: Verifying the identity of the client and ensuring they have permission
to access the requested resources. Why it matters: Centralizing security at the
edge means individual backend services don't need to implement their own
authentication logic. The gateway can validate tokens (e.g., JWTs) and pass user
context to downstream services, simplifying service development and reducing
security surface area. How it works: The gateway intercepts requests, extracts
credentials (e.g., APl keys, OAuth tokens), validates them with an identity
provider, and either allows or denies the request.

2. Rate Limiting

What it is: Controlling the number of requests a client can make to your APIs
within a given timeframe. Why it matters: Prevents abuse, protects backend
services from being overwhelmed by traffic spikes, and ensures fair usage among
clients. This is especially critical for resource-intensive Al agent services. How it
works: The gateway tracks requests per client (e.g., by IP address or API key) and
blocks requests that exceed predefined thresholds.

3. Request/Response Transformation

What it is: Modifying the structure or content of requests before forwarding them
to a service, or responses before sending them back to the client. Why it
matters: Allows clients to interact with a consistent APl schema even if backend
services have different versions or data formats. It can also strip sensitive
information from responses before they leave your system. How it works: The
gateway applies rules (e.g., JSON schema transformations, header modifications,
data masking) to incoming and outgoing data.

4. Intelligent Routing and Service Discovery

What it is: Dynamically directing requests to the correct backend service
instance, even as services scale up and down. Why it matters: In a
microservices architecture, service instances are constantly starting, stopping,
and scaling. The gateway needs to know where to find the currently active and
healthy services without manual configuration. How it works: The gateway
integrates with a service discovery mechanism (e.g., Kubernetes, Consul, Eureka)
to find healthy service instances and route requests accordingly.

5. Circuit Breaking and Retries

What it is: Patterns to prevent cascading failures in distributed systems. Why it
matters: If a backend service is unhealthy or slow, blindly sending more requests
to it will only make things worse and can cause other services to fail. Circuit
breakers stop traffic to failing services, and retries handle transient network
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issues. How it works: The gateway monitors service health. If a service
consistently fails, the circuit breaker "opens," preventing further requests for a
period. Retries automatically re-send failed requests if the error is likely
temporary (e.g., network glitch).

APl Gateway in a Microservices World

Here's how an APl Gateway fits into a microservices architecture:

.
Client
Microservices +
‘ AP| Gateway
[ : ' : { ‘ ¢ | [ . \»\ 2
| UserService | | Product Service i Order Service | |  AuthService | Rate Limiter

In this setup, the Client sends a single request to the API Gateway. The API
Gateway first interacts with Auth Service and Rate Limiter for security and
traffic control. Then, based on the request, it routes to one or more
Microservices (User, Product, Order), potentially aggregating responses before
sending a single, unified response back to the Client.

When to Use Which: Reverse Proxy vs. APl Gateway

It's important to understand the nuance and avoid over-engineering:
* Use a Reverse Proxy when:

* You have a monolithic application or a small number of services.

* Your primary needs are load balancing, SSL termination, static content
caching, and basic security.

* You want a simple, high-performance HTTP/TCP proxy.

* Example tools: Nginx (current stable version 1.25.x as of 2026-05-15),
HAProxy (current stable version 2.9.x as of 2026-05-15).
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* Use an APl Gateway when:

* You have a microservices architecture with many services.

* You need advanced features like authentication, authorization, rate
limiting, request/response transformation, and sophisticated routing.

* You want to provide a consistent, versioned API facade to external
clients.

* Example tools: Kong Gateway (current stable version 3.6.x as of
2026-05-15), AWS API Gateway, Azure API Management, Google Cloud
Apigee.

“2 Important: Don't reach for an APl Gateway if a simple reverse proxy suffices.
Over-engineering with a full-blown API Gateway for a small application introduces
unnecessary complexity and operational overhead. Start simple and evolve as
your needs dictate.

Practical Application: Conceptual APl Gateway
Design

Since this guide focuses on timeless principles rather than specific vendor tools,
let's think about the decisions involved in setting up an APl Gateway for a
hypothetical Al Agent Orchestration platform. This section will guide you through
designing the configuration, step by step.

Imagine you're building a system where various Al agents (e.g., a "Research
Agent," a "Code Generation Agent," a "Translation Agent") expose APIs. A central
"Orchestration Agent" needs to call them, and external users need to interact with
the orchestration layer.

Step 1: Define Your Entry Point and Basic Routing

First, decide on the public URL for your gateway. Then, establish basic routes that
direct incoming requests to your core services.

# Conceptual API Gateway Configuration - Core Routing
# This is NOT runnable code, but a conceptual representation for design
thinking.

# Define the public endpoint for your entire platform
public domain: api.myagentplatform.com

# Map incoming URL paths to internal services
routes:
- path: /agents/research/*
target service: research-agent-service
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strip prefix: /agents/research

description: Routes requests to the AI Research Agent
- path: /agents/code/*

target service: code-gen-agent-service

strip prefix: /agents/code

description: Routes requests to the AI Code Generation Agent
- path: /orchestrator/*

target service: orchestration-service

strip prefix: /orchestrator

description: Routes requests to the main Orchestration Agent
- path: /auth/*

target service: auth-service

strip prefix: /auth

description: Routes authentication requests to the Authentication Service

Explanation:

e public domain: This is the public face of your API. All external requests
come here first.

routes : This section defines how specific incoming URL paths map to your
internal services.

* path: The URL path segment the gateway listens for (e.g., /agents/
research/query). The * acts as a wildcard.

* target service: The internal logical name of the service to which the
request should be forwarded. This typically maps to a service discovery
entry.

* strip prefix: Removes the matched path segment (e.g., /agents/
research) from the URL before forwarding to the target service. This keeps
the internal service's API cleaner, as it doesn't need to know its public
prefix.

Step 2: Implement Cross-Cutting Concerns

Now, let's add common features like authentication, authorization, and rate
limiting. These policies are applied before routing to any specific service, ensuring
consistent security and traffic management.

# Conceptual API Gateway Configuration - Global Policies

# Global Policies applied to all incoming requests by default
policies:
- name: authentication
type: JWT Validation
jwks uri: https://auth.myagentplatform.com/.well-known/jwks.json
required claims:
- sub
- role
# Allow unauthenticated access to /auth/* paths (e.g., for login/signup)
exclude paths: ["/auth/*"]
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description: Validates JWT tokens for all API requests.

- name: authorization
type: RBAC
policy engine endpoint: http://internal-policy-service/authorize
description: Checks user roles against resource permissions using an
internal policy service.

- name: rate limiting
type: FixedWindow
rate: 100 # requests per minute
per: user id # Apply this limit per authenticated user
description: Limits requests to 100 per minute per user globally.

Explanation:

* policies: This section defines global rules that apply to most or all
requests.

* authentication: Specifies that JWT tokens should be validated using a
public key set ( jwks uri). It also lists required claims (e.g., sub for
subject, role for user role) and importantly, excludes the /auth/* path, as
authentication requests themselves shouldn't require prior authentication.

* authorization: Implements Role-Based Access Control (RBAC) by querying
an internal policy engine endpoint. This service would determine if the
authenticated user has permission for the requested action.

* rate limiting: Sets a limit of 100 requests per minute, enforced per
user id (extracted from the authenticated JWT).

Step 3: Consider Service-Specific Enhancements

Some services might need unique treatment. For instance, your "Research Agent"
might have a very long-running request, requiring a longer timeout, or a stricter
rate limit due to high resource consumption.

# Conceptual API Gateway Configuration - Route Overrides

# Override global policies or add specific features for individual routes
route overrides:
- path: /agents/research/query
# Increase timeout for potentially long-running AI research queries
timeout ms: 60000 # 60 seconds
# Apply a different, stricter rate limit for heavy research tasks
policies:
- name: rate limiting
type: FixedWindow
rate: 10 # requests per minute
per: user_id
description: Stricter limit for intensive research queries (10/min).

- path: /orchestrator/status
# Cache responses for status checks to reduce backend load
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policies:
- name: caching
type: TTL
ttl seconds: 5 # Cache for 5 seconds
description: Caches orchestration status responses to improve
performance.

Explanation:

* route overrides: This section allows you to apply specific configurations
to individual routes, overriding or supplementing global policies.

* /agents/research/query : This specific endpoint might have a longer
timeout ms because Al research tasks can take time. It also applies a
stricter rate limit than the global one, reflecting its resource-intensive
nature.

* /orchestrator/status: This endpoint benefits from caching with a short
Time-To-Live (TTL), reducing load on the orchestration service for frequently
requested status updates.

This conceptual configuration demonstrates how an API Gateway allows you to
centralize control, apply policies consistently, and tailor behavior for specific
needs across a distributed system, especially vital for managing diverse Al agent
workloads.

Mini-Challenge: Designing for a New Al Agent

You've successfully launched your platform. Now, a new "Image Generation
Agent" is being developed. It will expose an APl at /agents/image/generate.
This agent is very resource-intensive (e.g., uses GPUs heavily), and you want to
ensure it's protected from abuse and managed carefully.

Challenge: Draft the conceptual APl Gateway configuration entries required for
the new "Image Generation Agent" ( image-gen-agent-service).

* It should be accessible via api.myagentplatform.com/agents/image/*.

* It requires the standard JWT authentication and authorization checks
(these are global policies, so you don't need to re-declare them unless you
want to override).

* It should have a much stricter rate limiting policy: only 5 requests per
user per minute due to high GPU costs.
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* Responses from this agent can be large (e.g., generated images), so ensure
compression is enabled (assume this is a general gateway feature, but
explicitly mention it as a consideration).

Hint: Think about how you'd combine the global policies with route-specific
overrides. Remember, you only need to specify what changes or is added for this
new route.
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CLICK FOR A POSSIBLE SOLUTION (TRY IT YOURSELF FIRST!)

%

# Conceptual API Gateway Configuration (solution snippet for Image Agent)

Add the new route to the
'routes’' section:

routes:

e path: /agents/image/*
target service: image-gen-agent-service
strip prefix: /agents/image
description: Routes requests to the AI Image Generation Agent

Apply specific overrides
for the image generation
endpoint within
'route_overrides':

route overrides:

Add the new route to the 'routes' section: 24
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e path: /agents/image/generate

The global authentication
and authorization
policies would apply by
default.

We only need to specify
overrides or additions
here.

policies:

* name: rate limiting
type: FixedWindow
rate: 5 # requests per minute
per: user id
description: Stricter limit for resource-intensive image
generation (5/min).

Assuming

'enable compression' 1is a
specific flag your
gateway supports for a
route.

enable compression: true

What to observe/learn: You should notice that you don't need to re-declare
authentication or authorization for the new route if they are already
defined as global policies. Route overrides are for modifying or adding to the
default behavior. The rate limiting override demonstrates how to apply a

The global authentication and authorization policies would apply by default. 25
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stricter policy for a specific, resource-intensive endpoint. Explicitly considering
compression for potentially large responses is also key, as it directly impacts
user experience and bandwidth costs.

Common Pitfalls & Troubleshooting

Even with robust components like reverse proxies and APl gateways, things can
go wrong. Understanding common pitfalls helps in designing resilient systems.

1. Single Point of Failure (SPOF)

1. What can go wrong: If your reverse proxy or APl Gateway is deployed as a
single instance, and it fails, your entire application becomes inaccessible. This is a
critical vulnerability. Troubleshooting: Implement high availability. This means
running multiple instances of your gateway behind a hardware or software load
balancer (often another, simpler reverse proxy, or cloud-managed load
balancers). Real-world insight: Cloud providers offer managed load
balancers (e.g., AWS ELB/ALB, Azure Load Balancer/Application Gateway, Google
Cloud Load Balancing) that are inherently highly available and distribute traffic
across multiple gateway instances, abstracting away the complexity of managing
individual proxy servers.

2. Over-engineering and Premature Optimization

I, What can go wrong: Implementing a full-featured API Gateway when a
simple reverse proxy (or even no proxy) would suffice for your current scale. This
adds unnecessary complexity, configuration overhead, and a steeper learning
curve, ultimately slowing down development. Troubleshooting: Start simple.
Choose the simplest solution that meets your current needs. As your application
grows and requirements become more complex (e.g., microservices adoption,
advanced security needs, integrating many Al agents), then gradually introduce
more sophisticated tools. # Key Idea: Complexity is a cost. Only incur it when
the benefits clearly outweigh that cost.

Assuming 'enable_compression' is a specific flag your gateway supports for a route. 26
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3. Performance Overhead

I, What can go wrong: Each layer in your architecture adds latency. An API
Gateway, while powerful, introduces an additional hop for every request. If not
optimized, this can lead to unacceptable response times, especially for latency-
sensitive applications or Al agents requiring fast responses. Troubleshooting:

* Optimize gateway configuration: Minimize unnecessary processing (e.g.,
complex transformations if not needed).

 Efficient routing: Ensure service discovery is fast and cached where
possible.

* Caching: Leverage caching at the gateway for static or frequently accessed
dynamic content.

* Monitor performance: Continuously measure latency introduced by the
gateway using observability tools. If it becomes a bottleneck, investigate.

4. Complex Configuration and Management

I, What can go wrong: As you add more routes, policies, and transformations,
the gateway configuration can become a tangled mess, difficult to understand,
manage, and debug. This can lead to errors, security vulnerabilities, and
operational headaches. Troubleshooting:

* Version control: Treat gateway configuration as code and store it in
version control (e.qg., Git).

* Automation: Use infrastructure as code (laC) tools (e.g., Terraform, Pulumi)
to manage gateway deployments and updates.

* Modularity: Break down complex configurations into smaller, manageable
pieces (if your gateway supports it).

* Clear documentation: Document your routing rules and policies
thoroughly, explaining the why behind each configuration.

Summary

You've taken a significant step in understanding how modern, scalable
applications handle inbound traffic. We covered:

* Reverse Proxies as the foundational layer, providing essential capabilities
like load balancing, SSL termination, caching, and basic security. They are
ideal for simpler setups or as a robust initial layer.

Assuming 'enable_compression' is a specific flag your gateway supports for a route. 27
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* APl Gateways as an intelligent evolution tailored for microservices and
complex distributed systems, offering advanced features like centralized
authentication, authorization, rate limiting, request/response
transformation, and intelligent routing.

* The critical distinction between when to use a simple reverse proxy
versus a full-featured API Gateway, emphasizing the importance of avoiding
premature optimization and matching the tool to the problem.

* Conceptual configuration to illustrate how these components are
designed in practice, particularly within the context of managing diverse Al
agent workflows.

« Common pitfalls such as single points of failure, over-engineering,
performance overhead, and configuration complexity, along with practical
strategies to mitigate them and build more resilient systems.

Understanding these components is crucial for designing systems that are not
only scalable and resilient but also secure and manageable. As you move forward,
remember that the goal is to build robust systems, not just to apply patterns
blindly. Think critically about your specific needs and the tradeoffs involved.
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CHAPTER 03

Service-to-Service
Communication: Synchronous
vs. Asynchronous

Welcome back, aspiring systems architect! In the previous chapter, we explored
how a reverse proxy acts as the intelligent front door to our services. Now, let's
venture deeper into the heart of distributed systems: how services talk to each
other. Just like people communicate in different ways - a quick chat versus
sending a detailed email - services also have distinct communication styles.
Choosing the right one is fundamental to building scalable, resilient, and
performant applications, especially as we integrate advanced Al agent workflows.

This chapter will guide you through the two primary modes of service-to-service
communication: synchronous and asynchronous. We'll break down what each
means, how they work, their strengths and weaknesses, and most importantly,
when to use which. By the end, you'll have a clearer understanding of the
tradeoffs involved and how to make informed decisions for your system's
architecture, including those powering modern Al agent workflows.

To get the most out of this chapter, a basic grasp of what a "service" or
"microservice" is, along with an understanding of network requests (like HTTP),
will be helpful.

The Dance of Services: Synchronous
Communication

Imagine you're ordering food at a restaurant. You tell the waiter your order, and
you wait right there until they bring your food. You can't start eating until they
deliver it. This "request-and-wait" model is the essence of synchronous
communication in distributed systems.

What is Synchronous Communication?

Synchronous communication is a direct, blocking interaction where a client
service sends a request to a server service and then pauses its own operation,
waiting for a response before it can continue. It's a "call-and-response" pattern.
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How It Works: A Direct Conversation

When Service A needs information or an action from Service B, it sends a request
directly to Service B. Service A then waits for Service B to process the request and
send back a response. Only after receiving that response (or a timeout) can
Service A proceed with its next step.

A common example of synchronous communication is using HTTP-based APIs,
often following the REST architectural style.

77 HTTP Request i r~ ) HTTP Request 77 ] HTTP Request i
Frontend Application | API Gateway — Product Service e Inventory Service
____["THTTP Response™ | i HTTP Response™ | G&l” HTTP Response™ /L ¥/ sbic sl 2

U
ser |

In this flow:

* The User makes a request to the Frontend.
* The Frontend calls the APl Gateway.
* The APl Gateway routes the request to the Product Service (Service A).

* The Product Service immediately calls the Inventory Service (Service B) to
check stock.

* The Product Service waits for the Inventory Service's response.

* Once Service B responds, Service A processes it and sends its own response
back up the chain.

When to Choose Synchronous Communication

Synchronous communication is often the default choice due to its simplicity and
immediate feedback.

 Immediate Response Required: When the client absolutely needs an
immediate result to continue its workflow. For instance, a user login request
needs to know right now if the credentials are valid.

* Blocking Operations: For operations that inherently block, such as
retrieving data from a database before rendering a page.

* Simple Workflows: For straightforward interactions between two or a few

services where dependencies are clear and direct.

Advantages of Synchronous Communication
* Simplicity: Easier to understand, implement, and debug. The flow is linear
and predictable.

* Immediate Feedback: The caller knows immediately if the operation
succeeded or failed.
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» Straightforward Error Handling: Errors can be returned directly to the
caller, simplifying retry logic or user notification.

I. What can go wrong: Downsides and Pitfalls

While simple, synchronous communication introduces significant challenges in
distributed systems:

* Tight Coupling: Services become highly dependent on each other. If
Service B is slow or fails, Service A (and potentially the entire chain) will also
slow down or fail. This is known as a cascading failure.

* Latency: Each hop in a synchronous call adds network latency. A chain of 5
synchronous calls, each taking 50ms, adds at least 250ms to the total
response time, even before processing.

* Scalability Bottlenecks: If Service B is under heavy load, it can become a
bottleneck for all services calling it, leading to resource exhaustion (e.g.,
connection pools) and reduced throughput across the system.

* Resource Consumption: The calling service must keep a thread or
connection open while waiting for a response, consuming valuable
resources.

* Resilience Challenges: Retries and circuit breakers (which we'll cover
later) are necessary to mitigate failures, but they add complexity.

The Mailroom Approach: Asynchronous
Communication

Now, imagine you're sending a physical letter. You drop it in the mailbox, and you
don't wait for the recipient to read it and reply immediately. You carry on with
your day, trusting that the letter will eventually reach its destination. This "fire-
and-forget" or "publish-and-subscribe" model is the core idea behind
asynchronous communication.

What is Asynchronous Communication?

Asynchronous communication is a non-blocking interaction where a client
service sends a message or event and then continues its own operation without
waiting for an immediate response. The message is typically placed into a
mediator (like a message queue or event bus), which then delivers it to the
appropriate server service.
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How It Works: Messages and Events

When Service A needs Service B to perform an action, instead of calling Service B
directly, it publishes a message or an event to a shared channel (e.g., a message
queue). Service A then immediately proceeds with its next task. Service B, or

another consumer, later retrieves the message from the channel and processes it.

Common technologies for asynchronous communication include message
queues (like RabbitMQ, Apache Kafka, Amazon SQS) and event streams. These
systems typically offer "at-least-once" delivery guarantees, ensuring messages
aren't lost, and often support ordered processing within partitions.
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In this flow:

* The Order Service (Service A) publishes a "Place Order" event to the
Message Queue.

* Service A immediately continues, perhaps returning an "Order Received"
status to the user.

* The Message Queue holds the event.

e The Fulfillment Service (Service B), Notification Service (Service C), and Al
Fraud Agent Service pick up the event independently from the queue.

* Each service processes the event at its own pace, without blocking Service
A.

When to Choose Asynchronous Communication

Asynchronous communication shines when dealing with complex, high-
throughput, or long-running operations.

* Decoupling Services: When services need to interact without knowing too
much about each other's existence or availability. This promotes
independent deployment and scaling.
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* Long-Running Tasks: For operations that take a significant amount of time
(e.g., video encoding, complex data analysis, training an Al model). The user
can be notified later.

* High Throughput: When a service needs to handle a large volume of
requests without being constrained by the processing speed of downstream
services.

* Resilience: If a downstream service is temporarily unavailable, messages
can queue up and be processed once it recovers, preventing cascading
failures.

* Event-Driven Architectures: For systems built around reacting to events,
where multiple services might need to respond to a single occurrence.

* Al Agent Workflows: Many Al agent systems involve multi-step,
potentially long-running tasks (e.g., an agent analyzing a large document,
generating complex content, or orchestrating other agents). Asynchronous
messaging allows agents to hand off tasks, continue processing, and pick up
results when ready.

Advantages of Asynchronous Communication

* Loose Coupling: Services are independent. The producer doesn't need to
know who the consumers are or if they're even online.

* Increased Resilience: Messages are durable in the queue. If a consumer
fails, the message remains until it can be processed. This prevents upstream
services from being blocked.

* Improved Scalability: Consumers can be scaled independently based on
message load. Adding more consumers increases processing capacity
without affecting the producer.

* Enhanced Responsiveness: The calling service doesn't wait for the
operation to complete, allowing it to respond quickly to its own caller or
continue other work.

* Load Leveling: Message queues act as buffers, smoothing out spikes in

demand.

I. What can go wrong: Downsides and Pitfalls

The power of asynchronous communication comes with added complexity.

* Increased Complexity: Introducing a message broker adds another
component to manage, monitor, and secure. Debugging distributed
asynchronous flows can be challenging.
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* Eventual Consistency: Data might not be immediately consistent across
all services. If Service A publishes an event and then immediately queries
Service B, Service B might not have processed the event yet. This requires
careful design.

* Harder Error Handling and Tracing: Tracing a request across multiple
asynchronous hops (often involving different message IDs and correlation
IDs) requires robust observability tools. Error handling needs to account for
retries, dead-letter queues, and idempotent processing.

* Message Ordering: Guaranteeing the exact order of messages can be
tricky with some queueing systems, especially under high load or with
multiple consumers.

* Over-engineering: Applying asynchronous patterns unnecessarily for
simple, low-volume interactions can introduce needless complexity and
operational overhead. Always consider if the benefits outweigh the costs.

Desighing a Communication Flow: A Step-by-Step
Approach

Choosing between synchronous and asynchronous communication isn't always
obvious. It's a fundamental design decision that impacts scalability, resilience,
and operational complexity. Let's walk through a structured way to make this
choice for any interaction in your system.

Step 1: Identify the User Experience and Immediate Feedback
Needs
* Question: Does the user (human or another service) absolutely need an
immediate response to proceed with their current task?

 Example: A user trying to log in needs to know now if their credentials
are valid. A user adding an item to a shopping cart expects immediate
confirmation.

* Decision: If yes, lean towards synchronous communication for this
initial interaction. If no, and a delayed confirmation is acceptable,
asynchronous is a strong candidate.
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Step 2: Evaluate Task Duration and Complexity

* Question: How long does the operation typically take? Does it involve
multiple steps, external calls, or heavy computation?

 Example: Generating a complex report, training an Al model,
processing a large video file, or orchestrating a multi-agent Al
workflow are typically long-running. Retrieving a simple user profile
from a database is usually fast.

* Decision: For tasks that complete within tens to a few hundreds of
milliseconds, synchronous might be fine. For anything longer,
especially tasks that could take seconds, minutes, or even hours,
asynchronous communication is almost always the better choice to
prevent blocking and timeouts.

Step 3: Consider Fault Tolerance and Resilience Requirements

* Question: What happens if the downstream service is temporarily
unavailable or slow? Can the upstream service gracefully handle this, or will
it cause a cascading failure?

* Example: If the payment processing service is down, should the entire
order placement fail immediately, or can the order be accepted and
payment retried later?

* Decision: If the system must continue functioning even if a
dependency is down, asynchronous communication provides resilience
through message durability. If immediate failure is acceptable or
desired (e.qg., preventing a fraudulent transaction), synchronous might
be chosen, but with robust retry and circuit breaker patterns.

Step 4: Assess Scalability and Decoupling Needs

* Question: Will this interaction experience high throughput? Do the services
involved need to scale independently or be deployed separately?

* Example: A notification service sending millions of emails per day
needs to scale independently from the service generating those
notifications.

* Decision: High throughput and independent scaling are strong
indicators for asynchronous communication. The message queue acts
as a buffer and allows consumers to be scaled up or down without
impacting the producer. If the interaction is low-volume and tightly
coupled services are acceptable, synchronous might suffice.
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Step 5: Diagram the Chosen Flow and Identify Integration
Points

* Once you've made preliminary decisions, sketch out the interaction flow.
* For synchronous interactions, identify direct API calls.

* For asynchronous interactions, identify where messages are published
to a queue/topic and where they are consumed.

* Refinement: Look for opportunities to convert synchronous calls to
asynchronous ones where immediate feedback isn't critical, enhancing
overall system resilience and performance.

 Example Scenario: An Al agent workflow might start with a synchronous
API call to kick off a task, but then immediately transition to asynchronous
messaging for all the long-running, multi-step sub-tasks the agent performs.
The final result might be pushed to another queue for notification or stored
for later retrieval via a synchronous poll.

Mini-Challenge: Design Communication for an
Image Processing Workflow

Imagine you're building a system where users upload images, and an Al agent
performs various transformations (e.g., resizing, applying filters, generating
captions). The user should get an immediate "Upload successful, processing..."
message, and then be notified when the image is fully processed and ready for
download.

Your Challenge: Sketch out the communication flow between the following
conceptual services, deciding which interactions should be synchronous and
which asynchronous. Use a flowchart LR Mermaid diagram to illustrate your
solution.

1. Upload Service: Receives raw images from users.
2. AI Image Processor: Applies transformations and generates captions.
3. Notification Service: Sends emails/in-app notifications to users.
4. Storage Service: Stores raw and processed images.
Hint: Think about what needs an immediate response versus what can happen in

the background. Where might long-running tasks occur? How can you ensure the
user gets timely updates without blocking their initial upload?
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What to Observe/Learn: Consider how your choices impact the user
experience, the resilience of the system, and the ability to scale different parts
independently. Could a single slow image transformation block all other user
uploads? How would you ensure the user gets notified reliably even if the
notification service is temporarily down?

Common Pitfalls & Troubleshooting

Even with the best intentions, choosing and implementing communication
patterns can lead to issues. Understanding these common traps is crucial for
building robust systems.

Synchronous Pitfalls

* Cascading Timeouts: If one service in a synchronous chain is slow, it can
cause timeouts in all upstream services, leading to widespread failures.

* Solution: Implement aggressive timeouts (e.g., 100-200ms for
internal service calls), circuit breakers (to stop sending requests to
failing services), and retries with exponential backoff strategies.

* Resource Exhaustion: Keeping connections open while waiting for
responses can exhaust connection pools or threads, leading to service
unresponsiveness.

* Solution: Use non-blocking I/O where possible (e.g., async/await in
modern languages), carefully manage connection pools, and monitor
resource usage (CPU, memory, open connections) to identify
bottlenecks early.

Asynchronous Pitfalls

* Eventual Consistency Headaches: Data updates don't propagate
instantly. If your application logic assumes immediate consistency, you'll
encounter bugs.

* Solution: Design your application to be tolerant of eventual
consistency. Use techniques like idempotency (making operations
repeatable without side effects) and "read-your-own-writes"
consistency patterns, where a service might read from its own local
cache immediately after writing, before the update propagates
globally.
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* Debugging Distributed Flows: Tracing a single request that spans
multiple services and message queues can be incredibly difficult without
proper tooling.

* Solution: Implement distributed tracing (e.g., using
OpenTelemetry, which is gaining widespread adoption as of 2026).
Ensure robust logging with correlation IDs that are passed through
every hop (HTTP headers, message attributes). Collect comprehensive
metrics for your message broker and services.

* Message Loss/Duplication: While message queues are designed for
reliability, misconfigurations or bugs can lead to lost or duplicated
messages.

* Solution: Ensure "at-least-once" delivery semantics from your
message broker (most modern brokers provide this by default).
Crucially, design consumer services to be idempotent, meaning
processing a message multiple times has the same effect as
processing it once. This is a fundamental principle for resilient
asynchronous systems.

* Over-engineering: Introducing a message queue for a simple, low-volume
interaction between two services often adds more operational overhead and
complexity than it solves.

* Solution: Start simple. Only introduce asynchronous patterns when
the benefits (scalability, resilience, decoupling) clearly outweigh the
added complexity. Don't add a message queue just because
"microservices use queues."

Summary

In this chapter, we've navigated the crucial landscape of service-to-service
communication, understanding the fundamental differences between
synchronous and asynchronous approaches.

Here are the key takeaways:

* Synchronous communication is direct and blocking, offering immediate
feedback but leading to tight coupling, increased latency, and potential
cascading failures. It's best for immediate, short-lived, blocking operations
where the caller must wait for a result.

Service-to-Service Communication: Synchronous vs. Asynchronous
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* Asynchronous communication is non-blocking, often mediated by
message queues or event buses, promoting loose coupling, high resilience,
and better scalability. It's ideal for long-running tasks, high-throughput
scenarios, and event-driven architectures, including complex Al agent
workflows.

* Tradeoffs are paramount: Every architectural decision involves weighing
the benefits (e.qg., resilience, scalability) against the complexity and
potential pitfalls (e.g., eventual consistency, debugging).

* Hybrid approaches are common: Real-world systems effectively combine
both synchronous and asynchronous patterns to achieve optimal
performance, resilience, and user experience.

* Understand the "Why": Don't just pick a pattern; understand why it fits
your specific problem, considering factors like immediate feedback needs,
task duration, fault tolerance, and scalability goals.

As we move forward, we'll delve into specific patterns and technologies that
enable these communication styles, such as message queues and event-driven
systems, and explore how they contribute to building robust, scalable, and
resilient distributed systems.
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CHAPTER 04

Building Resilient Systems:
Retries, Timeouts, and Circuit
Breakers

Distributed systems are powerful, allowing us to scale applications and handle
immense loads by breaking them into smaller, interconnected services. But here's
a secret: they will fail. Networks are unreliable, services can crash, and
dependencies can slow down. The real challenge isn't preventing all failures (an
impossible task), but designing systems that can tolerate failures and continue to
function gracefully.

This chapter dives into three fundamental patterns that form the bedrock of
resilient distributed systems: Retries, Timeouts, and Circuit Breakers. You'll
learn what each pattern is, why it's crucial, and how to apply it effectively to build
applications that can withstand the chaos of a distributed environment. We'll also
explore how these timeless principles are vital for emerging Al and agentic
workflows, where interactions with external tools and models are frequent and
often unpredictable.

By the end of this chapter, you'll have a robust mental model for designing
systems that don't just work when everything is perfect, but truly shine when
things go wrong.

The Inevitability of Failure in Distributed Systems

Imagine a single monolithic application. If it crashes, the whole thing stops. In a
distributed system, you have many services talking to each other over a network.
This introduces new complexities and failure points:

* Network Latency and Dropped Packets: Calls between services aren't
instantaneous. Packets can get lost or delayed.

* Service Unavailability: A service might be temporarily down for
maintenance, restarting, or overwhelmed by traffic.

* Resource Exhaustion: A service might run out of CPU, memory, or
database connections, leading to unresponsiveness.

* Partial Failures: One part of your system might fail while others continue
to operate, leading to inconsistent states or degraded functionality.
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* Dependency Failures: A service might depend on another service that's
currently failing, propagating the issue upstream.

These issues are not exceptions; they are the norm in complex systems. To build
robust systems, we must embrace this reality and design for fault tolerance -
the ability for a system to continue operating, perhaps in a degraded mode, even
when some of its components fail.

Retry Pattern: Giving Operations a Second Chance

When you're trying to reach a friend on the phone and it goes straight to
voicemail, what do you do? You probably try again a few minutes later, right? The
Retry pattern applies this same common-sense approach to software.

What is the Retry Pattern?

The Retry pattern is a mechanism where a system re-attempts an operation that
has previously failed. It's particularly useful for transient failures - those that
are temporary and likely to resolve themselves quickly. Think of a brief network
glitch, a database deadlock, or a service instance restarting.

Why Does it Exist?

Retries exist to increase the likelihood of success for operations affected by
temporary issues without requiring manual intervention. They make your system
more robust by smoothing over minor, short-lived disruptions, preventing
unnecessary user-facing errors or workflow interruptions.

How Does it Work?

The simplest retry is just re-executing the failed call. However, a more
sophisticated approach involves:

1. Retry Count: Defining how many times an operation should be re-
attempted. Too many retries can be counterproductive, especially if the
failure is persistent, potentially increasing load on an already struggling
service.
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2. Delay/Backoff Strategy: Waiting for a period before retrying. This
prevents overwhelming the failing service and allows it time to recover.

* Fixed Delay: Waiting the same amount of time between each retry
(e.g., 1 second). Simple but less effective for heavily loaded services.

* Exponential Backoff: Increasing the delay after each consecutive
failure (e.qg., 1s, then 2s, then 4s, then 8s). This is generally preferred
as it gives the failing service exponentially more time to recover and
reduces the rate of load.

* Jitter: Adding a small, random amount of time to the delay. This is
crucial with exponential backoff to prevent a "thundering herd"
problem, where many clients retry at the exact same moment after an
outage, causing a new surge of requests that overwhelms the
recovering service. Jitter smooths out these retry attempts.

When to Use (and Not Use) Retries

Use Retries When:

* The operation is idempotent: executing it multiple times has the same
effect as executing it once (e.g., updating a user's address to a specific
value, rather than incrementing a counter). This is critical to avoid
unintended side effects.

* The failure is transient: likely to resolve itself quickly.
* You are calling a remote service or database where transient network

issues or temporary resource contention are common.

Avoid Retries When:

* The operation is not idempotent: retrying could lead to unintended side
effects (e.g., processing the same payment twice, creating duplicate
orders).

* The failure is permanent: retrying will never succeed (e.g., an invalid
authentication token, a "resource not found" (404) error, or a validation
error). In these cases, retries only waste resources.

* You risk creating a thundering herd: if many clients retry simultaneously
without proper backoff/jitter, they can overwhelm a recovering service,
preventing it from ever stabilizing.
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Real-world insight: Retries are commonly implemented in HTTP client
libraries, database drivers, and messaging queue consumers to handle transient
network issues or temporary service unavailability. Many cloud SDKs (e.g., AWS
Boto3, Azure SDK for Python) include built-in retry logic.

Timeout Pattern: Knowing When to Give Up

Imagine ordering food and waiting indefinitely. At some point, you'd give up and
try another restaurant, right? The Timeout pattern is about setting an
expectation for how long an operation should take.

What is the Timeout Pattern?

A timeout defines the maximum duration a client (or any component) is willing to
wait for an operation to complete. If the operation doesn't finish within this time,
it's aborted, and an error is returned. This prevents clients from getting stuck
waiting forever.

Why Does it Exist?
Timeouts are essential for preventing a client from waiting indefinitely for a
response, which can lead to:

* Resource Exhaustion: Holding open network connections, threads, or

memory, consuming valuable system resources unnecessarily.

* Poor User Experience: Applications becoming unresponsive or extremely
slow, frustrating users.

* Cascading Failures: A slow dependency holding up other services that rely
on it, causing a ripple effect of unresponsiveness throughout the system.

How Does it Work?
Timeouts can be applied at various layers of your system:
* Connection Timeout: How long to wait to establish a connection (e.g., to a
database or remote service). If the connection isn't made, it fails fast.

* Read/Write Timeout (Socket Timeout): How long to wait for data to be
sent or received over an established connection. This catches cases where
the connection is alive but the remote service isn't sending data.

* Request Timeout (Total Timeout): The total time allowed for an entire
request-response cycle, from initiating the request to receiving the full
response. This is often the most useful in application code.
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Properly configured timeouts ensure that resources are released promptly and
that your system can quickly detect and react to unresponsive dependencies.

When to Use Timeouts
Always use timeouts for:
* Any network-bound operation: HTTP requests, gRPC calls, database
queries, message queue interactions.

* Operations that involve external dependencies: Third-party APIs,
microservices, cloud services.

* Long-running internal computations that might get stuck or take an
unexpectedly long time.

I, What can go wrong:

* Timeouts that are too short: Leading to premature failures, even for
healthy but slightly slow operations. This can reduce system availability.

* Timeouts that are too long: Still causing resource exhaustion and slow
user experiences, defeating the purpose of the timeout.

* Ignoring timeouts: Allowing dependencies to hang indefinitely, causing
your service to become unresponsive and potentially leading to cascading
failures.

Choosing appropriate timeout values requires careful consideration of the
expected latency of the dependency, the acceptable wait time for your
application's users, and the service-level objectives (SLOs) you've defined.

Circuit Breaker Pattern: Preventing a Cascade

Retries help with transient failures, and timeouts prevent indefinite waits. But
what if a dependency is permanently down or consistently failing? Continuously
retrying or waiting for a timeout will just waste resources and further degrade
system performance. This is where the Circuit Breaker pattern comes in.

What is the Circuit Breaker Pattern?

Inspired by electrical circuit breakers, this pattern prevents an application from
repeatedly invoking a service that is likely to fail. When a service is deemed

unhealthy, the circuit breaker "trips" (opens), immediately failing subsequent calls
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to that service without attempting to execute them. This gives the failing service
time to recover and prevents the calling service from wasting resources or
experiencing cascading failures.

Why Does it Exist?

The Circuit Breaker pattern exists to:

* Protect the calling service: By failing fast, it prevents the caller from
consuming resources (threads, memory, network connections) waiting for a
perpetually failing dependency.

* Protect the called service: By stopping requests, it gives the failing
service a chance to recover without being overwhelmed by a flood of new
requests from clients.

* Prevent cascading failures: A failing service can quickly bring down
others that depend on it. The circuit breaker isolates the failure, containing
it to a single component.

How Does it Work?

A circuit breaker typically operates in three states, acting as a state machine:

1. Closed: The default state. Calls to the service are allowed to pass through.
The circuit breaker monitors for failures (e.g., exceptions, timeouts). If
failures exceed a certain threshold within a defined period, the circuit moves
to the Open state.

2. Open: Calls to the service are immediately rejected with an error (e.g., a
CircuitBreakerOpenException). No actual calls are made to the
unhealthy service. After a configurable "timeout" period (e.g., 30-60
seconds, which is the reset timeout), the circuit automatically transitions
to the Half-Open state.

3. Half-Open: A limited number of test requests are allowed to pass through
to the protected service.

* If these test requests succeed, the circuit assumes the service has
recovered and moves back to the Closed state.

* If they fail, the circuit returns to the Open state for another timeout
period.

This state machine allows the system to intelligently adapt to the health of its
dependencies.
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Real-world insight: Circuit breakers are fundamental in microservice
architectures, protecting services from slow or unresponsive dependencies.
Libraries like Resilience4j in Java, Polly in .NET, pybreaker in Python, or various
implementations in Go provide robust circuit breaker functionality. While Netflix
Hystrix (a pioneering library) is deprecated, its core principles are widely adopted.

“Z Important: A circuit breaker is not a retry mechanism. It stops retries to a
failing service. It's about protecting the system as a whole, not just ensuring a
single operation succeeds. When a circuit is open, you don't retry; you fail fast.

I, What can go wrong:

* Incorrect thresholds: Too sensitive (trips too easily for minor glitches) or
not sensitive enough (doesn't trip when it should, allowing failures to
propagate).

* Not resetting properly: If the Half-Open state isn't configured correctly,
the circuit might stay open or half-open longer than necessary, impacting
service availability.

* Ignoring the circuit breaker: Simply retrying after a circuit breaker
opens, defeating its purpose and potentially overwhelming the failing
service.
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Step-by-Step Implementation: Composing
Resilience in Python

Let's see how these patterns can be combined in a practical Python example.
We'll use the requests library for HTTP calls, tenacity for retries, and
pybreaker for circuit breaking.

ANANRN

First, ensure you have these libraries installed:” " "bash pip install requests

tenacity pybreaker

### 1. The Basic, Non-Resilient Call

Let's start with a simple function that calls an external API. For
demonstration, we'll use "httpbin.org/status/500° to simulate a server error
and “httpbin.org/delay/3" for a slow response.

" python

import requests

def call external service(url: str):
"""Makes a simple HTTP GET request without any resilience."""
print(f"Attempting to call {url}...")
try:
response = requests.get(url)
response.raise for status() # Raises HTTPError for bad responses (4xx
or 5xx)
print(f"Success: {response.status code}")
return response.json()
except requests.exceptions.RequestException as e:
print(f"Failure: {e}")
raise

# Example usage (will fail or hang)

# call external service("http://httpbin.org/status/500")

# call external service("http://httpbin.org/delay/3") # This will hang for 3
seconds

This function is fragile. A 500 error will immediately fail, and a slow response will
block for the full duration.

2. Adding Timeouts

The first line of defense is a timeout. requests makes this easy with the
timeout parameter. We'll set a total timeout for the request.

import requests
def call external service with timeout(url: str, timeout seconds: float = 1.0)

"""Makes an HTTP GET request with a timeout."""
print(f"Attempting to call {url} with timeout {timeout seconds}s...")
try:
# The timeout parameter is for the entire request, including
connection and read

Building Resilient Systems: Retries, Timeouts, and Circuit Breakers

48



AIVOID [https://aivoid.dev]

response = requests.get(url, timeout=timeout seconds)
response.raise for status()
print(f"Success: {response.status code}")
return response.json()
except requests.exceptions.Timeout:
print(f"Failure: Request timed out after {timeout seconds}s!")
raise
except requests.exceptions.RequestException as e:
print(f"Failure: {e}")
raise

# Example usage:

# This will now fail quickly instead of hanging for 3 seconds

# call external service with timeout("http://httpbin.org/delay/3",

timeout seconds=0.5)

# This will still fail on 500, but won't hang if the server is just slow to

respond
# call external service with timeout("http://httpbin.org/status/500")

Now, if httpbin.org/delay/3 is called with a timeout of 0.5 seconds, it will fail
fast with a Timeout exception instead of waiting the full 3 seconds.

3. Adding Retries with Exponential Backoff and Jitter

Next, we'll add retries for transient errors. We'll use the tenacity library, which
provides decorators for this. We want to retry on
requests.exceptions.RequestException (which includes timeouts and
connection errors) and HTTP 5xx errors.

import requests

from tenacity import retry, wait exponential, stop after attempt, retry if exc
eption type, retry if result

import random

# Define what constitutes a retryable HTTP status code (e.g., 5xx errors)
def is retryable status code(response):
return response.status code >= 500 if response is not None else False

@retry(
wait=wait exponential(multiplier=1, min=1, max=10),
# Exponential backoff: 1s, 2s, 4s, 8s...
stop=stop after attempt(5), # Stop after 5 attempts
# Retry on network errors, timeouts, or 5xx status codes
retry=(
retry if exception type(requests.exceptions.RequestException) |
retry if result(is retryable status code)

),
reraise=True # Re-raise the last exception if all retries fail

def call external service with retries(url: str, timeout seconds: float = 1.0)

"""Makes an HTTP GET request with retries and a timeout."""
print(f"Attempting to call {url} (retryable, timeout {timeout seconds}s)..

try:
response = requests.get(url, timeout=timeout seconds)
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response.raise for status()
print(f"Success: {response.status code}")
return response
except requests.exceptions.Timeout:
print(f"Failure: Request timed out after {timeout seconds}s.
Retrying...")
raise
except requests.exceptions.RequestException as e:
print(f"Failure: {e}. Retrying...")
raise

# Example usage:
# This will retry 5 times with exponential backoff if httpbin.org/status/500
is called

# try:

# call external service with retries("http://httpbin.org/status/500")
# except Exception as e:

# print(f"Final failure after retries: {e}")

# Simulate a transient success (e.g., a service that's flaky)

# To test this, you'd need a service that fails sometimes and succeeds others.
# For example, if you ran a local server that returned 500 three times, then
200.

This significantly improves robustness against transient issues. tenacity
automatically adds jitter by default with wait exponential.

4. Adding a Circuit Breaker

Finally, we wrap our retryable, timeout-aware call with a circuit breaker using
pybreaker. This protects against persistent failures.

import requests

from tenacity import retry, wait exponential, stop after attempt, retry if exc
eption type, retry if result

from pybreaker import CircuitBreaker, CircuitBreakerError

import random

import time

# --- Same retry logic as before ---
def is retryable status code(response):
return response.status code >= 500 if response is not None else False

@retry(
wait=wait exponential(multiplier=1, min=1, max=10),
stop=stop after attempt(5),
retry=(
retry if exception type(requests.exceptions.RequestException) |
retry if result(is retryable status code)
) 5
reraise=True
)
def call service inner(url: str, timeout seconds: float = 1.0):
"""Internal function for calling service with timeout and retries."""
print(f" --> Inner call attempt to {url} (timeout {timeout seconds}
s)...")
try:

# Simulate a flaky service that sometimes fails permanently for a bit
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# This is for demonstration. In real life, the external service
decides.
if "flaky" in url and random.random() < 0.8: # 80% chance of failure
raise requests.exceptions.ConnectionError("Simulated connection
error for flaky service")

response = requests.get(url, timeout=timeout seconds)
response.raise for status()
print(f" --> Inner call SUCCESS: {response.status code}")
return response

except requests.exceptions.Timeout:

print(f" --> Inner call FAILURE: Request timed out. Retrying...")
raise
except requests.exceptions.RequestException as e:
print(f" --> Inner call FAILURE: {e}. Retrying...")
raise
# --- Circuit Breaker setup ---

# Circuit breaker for the external service

# It will open if 3 consecutive calls fail (fail max=3)

# It will stay open for 10 seconds (reset timeout=10)

external service breaker = CircuitBreaker(fail max=3, reset timeout=10, exclud
e=[requests.exceptions.Timeout])

# Wrap the retryable function with the circuit breaker
@external service breaker
def call external service resilient(url: str, timeout seconds: float = 1.0):
"""Makes a resilient HTTP GET request with timeout, retries, and circuit
breaker."""
print(f"Calling resilient service for {url}. Breaker state: {external serv
ice breaker.current state}")
try:
return call service inner(url, timeout seconds)
except Exception as e:
print(f" --> Resilient call encountered error: {e}")
raise # Re-raise for the circuit breaker to count it as a failure

# --- Demonstrate the combined patterns ---
print("\n--- Scenario 1: Transient Failures (Retries handle it) ---")
# If httpbin.org/status/500 fails, tenacity will retry.
# If it eventually succeeds, the circuit breaker remains closed.
# For this example, let's assume call service inner sometimes succeeds after
a few retries.
# In a real scenario, httpbin.org/status/500 would just keep failing.
# To truly demonstrate, we'd need a mock server that sometimes returns 500,
then 200.
# Let's use a URL that we expect to succeed eventually.
try:
# A URL that is generally reliable
call external service resilient("http://httpbin.org/get",
timeout seconds=0.5)
except CircuitBreakerError:
print("Circuit breaker is open! Not trying again.")
except Exception as e:
print(f"Final failure: {e}")

print("\n--- Scenario 2: Persistent Failures (Circuit Breaker trips) ---")
# This will likely cause the circuit breaker to trip because
_call service inner
# will often simulate failure for "flaky" URLs.
for i in range(10):
try:
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call external service resilient("http://flaky-service.example.com/
api", timeout seconds=0.5)
time.sleep(0.1) # Small delay between calls
except CircuitBreakerError:
print(f"Attempt {i+1}: Circuit breaker is OPEN. Not making call.")
time.sleep(l) # Wait a bit before next attempt to see half-open state
except Exception as e:
print(f"Attempt {i+1}: Call failed with {type(e). name__}. Breaker
state: {external service breaker.current state}")
time.sleep(0.1) # Small delay

print("\n--- Scenario 3: Circuit Breaker Half-Open State ---")
print(f"Waiting for reset timeout ({external service breaker.reset timeout}s)
for breaker to go Half-Open...")
time.sleep(external service breaker.reset timeout + 1) # Wait for the

reset timeout to pass

try:
# This call will be a test call in the Half-Open state
call external service resilient("http://httpbin.org/get",
timeout seconds=0.5)
print("Test call successful. Circuit should now be CLOSED.")
except CircuitBreakerError:
print("Test call failed. Circuit remains OPEN.")
except Exception as e:
print(f"Test call failed with {type(e). name_ }. Circuit remains OPEN.")

print(f"Final Breaker State: {external service breaker.current state}")

In this setup:

1. The call service inner function includes timeouts and retries for
transient failures.

2. The call external service resilient function wraps
_call service inner with a circuit breaker.

3.If call service inner consistently fails (even after its own retries), the
circuit breaker will trip, preventing further attempts for a period.

4. Notice how we use exclude=[requests.exceptions.Timeout] on
CircuitBreaker. This is a subtle but important detail: if a timeout always
means the service is slow but not down, you might not want it to trip the
circuit breaker immediately. Often, though, you do want timeouts to
contribute to circuit breaker failure counts, so you'd remove exclude. For
this example, we're showing flexibility.

This layered approach creates a highly resilient interaction between services,
gracefully handling various failure types.
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Resilience in Al/Agent Workflows

The principles of retries, timeouts, and circuit breakers are even more critical in
modern Al and agentic systems. These systems frequently interact with external
components, often with unpredictable latency and reliability:

* Large Language Models (LLMs): API calls to models (e.g., OpenAl,
Anthropic, Google Gemini) can experience rate limits, temporary
unavailability, or high latency due to heavy load or network issues.

* External Tools/APIs: Agents often use tools that wrap external web
services (e.g., weather APIs, payment gateways, search engines, specialized
data services). These are prone to all the distributed system issues we've
discussed.

* Vector Databases/Knowledge Bases: Interactions with these data stores
for retrieval-augmented generation (RAG) or memory management need to
be robust.

* Orchestration Services: Coordinating multiple agents or steps in a
complex workflow requires resilient communication between internal
components.

Imagine an Al agent designed to book travel. It might:

1. Call a flight search API.
2. Call a hotel booking API.

3. Call a payment gateway.

Each of these steps is an external dependency. If the flight search API has a brief
outage, retries can ensure the agent eventually gets results. If the hotel booking
APl is consistently slow, a timeout prevents the agent from hanging indefinitely,
allowing it to inform the user or try an alternative. If the payment gateway is
completely down, a circuit breaker prevents the agent from repeatedly failing
payment attempts, potentially causing issues or wasting resources.

By integrating these resilience patterns, Al agents can become more robust,
reliable, and capable of operating effectively even when their underlying tools
and models encounter transient or persistent issues.
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Mini-Challenge: Design a Resilient Al Tool Call

You are building an Al agent that needs to interact with a third-party image
generation API. This APl is known to occasionally have transient network issues
and sometimes experiences longer outages during peak times. The API is not
idempotent for image generation requests (retrying a successful request might
generate a duplicate image with a slightly different ID).

Challenge: Describe, in plain language, how you would integrate retries,
timeouts, and a circuit breaker into your agent's code to make calls to this image
generation API resilient. Focus on the logic flow and why you're applying each
pattern. Specifically address the non-idempotent nature of the API.

Hint: Think about the order in which these patterns would "wrap" the API call.
What are reasonable values or strategies for each? How does non-idempotency
affect your retry strategy?

What to Observe/Learn: This exercise helps you solidify your understanding of
how these patterns combine to form a comprehensive resilience strategy for real-
world scenarios, and how to adapt them to specific APl characteristics like
idempotency.

Common Pitfalls & Troubleshooting
Even with these powerful patterns, misconfigurations can lead to new problems:

* Over-aggressive Retries (The Thundering Herd): If many clients retry
simultaneously without sufficient backoff and jitter, they can overwhelm a
recovering service, preventing it from ever fully recovering. This is a
common cause of service instability after an outage.

¢ Incorrect Timeout Values:

* Too short: Leading to unnecessary failures for operations that would
have succeeded given a little more time. This can make your system
appear less available than it is.

* Too long: Still causing resource exhaustion and poor user experience
during slow responses. This can lead to cascading slowness.

* Ignoring Circuit Breaker State: If a client doesn't respect an open circuit
breaker and tries to bypass it (e.g., by manually retrying regardless), the
purpose of the pattern is defeated, and the failing service remains under
stress.
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* Lack of Observability: Without proper logging, metrics, and tracing (which
we'll cover in a later chapter!), it's incredibly difficult to know why a circuit
breaker tripped, why retries failed, or what the actual latency of a
dependency is. This makes tuning resilience parameters a guessing game
and debugging a nightmare.

* Resilience Configuration Drift: Different services calling the same
dependency might have different resilience settings, leading to inconsistent
behavior and making it hard to predict how the system will react under
stress.

* Retrying Non-ldempotent Operations: As highlighted in the mini-
challenge, blindly retrying operations that are not idempotent can lead to
duplicate data, double charges, or other undesirable side effects. Always
understand the idempotency characteristics of the operations you are
retrying.

Troubleshooting resilience issues often involves looking at logs from both the
calling and called services, monitoring network latency, analyzing performance
metrics over time, and carefully reviewing the configuration of your resilience
patterns.

Summary

Building resilient systems is not about avoiding failures, but about intelligently
handling them. In this chapter, we've explored three cornerstone patterns:

* Retries: Give operations a second (or third, or fourth) chance for transient
failures, using strategies like exponential backoff and jitter to prevent
overwhelming services.

* Timeouts: Prevent indefinite waits and resource exhaustion by setting clear
limits on operation duration, ensuring resources are released promptly.

» Circuit Breakers: Isolate failing dependencies, protecting both the caller
and the callee from cascading failures and allowing services time to recover.
They implement a state machine to intelligently manage interaction with
unhealthy services.

These patterns, when combined thoughtfully, allow your applications to be more
robust, reliable, and capable of gracefully navigating the inherent unpredictability
of distributed environments, including the complex and often flaky interactions
within modern Al and agentic workflows. Understanding their purpose,
implementation, and common pitfalls is crucial for any systems engineer.
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In the next chapter, we'll shift our focus to queues and asynchronous
workflows, exploring how they further enhance scalability and resilience by
decoupling services and managing tasks that don't require immediate responses.
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CHAPTER 05

Decoupling Services with
Message Queues and
Asynchronous Workflows

Introduction: Breaking Free from Tight Coupling

Imagine a bustling restaurant where every customer order is taken by a chef
directly, cooked immediately, and then the chef waits for the customer to finish
before taking the next order. This is what synchronous, tightly coupled services
often feel like in a software system. If one chef is busy or sick, the whole kitchen
grinds to a halt. Not very efficient or resilient, right?

In the world of distributed systems, services frequently need to communicate.
While direct, synchronous API calls (like HTTP requests) are common, they can
introduce significant dependencies. If Service A calls Service B, and Service B is
slow or unavailable, Service A often has to wait or fail. This tight coupling limits
scalability, reduces fault tolerance, and makes independent deployment a
nightmare.

This chapter dives into the transformative power of message queues and
asynchronous workflows. You'll learn how these timeless engineering principles
allow services to communicate without waiting for immediate responses, building
systems that are more resilient, scalable, and easier to evolve. We'll explore the
core concepts, practical applications, and how even advanced Al agent systems
leverage these patterns for distributed task execution.

The Core Problem: Synchronous Bottlenecks

Before we embrace asynchronous patterns, let's solidify our understanding of the
problem they solve.

When services communicate synchronously, they essentially block and wait.

* Service A sends a request to Service B.
* Service A pauses its current execution, waiting for Service B to respond.
* Service B processes the request and sends a response.

* Service A resumes its execution with the response.
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This direct dependency works for simple cases, but it quickly becomes a
bottleneck as systems grow.

I, What can go wrong:
* Cascading Failures: If Service B fails, Service A (and any service calling A)
might also fail.

* Reduced Throughput: Service A can only process as fast as Service B can
respond.

* Latency Spikes: Network delays or slow processing in Service B directly
impact Service A's response time.

* Deployment Complexity: Service A and B often need to be deployed and
scaled together, or at least in a specific order, making updates harder.

Message Queues: The Ultimate Decoupler

Enter the message queue. Think of it as a highly reliable post office for your
services. Instead of directly calling another service and waiting, a service simply
drops a "letter" (a message) into a queue. Another service, at its own pace, picks
up letters from the queue and processes them.

What is a Message Queue?

A message queue is a form of asynchronous service-to-service communication
used in serverless and microservices architectures. It's a temporary repository
where messages wait to be processed.

The core components are:

* Producer (Sender): A service that creates and sends messages to the
queue.

* Consumer (Receiver/Worker): A service that retrieves messages from the

queue and processes them.

* Queue (Broker): The intermediary component that stores messages until
consumers are ready to process them. It handles message delivery,
durability, and often ordering.
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Why Use Message Queues?

Message queues solve the synchronous coupling problem by introducing an
intermediary.

1. Decoupling: Producers don't need to know anything about consumers, and
vice-versa, beyond the message format. They operate independently.

2. Asynchronous Processing: Producers send messages and immediately
continue their work, without waiting for the message to be processed. This
is crucial for long-running tasks.

3. Buffering and Load Leveling: If consumers are busy, messages
accumulate in the queue. When consumers become free, they pull
messages from the queue. This prevents producers from overwhelming
consumers and smooths out traffic spikes.

4. Resilience: If a consumer fails, messages remain in the queue, ready for
another consumer (or the restarted consumer) to pick them up. This
improves fault tolerance.

5. Scalability: You can easily add more consumers to process messages
faster, scaling horizontally based on demand without impacting producers.
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6. Reliability: Most message queues ensure "at-least-once" delivery, meaning
a message won't be lost even if a consumer fails mid-processing.

How Message Queues Work: A Simple Flow
Let's trace a typical message flow:

1. Produce: A service generates a message (e.g., "New user registered with
ID 123"). It then sends this message to a designated queue.

2. Store: The message queue broker receives the message and stores it
durably.

3. Consume: A consumer service polls the queue or receives messages
pushed from the queue. It retrieves the message.

4. Process: The consumer processes the message (e.g., sends a welcome
email to user 123).

5. Acknowledge: After successful processing, the consumer sends an
acknowledgment back to the queue.

6. Delete: Upon acknowledgment, the queue broker deletes the message,
knowing it's been handled.

“2 Important: If a consumer fails before acknowledging, the message typically
becomes visible again after a timeout, allowing another consumer (or the same
consumer once recovered) to retry processing. This mechanism ensures
messages aren't lost.

When to Use Message Queues
Message queues are not a silver bullet for all communication, but they excel in

specific scenarios:

* Long-Running Tasks: Any operation that takes more than a few hundred
milliseconds (e.q., image processing, video transcoding, report generation,
complex Al model inference).

* Fan-out Operations: When one event needs to trigger multiple
independent actions (e.g., a new user registration triggers sending a
welcome email, updating a CRM, and provisioning user resources).

* Batch Processing: Processing large volumes of data in chunks.

* Cross-Service Communication in Microservices: Decoupling services
that don't require immediate, synchronous responses.

* Event-Driven Architectures: Queues are a foundational component for
distributing events, which we'll cover in the next chapter.
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* Al Agent Task Distribution: Distributing tasks to multiple Al agents,
collecting their results, and managing long-running agentic workflows. For
example, an orchestrator agent might place tasks for specialized agents
(e.g., "research topic X," "summarize article Y") into a queue, and worker
agents pick them up.

When NOT to Use Message Queues:

* Real-time Request-Response: For operations where the client must
receive an immediate response from the server (e.g., retrieving user profile
data, login authentication). Introducing a queue here would add
unnecessary latency and complexity.

* Simple, Low-Volume Synchronous Calls: If services are already tightly
coupled and highly reliable, and the overhead of a queue outweighs the
benefits.

* When Strict Ordering is Paramount and Complex: While some queues
offer strict ordering guarantees, implementing end-to-end exactly-once
processing with complex ordering requirements can be challenging and
might introduce bottlenecks.

Worker Architectures and Asynchronous Workflows

Message queues enable powerful worker architectures. A worker service is
essentially a consumer that continuously pulls tasks (messages) from a queue
and performs specific work.

For example, an e-commerce order processing system might have:

e Order Service (Producer): Receives a new order, saves it to the database,
and sends an "Order Placed" message to a queue.

* Payment Processor Worker (Consumer): Picks up "Order Placed"
messages, processes the payment, and sends a "Payment Processed"
message to another queue.

* Shipping Worker (Consumer): Picks up "Payment Processed" messages,
initiates shipping, and sends a "Shipment Initiated" message.

This chain of events forms an asynchronous workflow. These workflows can be
complex, involving multiple queues and worker types.
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Real-world insight: Many cloud providers offer managed message queue
services (e.g., AWS SQS/SNS, Azure Service Bus, Google Cloud Pub/Sub). These
services handle the operational complexities of running a message broker,
allowing you to focus on your application logic. As of 2026, these services are
mature and highly reliable.

Al/Agentic Systems and Message Queues

Al and agentic systems frequently leverage message queues to manage their
distributed nature:

* Task Distribution: A central "orchestrator" agent or service can place
complex tasks into a queue. Multiple "worker" agents (specialized for
different functions like data retrieval, code generation, summarization) can
then pick up and process these tasks in parallel.

* Long-Running Agentic Workflows: If an agent's reasoning or action
might take significant time, the intermediate steps can be placed in a
queue. For instance, an agent deciding to "research a topic" could put a
research task message into a queue, and a dedicated research agent
picks it up. Once done, the research agent puts a research _result
message into another queue for the original agent to continue its workflow.

* Result Aggregation: When multiple agents work on sub-tasks, their

results can be sent to a queue, from which an aggregation service or
another agent can collect and synthesize the final outcome.

* Rate Limiting and Backpressure: Queues naturally help manage the
load on computationally intensive Al models or external APIs by buffering
requests.

Step-by-Step lllustration: A Simple Asynchronous
Task

Let's illustrate the producer-consumer pattern using conceptual pseudocode for a
hypothetical ImageProcessingQueue.

Step 1: Define the Message Structure

First, consider what information your message needs to carry. For image
processing, it might be the image ID and the type of processing requested.

# Conceptual Message Structure

{

"image id": "uuid-of-the-image-123",
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"operation": "resize",
"parameters": {
"width": 800,
"height": 600
|
"callback url": "https://myapp.com/api/image-processed-webhook"

Explanation: This JSON-like structure defines the payload for our image
processing task. image id identifies the target, operation specifies the task,
parameters provides details for that task, and callback url is an optional field
for notifying the original service when processing is complete.

Step 2: The Producer Service (Sends Tasks)

This service is responsible for initiating the image processing. It doesn't perform
the processing itself; it just tells the queue what needs to be done.

# Conceptual Python-like Pseudocode for a Producer
import message queue client # Assume this is a library for your queue service

def upload image(image data):
image id = save image to storage(image data) # Stores image, returns ID
print(f"Image uploaded with ID: {image id}")

# Create the message
task message = {

"image id": image id,

"operation": "resize",

"parameters": {"width": 800, "height": 600},

"callback url": "https://myapp.com/api/image-processed-webhook"
}

# Send the message to the queue

queue_name = "image processing tasks"

message _queue client.send message(queue name, task message)
print(f"Sent resize task for image {image id} to queue '{queue name}'")

return {"status": "processing initiated", "image id": image id}
# Example usage:

# response = upload image(some image bytes)
# print(response)

Explanation:

1. save image to storage(image data) : This function (hypothetical) would
handle storing the raw image data, perhaps in an object storage like AWS S3
or Azure Blob Storage, and return a unique ID.

2. task message: We construct the message payload based on our defined
structure.
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3. message queue client.send message(...) : This is the crucial part. The
producer uses a client library to connect to the message queue broker and
send the task message to the specified image processing tasks queue.

4. The producer immediately returns a response, indicating that processing
has started, not necessarily finished. This is the essence of asynchronous
communication.

Step 3: The Consumer Service (Processes Tasks)

This service runs continuously, listening for new messages on the
image processing tasks queue.

# Conceptual Python-like Pseudocode for a Consumer (Worker)

import message queue client # Assume this is a library for your queue service
import image processor library # Library for actual image manipulation

import requests # For sending callback

def process image task(message):

image id = message["image id"]

operation = message["operation"]

parameters = message["parameters"]

callback url = message.get("callback url") # Get with default None if not
present

print(f"Received task: {operation} image {image id} with params {parameter

s}")

try:
# 1. Download image from storage using image id
image data = download image from storage(image id)

# 2. Perform the actual image processing
if operation == "resize":
processed image data = image processor library.resize(image data,
parameters["width"], parameters["height"])
elif operation == "grayscale":
processed image data = image processor library.to grayscale(image
data)
else:
raise ValueError(f"Unknown operation: {operation}")

# 3. Save the processed image

processed image url = save processed image(image id, processed image d
ata, operation)

print(f"Successfully processed image {image id}. Result URL: {processe
d image url}")

# 4. Notify original service if callback URL is provided
if callback url:
requests.post(callback url, json={
"image id": image id,
"status": "completed",
"result url": processed image url
})

print(f"Sent completion callback for image {image id}")

Decoupling Services with Message Queues and Asynchronous Workflows 64



AIVOID [https://aivoid.dev]

return True # Task processed successfully
except Exception as e:
print(f"Error processing image {image id}: {e}")
# In a real system, you'd log this error and potentially move the
message to a DLQ
return False # Task failed

def start worker():
queue _name = "image processing tasks"
print(f"Worker started, listening on queue '{queue name}'...")
while True:
message = message queue client.receive message(queue name)
if message:
success = process image task(message)
if success:
message _queue client.acknowledge message(queue name, message)
else:
# Depending on queue, message might be returned after timeout,
# or manually moved to a Dead Letter Queue (DLQ)
print(f"Task for message {message['image id']} failed, not
acknowledging immediately.")
else:
time.sleep(5) # Wait if no messages

# To run:
# start worker()

Explanation:

1. start worker() : This function sets up an infinite loop to continuously
check the queue for messages.

2. message queue client.receive message(...): The consumer pulls a
message from the queue. This call might block until a message is available
or return None after a timeout.

3. process image task(message) : This function contains the core business
logic. It downloads the image, performs the requested operation, saves the
result, and optionally sends a notification back to the original service via a
webhook.

4. message queue client.acknowledge message(...) : Crucially, after the
task is successfully completed, the consumer acknowledges the message.
This tells the queue broker that the message has been handled and can be
safely removed.

5. Error Handling: If an error occurs during process image task, the
message is not acknowledged immediately. This allows the message to
become visible again later for a retry, or eventually move to a Dead Letter
Queue (DLQ) if retries fail.
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Mini-Challenge: Designing an Al Agent Workflow

You're building an Al platform where a "Master Agent" can delegate complex
analytical tasks to specialized "Analysis Agents." Designh a conceptual
asynchronous workflow for the following scenario:

Scenario: A user uploads a document, and the Master Agent needs to perform
three independent analyses on it: sentiment analysis, entity extraction, and
summarization. Each analysis is done by a different, specialized Analysis Agent.
The Master Agent then needs to collect all three results to synthesize a final
report.

Your Task:

1. Identify the Producers: Which service(s) will send messages?

2. ldentify the Consumers (Worker Agents): Which services/agents will
process messages?

3. ldentify the Queues: How many queues would you use, and for what
purpose?

4. Outline the Message Flow: Describe the sequence of messages and
processing steps from document upload to final report generation.

Hint: Think about how the Master Agent gets notified when all sub-tasks are
complete. You might need more than one queue.

Common Pitfalls & Troubleshooting

Working with asynchronous systems and message queues introduces new
complexities. Being aware of these common pitfalls can save you a lot of
headaches.

1. Ignoring Dead Letter Queues (DLQs):

* What it is: ADLQ is a special queue where messages are sent if they
fail to be processed successfully after a certain number of retries, or if
they expire.

* What can go wrong: Without a DLQ, failed messages are simply
discarded, leading to data loss or unaddressed errors.

* Pro tip: Always configure a DLQ for critical queues. Monitor your DLQs
and have a process to inspect, fix, and re-process messages from
them. This is vital for data integrity.
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2. Lack of Idempotency in Consumers:

* What it is: An operation is idempotent if executing it multiple times
produces the same result as executing it once.

* Why it matters: Message queues often guarantee "at-least-once"
delivery. This means a consumer might receive and process the same
message multiple times (e.q., if it processes but fails to acknowledge
before a timeout).

* What can go wrong: If your consumer isn't idempotent, processing
the same message twice could lead to duplicate charges, incorrect
data updates, or other undesirable side effects.

* Solution: Design your consumer logic to handle duplicate messages
gracefully. This often involves checking for uniqueness (e.g., using a
message ID or a unique business ID within the message) before
performing state-changing operations.

3. Message Ordering Guarantees:

* What it is: The order in which messages are delivered to consumers.

* What can go wrong: Most general-purpose message queues do not
guarantee strict message order across multiple consumers. If message
A is sent before message B, it's possible consumer 1 processes B
before consumer 2 processes A. If your business logic requires strict
ordering (e.g., "deposit $10" must happen before "withdraw $5"),
relying on default queue behavior can lead to incorrect states.

» Solution: For strict ordering, consider using queues with specific
ordering features (e.g., Kafka topics with partitions, AWS SQS FIFO
queues) or design your application to handle out-of-order messages by
making operations idempotent and using versioning or timestamps
within your messages.
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4. Undersestimating Operational Overhead:

* What it is: While managed queue services simplify things, you still
need to monitor queue depth, message latency, consumer error rates,
and DLQ activity.

* What can go wrong: Unmonitored queues can silently accumulate
messages, leading to processing delays, resource exhaustion, or data
loss if not addressed.

* Pro tip: Integrate queue metrics into your observability stack. Set up
alerts for high queue depth, high message age, or frequent consumer
errors.

Summary: Building Robust Asynchronous
Foundations

Congratulations! You've taken a significant step in understanding how to build
more robust and scalable distributed systems. We covered:

* The limitations of synchronous communication and the need for
decoupling.

* The core components and benefits of message queues for asynchronous
communication, buffering, and resilience.

* How worker architectures consume messages to perform tasks.

* The role of queues in enabling complex asynchronous workflows,
especially in Al agent systems for task distribution and result aggregation.

* Key considerations like idempotency, message ordering, and the
importance of Dead Letter Queues for handling failures.

By thoughtfully applying message queues, you can design systems that gracefully
handle variable loads, recover from failures, and allow services to evolve
independently. This is a fundamental pattern for any large-scale, resilient
architecture.

In the next chapter, we'll build upon this foundation to explore event-driven
systems, where messages become "events" that drive reactive behaviors across
your entire architecture.
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CHAPTER 06

Worker Architectures:
Designing for Background
Processing and Scalability

Imagine your application needs to perform a task that takes a long time - perhaps
generating a complex report, processing a large image, or training a small Al
model. If your user has to wait for this task to complete before they can do
anything else, they'll likely get frustrated and leave. This is where worker
architectures come into play, transforming slow, blocking operations into smooth,
scalable background processes.

In this chapter, we'll dive into the world of worker architectures, understanding
how they decouple long-running tasks from your main application flow. We'll
explore the core components that make these systems robust and scalable, and
discuss how timeless engineering principles like idempotency and error handling
are critical for their success. By the end, you'll be able to design systems that
handle heavy loads gracefully, ensuring a responsive user experience and
efficient resource utilization, especially relevant for today's Al-driven applications.

If you've been following along, you'll find that the concepts of service-to-service
communication and message queues from previous chapters provide an excellent
foundation for understanding how workers communicate and manage tasks.
We're building on those ideas to create even more powerful and resilient systems.

The Problem with Synchronous Processing

Most web applications start with a synchronous request-response model. A user
makes a request, the server processes it, and then sends a response back. This
works perfectly for fast operations like fetching data or simple form submissions.

HTTP Request - | Process Data
— —> — —>|
User Web Server Database
— — < I
HTTP Response = Data Result

However, what happens when "Process Data" takes 10 seconds, 30 seconds, or
even several minutes? |\ What can go wrong:

* User Experience: The user interface freezes or displays a loading spinner
for an unacceptably long time, leading to frustration.
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* Timeouts: Web servers and proxies often have timeout limits. If the task
exceeds these, the connection drops, and the user receives an error, even if
the task might eventually succeed.

* Resource Blocking: While one long task runs, server resources are tied up,
potentially preventing other users from being served efficiently.

* Scalability Challenges: It's hard to scale a system where critical resources
are blocked by slow operations.

This is a fundamental limitation for applications with complex backend logic,
especially those incorporating Al/ML tasks that can be computationally intensive.

Introducing Worker Architectures

Worker architectures solve the synchronous processing problem by introducing
asynchronous task execution. Instead of immediately processing a long-
running task, your main application offloads it to a separate component: a worker.

s Key Idea: Decouple task initiation from task execution.

Think of it like this: You go to a busy coffee shop. You place your order (a task),
and the barista (your main application) doesn't immediately start grinding beans
and making your latte. Instead, they write your order on a ticket and put it into a
queue. A dedicated coffee maker (the worker) then picks up tickets from the
queue, makes the coffee, and calls your name when it's ready. You're free to wait,
browse your phone, or do other things while your coffee is being prepared.

Why Worker Architectures Exist

* Responsiveness: Your main application (e.g., web server) can immediately
respond to the user, confirming that their request has been received and will
be processed. This vastly improves user experience.

* Scalability: Workers can be scaled independently of your main application.
If you have a sudden surge of long-running tasks, you can spin up more
workers to handle the load without affecting your web servers.

* Resilience: If a worker fails while processing a task, the task can often be
retried by another worker, or moved to a dead-letter queue for inspection.
This makes the system more fault-tolerant.

» Efficiency: Workers can be optimized for specific types of tasks, using
different resource configurations (e.g., more memory, GPU access) than
your frontend servers.
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Key Components of a Worker System

A typical worker architecture involves three main players: a Task Producer, a
Message Queue, and Worker Services.

/’\ Database / Storage ‘

| [ | I
. . _—»  TaskProducer ~——»| MessageQueue | ——»  Worker Service .
| a -

Web App ‘ e \’1 ) 7 7 |
4 | |  External APl Lo > User Notification

\\ L/ LG Rl LA

Quick Note: The user notification step (G) often happens via another
message back to the Web App or directly to the user, indicating task completion.

1. Task Producer

The task producer is the part of your application that identifies a long-running
operation and decides to offload it. This is typically your frontend web server, an
APl endpoint, or another microservice.

When a producer encounters a task that shouldn't block the main thread, it
creates a "message" describing the task and sends it to a message queue.

Example:

* A user uploads a high-resolution image. The web server (producer) doesn't
resize it immediately.

* An Al agent needs to analyze a large text document. The orchestrating
service (producer) doesn't perform the analysis itself.

2. Message Queue
The message queue is the central nervous system of a worker architecture. It acts

as a buffer and a communication channel between producers and workers.

What it is: A durable, ordered list of messages (tasks) waiting to be processed.
Why it exists:

* Decoupling: Producers and consumers don't need to know about each
other's existence or availability. They only interact with the queue.

» Buffering: It absorbs spikes in traffic. If producers generate tasks faster
than workers can process them, the queue holds the tasks until workers
become available.

* Durability: Messages can be persisted on disk, so they aren't lost if the
queue service or a worker crashes.
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* Load Leveling: Distributes tasks evenly among available workers.

Popular message queue technologies as of 2026-05-15 include:

» Apache Kafka: High-throughput, distributed streaming platform, often
used for real-time data pipelines and event streaming. The latest stable
release is 3.7.0.

* RabbitMQ: A robust, general-purpose message broker supporting various
messaging protocols. The latest stable release is 3.13.0.

* AWS SQS (Simple Queue Service): A fully managed message queuing
service by Amazon Web Services, known for its scalability and ease of use.

* Azure Service Bus: A fully managed enterprise integration message
broker by Microsoft Azure, offering reliable message delivery.

3. Worker Service(s)

The worker service is the dedicated application or set of applications responsible
for consuming messages from the queue and performing the actual work. Workers
are often stateless, meaning they don't hold conversational state between tasks,
making them easy to scale horizontally.

How it works:

1. A worker connects to the message queue.
2. It continuously polls or subscribes to the queue for new messages.

3. When a message arrives, the worker "claims" it (often making it invisible to
other workers).

4. The worker processes the task described in the message.

5. Upon successful completion, the worker "acknowledges" the message,
removing it from the queue.

6. If the worker fails, the message might be returned to the queue after a

timeout, or moved to a Dead-Letter Queue (DLQ).

Real-world insight: In production, you'll often have multiple instances of
your worker service running simultaneously, each pulling tasks from the same
queue. This provides both high availability and scalability.
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Designing Robust Workers

Building a basic worker is straightforward, but building a robust worker requires
careful consideration of potential failure modes and edge cases in a distributed
system.

Idempotency: The Superpower of Retries

What it is: An operation is idempotent if performing it multiple times has the
same effect as performing it once. Why it's important: In distributed systems,
messages can be delivered multiple times (e.g., due to network issues, worker
restarts, or queue retries). If your task is not idempotent, processing a message
twice could lead to incorrect data or unintended side effects.

Example:

* Non-idempotent: increment user balance(user_id, amount) - If run
twice, the user's balance is incorrectly incremented twice.

* ldempotent: set user balance to(user id, new balance) - Running
this multiple times with the same new balance has the same final effect.

* ldempotent (with unique ID): process order(order_id) - If the worker

first checks if order id has already been processed and only proceeds if
not, it becomes idempotent. This often involves storing a record of
processed task IDs.

2 Important: Always design your worker tasks to be idempotent where possible.

If not, implement mechanisms to detect and prevent duplicate processing using
unique transaction IDs or correlation IDs.

Error Handling & Retries
Workers will inevitably encounter errors. How you handle them is crucial for

system reliability.

* Transient Errors: Temporary issues like network glitches, database
connection drops, or a third-party APl being momentarily unavailable. For
these, retries are essential.

* Exponential Backoff: Instead of retrying immediately, wait for

increasing intervals (e.qg., 1s, 2s, 4s, 8s) before retrying. This prevents

overwhelming the failing resource and gives it time to recover.

* Max Retries: Set a limit on the number of retries to prevent infinite
loops for persistent errors.
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* Persistent Errors: Errors that won't resolve on their own, like invalid input
data or a bug in the worker code.

* Dead-Letter Queues (DLQs): If a message fails after multiple
retries, it should be moved to a DLQ. This keeps "poison messages"
from blocking the main queue and provides a place for manual
inspection and debugging.

» Alerting: Set up alerts when messages land in a DLQ so operations
teams can investigate.

Concurrency and Resource Management

Workers need to manage how many tasks they process concurrently.

» Too few workers/low concurrency: Tasks build up in the queue, leading
to delays.

* Too many workers/high concurrency: Workers consume excessive CPU,

memory, or hit rate limits on external services (e.g., databases, APIs).

Careful monitoring of worker resource utilization and queue depth is essential to
tune concurrency settings. Auto-scaling worker groups can dynamically adjust the
number of worker instances based on queue length or CPU usage.

Monitoring & Observability

Just like any other service, workers need robust observability.

* Logging: Detailed logs about task start, progress, completion, and errors.
Include correlation IDs to trace a task end-to-end.

* Metrics:
* Queue depth (number of messages waiting).
* Task processing rate (tasks/second).
* Task processing time (latency).
* Number of retries.
* Error rates.
* Worker resource utilization (CPU, memory).
* Tracing: Distributed tracing (as discussed in Chapter 5) is invaluable for

understanding the full lifecycle of a task as it moves from producer to queue
to worker and potentially other services.
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Worker Patterns in Al/Agentic Systems

Al and agentic systems are prime candidates for worker architectures because
their tasks are often:

* Long-running: Training models, generating images, complex data analysis,
multi-step agentic workflows.
* Resource-intensive: Require significant CPU, GPU, or memory.

* Asynchronous by nature: Users don't expect instant results for complex
Al operations.

Real-world scenario: An Al Agent Workflow

Consider an Al agent designed to generate a personalized marketing campaign
for a user. This might involve several steps:

1. Data Retrieval (Producer): A user interaction triggers the campaign
generation. An orchestrator service (producer) creates a task for the Al
agent, including the user ID and campaign parameters.

2. Queueing: This task is placed on a "Campaign Generation" message
queue.

3. Agent Worker (Consumer): An Al agent worker picks up the task.

* Step 1: User Profile Enrichment: The worker calls a profile service
to fetch detailed user data.

* Step 2: Content Generation: The worker uses a Large Language
Model (LLM) to draft personalized email content, social media posts,
and ad copy. This can be a very long process.

* Step 3: Image Generation: The worker interacts with an image
generation model to create custom visuals.

» Step 4: A/B Test Variant Creation: The worker generates multiple
variants for testing.

* Step 5: Campaign Assembly: The worker combines all generated
content and schedules it with a marketing automation platform.

4. Status Updates: Throughout this process, the worker periodically updates
the status of the campaign generation in a database, allowing the user to
track progress.

5. Completion Notification: Once complete, the worker might put a
"Campaign Ready" message on another queue, triggering a notification
service to inform the user.
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In this scenario, the Al agent itself acts as a sophisticated worker, orchestrating
multiple sub-tasks. Each sub-task could even be offloaded to another set of
specialized workers (e.g., a dedicated image generation worker pool). This layered
approach demonstrates the power of composable worker architectures.

Step-by-Step Walkthrough: lllustrating an Image
Processing Worker's Logic

Let's walk through the conceptual steps an engineer would take to implement an
asynchronous image processing worker. We'll use Python-like pseudocode to
illustrate the logical flow, rather than providing a runnable production setup. This
helps us focus on the core interactions and responsibilities.

Scenario: A web application allows users to upload profile pictures. After upload,
images need to be resized to several standard dimensions, watermarked, and
stored in a cloud storage bucket.

1. Identify the Asynchronous Task:

* Problem: Image resizing and watermarking are CPU-bound and can
take time, blocking the user's upload request.

* Solution: Offload these operations to a worker.
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2. Design the Message (Task Payload): The message sent to the queue
needs to contain all the necessary information for the worker to perform its

job. We'll typically use a structured format like JSON.

abc.

"task id": "unique-uuid-for-this-task-123",

"image id": "uploaded-image-uuid-abc",

"source url": "https://temp-storage.example.com/uploaded-image-uuid-
irg",

"user id": "user-uuid-xyz",

"target sizes": [
{"width": 100, "height": 100},
{"width": 400, "height": 400}
1,

"watermark text": "MyCompany"

task id: A unique ID for this specific processing task. Crucial for
idempotency.

image id: Unique ID for the uploaded image itself.

source _url: The temporary location of the original uploaded image.
We pass a URL to avoid putting large binary data directly into the
queue.

* user 1id: To associate the processed image with a user.

* target sizes: A list of dimensions for the resized images.

* watermark text: Optional text to add as a watermark.
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3. Implement the Producer (Web Server Logic): This is the part of your

web application that receives the image upload and publishes the task.

# web _server _app.py (Illustrative Python-like pseudocode)

import uuid

import json

# Assume 'queue client' is an initialized client for your message queue
(e.g., SQS, RabbitMQ)

# Assume 'storage client' handles saving files to temporary storage
(e.g., S3, Azure Blob)

def handle image upload(request):
# 1. Receive image data from user request
uploaded file = request.files|['profile picture']

# 2. Generate unique IDs
image id = str(uuid.uuid4())
task id = str(uuid.uuid4()) # A new ID for the processing task

# 3. Store the original image in a temporary location
# This function would upload the file and return its accessible URL
source url = storage client.upload temp image(uploaded file,

image id)

# 4. Construct the task message
task payload = {
"task id": task id,
"image id": image id,
"source url": source url,
"user id": request.user.id,
"target sizes": [{"width": 100, "height": 100}, {"width": 400, "h
eight": 400}],
"watermark text": "MyCompanylLogo"

}

# 5. Publish the message to the "image-processing-queue"
queue client.send message("image-processing-queue", json.dumps(task p
ayload))

# 6. Immediately return a 202 Accepted response
# This tells the user the request was received and is being processed

return {
"status": "processing",
"message": "Image upload received, processing in background.",

"image id": image id,
"status url": f"/api/image-status/{image id}" # URL for user to
check progress
}, 202

e import uuid, json: Standard libraries for unique identifiers and
structured data.

» storage client.upload temp image(...) : This represents saving
the raw image file to cloud storage and getting a URL. This prevents
large files from clogging the queue.
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* task_id = str(uuid.uuid4()) : A unique identifier for this specific
processing job. If the message is redelivered, this ID helps the worker
know if it's already processed it.

* queue_client.send_message(...) : Sends the JSON payload to our
designated message queue.

* return ..., 202:The 202 Accepted HTTP status code is a standard
way to indicate that a request has been accepted for processing, but
the processing is not yet complete. This provides immediate feedback
to the user.

4. Set Up the Message Queue: You would configure your chosen message
queue service (e.g., AWS SQS, RabbitMQ) to create the image-processing-
queue . Crucially, you would also set up a Dead-Letter Queue (DLQ). This
DLQ will automatically receive messages that fail to be processed
successfully after a specified number of retries, preventing "poison
messages" from endlessly blocking your main queue.
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5. Develop the Worker Service Logic: This is the core logic that runs on
your worker instances. It continuously pulls messages from the queue and
performs the image processing.

# image worker service.py (Illustrative Python-like pseudocode)

import json

# Assume 'queue client' is an initialized client for your message queue
# Assume 'storage client' handles downloading/uploading images to cloud
storage

# Assume 'image processor' contains functions for resizing, watermarking
# Assume 'db client' for updating image status in a database

def process image task(task payload):
task id = task payload["task id"]
image id = task payload["image id"]
source url = task payload["source url"]
target sizes = task payload["target sizes"]
watermark text = task payload["watermark text"]

# 1. Idempotency Check: Has this specific task id already been
processed?
if db _client.get task status(task id) == "completed":
print(f"Task {task id} already completed, skipping.")
return # Exit early if already done

# 2. Mark task as 'in progress'
db client.update task status(task id, "in progress")
db client.update image status(image id, "processing")

try:
# 3. Download the original image
original image data = storage client.download image(source url)
processed image urls = []

# 4. Iterate through target sizes, resize, watermark, and upload
for size config in target sizes:
width, height = size config["width"], size config["height"]
print(f"Processing {image id} to {width}x{height}")

# Resize and watermark
resized image = image processor.resize(original image data, w
idth, height)
if watermark text:
resized image = image processor.apply watermark(resized i
mage, watermark text)

# Upload processed image to permanent storage

processed url = storage client.upload processed image(
resized image, image id, f"{width}x{height}.jpg"

)

processed image urls.append(processed url)

# 5. Update database with processed image URLs and mark as
complete

db_client.update image data(image id, {"processed urls": processe
d image urls})

db client.update task status(task id, "completed")

db _client.update image status(image id, "ready")
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print(f"Successfully processed image {image id} for task
{task _id}")

except Exception as e:
# 6. Error Handling: Log the error and mark task as failed
print(f"Error processing task {task id} for image {image id}:
{e}")
db client.update task status(task id, "failed",
error_message=str(e))
db client.update image status(image id, "failed")

# Re-raise the exception to signal to the queue that this message needs
to be retried
raise

# Main worker loop
def start worker():
print("Worker started, waiting for messages...")
while True:
# 7. Poll for messages from the queue
message = queue_client.receive message("image-processing-queue")
if message:
try:
task payload = json.loads(message.body)
process image task(task payload)
# 8. Acknowledge message after successful processing
queue client.delete message("image-processing-queue", mes

sage.receipt handle)
except Exception as e:
print(f"Failed to process message or task: {e}. Message

will be retried or moved to DLQ.")
# The queue client implicitly handles retries/DLQ if
message is not deleted
else:
# No messages, wait a bit before polling again
time.sleep(5)

* db_client.get_task status(task_id) : This is our idempotency
check. Before doing any work, the worker checks if this specific
task id has already been successfully processed. This prevents
duplicate work if the message is redelivered.

* db_client.update_task status(...): Updates a database record
for the task's state. This is crucial for allowing the user to check the
progress via the status url returned by the producer.

» storage_client.download_image(...) : Fetches the original image
from the temporary storage.

* image_processor.resize(...),
image processor.apply watermark(...) : These represent the
actual image manipulation logic.

» storage_client.upload_processed_image(...) : Saves the final
processed images to a permanent, accessible location.
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* try...except...raise: This robust error handling ensures that if any
step within the processing fails, the task status is updated, and the
exception is re-raised. This signals to the queue system that the
message was nhot successfully processed, allowing it to be retried or
moved to the DLQ.

* queue_client.receive_message(...) : Continuously fetches
messages from the queue.

* queue_client.delete message(...): This is the acknowledgment
step. Only after the entire task has been successfully processed and
its state persisted should the message be deleted from the queue. If
the worker crashes before this, the message will eventually become
visible again for another worker to pick up.

6. Deployment and Scaling: Once the producer and worker logic are ready,
you would deploy multiple instances of your worker service to handle the
load. Cloud platforms offer managed services (like AWS ECS, Kubernetes,
Azure Container Apps) that can automatically scale the number of worker
instances up or down based on metrics like queue depth (how many
messages are waiting) or worker CPU utilization.

7. Monitoring and Alerting: The final piece is robust observability. You'd set
up dashboards to visualize:

* The queue depth of image-processing-queue.

* The rate at which messages are being produced and consumed.
* The latency (how long tasks sit in the queue before processing).
* The CPU and memory utilization of your worker instances.

* The number of messages in the Dead-Letter Queue. Alerts would
notify your team if any of these metrics cross predefined thresholds,
indicating a potential bottleneck or failure.

This conceptual walkthrough highlights the thought process involved in designing
a robust worker system, emphasizing decoupling, error handling, and scalability,
with concrete (though illustrative) logic examples.
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Mini-Challenge: Designing an Al Agent Email
Campaign Worker

Your turn! Imagine you're building a system where an Al agent generates
personalized marketing emails. This task involves several steps: fetching user
data, calling an LLM for content, potentially generating images, and then
scheduling the email.

Challenge: Outline the architecture for an "Al Email Campaign Worker" system.
Think about:

1. Producer: What service would initiate this task, and what information
would it put into the message?

2. Message Queue: What kind of queue would you use, and why?

3. Worker Service: What are the key internal steps the Al agent worker would
perform?

4. Error Handling: How would you make sure a failing email generation
doesn't block the entire system?

5. Idempotency: What unique identifier would you use to ensure a campaign
isn't accidentally generated twice?

Hint: Consider the "Al Agent Workflow" example we just discussed. Focus on the
data flow and responsibilities of each component.

Common Pitfalls & Troubleshooting

Even with careful design, worker architectures introduce new complexities. Here
are some common pitfalls:

* Over-engineering: || What can go wrong: Don't use a worker system
for tasks that are inherently fast and synchronous. Adding a queue and
worker for a 50ms operation introduces unnecessary latency, complexity,
and operational overhead. ¢ Optimization / Pro tip: Evaluate the
task's latency, resource consumption, and failure impact. If it's fast, reliable,
and non-blocking, keep it synchronous.

Worker Architectures: Designing for Background Processing and Scalability 84



AIVOID [https://aivoid.dev]

* Message Too Large: 1| What can go wrong: Putting large binary data
(like raw images or videos) directly into message queues can significantly
slow down the queue, increase costs, and potentially exceed message size
limits. @& Optimization / Pro tip: Store large payloads in dedicated
storage (e.g., S3, Azure Blob, GCS) and pass only the reference (URL or ID)
in the message.

* Lost Messages / Lack of Acknowledgment: | What can go wrong: If
a worker crashes before acknowledging a message, but after processing it,
the message might be redelivered, leading to duplicate processing if not
idempotent. Conversely, if it acknowledges too early and then fails, the task
is lost. ¢ Optimization / Pro tip: Implement "at-least-once" delivery
semantics by acknowledging messages only after the task is fully and
successfully completed (and its state persisted). Rely on idempotency to
handle potential duplicates.

* Worker Starvation or Overload: | What can go wrong: If the rate of
incoming messages exceeds the processing capacity of your workers, the
queue depth will grow indefinitely, leading to massive delays. Conversely,
too many workers can exhaust shared resources (like database
connections). ¢ Optimization / Pro tip: Implement auto-scaling for
workers based on queue depth and worker resource utilization. Monitor
these metrics closely.

* ldempotency Failures: | What can go wrong: Assuming an operation
is idempotent when it's not, or failing to properly implement idempotency
checks, can lead to data corruption or unintended side effects when
messages are redelivered. ¢ Optimization / Pro tip: Rigorously test
your worker's idempotency under failure conditions. Use unique transaction
IDs and atomic operations to ensure consistency.

Summary

Worker architectures are a cornerstone of modern, scalable, and resilient
distributed systems. By embracing asynchronous processing, you can decouple
long-running tasks from your core application, leading to a more responsive user
experience and efficient resource management.

Here are the key takeaways:

* Decoupling: Workers separate task initiation from execution, preventing
synchronous blocking.
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* Core Components: Task Producers, Message Queues (like Kafka,
RabbitMQ, SQS), and Worker Services are essential.

* Robust Design: Idempotency, comprehensive error handling with retries
and Dead-Letter Queues, and careful concurrency management are critical
for reliability.

* Observability: Logging, metrics, and tracing are vital for monitoring worker
health and task progress.

* Al Integration: Worker patterns are naturally suited for the
computationally intensive and asynchronous nature of Al/agentic workflows.

* Avoid Over-engineering: Only apply worker architectures when the
benefits (scalability, responsiveness, resilience) outweigh the added
complexity for genuinely long-running tasks.

In the next chapter, we'll expand on asynchronous processing by exploring
Event-Driven Systems, where services communicate not just by passing tasks,
but by emitting and reacting to significant events, enabling even greater flexibility
and scalability.
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CHAPTER 07

Event-Driven Architectures:
Building Reactive and Scalable
Systems

Introduction: Embracing Reactivity for Modern Systems

Imagine a bustling city where every action immediately triggers a cascade of
necessary responses without anyone having to wait. A taxi drops off a passenger,
and immediately, its status updates, a new fare is assigned, and a billing record is
created. This highly responsive, interconnected flow is the essence of an event-
driven architecture (EDA). It's how complex systems stay agile and responsive,
even under immense load.

In this chapter, we'll dive deep into Event-Driven Architectures, a paradigm that
enables systems to react to changes as they happen, fostering incredible
scalability, resilience, and responsiveness. We'll explore the fundamental
concepts, key components, and practical patterns that empower applications to
evolve from tightly coupled monoliths into agile, reactive ecosystems.

This journey builds upon our previous discussions on service-to-service
communication and asynchronous workflows. While we've touched upon queues
as a mechanism for decoupling, EDA takes this concept to its logical conclusion,
making events the primary means of communication and state change across
your entire system. Get ready to think about your applications as living, breathing
entities constantly reacting to the world around them.

The Core Ildea: Events as the Language of Change

At its heart, an event-driven architecture revolves around events. An event is
simply a record of something that has happened. It's a fact, an immutable
statement about a change of state in your system.

What Exactly is an Event?

Think of an event like a newspaper headline: "User Registered," "Order Placed,"
"Payment Processed." These are concrete, past-tense statements. An event
doesn't tell a system what to do; it simply announces what did happen. Other
parts of the system can then decide if they care about that particular event and
react accordingly.
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Why does this matter? This simple shift from direct commands to event
notifications fundamentally changes how components interact. Instead of Service
A directly calling Service B and waiting for a response (which creates tight
coupling), Service A simply announces "X happened." Service B (and C, D, etc.)
can then independently listen for "X happened" and take action. This significantly
reduces dependencies.

Producers, Brokers, and Consumers: The Event Ecosystem
An event-driven system typically consists of three main roles:

1. Event Producers (Publishers): These are the services or components
that detect a change in their state and publish an event to notify the rest of
the system. They don't know or care who listens; they just publish the fact.

2. Event Brokers (Message Brokers): This is the central nervous system of
an EDA. A broker is responsible for receiving events from producers and
reliably delivering them to interested consumers. It acts as a buffer and a
router, ensuring events aren't lost and reach their intended destinations.

3. Event Consumers (Subscribers): These are services or components that
express interest in specific types of events. When an event they care about
arrives at the broker, the consumer processes it, potentially updating its
own state or triggering further actions (which might, in turn, publish new
events).

This model fosters extreme decoupling. Producers don't need to know about
consumers, and consumers don't need to know about producers. They only need
to agree on the format of the events. This makes systems more flexible, easier to
scale, and more resilient to individual component failures.
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A simple event-driven flow showing multiple producers sending events to a
broker, which then distributes them to various consumers for processing.

Key Components in Practice: The Event Broker

The event broker is arguably the most critical component in an EDA. It's not just a
pass-through; it provides crucial guarantees for reliability and scalability.

What an Event Broker Does

An event broker acts as a middleware that facilitates asynchronous
communication between services. Its core responsibilities include:

* Buffering: Storing events temporarily if consumers are slow or unavailable.

consumers.

services crash.

Routing: Directing events to the correct consumers or groups of

Durability: Ensuring events are not lost, even if the broker or consuming

Ordering (Optional but Important): For some event streams,

maintaining the order in which events were published is critical.

Fan-out: Allowing multiple consumers to receive the same event, enabling

parallel processing or different reactions to a single event.
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Why is it crucial? Without a robust broker, producers would need to manage
consumer lists, retry logic, and error handling themselves, leading to tightly
coupled and fragile systems. The broker abstracts away these complexities,
providing a centralized, reliable backbone.

Types of Brokers: Queues vs. Topics

While the terms "message broker" and "event broker" are often used
interchangeably, it's helpful to distinguish between two primary modes of
operation:

1. Queues (Point-to-Point Messaging):

* Concept: A queue delivers each message to exactly one consumer. If
multiple consumers listen to the same queue, they effectively share
the workload, distributing messages among themselves.

* Use Case: Task distribution, load balancing, ensuring a single worker
processes a specific job. Think of a customer support queue where
each new ticket is handled by one available agent.

* Examples: AWS SQS, Azure Service Bus Queues, RabbitMQ queues.

2. Topics (Publish-Subscribe Messaging):

* Concept: A topic delivers each message to all interested subscribers.
A single event published to a topic can be processed by many different
services simultaneously.

* Use Case: Broadcasting events where multiple independent services
need to react. Think of a "New Order" event that needs to trigger
payment processing, inventory updates, and a notification email, all at
once.

* Examples: Apache Kafka, AWS SNS, Azure Service Bus Topics,
RabbitMQ exchanges with fan-out.

Quick Note: Modern brokers like Apache Kafka (version 3.7.0 as of
2026-05-15) often combine aspects of both, offering durable, ordered streams
that can be consumed by multiple groups of consumers, effectively acting as both
a queue and a topic depending on how consumers are configured. For cloud-
native options, AWS SQS (queues) and SNS (topics) or Azure Service Bus (both
queues and topics) are popular choices.
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Choosing the Right Broker: Trade-offs

The choice of event broker depends on your specific needs:

* Throughput & Latency: Kafka is renowned for high throughput and low-
latency streaming, handling millions of events per second.

* Message Guarantees: Do you need "at-most-once," "at-least-once," or
"effectively once" delivery semantics? Remember, "exactly-once" is
exceptionally difficult to achieve perfectly in distributed systems and often

implies "effectively once" through idempotent consumers.

* Durability: How long do you need events to persist? Days, weeks, or
indefinitely?
* Complexity: Managed cloud services (SQS/SNS, Azure Service Bus) offer

simplicity, while self-managed Kafka requires more operational expertise
and infrastructure management.

Event Consumers: Building Resilient Reactions

Consumers are the actors that bring your event-driven system to life. They listen,
react, and often produce new events.

Idempotency: The Golden Rule for Consumers

In distributed systems, it's almost guaranteed that a consumer might receive the
same event more than once due to network retries, broker re-delivery, or
consumer restarts. This is where idempotency becomes critical.

®* Key Idea: An operation is idempotent if executing it multiple times produces
the same result as executing it once.

For example, if an UpdateUserBalance event increases a user's balance by $10,
simply adding $10 every time the event is received is not idempotent. Instead,
the consumer should check if that specific balance update has already been
applied using a unique transaction ID associated with the event. If it has, it simply
acknowledges the event without re-processing. This prevents double-counting or
erroneous state changes.

Error Handling and Dead-Letter Queues (DLQs)
What happens if a consumer fails to process an event?

* Retries: Most brokers offer automatic retry mechanisms. If a consumer fails
to process an event (e.g., due to a temporary database issue), the event
might be re-delivered a few times after a delay.
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* Dead-Letter Queues (DLQs): If an event consistently fails after several
retries, it's typically moved to a DLQ. This prevents "poison pill" messages
(events that always cause a consumer to crash) from blocking the main
queue and allows engineers to inspect and manually reprocess or discard
problematic events. DLQs are a critical part of robust asynchronous
processing and debugging.

Step-by-Step: Implementing an Event-Driven Order Flow

Let's walk through a conceptual implementation of an event-driven flow for a
classic e-commerce scenario: processing a customer order. We'll use a simplified
Python-like pseudocode to illustrate the core logic without getting bogged down in
specific broker client libraries.

Scenario: A customer places an order. Multiple independent actions need to
happen: payment processing, inventory reservation, and shipping preparation.

Step 1: The Order Service (Producer) Publishes an Event

The Order Service is responsible for receiving the initial order request,
persisting it, and then announcing that an order has been placed.

# order_service.py

import json

import uuid

# Assume an event broker client is available for publishing
from event broker import publish event

def place order(customer id, items):

order _id = str(uuid.uuid4())

# 1. Persist order details in Order Service's database

# (e.g., save order to db(order id, customer_id, items,
status="PENDING"))

print(f"Order {order_id} received and saved as PENDING.")

# 2. Construct the OrderPlaced event
event data = {
"order id": order id,
"customer id": customer id,
"items": items,
"timestamp": "2026-05-15T10:00:00Z", # Current timestamp
"event id": str(uuid.uuid4()) # Unique ID for this specific event

instance
}
event = {
"type": "OrderPlaced",
"payload": event data
}

# 3. Publish the event to the 'orders' topic
publish event("orders", json.dumps(event))
print(f"Published OrderPlaced event for order {order_ id}")
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# 4. Return immediate confirmation to the customer
return {"message": "Order received, processing initiated.", "order id": or
der id}

# Example usage:
# place order("user123", [{"product id": "A", "quantity": 1}, {"product id":
"B", "quantity": 23}1])

Explanation:

* The order _service.py function place order first saves the order
(conceptually) to its local database with a PENDING status.

* It then creates an OrderPlaced event, including a unique event id for
idempotency tracking.

* Finally, it uses publish event to send this event to an orders topic on the
event broker. The Order Service doesn't know or care who will process
this event; it just announces the fact.

* A quick confirmation is returned to the customer, making the system feel
responsive.

Step 2: The Payment Service (Consumer & Producer) Reacts

The Payment Service listens for OrderPlaced events. When it receives one, it
attempts to process the payment.

# payment service.py

import json
# Assume an event broker client for consuming and publishing
from event broker import subscribe to topic, publish event

def process payment for order(event data):
order _id = event data["order id"]
customer id = event data["customer id"]
items = event data["items"]
event _id = event data["event id"] # For idempotency

# 1. Check for idempotency (crucial!)

# (e.g., if is event already processed("PaymentService", event id):
return)

print(f"Payment Service received OrderPlaced for order {order id}.
Processing payment...")

# Simulate payment processing logic
payment successful = True # In a real system, this involves external APIs
if payment successful:
print(f"Payment successful for order {order id}.")
# 2. Publish PaymentProcessed event
payment event = {
"type": "PaymentProcessed",
"payload": {
"order id": order id,
"customer id": customer_id,
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"transaction id": str(uuid.uuid4()),
"timestamp": "2026-05-15T10:01:00Z",
"event id": str(uuid.uuid4())

}

}
publish event("payments", json.dumps(payment event))

else:
print(f"Payment failed for order {order id}.")
# 3. Publish PaymentFailed event
failure event = {
"type": "PaymentFailed",
"payload": {
"order id": order id,
"customer id": customer id,
"reason": "Insufficient funds",
"timestamp": "2026-05-15T10:01:00Z",
"event id": str(uuid.uuid4())

}
}

publish event("payments", json.dumps(failure event))

# To start the consumer:
# subscribe to topic("orders", process payment for order)

Explanation:
* The Payment Service subscribes to the orders topic.

* When an OrderPlaced event arrives, it first performs an idempotency
check to ensure it doesn't process the same event twice.

* It then simulates payment processing.

* Based on the outcome, it publishes either a PaymentProcessed or
PaymentFailed event to a payments topic. This is a classic example of a
service acting as both a consumer and a producer.

Step 3: The Inventory Service (Consumer) Reacts to Payment
The Inventory Service only cares if a payment was successful before
attempting to reserve stock.

# inventory service.py

import json
from event broker import subscribe to topic, publish event

def reserve inventory for order(event data):
order id = event data["order id"]
items = event data["items"]
event id = event data["event id"] # For idempotency

# 1. Check for idempotency
# (e.g., if is event already processed("InventoryService", event id):

return)
print(f"Inventory Service received PaymentProcessed for order {order id}.

Reserving items...")
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# Simulate inventory reservation logic
inventory available = True # In a real system, check stock levels
if inventory available:
print(f"Inventory reserved for order {order_id}.")
# 2. Publish InventoryReserved event
inventory event = {
"type": "InventoryReserved",
"payload": {
"order id": order_id,
"items": items,
"timestamp": "2026-05-15T10:02:00Z",
"event id": str(uuid.uuid4())
}
}
publish event("inventory", json.dumps(inventory event))
else:
print(f"Inventory insufficient for order {order id}.")
# 3. Publish InventoryFailed event (triggering refund)
failure event = {
"type": "InventoryFailed",
"payload": {
"order id": order id,
"items": items,
"reason": "Out of stock",
"timestamp": "2026-05-15T10:02:00Z",
"event id": str(uuid.uuid4())
}
}
publish event("inventory", json.dumps(failure event))

# To start the consumer:
# subscribe to topic("payments", reserve inventory for order)

Explanation:

* The Inventory Service subscribes to the payments topic, specifically
looking for PaymentProcessed events.

* It performs its idempotency check.

* It then attempts to reserve inventory. If successful, it publishes an
InventoryReserved event; if not, an InventoryFailed event.

Step 4: The Shipping Service (Consumer) Reacts to Inventory
Reservation

Finally, the Shipping Service initiates shipping once inventory is confirmed.

# shipping service.py

import json
from event broker import subscribe to topic

def prepare shipment(event data):
order id = event data["order id"]
items = event data["items"]
event id = event data["event id"] # For idempotency
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# 1. Check for idempotency

# (e.g., if is event already processed("ShippingService", event id):
return)

print(f"Shipping Service received InventoryReserved for order {order id}.
Preparing shipment...")

# Simulate shipment preparation (e.g., generate shipping label, notify

warehouse)
print(f"Shipment for order {order id} is being prepared.")

# To start the consumer:
# subscribe to topic("inventory", prepare shipment)

Explanation:
* The Shipping Service subscribes to the inventory topic, specifically
InventoryReserved events.
* Upon receiving the event, it performs an idempotency check and then

initiates the shipping process.
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An event-driven order processing flow, demonstrating how services react to
specific events published to a central broker.

This step-by-step approach demonstrates the power of EDA: the Order Service
doesn't need to know anything about payments, inventory, or shipping; it just
announces that an order was placed. This allows each service to scale and evolve
independently, making the system much more robust and flexible.

Event-Driven Design Patterns

Beyond the basic publish-subscribe, several powerful patterns emerge in EDA.

Event-Driven Architectures: Building Reactive and Scalable Systems 97



AIVOID [https://aivoid.dev]

Event Sourcing: The Ledger of Changes

What is it? Instead of storing only the current state of an entity (e.g., a User
record with current balance), Event Sourcing stores every change to that entity as
a sequence of immutable events. The current state is then derived by replaying
these events.

Why does it exist?

* Auditability: Provides a complete, unalterable history of everything that
ever happened to an entity.

* Temporal Queries: You can easily reconstruct the state of an entity at any
point in time.

* Debugging: Understanding how an entity reached a particular (potentially
erroneous) state is much simpler.

* Decoupling: Different services can subscribe to the event stream to build
their own read models optimized for their needs.

1. What can go wrong: Event Sourcing adds complexity. Replaying a long
history of events to get the current state can be slow, requiring "snapshots" at
intervals. Schema evolution of events over time also needs careful management.

CQRS (Command Query Responsibility Segregation)
What is it? CQRS separates the model used to update data (the "command"
model) from the model used to read data (the "query" model).

How it relates to EDA: In an EDA, the command model might publish events
after processing a command (e.g., OrderCreated ). These events can then be
used to update one or more separate, optimized read models (e.g., a
denormalized view for a customer dashboard, a search index).

Benefits:

* Scalability: Read and write models can be scaled independently, which is
crucial for systems with high read-to-write ratios.

* Optimized Performance: Read models can be highly optimized for queries
(e.g., using a NoSQL database for fast lookups, or a search engine).

 Flexibility: Different services can have their own read models tailored to
their specific querying needs.

When to use/not use: CQRS is powerful but introduces significant complexity.
It's best suited for domains where read and write patterns are very different, or
where extreme read scalability is required. For simpler applications, the overhead
often outweighs the benefits.
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Sagas: Managing Distributed Transactions

What is it? A saga is a sequence of local transactions, where each transaction
updates a service's own database and publishes an event to trigger the next step
in the saga. If a step fails, compensating transactions are executed to undo the
changes made by previous steps.

Orchestration vs. Choreography:

* Choreography: Each service publishes an event, and other services react
to it (like our e-commerce example). This is highly decoupled but can be
hard to trace the overall flow, especially in complex scenarios.

* Orchestration: A central "saga orchestrator" service manages the
sequence of steps, sending commands to participants and reacting to their
responses (often via events). This provides clearer flow control but
introduces a central point of coordination.

Why is it important? Distributed transactions (ACID properties across multiple
services) are notoriously difficult. Sagas provide a pattern to achieve eventual
consistency across services without relying on two-phase commits, which are
often impractical in microservice architectures.

Al Agents and Event-Driven Systems

The rise of Al agents makes event-driven architectures even more compelling.
Agents, by their nature, are designed to perceive, reason, and act - making them
perfect candidates for event consumption and production.

How Al Agents Leverage Events
* Reactive Intelligence: Al agents can subscribe to event streams to gain
real-time awareness of system changes. For instance, a "Fraud Detection
Agent" might subscribe to PaymentProcessed events to immediately
evaluate transactions for suspicious activity.

* Proactive Actions: After processing information, an Al agent can publish
new events to trigger subsequent actions in the system. An "Inventory
Optimization Agent" might publish an InventoryRestockRecommended
event after analyzing sales trends and stock levels.

* Multi-Agent Orchestration: Complex Al workflows involving multiple
agents (e.g., a "Customer Service Agent" escalating to a "Technical Support
Agent") can be orchestrated efficiently using events as the communication
backbone. Agent A publishes IssueEscalated, and Agent B consumes it.
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Real-world insight: As of 2026, many Al platforms and agent frameworks are
designed with eventing in mind, using internal message buses or integrating with
external brokers. This allows for modular, scalable Al components that can
operate asynchronously and react to dynamic environments, often processing
millions of events per hour.

Example: An Al-Driven Fraud Detection Agent

Consider an Al agent specifically designed to detect fraudulent payments:

1. Consumes: PaymentProcessed events from the Event Broker. Each event
contains transaction details (amount, user, location, etc.).

2. Reasons: The agent's model analyzes these details in real-time, perhaps
cross-referencing with historical fraud data, user behavior patterns, or
external risk scores. This often involves real-time inference against pre-
trained models.

3. Acts:

* If the transaction is deemed high-risk, the agent publishes a
FraudDetected event.

* If the transaction is low-risk, it might publish a

PaymentApprovedByFraudAgent event (or simply do nothing, allowing
the default flow to proceed).

Other services (e.g., a CustomerNotification Service or a PaymentBlocking
Service) can then subscribe to FraudDetected events to take appropriate
action. This demonstrates how Al agents become first-class citizens in an event-
driven ecosystem, enhancing system capabilities without introducing tight
coupling.

Mini-Challenge: Design an Event Flow

Let's put your understanding to the test!
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Challenge: Imagine you're building a new social media platform. Design an
event-driven flow for what happens when a new user signs up. Think about at
least three distinct actions that different services might need to take in response.

* Task:

1. Identify the initial event.
2. List at least three services that would consume this event.

3. For each consuming service, describe its action and any new events it
might publish.

4. Draw a simple Mermaid flowchart diagram illustrating your design.

* Hint: Consider actions like sending a welcome email, initializing a user
profile in a separate service, or adding the user to an analytics system.
Remember to keep services decoupled!

* What to observe/learn: This exercise highlights how a single event can
fan out to trigger multiple parallel, independent processes, improving
responsiveness and system design.

Common Pitfalls and Trade-offs

While powerful, Event-Driven Architectures are not a silver bullet. Understanding
their complexities and trade-offs is crucial.

1. Increased Complexity and Distributed Debugging
* Problem: The asynchronous nature and decoupling can make it harder to
trace the end-to-end flow of a request. When a problem occurs, it's not
always obvious which service or event caused it. This "spaghetti of events"
can be a nightmare without proper tools.

* Mitigation: Robust observability (logging, metrics, and especially
distributed tracing, which we'll cover in a later chapter) is paramount. Each
event should carry a correlation ID to link related operations across services,
allowing you to follow a single transaction across multiple hops.

2. Event Schema Management
* Problem: Events are contracts between producers and consumers. As your
system evolves, event schemas will change. How do you handle old
consumers with new event versions, or new consumers with old event
versions? Breaking changes can cause cascading failures.
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* Mitigation: Implement strict schema versioning (e.g., OrderPlaced v1,
OrderPlaced v2). Favor backward-compatible changes (adding optional
fields) over breaking ones. Employ schema registries (like Confluent Schema
Registry for Kafka) to enforce and manage schemas centrally, providing a
single source of truth.

3. Eventual Consistency
* Problem: In an EDA, data consistency is often "eventual." This means that
after an event is published, it takes some time for all consumers to process
it and update their state. During this window (which can be milliseconds to
seconds), different parts of your system might show slightly different views
of the data.

* Mitigation: Design your user experience and business processes to
tolerate eventual consistency. For critical, immediate consistency needs, re-
evaluate if an EDA is the right fit or if a smaller, synchronous boundary is
needed. Communicate consistency expectations to users where appropriate.

4. Over-Engineering and Premature Optimization
* Problem: The allure of EDA can lead developers to apply it everywhere,
even for simple, tightly coupled operations that would be better served by a
direct API call. This adds unnecessary operational overhead, latency, and
complexity without proportional benefits.

* Mitigation: Start simple. Evaluate if the benefits of decoupling, scalability,
and resilience truly outweigh the added complexity for a given feature.
Don't build an event-driven system unless you have clear requirements that
justify it. Remember that increased flexibility comes with increased
management overhead.

5. Ordering Guarantees
* Problem: While some brokers (like Kafka) offer strong ordering guarantees
within a single partition, ensuring global ordering across an entire system is
extremely challenging and often unnecessary. If events related to the same
entity are processed out of order, it can lead to incorrect state.

* Mitigation: Understand when strict ordering is truly required (e.qg., financial
transactions). Design your system to leverage broker features (e.g., using a
consistent key for partitioning in Kafka to ensure all events for a given
order id go to the same partition). For most scenarios, "causal ordering"
(events related to the same entity are processed in order) is sufficient.
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Summary: Mastering Reactive Systems

You've now explored the powerful world of Event-Driven Architectures. This
paradigm is a cornerstone of modern distributed systems, enabling applications
to be:

* Decoupled: Services operate independently, reducing ripple effects of
change and allowing for autonomous development teams.

* Resilient: Failures in one service don't necessarily bring down the whole
system; the broker can buffer events, and retries can recover.

* Scalable: Individual services can scale independently based on their
specific event loads, allowing for efficient resource allocation.

* Responsive: Asynchronous processing allows for quick feedback to users
while background tasks run, improving user experience.

We've learned about the roles of event producers, brokers, and consumers, and
delved into critical concepts like idempotency and Dead-Letter Queues for robust
processing. We also examined advanced patterns like Event Sourcing, CQRS, and
Sagas, understanding their benefits and their inherent complexities. Finally, we
saw how Al agents naturally fit into this reactive paradigm, enhancing system
intelligence and automation.

The key takeaway is to embrace the power of events wisely. EDA is a
transformative approach, but it introduces its own set of challenges. By
understanding the principles, the tools, and the trade-offs, you can design and
build systems that are truly reactive, scalable, and robust for years to come.

Next, we'll turn our attention to how we manage and automate the underlying
infrastructure that supports these sophisticated architectures, ensuring our event-
driven systems can run reliably in production.
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CHAPTER 08

The Sidecar Pattern: Enhancing
Services with Auxiliary
Processes

Imagine you're building a fleet of microservices, each handling a specific business
function. Soon, you realize almost every service needs to do similar things: log its
activities, collect performance metrics, handle authentication, or secure its
network communication. How do you implement these "cross-cutting concerns"
without duplicating code, creating maintenance nightmares, or tightly coupling
your services to specific technologies?

This is where the Sidecar Pattern comes into play. It's a powerful architectural
pattern that helps you enhance your services with auxiliary processes, keeping
your core application logic clean and focused. By the end of this chapter, you'll
understand what the sidecar pattern is, why it's so valuable in modern distributed
systems, and how it can simplify the development and operation of complex
applications, including those leveraging Al and agentic workflows.

To get the most out of this chapter, a basic understanding of microservices and
containerization (like Docker or Kubernetes) will be helpful. We'll be building on
concepts like service-to-service communication from previous discussions.

Understanding the Sidecar: Your Service's Trusty
Companion

At its heart, the sidecar pattern is about running a helper process alongside your
main application. Think of it like a motorcycle with a sidecar attached: the
motorcycle (your main application) handles the primary journey, while the sidecar
(the auxiliary process) carries extra gear or provides additional support, sharing
the same ride.

What is the Sidecar Pattern?

The sidecar pattern involves deploying an application's components into separate
containers (or processes) that run on the same host and share the same lifecycle.
While the main application container handles the core business logic, the sidecar
container takes on supplementary tasks. This co-location is key: they are
deployed together, started and stopped together, and share network and storage
resources.
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Why does this pattern exist? It addresses the challenge of managing cross-
cutting concerns in distributed systems. Without sidecars, you might:

1. Embed libraries: Add logging, monitoring, or security libraries directly into
each service. This leads to language-specific implementations, increased
application bundle size, and potential "dependency hell."

2. Centralize via a proxy: Route all traffic through a central proxy, which can
become a bottleneck or single point of failure.

The sidecar offers a middle ground, providing localized, dedicated handling of
these concerns without burdening the main application.

How Sidecars Work Their Magic

In a containerized environment like Kubernetes (as of 2026-05-15, Kubernetes
v1.30), a sidecar is simply another container within the same Pod as your main
application container.

Application Pod

7 ~]__Localhost API Call__ [~ r 77 ) 77, PR
| Main Application U | Sidecar Process = ——Forwards Data—»|  External Service
" logs MetricsProxy | (a2 Z)

Core Mechanics:

* Shared Environment: Both containers in a Pod share the same network
namespace and can communicate with each other via localhost. They can
also share storage volumes.

* Independent Processes: Despite sharing resources, they run as separate
processes, each with its own resource limits (CPU, memory) and distinct
responsibilities.

* Shared Lifecycle: The Kubernetes orchestrator manages the Pod as a

single unit. If the Pod starts, both containers start. If it stops, both stop.

This co-location allows the sidecar to transparently intercept or augment the main
application's behavior without requiring direct modifications to the application
code itself.

Common Use Cases: Where Sidecars Shine

Sidecars are incredibly versatile. Here are some of the most common and
impactful ways they're used in modern architectures:
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1. Observability: The Eyes and Ears of Your System

«® Key Idea: Sidecars can standardize how logs, metrics, and traces are
collected and sent from your applications.

Instead of each service needing custom code or libraries to push data to a central
logging system (like Elasticsearch, Splunk, or cloud-native solutions), a sidecar
can handle it.

* Logging: The main application writes logs to a shared volume (e.g., a file),
and the sidecar container tails that file, processes the logs (e.g., adds
metadata, formats), and forwards them to a centralized logging platform.

* Metrics: A sidecar can expose an endpoint that collects metrics from the
main application or scrape metrics directly from it, then push them to a
time-series database like Prometheus or a cloud monitoring service.

* Tracing: Sidecars can inject tracing headers into outgoing requests and
collect span data, sending it to a distributed tracing system like Jaeger or
Zipkin.

2. Configuration Management: Dynamic Settings on Demand

A sidecar can be responsible for fetching and refreshing configuration from a
central configuration service (e.g., HashiCorp Consul, AWS AppConfig, or
Kubernetes ConfigMaps). When the configuration changes, the sidecar updates a
shared file or triggers a hot-reload mechanism in the main application. This
ensures services are always running with the latest settings without needing a full
restart.

3. Security: Fortifying Your Services

Sidecars can enforce security policies without the main application needing to be
aware of the underlying mechanismes.

* Authentication/Authorization: A sidecar can intercept incoming requests,
validate tokens, and perform authorization checks before forwarding the
request to the main application.

* Mutual TLS (mTLS): In a service mesh context (which we'll discuss in a
later chapter), sidecars like Envoy handle mTLS automatically, encrypting all
service-to-service communication transparently.

* Secrets Management: A sidecar can retrieve secrets from a secure vault
(e.g., HashiCorp Vault, AWS Secrets Manager) and expose them to the main
application via a shared volume or environment variables.
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4. Networking and Service Mesh: Smart Traffic Management

This is perhaps the most well-known application of the sidecar pattern. Tools like
Istio, Linkerd, or Consul Connect deploy a proxy (often Envoy) as a sidecar
alongside every service. These sidecar proxies form a "service mesh" that can:

» Traffic Routing: Apply rules for routing requests, A/B testing, or canary
deployments.

* Load Balancing: Distribute requests across multiple instances of a service.

* Resilience: Implement retries, timeouts, and circuit breakers for robust
service-to-service communication.

* Service Discovery: Enable services to find and communicate with each
other without hardcoding addresses.

5. Al/Agent Workflows: Streamlining Intelligent Applications

As Al and agentic systems become more prevalent, sidecars can play a crucial
role in managing their unique operational challenges:

* Prompt Management: A sidecar could manage prompt templates,
versioning, and inject dynamic context into prompts before sending them to
an LLM API.

* Token Counting/Rate Limiting: For cost-sensitive LLM interactions, a
sidecar can count tokens, enforce rate limits, and even cache responses to
optimize API usage.

* Observability for Agents: Sidecars can specifically capture agent thought
processes, tool calls, and LLM interactions, forwarding them to specialized
observability platforms for Al.

* Data Pre-processing/Post-processing: A sidecar could handle vector
embedding generation for a knowledge base, or format LLM outputs into a
structured format before the main agent processes them.

Step-by-Step Implementation: A Logging Sidecar in
Kubernetes

Let's illustrate the sidecar pattern with a common scenario: a simple "Hello World"
API service and a dedicated logging sidecar. We'll use Kubernetes to define a Pod
with two containers: our main APl and a Fluentd logging agent. This example is
conceptual; in a real scenario, you'd replace placeholder images and
configurations.
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First, we start with the basic definition of a Kubernetes Pod. This tells Kubernetes
that we want to run a collection of containers together.

# Step 1: Define the basic Pod structure
apiVersion: vl
kind: Pod
metadata:

name: my-api-with-logging-sidecar
spec:

# ... containers and volumes will go here

Explanation:

* apiVersion: vl: Specifies the Kubernetes API version we're using.

* kind: Pod: Declares that we are defining a Pod, the smallest deployable
unit in Kubernetes.

* metadata.name: Gives our Pod a unique name for identification.

Next, our main application and the sidecar need a way to share data, specifically

log files. Kubernetes emptyDir volumes are perfect for this temporary, shared
storage within a Pod.

# Step 2: Add a shared volume for logs
apiVersion: vl

kind: Pod
metadata:
name: my-api-with-logging-sidecar
spec:
volumes:
- name: logs-volume # A unique name for our shared volume
emptyDir: {} # An empty directory created when the Pod starts
# ... containers will go here
Explanation:

e volumes : This block defines the volumes available to containers in this Pod.
* name: logs-volume: We give our volume a descriptive name.

 emptyDir: {}: This creates a temporary, empty directory on the node
where the Pod is scheduled. It exists only for the lifetime of the Pod and is
excellent for inter-container communication via files.

Now, let's add our main application container. This container will run our "Hello

World" API service and will be configured to write its logs into the shared logs-
volume.
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# Step 3: Define the main application container
apiVersion: vl
kind: Pod
metadata:
name: my-api-with-logging-sidecar
spec:
volumes:
- name: logs-volume
emptyDir: {}
containers:
- name: my-api # The main application container
image: your-org/my-api-service:1.0.0 # Replace with your actual
application image
ports:
- containerPort: 8080 # The port your API listens on
volumeMounts:
- name: logs-volume # Mounts the shared volume
mountPath: /var/log/my-api # Path inside the container where the
volume is mounted
env:
- name: LOG PATH
value: /var/log/my-api/app.log # Environment variable for log file
path
command: ["/app/my-api", "--log-file", "$(LOG PATH)"] # Example command
to start app

Explanation:

e containers: This list defines the containers that will run within our Pod.

* name: my-api: Our main application container.

image: The Docker image for your API service.

ports : Exposes the application's port.

volumeMounts : This is crucial. It connects our logs-volume to a specific
path ( /var/log/my-api) inside the my-api container. The application will
write its log files here.

* env: We define an environment variable LOG PATH to tell our application
where to write its logs.

e command : An example command that starts the my-api application,
instructing it to use the specified LOG_PATH.

Finally, we introduce the sidecar container. This container will run a logging agent
(like Fluentd), which will read the logs written by our main application from the
shared volume and forward them to a central logging system.

# Step 4: Add the logging agent sidecar container
apiVersion: vl
kind: Pod
metadata:
name: my-api-with-logging-sidecar
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spec:
volumes:
- name: logs-volume
emptyDir: {}
containers:
- name: my-api
image: your-org/my-api-service:1.0.0
ports:
- containerPort: 8080
volumeMounts:
- name: logs-volume
mountPath: /var/log/my-api
env:
- name: LOG PATH
value: /var/log/my-api/app.log
command: ["/app/my-api", "--log-file", "$(LOG_PATH)"]
- name: logging-agent # The sidecar container
image: fluent/fluentd:v1l.16-debian-1.0 # Using Fluentd as our logging
agent (checked 2026-05-15)
volumeMounts:
- name: logs-volume # Mount the *same* shared volume
mountPath: /var/log/my-api # At the *same* path as the main app's
logs
# Example command for Fluentd to tail the log file and forward it
command: ["fluentd", "-c", "/fluentd/etc/fluent.conf"]

# A simplified fluent.conf (not part of the YAML, but conceptual for the
sidecar):
# <source>
# @type tail
# path /var/log/my-api/app.log
# pos file /var/log/my-api/app.log.pos
# tag my-api-logs
#  <parse>
# @type json # Or other format like regexp
# </parse>
# </source>
# <match my-api-logs>
#  @type stdout # For demo, output to stdout, normally to a remote
service like Elasticsearch
# </match>

Explanation:

* name: logging-agent: This is our sidecar container.

* image: fluent/fluentd:v1l.16-debian-1.0: We use a specific version of
Fluentd, a robust open-source data collector, as our logging agent.

* volumeMounts : Crucially, it mounts the same logs-volume at the same
path ( /var/log/my-api). This grants the sidecar access to the log files
written by my-api.
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e command : Fluentd is started with a configuration file ( /fluentd/etc/
fluent.conf). This configuration (conceptually shown in the comments)
tells Fluentd to:

* tail (continuously read) the app.log file.
* Parse the log entries (e.g., as JSON).

* Forward them to a specified destination (e.g., a central logging service
like Elasticsearch, or stdout for demonstration).

This setup ensures that my-api focuses solely on its business logic, while
logging-agent handles the complex task of reliable log collection and
forwarding, completely decoupled from the main application's codebase. The
sidecar standardizes log handling across potentially many different services,
regardless of their implementation language.

Benefits and Tradeoffs: Is a Sidecar Always the
Answer?

Like any architectural pattern, sidecars come with their own set of advantages
and disadvantages. It's vital to understand these tradeoffs to apply the pattern
judiciously.

Advantages:

* Decoupling: The main application remains focused on business logic, free
from cross-cutting concerns like logging, monitoring, or security.

* Reusability: Sidecars can be developed once and reused across many
different services, even those written in different programming languages.
This promotes consistency.

* Independent Development: Sidecars can be developed, deployed, and
scaled independently (within the Pod) from the main application. This means
you can update your logging agent without touching your core service code.

* Polyglot Support: A sidecar can be written in a language best suited for
its task, regardless of the main application's language. For example, your
main service might be in Java, but its sidecar can be a Go-based proxy.

* Reduced Cognitive Load: Developers of the main service don't need to
worry about the intricacies of logging, tracing, or security protocols; the
sidecar handles it.
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Disadvantages and Tradeoffs:

* Increased Resource Consumption: Each sidecar is a separate process,
consuming CPU, memory, and network resources. This can significantly
increase the overhead per Pod, potentially impacting the cost and density of
your deployments.

* Operational Complexity: While simplifying application development,
sidecars add operational complexity. You now have multiple containers to
monitor, debug, and manage within a single Pod.

* Shared Failure Domain: If the sidecar fails catastrophically, it can impact
the main application, as they share the same Pod lifecycle. For example, a
misconfigured sidecar crashing repeatedly might cause the entire Pod to
restart.

* Network Latency (Minor): While localhost communication is very fast
(typically microseconds), it's not zero-cost. For extremely high-throughput or
ultra-low-latency applications (e.g., certain financial trading systems), this
small overhead might be a consideration.

* Over-engineering Risk: For simple applications or those with very few
cross-cutting concerns, a sidecar might introduce unnecessary complexity
and overhead. Always evaluate if the problem you're solving truly warrants
a dedicated sidecar.

Mini-Challenge: Configuration Sidecar

Challenge: You are developing a microservice that generates daily reports. This
service needs access to a dynamic list of email addresses to which these reports
should be sent. This email list changes periodically and is managed by a central
configuration service (e.g., a simple HTTP endpoint that returns JSON).

Design how you would use the sidecar pattern to provide this dynamic email list
to your main report generation service. Sketch out the interaction and the role of
each container.

Hint: Consider how the sidecar would fetch the list (e.g., poll the HTTP endpoint)
and how it would make that list accessible to the main application. Think about
shared file systems for configuration files, or perhaps a very lightweight local
HTTP endpoint exposed by the sidecar itself.
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What to Observe/Learn: This challenge helps you internalize how sidecars can
abstract away external dependencies and provide dynamic updates, allowing the
main application to remain simple and focused on its core task. You'll also think
about communication patterns between the sidecar and the main application.

Common Pitfalls & Troubleshooting

Even with the best intentions, sidecars can introduce new challenges. Here are
some common pitfalls and tips for avoiding them:

* Over-engineering for Simple Needs:

* Pitfall: Deploying a sidecar for every minor cross-cutting concern,
even when a simple library or direct integration would suffice.

* Troubleshooting: Before adding a sidecar, ask: Is this concern truly
complex enough to warrant a separate process? Does it need polyglot
support? Will it be reused across many services? If not, a simpler
approach might be better. For example, if your application only needs
to print logs to stdout and your container orchestrator handles
forwarding, a logging sidecar might be overkill.

* Resource Bloat:

» Pitfall: Neglecting to monitor the resource usage (CPU, memory) of
your sidecars, leading to increased infrastructure costs and reduced
cluster efficiency.

* Troubleshooting: Implement robust monitoring for all containers
within your Pods. Use Kubernetes resource requests and limits to
constrain sidecar resource usage. Optimize sidecar images (e.g., use
smaller base images) and configurations to be as lightweight as
possible.
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* Debugging Distributed Failures:

* Pitfall: When an issue arises, you now have two (or more) processes
to inspect within a single Pod, making root cause analysis more
complex.

* Troubleshooting: Ensure you have centralized logging, metrics, and
distributed tracing enabled for both the main application and its
sidecars. When troubleshooting, look at the logs and metrics of all
containers within the affected Pod to understand their interactions and
identify the point of failure. Tools like kubectl logs <pod-name> -c
<container-name> are essential.

* Misunderstanding Shared Lifecycle:

» Pitfall: Forgetting that if a sidecar crashes repeatedly, it can cause
the entire Pod to restart, impacting your main application's availability,
even if the main application itself is stable.

* Troubleshooting: Design sidecars to be robust and handle their own
failures gracefully. Implement proper liveness and readiness probes for
sidecars in Kubernetes to ensure they are healthy and ready to serve
before traffic is routed. If a sidecar is non-critical, consider configuring
its restart policy carefully.

Summary: The Power of Modular Enhancement

The sidecar pattern is a powerful tool for building resilient, maintainable, and
scalable distributed systems. It enables you to:

* Decouple cross-cutting concerns from your core application logic,
promoting cleaner code and easier maintenance.

* Standardize operational practices like logging, monitoring, security, and
configuration across diverse services, regardless of their implementation
language.

* Leverage specialized tools (like Fluentd for logging or Envoy for
networking) without tightly coupling them to your application's specific
language or framework.

* Enhance Al/agentic systems by offloading tasks like prompt
management, token counting, or specialized observability, allowing the core
agent to focus on intelligence.
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However, it's not a silver bullet. Always weigh the benefits of modularity and
reusability against the increased resource consumption and operational
complexity. The key is to apply the pattern judiciously, understanding when its
advantages truly outweigh its costs for your specific problem.

What's Next? Many of the advanced capabilities of sidecars, particularly in
networking and resilience, are foundational to understanding Service Meshes. In
our next chapter, we'll dive into what a service mesh is and how it leverages the
sidecar pattern to provide powerful traffic management, security, and
observability features across an entire fleet of microservices.
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CHAPTER 09

Observability: Logging, Metrics,
and Distributed Tracing

Imagine your beautifully crafted distributed system running in production. It's
composed of many microservices, perhaps handling millions of requests per day,
or coordinating a fleet of Al agents. Suddenly, a customer reports an error, or a
critical business process slows to a crawl. How do you find out what's going on?
Where do you even begin looking?

This is where observability comes in. It's the ability to infer the internal state of
a system by examining its external outputs. In complex, distributed systems, you
can't just attach a debugger to a single process. You need to gather data from
every corner of your architecture to piece together the full story. This chapter will
equip you with the fundamental tools and mindset for achieving deep visibility
into your systems: logging, metrics, and distributed tracing.

We'll explore what each of these pillars entails, why they are indispensable for
modern architectures—especially those involving dynamic Al/agent workflows—
and how they work together to provide a holistic view. By the end, you'll
understand how to design systems that are not just functional, but also
transparent and debuggable.

The Pillars of Observability: Logs, Metrics, and
Traces

In the world of distributed systems, "monitoring" often means checking if a
service is up or if a CPU is spiking. Observability, however, goes deeper. It's
about being able to ask any question about your system's behavior without
deploying new code. It's about understanding why something happened, not just
that it happened.

For Al-powered systems, observability is even more critical. Al agents often make
complex, multi-step decisions, interact with various tools and services, and
operate autonomously. Understanding their internal reasoning, tool usage, and
performance bottlenecks is paramount for reliability and trust.

The three pillars of observability—logs, metrics, and traces—provide distinct yet
complementary insights into your system's health and behavior.
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Logging: The Storyteller of Events

What is it? Logs are timestamped records of discrete events that occur within
your application or infrastructure. Think of them as the narrative of your system,
detailing specific actions, decisions, and outcomes.

Why is it important? Logs are invaluable for debugging specific issues, auditing
system behavior, and understanding the exact sequence of events that led to a
particular state or error. When a problem arises, logs are often the first place
engineers look to find clues.

How does it work? Modern logging emphasizes structured logging. Instead of
plain text messages, logs are emitted as structured data, typically JSON. This
allows for easier parsing, querying, and analysis by automated tools. Key
information like timestamps, service names, request IDs, user IDs, and specific
event details are included as fields.

For example, a traditional log might look like this: 2026-05-15 10:30:05 INFO
User 123 requested product 456.

A structured log for the same event would be:" " “json { "timestamp":
"2026-05-15T10:30:05.123Z", "level": "INFO", "service": "product-catalog-
service", "message": "Product requested”, "user_id": "123", "product _id": "456",
“request_id": "abc-123-xyz" }

This structured format makes it trivial to query for all logs related to
“user id: "123"" or “service: "product-catalog-service"®

** .~ Real-world insight:** Logs are typically collected by agents (like
Fluentd, Logstash, or Vector) and sent to a centralized logging system such as
Elasticsearch (part of the ELK stack), Grafana Loki, or cloud-native solutions
like AWS CloudwWatch Logs or Google Cloud Logging. These systems allow for
powerful search, filtering, and visualization of log data.

**AI/Agent Context:** For AI agents, logs are critical for understanding their
"thought process."

- **Agent Decisions:** Log when an agent receives a prompt, decides on a tool
to use, or chooses a next action.

- **Tool Invocations:** Record which tools are called, with what parameters,
and their raw outputs.

- **Reasoning Steps:** If an agent has a multi-step reasoning chain (e.g.,
"Plan and Execute"), log each step and its intermediate thoughts.

- **External API Calls:** Log requests and responses to external services.
This level of detail helps debug unexpected agent behavior, evaluate prompt
effectiveness, and audit compliance.

### Metrics: The Numerical Pulse of Your System
**What are they?**
Metrics are numerical measurements of data points collected over time. They

represent an aggregation of events or a state at a particular moment,
providing a quantitative view of your system's performance and health.
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**Why are they important?**

Metrics are ideal for monitoring trends, generating alerts, identifying
performance bottlenecks, and capacity planning. They answer questions like
"How many requests per second are we handling?" or "What is the average
latency of our database queries?"

**How do they work?**

Metrics come in various types:

- **Counters:** Increment-only values that represent a cumulative count (e.g.,
total requests, total errors).

- **Gauges:** A single numerical value that can go up or down (e.g., current
CPU utilization, number of active users).

- **Histograms:** Sample observations and count them in configurable buckets,
allowing for calculation of percentiles (e.g., request durations: 90th
percentile latency, 99th percentile latency).

- **Summaries:** Similar to histograms but calculate configurable quantiles on
the client side.

Applications expose metrics through an endpoint (e.g., “/metrics’), and a
monitoring system (like Prometheus) periodically "scrapes" these endpoints to
collect the data. This data is then stored in a time-series database.

gt Real-world insight:** Prometheus is a popular open-source monitoring
system that collects and stores metrics. Grafana is commonly used to visualize
these metrics on dashboards, allowing engineers to see performance trends, set
up alerts, and identify anomalies. Cloud providers offer similar managed
services like AWS CloudWatch Metrics and Azure Monitor.

**AI/Agent Context:** Metrics are crucial for understanding the operational
efficiency and reliability of AI agents:

- **Agent Latency:** Time taken for an agent to respond or complete a task
(e.g., average, 90th percentile).

- **Token Usage:** Number of input/output tokens consumed by language models.
- **Tool Success/Failure Rates:** Percentage of successful tool calls.

- **Task Completion Rate:** How many tasks an agent successfully completes per
unit of time.

- **Cost Metrics:** Estimated API costs incurred by agent interactions.

These metrics help optimize resource usage, manage costs, and ensure agents
are performing within expected parameters.

### Distributed Tracing: The Journey Map of a Request

**What is it?**

Distributed tracing provides an end-to-end view of a single request or
transaction as it propagates through multiple services in a distributed
system. It visualizes the path, timing, and dependencies of each operation
involved.

**Why is it important?**

Traces are indispensable for understanding performance bottlenecks in
microservices architectures. They help pinpoint exactly which service or
operation is contributing most to latency, identify failing services, and
visualize complex service dependencies. Without tracing, debugging issues
across multiple service boundaries can feel like searching for a needle in a
haystack.

**How does it work?**

A trace is essentially a collection of **spans**,

- A **trace ID** is a unique identifier that links all operations related to a
single request.

- A **span** represents a single operation within that request (e.g., an
incoming HTTP request to a service, a database query, an outbound call to
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another service).
- Each span has a unique **span ID** and references its **parent span ID**,
forming a hierarchical structure.

When a request enters your system, a new trace ID is generated. As the request
travels from service to service, this trace ID (and the current span ID, which
becomes the parent ID for the next operation) is propagated, typically through
HTTP headers. Each service, upon receiving the request, creates new child
spans for its operations and sends them to a tracing backend.

Here's a simplified illustration of how a trace connects different parts of a
system:

<div class="diagram-wrap"><img src="data:image/

png;base64, iVBORwWOKGgoAAAANSUhEUgAAAhRQAAAJVCAYAAACGTmwsAAAAAXNSROIArs4c6QAAIAB
JREFUeJzsnX14FMXWxt9TPTMIgQAzkbAjiLKIuCCLCOIQZREERURTKT2sckVxQ/
3wXkRF3BWUBBRFNgWUVVAUFOAERUFQQLmMyGQkwMyH7LF3n+2NmYtJTQSJ4Q0j9nofHS1VXdXUnlzp9
6pz3ABgNRqPRaDQajUajOwWgo0GolGo9FoNBgNRgPRaDQajUajoOwWg0Go1Go9FoNBgQNRgPRTEK8Hk+VOl
6DRNM2IUp7ARrN2YjH421bwuuVmOtWV1lbT70zsGl6vtbopizLUej+cLj8dT71Tv43a7+3193nY1WVt4
3DXF9ZXOWT8K1bOWBbKzs6tnZmY20tXrmfk9t9v9icfj6f5PrkujKStQaS9AoyktZs6c+TkzXwEgid
1iyAGQxc5bT6bwoPj6+b15e3rfHjh3bSESZAAKGYXC9evWSDhO6tDYQCOQwcwBAAECGRYsW4xO0R/
yhQ4deOHLKyH7TNH2J1Yn0Zs2azRBCVAIg3G734z/88MN6IpKIiYnx 119+
+RIhRCIRZefm5j6xcePGxcxs3nDDDWOFEFVtNtul6enpo7Zu3bo/
GAya3bpluzQ+Pv5TIoolon85nc5XIs+SkZHRYTRN4XK5NoafpQC32z2HiAYSOXin0/
1S4T6Px7MAwI3MPCwhIWF24b4jR44MFULO+e9//3v3r127coPBoDBNUOgpxQO33HCp3W5vsm7dug+1
TEJKKWw2G1177bU3x8fHP52fn5+ya9euuce0HTfMxs2BmOb59+wdNO/
Ru2LBhjs1mE8wszjvvvKoNGjTol5aWtjYtLe2waZrEzIKIDACicePGl/t8vuP79+/
fi9AHKBH5b80GDZMyMjJ+c7vdRyLtRGQws41JiYn3+Xz51jEARK1ata70zMw8mI0Tc5yZHURKks9lsc
bVr176DiCqlp6evycvLy2ImGwD7eeed1lyoQCORLZmYeZGYbDERIXCXENY2Ji6jAzpJQIBoN5eX15R5g
5npkrElEFxa9cFoChI@aMeP/v/
s5gNGcz2gDQlFtSU1JaMfNLAGoCiAdwXikvSXPusOFKeeeoUaN+L+2FaDRnGltpLOCjKS2k13236Bp
mfo6ZVzVpOuTKmjVrPme9bteuXXc2bNiwf2xsbPdCY727d+8ebxhGXMOGDWAIKVHoazUrEAik2+32C
wu3R/6b15e30zY2tgkzI/LH5/P95vV6fOhMTLY1cDszAwACgUC2zWarJKUEADAzAoFAttfr/
cbpdF4jhKgQud40zWyv1l/uDYRjxVapUuazws5immevlerfFxMQ44+PjmxXuY2bT6/
VUAWA4ncAWRFTw70MwGMzxer3fCiHsVatWbWEYRmykLy8vb39eXt4fVatWvVII4bDelLy8v73C1SpWK
HCX4/5j gUDgRMWKFS8KIhCFvm2ysrK25eTk/G632x2J1Y1JQogYIQSICH15eT+1p6d/
7XK56rtcro6RcaZpZhw+fHie3+/PuvDCC/vb7fZEIYSDiJCbm/
vtvn37FjkcDtG4ceN77XZ7zch8A0B2u9+Ij49vHhcXdyOARPpMO9yXkZHxfmJi4sNEBMMwIIQAM/
9s5s59ng2Wy2ioXbbTYbmDmHiF4B8Ij1vS4hoqHvvffeEiLqKIS4FcBrf/HrqdGUObRBoSM3ENGF4f/
uv+uuu343TFND1IXXVqlW7jYiKnIMzc6B+/frr8vLyPolsToWID/+Jgpk/
IKJbFel5ADop50pQSdHMZ+ZmCvd6JQA1AKhiGTKY+QEAN1rvIYToarPZfvT7/
Ztg+beBiKZKKV8moi8AxBbuY2Z7eAlFjIkwcQAaWa7PJI6LHAbxhvZiZTZfL1dfrOW4EEGPpvhiAD8A
V1vaqV1555XUATfgZQx9LXskWLFguJ6AKEPFGFOdagQYMgAK5VrLth3bp1lH1aON1IWOAQCEEI9IKadY3
ysR3cbMzQzD+G/YIOTi5tBoyjI6KFNTnvEBQIUKFRIMO1wDICqwkpnfJl6Lbre2GYYzJz89/
jIiK3WAUrADQWdF+gIhqEVHFU52ImbMBeIiohqIvn51rQXGEw8XPE9EiIoqztCcD+Nbv968DOMAY7F
WnOzmZiJYBuNw6JIxHVVrUXhxBiFIAJig5DsbGxt3193kUALi1muNWYADPnMfMxAHcort8ohHADGGEZ
kwPgfQB3neq6AWQU18HMycx8j/
WI9R1CiJjVqlGgbvlYbFJpzEm1QaMotzOwDgAYNGtwD4ALFIQtUxgSAVVIKB4CRIbjXWmZugdjIjyDO
FX/KmRHhL/
wfAVXYTN+RYja2ZxDaQK1ZJc+5XK75pml+DKCZpW+ey+Ua53a7FwWNIOtULFgCcRjWEfmW6X rZ+ZMZu71i
8/kmAriphNOuIakK01kZm/omzZJ0gpo44Xi0h1AKMVY3LDxpqV/
Sj+72zQaIWNGITtUQGXxsbGUAcDqd1U52nUZTVtEGhabc4nA4JAAIIVTBmIuYuaelMbzxvQNg3qneh5k
/
AeAkopgW9hyE3N812mCIaDmAQ4vp+xpAfUXXu8zciIiutLQvc71cD3g8nmVEINLStI9L1cvX3eDwzi0
i2kqyxGF5j51gAUe/VMIzeQoi0AMaUcM55qiMkAPsdDkdvIpgn8Pw8w8xKYzBsjBUSXmLmPVC/
UxDRJGZuojJorBiGAQCoVKnSSQOPjaasogdOKTbmlXr16fQAgEugYgZk/AHCj6itfCPE4EUWd/
RcHM39HRF4iamlpzweQYTUy/goimgWgTzHdCwFOULR/SUTpRNTLOr7N6XT2d7vdi60bIjN/
6306+398nokARpVkj cWwTAixHMDT1g4iGiK1tDPzK4pxJ2MRM9+saD9us9m6+P3+V2HxGhDR88w80G
00hFlvvZ6Z9xBRYjH3T2HmdCIadyqLtdvtAIDDhwOv0ZXrNZqyhjYoNOWW3NzcbwEUZFKE//
cHAK4C4LJez8wvSinHANCe4il+JaJPoDYAjodjD6IIey5U7b011Ko4ATDZzm8Vs rvsBvMfMIluuP+xw
OLp5PJ5XFd6HA3a7vavX670NwBTV/UrItri4uPuklAsVfU8x83fM/
F41512zGzG2JgHLhRmb0JaIbA4HAZIWRNIeZ06uUMOGZ+ExZjjIn/IKIYqH/
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eadhoIRSBpcUhpTx0qtdgNGURbVBoyilpaWlfAn96KIjoeQCNi9lwlhIJRSYyK66BSNnPOZEOWFEZQowS8
2EismYjRPr+KCY4cwERASSiqOwRZp4D4DrruPDxzBRYUhSZOcfhcHTy+/
3jiWiQZTqvYRg3BAKB1lgDmnOT5TpWDsbGxPXJzc5fAYqQx8wexsbEzmPnjkgSkAvgCwPkqgOwIOY2Z
h11jX5h5MxE1AHCIdUzY69PbcnOmMEfOBIVHHIZzabbbyUUpkVpIKZ/91i/f/
+rp3q9RIMWOQaFpjzjA4ATI05sAtCNmVsQOcXWi5h5L0IpINedyqTMnM3MEEBWUUe79vzAmfi7mCGQLl
M18E9ea2EEAt1aFDRBMBVGBtFOLODwaDNQE8aLl/nmEYXRGK9/gIIWXJ0+G4YRgd8/
PzX0BOFsgGm802LD8/ fzURVT/VCZn5m/
BXUVRWCTP3kVK2QHQcxn4icgNor5hynpSyndXTQUQbALRQ30MXIcTtgUBguXXMyTAMowcRRbJEtKCg
5pxEGxSacgsR+QDgyJEjW5h5EBTxB2GPwZFTCbqLIIT4F4DIRBRr6TpenDEB4IdiUlA3hddqDZgEgD
XMfISIOin6ngYwXuHReIyZ45j5ResAIroDgMcOzY+KWWOIMAZjJin1XbAc+TDzL3a7vVcwGFyA4tND
owgHR/
5ERKrU21FEZA97mQgqPyQewAOA3xXxLAdQmImv9]jtVQZ5p4bDbbTVLK1BI4qiIxIrc1b958Qvi+p2uo
aTRnJdqgOJRbwpsNatSo0OV6VHs rMaUSOGB8ApF+Ni5uHMPN6gD8HM6CcYys1CgAsJ0ZVSmgPwPYDiCq+B
Qzbw0OrMN6 rmG8+g0YAGLrbhRBboM5QGelwOLaYprkWQEIx6zx1mP100zQbM/N/
LFluwzC6+P3+Z40xhIgh7wgRLSWiwYq+yUKIX6F4LiJaB6CHYsxnCOTKIFm6NKKRQCcPMUUKITqZp3g
914Gtx636RQ/
ViHo6JiWkEABdffPE9zKwUPtNoyjLaoNCUZ3wAEBcXpxJLOgJgNOqweQB4CKGv8SLNOMX81IiMY rQh
fmVmpyJVMR3AM1BnWPwXwONE1Kro+5KZj8NihDDzZmZ+rRgl0KecTuc8v9+/
BtGiViWGmf8thPgDwFxLez4z3yylvIOIhpRgviwiegEWSetw3xwhxFLTNIcp+tZBYYwh5A361LgGsG
5FIhRBMETUh5mvRQMORXDKGtkF4B7gzywPu93e00v1zijBPBpNmUAbFJIpyS/369RsBRbM8wn8/
QkRbiej6U50rnPJ4IRHda0k6QUTZUBce04hQpdMiwYXMnC2EeJqIpinucwTA3UQOVIH3M4CV1jRGZ]
4M4D4iWgYwat51luVyPejyepSiB2mVxMPP7DodjETMvt/YZhtE/HBj5VEnmIKKIzPx/
195VhmE8GQ7qtAqGbQagKtl+iIhegiV7JRzbcqKY0o4yRAIiZXy7Bsg8w89RwwCeAP3UoAOFAZmXSrE
rWwW6Mp02iDQ1MuyczMbFSvXj2rO0x4AdhLRFgBRKZjhzVzFQiJKBzBcOXcAagXFDAA/QSETTUSPMPO/
FffPNgzjZgDTES2G5QbwIoBnLWPYyDcMYTETVWscw86cul2uAx+0ZrzCE/
g7bhBAPBgKBj2CRMWfmB8Kek1MWBAtzD4AJCg/
0VmYeJaVcg+jn+pmIGimMpXxNENESK+ar1l+1lwAXOMtFjaViDYzsy rlVUnYEzMCliwZmy 1UHuXgwYNvx
8XF6WqjmnMObVBoyiWVK1feGwgE1gFFhK1WMvMvUJ+5b7bGRYTbPwlnRKj0Gjai+KDDVQC6KNo fBHA
/FHVFhBA3m6b5CIAiFUTDG+K/
AERVSgUWSEr5IhSCTS6X61aPxzMNJatnoYSZDzudzt5hz8T51u4Uu92+Qkg500TTPsbMAxXz75013h
SqLWKV8E4jov0g1lhG5Q0r5qilQdaYqhgbA8piYmIel1GtKmNZ6NXE9bT19iXgosrO0zvSWYS6MpM2iD
QUNu2b1z51NAwZHHcwAKkgWWc IxPRVY r2bUTOM]j 0/
rej7EuoqlgCQCqCfov1ZALdCkR4a3gyvV6hdRoptTVGKMU4EMAZRMR1IHANYQKZEXGO0iXSUifETT3e
v1TkcoGLQwWK2NiYp4IBoNrVRoaJ2EGM1+myG45ZhhGV2Z0gcW7Ez6qCkAhZc7MdxDR/
ymybFIAJCvuv1EIMcjn861WGZLFwcxPIpRREUV5CgQC/

QDAbrdbg8NgNOcE2gDQ1lFuys7NPAEBGRs YWAK2g8EwAeA/qs/
hfKVToar61I+y0V8YjhIOPVV2MeQh9iUe53S0ZHBQq+W11ljIRyHCxf8cz8IDNTQUQ3WNpzw2mX15Qw
JgBYDMP0JaW8BOBXS9c2u90+x0fzrbKu72Qw82IAXoU4VS4RATINC5IidTQDgKeY+4wmopbw/
BzDaaMdFYJge202WO8p5TsoWVzISgpInA9U9G2Kj Y2t CAD169cf5PV665dgXo2mTKANCK15JgAACXF
XjaAWPVoEoDEsAZXhFNABUsr5Cq/AjwgJTalEj5YDallod/
X6AIehKLONRM8TOVAQqFYSORMAU1BOwa+FQog4 1Rt fCNGNiFxEtEixvhIJDREOL1FcSOdDC7cx80DY2
toff758Lxdf6SdgIYA2AR60dhmHczMx3QuHdYeZfVKIkCFVYdQHoa2n/
NEI10qyptW7DMLoEg8HIUGeIKOFQzY9UAC01zK8AXONWOFKEECCiasy8zev1Ip3q/
BpNWUAbFJIpyS6NGjRoCgGEYqrLUkSyFqHgFIrgNiN5QSD/
vZ27ZD0Q4Am515g1W8KhxA+AFCKadWFkkpXzJINcxURWd3kgeEUxyLBo+Hshu3MfJ9ivgFSymNSyqgUy
7/
Js8ycBOVBL2b0JqKb8vPzVZ6EKwW37gLWTOHMiELOk1JeDMV7YuZPiaiVYsy7QojvADxpuX4PgHQAb
S3teeHj1J40WUEQr2EY93BIAt3KFWAKDB3DMCIHBESMLK7KkTKMpk21iDQlMuyczMbFK/
fv15QHTaKICvmP1zKDwGAHox8x0wGBoIudsPFPOV/CuAHXWZFMeI6C1WV9lcz8zIRLRKcYa/
Mrwpjra@HyCid6Co6AngsdjY2PUA1hXjPSkRzLyUiFYhJKJVBCLqg9DXvSrr5ftiglt/
Ryg9MyoehZknMHMAGq//VaRQMWXmdcw83TRNa3qtByE1zKifrRCiv5SyFitURP+CgaZpvoZo/
YqvmLkGCgmF2Ww2MDOY+T8ul+vdEt5Hozmr0QaFplxSuXL13VLKH4CoaqPfCCGeDAspWelLRP2tcQn
hcV9AfWySEdaMGGG5Pn/
37t2PuFyuuTNmRGkc7UxISGjQpO+fXbBKkiTDztwDmEOFz1vYshAwJlWDSGO6n85W8vLYPTyXAcOTIk
XC5XHC5XKhXrx6SkpLw3HPPIT8/
v2ANQojJzKwSyRqFOMYapTXBzJ9wqCaltTObw0O3MPBVRXOHThRDfEZGqGukqKCS1EVIXvZeITUINY/
IxKiV9+
+QW5ubkziWi8Yg33E9FBKeUCxXzFQkRDmHkMRct3/8DMfiJgXL]jRMAzk5ub+mpCQMKkk99FoygLaoN
CUW7Zv3279wt9mt9sHmgb5julyh5i5KYD+1g5mnTNMdkgkODIKUOIIMal69epRQZbM/
LvD4bixatWgzoSEhDgWvsNE9H/
hjdc63+MApirm+8DpdN7n9XpXFeMIUVKrVi0sX74cqamp6NChA2bNmow+f fvCNM1DAAZYygMx7kS9yI
ngBQlL1Kg2JIDwFcbNWTCK/9ZgBPKjb1D4koVXVEw8xroQiWZebDhmHcDUB9FMr2mD9/
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Ptq0aYPMzMyxirW9LoRYKgVcrThaOhnPMnNTxbHOfgDfqDwnALLTOtI210AeGk2ZwVbaC9BoSqu325
0JAIFA4AQz/
2y32280BoMfUnT1y9eY2U1lEqg1l7NhGpsjYiQZNRwYXh7JARQghrRsIJh8NxYyAQ6FS5cmWrDsUJIho
J4B3rpsfMk6HWrtjgcrnu9Hq970NRKTWs Xy FVm3yFChXQtm@oxKBz58502LAhxo0bh7Fjxz75+uuvz
4U1tZWZP7DZbKmBQGALUdFimuHjkUaq2BIi6imlvIuiVUm/
FOLcb5rmJusRTVj70ymijxgyAHQOBoPTrbEqBw4cWA+ggzV1l1Zk/
EUIMZ0atUKSbnoSVRLSTma3GpxvATCiOnZh5T050j peI9L+7mnMS7aHQlFuklCYAHD9+TANCGOHLiN
a0WAbgY1WgIIeKc7UEoArqnBEWZbJ+xT/PzK2h/

rg+KRgMV1PpWixZsuSRHj 16vNesWbPzGjVqhF69emH16tUgo 1l 1EdOuxY8fgqjhs3Ds2aNUPz5s0xZsw
Yz5YtW3p6PJI5nAfTYVHkzXC4XTv31V4wd0xZ16tTBzp07c1TGhIgmTUP780UXXTQadbLeW7duxYABA
3D++ecHa9500Xz690mbrBv2q6++
+k379u07NGjQ4JIBgwZhlapVcLlcyM70BoAxBw4cuDQhIWHwW22//+cjffffdQZfLdcWHH374RcS4MO
0TU6ZMQZs2bbLOP//86++66656x44dKxj j8/
lw6aWXft20ad0v69evf20nTp3wbquvQkql5s2bzz3//PMdIs/
hcrkQCAQA4EfDMO4IH91EFWc7CduJKFVhTADA0GYQCWmwxUqVOgYPt6IKcGINIoygzYoNOWWiEHBzZ
ATgP1hSC5n50wDPs0J20ZxNIREdnAME3PttYSmOXxcxLpJTZUChTCiF6G4bxR/gowcrIt95666njx4/
HPfLII59g2bRpqlKiBpUuXHmTmRgAUGTROEFasWIFhw4Zh1KhRGYsSWLTKnTImy1Ij+VXii50RkVKhQA
U8//fThpk2bnvIX+fz582cCQLNmzS4DgOPHj6Nv377YuXNnoEaNGo8MHjw4 /
VHHH3euWrWgYMxHH330xaRJk9qcf/75ztdeewlXXHEFHNOO5LDIZz89/
CcChKlWgTLbcbviiRYVGAGBsbGzBkc+zzz6LF198EYOaNT rxyiuvGMeOHcPtt99eEP/St2/
fuenp6R3HjRtX0SULBVAffTXWrFmDQCDwObPPPvvVV/
4Veg3vvPMOVq9eDZvNdoSZu4V1uFWxL27VewhngEyUUgogmw515scUxyZeAJ3z8vKagxsfH12Rm7aHQ
nJPoX2xNuUVKaQohUK1SpRpEZA2S22+z2UabprmaomtC/
CaE+EgVGwHga2auSERWye2vhRCrmPIN64AffvhhmZRyHTNvIaIiQYlh5cUb9+3bV7VL1ly703z8UwtG
z788dCBUX675p0yZ8/
fXXeOml1zBgwIBMIrrut99+G7x00aL7MjMzUbnynycGtWrVwrRp075ECUqy79mz58WPPvqod+3atZG
ULAQAePvtt+F2u9GvX78ekyZNup+IqhuGgRkzZgBbt24AsHrqlK116tWrhz1z5hTITtvtd]jz22GP4/
ffflyQkJKy1lPGuezWbrlrNnz6mzZv3pEMrLy80MGTNk27Zt98+d0/
cCALjgqqtw+eWX47PPPkPHjh3HHj58uN/555/
vGDO6FBbTUXNNIFTIAV3Xrl10fd7tD9kGrvVq2QmIiYZxhGd9MOk6HWtEgHEKc4uskTQoySUr6p80yML
VKOsipxhp+pg2malwF402rVqrDZbKfkFdJoyhraQ6EptwghJADEX8cXUUNK5nwiGmKa5jwUSvkL92U
y85R1ijInfmPkPRXrob8z80sqYAIDFixd/GYkzKNyenp7+G4BKRHRb165dsWTJEKkydOhXbt28/
j1Bhse4AsGFDKMavQ4 cOEELOFELUuPfee+/
Lzs7G9u3bi9yrY8eOW3AKxsS+ffsKMj2uvvrg8XXrlq373nvvISYm5K3/8ssvZWxs70EnnnhiVCTr5
fLLL8fWrVvh8/
m+ALDgyJE]j11511VUFxgQA50Tk7AWACY644A0roUZEdwSDWRGVK1dOKty+Yc0GtJycHHHNnnXcW1COp
UaMGGjRogMWLF28iop0TJky4+tdff8U999yDzz//
HFLKDAAvVQ9RFieg0Zm50RI9Z+zhUmTVoPboBACHEWCN1M9YYm/
DvwtUULRMOAL2kTLUBVAGEOkYdDsf5brd7seJajaZzMowdKTbnlyiuvrAYARFTK/wdEdH/
YMxB1ri6EuAeA1UOPAF5m/pKia214KCSAHZWZ4ff7VwPAyJEj771G]fr9/vzMzExveCz+85//
YPz48di0aZPs2LFjQo8ePe7csWMHACAzZMXMACNT118HpdK6VvWrXgl82bhOpgpKWlFb1ln48aNvUcoud
SqVQvz5s37MSkp6TKAGDVQVEECBQDs2rVrX35+fh2Xy9UjYniMGDECwWAQa9asSWHmM1KNHj xbxjgDY
uXDhwncAgEIFvAr49ttv5xPRFUQOpHA7Mx /59t tvVwPAGNG] C4wc18uFPXv24PPPP/
+dmZf17t0b06dPR2ZmIgYNGOQLLrjAt3Tp0Oq]jy70e0HPM3ECKHMd+y90WNQbcqeDScrTPMmgYKYAGA
TCg8HUQOUAiRy8xLIm1CiMgxTW1m1ljU9INOcU2qDQLFvqlKnzLgBYXNvvMPP1UNfvGMvMw4mopqLyvfV
LXcBjEzK80sgu27N+/v48QwqxSpYrly/
bX48eP48orr2wRaahUgRLGjx+PZcuWzfvhhx80GAzi7rvvhpQStWrVAgCOb99+yNK1Sz0WL1+0yJ80
HToAADIyMr4GACHEKQUE2u32QPfu3YctXbpOeIcOHTBpOiTk5uZGukfXrl/f3rRpUxS+1+LFi4/
cfffdYzp37jydiGLrlg2LrKysyPP+QUTd77zzzrtV9zNNO7R6TYLBYLYQ4uHONTSPAIBIKYYV3Gv+/
Pm72rRp0/ubDDz64BKAVIsJdd92Ft99+G5s2bRrfvXv3isnJybF79uwpcp8ff/
zxU9MOVfoZHiL6AeqYmIXhIyxrnZWviWghET1vHcAhpdLtUspVhdsNw4CUMlcIOZWI81TvQgqMpqg2iD
QWMucbvdQ4UQLwNFDIptALKKSQNONSzK1NbaET7KiKpYSUR3hyP+08pv2+32bglatbrlkksuMTZv31
y4L+PNN9980XAIXxLZu3do65QoAA+rUqYNbbrkFBw8exNGjR1GNTp33AGDMmDFPIiUlVW3bti0QifxIT
EwFgVWxsbK2/eCUFmKbpTO9PP2Ka5gIAVaZMmYI//vgDzz//
PBASrKpz8803109LS8P111+0tm3b4tprr83q0KHDbS+99NI9sbGxVQGgRYsW+P777yNS3J2k1IPy8v
KKHOVYbLYPwtcO0iLQdPXoUALBx48ZXmfn5Jk2axFSrVg0+ny9yr1969ux54+rVgx9p0qRIEWSCMO+u
WbNm35EjR1aSUmLXr10AgKysrJ8BICkpaZ7CuMsDSATRxc2AkGR6DqILX/
OG4EEpZZRSKIBNDMP4UEr5sSLWIs/tdv/

idDozFOMOmjKNDs rUlEsSEhImp6W1VQHWTNig8CBU1Ggqi4vI1CAKVRUklc6gyZm/
FmIeZ+XbFufpxIrrBNM1ImAN4dO3YskpOTMWjQIPTu3RuLFilauW3btn9fffXV6NmzZ2jA8ePo3L1zb
rdu3Tpdc801sNvtePvtt9GiRQtUrl59cY8ePZLbt2/
f5dFHH611mibi4uKwdula7Nu3DwsWLFgPoGpsbOwpV/
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vcunXrF+edd951AGIBoEMTIujXrx9ee+01MykpSV533XWPDRKyBKmpgRg2bBjGjBmDFStWTDtw4MCK
1ilbuh544AEAWODBg3HLLbfgOksv/WbIBUDUAAAGAETEQVTYSGH/IgLBhYMtAWyKj4+fd/
HFF9+6detWDBkyBLt27cKkSaH42FatWgO@AKBAXF4d77 rkH06ZNQ2JiYs6aNWv+fckll3zy6aefNlu8
eDFcLhfuuOMOMPMv1113XecrrriilaxZs1lClalW0atUKzLz3448/HgPgs/fff7/
uzZddhqZNm6JImzZCjiYhehPrn/
huAjUTOgOVNnmWz2e40TXM+RVcqfctutz8XDAY3U6j4WBHSOtLMh90GNZpzDu2h®JRbFi5c+DoA+P3
+Y8w8HYpNhZ1/
YubJzJygmGIDgLYK4aXZAGojunBXnmEYNxmG4YjIVvfu3RszZ85Eenobhgdd6lulalX/
1qlbiwULFsButwMAEhISdr/+
+us5J06ciJkwYQIeeeQRICU14d133/3G5XINYubF8+bNgq9ymTRtMMDABAWCOXK5du9CrV69fEDrft2
prFIsQonfjxo2bxcTExBZuv//++79i5uArr7zyGADEx8dj9erVCAQC6NONT/
ayZcsmVgxYOXXTTTcVjGnXrh1690iRkpGROfTT//73sClbtuD+++
+PdB8komell1ItnzJiBQ4cOITEXESNG]jEDv3r3HCSEQFxdXKDExduxY3HvvvcGIEyce/eKLL976/
PPPm9111121j48HEeHZZ5/d7HA4ji9durT180HDERMTg5UrV6Ju3bpewzC6LF26dMzUqVMxe/
Zs907dGz/
99FPkZ3IfM6vUMzMApAB4wNphGEYvOzSnIbpS6UgXyzUuGAx+CkX8DTN3zc70PgRAXx050zknory/
RaM5dZs6cyTEXMR/dfPPN7axfmwjpB7QHsBIAPUVTTgCVEKOYuQ7AR8Wcq3eNiYn53u/
3b1HMI9xSALgiLRhUacwQAK+I2f jUMo®OwGHYDFGXKOVTzYOMkgPMUeRghQ+geS/
v3AF4AYC20BYTkvplQHPkw8wNCiE+11BsiGR2zZ78/GAw88gB9//
HFUrVglnrdmeoQDH9sBUMVadAfQDBaJcWb+CaGMjpmKMe0QqvehqlI6gYjGIFovIF8I8bQqkydcubM
TgDstXZ87nc7uHo9nKRF1UqzjCyHESIULF14NYOTIKSN1pVHNOY f2UGjKLW+99VYSAFSrVillYUyAm
bsjtNFbN/

+DABgWYwLAD1J6S2VMABj tcrm+8vvIHynmmwfgEKQbE7 LEFFAYE241iutEOzYdVxgSAnUTOfUmMMibCE
uA/
RxsQBAMICYUww82IiyobCmAAwoOKFCguk1B8pdDxQuXL1gqQpj4j9CiNpQGXx0jEFIktcqfHwPwhMqYI
KK7ESodrioN/

WhCRIUNFH3PSSmjx1CojkpLRBsT2515p9f rnalyJph5N4D2UspINWVWVEIhfKXRnBNog0JThqlfv34
sABiGofoHvp8QoiXCWg8RmDKToXiL5pb2dACPMXOURDCcRPe9yuV73eDzLAVxh6f6amf2IDvoDQm73u
pb75Akh0jFzNyjc8QD+i1BJcVXpcCXMvIaIllrOlbDeHKpg+Wsxxz/
gwuFdUCi2HCpI9nJ+fv8qq2XDw4MENAKA4InqbiH4pRt9jKjPvB/CuZUwuEQOjoumKMVOY2Yuw/
oN13GRmbkFEVynGPQdguMLYeQshj+50S/

svdru9CxE9hWhDAwWD2EVGTYF8SEXN7AY jSuNBozgWOQaEptzRpOmMQWENIGsPAcEeli5petHeHUQqgsQ
Vg4RDQPwpuLrc7nT6Zzg8XjmWrUmmPkXZ15HRIMVy/
URiKIyM4ioNzPXAfCatY+Z05j5GShKh5+E7UKIN2DZ rMPcB+AVRabCTiHEdFZUPQXwtcvil6uvleuc]
0gVz/

fDhwy9evnw5K1T48zVxqEDXHBT jBTEMYwLCWRhWB0X1QqpZxiwxDGMZQ1kxV14HgGKOieYwcw+FcNU
nNRPStwtg5L0oToFAgEhgIYo5hvLyxXFUEAYLVvX6zOTPRCNpiyhszwO5RK32z0hEAjcBhQ1KJj5E5FLN
dnrO9wW5XDFsJi8ciPP7u8Nd9EbEMZt6SkIDQO+12TOZ02XMvgNeJ6AXrfMz8CXE1V7SPIKIMZV5KsbY
MAOMBzFHOKWHmMP4QQ/yelnK+Qmb6PiP4PgFUK/
AgRTTRNC4FizC+GYXTzeDxPEZH1Pelj5mZ16tRx1alTIJHXgR1hI7HPFEr8C8IRpmp8rijklGhgOxq6f
004fD8XggEPhS8bxziGgTEaliQVYAaGpVKwWwQwix0Go8hQNsuzJzEtSVRX8mohrW9sg7e+utt/
YqlgDRLGmOhOJITLiGiayP/

uBcyKH50uVy3eb3eeYg0tvwGCmMCwEhmHgdLVH94 c+3idruHFyPxPAVQT8IBIrpI0f4sgIOIGTXWuf
IA9CWiaad6Ps+hOQuX3MvNbiviRaUQOFNHHLALCiBEA51jSIY8KITpJIKfsQ0Xj rOABORRrlAcMweoeV
JK2Gy8+GYQwhohWwGGoIbeAtYNGNYObDd ru9v9/
VX6YYSs6w4dLwhCx04xXRNTGON5QCPEfLSAGCNFfSImDFYgbAP4bNoCs5dWRmZm5CgAqV66s4yg0O5xzao
NCUS1wul60+n+85AJFaE24A3b1e7z0IjpvYilDQpIVnEMoisFardBuGOYWZ2xNRinUQEUOioo1EVCQ
1k5mPMNOC9X0A7wGYDUATAFWsNYZh9ADwWOKKDPYtFCDGGiKbBspEjdPRXLULZFNb7DJJISPmcdw8y5Q
0j0YUMoKmYhfGRivc8JADIMOOXRGFBuIupjmub7iA6anMfMH1gCQZk532az9QoGg7MV861h50nMvNS
6Nmb+mZnTFMGUHgCj pZRR8SPMPIGZ05n5PWs fgEPMNI90MTMAeHrfvnOrASAQCGiDQnNP00QOKTbh113
bplzwJAONXVRgrV4RitulLS04it+UTiYOLlryPOIKr8vqUuTTmXkQoj fYDCKyK+6zwW633wNgtSLbAwC
6m6bZHIGY0IGgyiiY+X5mngCLARIO0ea0®Khew4EQOLITFMh1ffEMIxbmTlommbUh10czHWTM98LIMNSN
m8YRj cAr8ASqwJgPTMvDxtC1vX1CQabDynW/

mVMTMxQhE rKWw2howA2W5VRw4Gvd4aPsaxehp LE9DGAVQpvOAmEPEWXF /
PYSYObN+4NAEKI2GKuOWjKLNggOIRbTNMUAJICenr4FQH1rLkMERCT/
ZgDrwzEGRRBC9GNmUO0ZdTQBYD1CHg2r7kFe2DhxWtp/
cTgctwcCgQ+h8BgA6MVMTUTRQYScdcKK9pcBIFHMt40I0gA41iGiSVLKu4iolWK+YTabbQczrlEEby
ph5juIgKOqGFUIcZdpmvcC6GAZ87MQYggqAtxVTPszMHRWGWTAEINPN8823GkIckgNfpFoDEdOmpXxU
5ekQQkxj5ihPUfjYaQl0LiJ2deXK1TsCQKlataJUNDWaso42KDTLFimlAACNO@1INSjnvFIcdEEIBAY
VrfzwRbVfVcGDmrcxcHZYgwjAeRXyB1zCMLNn6/ fybU3odkIspRfa0j503wK1IzPwBwsTVWgIn/
APA11PoPKVLKyyhcotzCFJfLtdDv939EigqdKjgkJpWLaDOJENFAKWUHRKd fHgIwVEq5yHpMBGAeEV
Ujon9Z2rcRUwWdmfgXRR1IgojmI1ltwAM/
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cBcJdizA4iGiWIXGVNAikO3x2K+dKsbQDQpEKTIWGkOZRptEGhKbdEDIoGDRokn2IwowfAPVLKAXR9
ront9oVSys8BWOMg9gM40Qj6A4ADqs2YmbtIKe+DWp/
1iQQA7mXmZY1xu2ECoa+naRESCiG60XJ8d3gxV8tMrmd LGOSXZAWCBY+V6z0v1LKTOOURXxzCCiT5j5F
UXfG1JKg4jGWdq9hmHOJIqJURL/
XjUROhINnvt7TvMgzjxvBcAXDNG1A8LzOPEEIOto5h5j+YuS+H5NKtcttAgHCcqtLsDiLKL9wQCQROS
QuLSknWaMo62gDQ1FsiBkVMTMwpCQOROXAArlm//AGstNLlsT/

h8vk8RvZFnMPOeY r7wDOAdvHcXheSno7QNADxtsOmWEdFHxaxxLxE1LdzGzHvCX809FUNeQEglsgjM
VIWZfyWiIYox610uV1+PxzMd6swXFctiYmKeBLBS4WVYg5Bx8JIx1DfkIBW4+gegjmt+Y+TurMRHe/
LuYptmZmf+jWMc7CHkgrDXERL+zRailLQ5VGb60QEmeUdgQzzwHQQ3EsthtAGoALCrdHDIg9e/
f+rFiDR10mOQaFptzicDhsAGC323N04fJ+zPwEojMpttnt9iHBYPDjYoLxNhBRZ2sjh2pORBkT4bgM
GOIZJIFZSbTbb88FgUJntgZBug9Vb4KaQDLeqIupUIopy+wPYTOSTKUK605wVcYvb7R4PAQBrFMy8mY
gG5efnrOCOwbUj7H2ISucUQtzFzLch0j00CYEDZIy lPZuIuhBRA4TUQQ3 r+ADATbC80yKazZBjGUmal
GiOEGEtEjOIdG7ESQFNYfo5hrY4tCNVmKUJ2dvYn4WtiFPNpNGUabVBoyi2BQMABAAcPHhyIUKng4n
gUoa%aa/zDfiK6ze/
3r4C1lDgcAMPONUHzBcOi+2+r1AIB5UsotUGs1v0t00scHg8GPoU4P3QXg0kX7BggloVMRgmVhzWI4g
dBm/
LBi3UcBdBZC3EAKQS4VzLxXCNGVmd8goistfYcBPCalVIWFH87M1VVGDRF9h2ihMBiGcZthGHkIBb9
a+ZqI2s0iTOFELXxiGMdOOzbUKz9NoZr4ToeJilvVtARBUXKNKA1gEdTzK+127dkVOK3SWh+acQxsUm
nKLYRgOANi/f/
80AI8hpDZpIRWhCpxWw+AEETXiUA2KgNgIZv6WiDoq2n0JiKOucgAbmHKGFBLTzLZES5XIN8HQ91i6Aw
XBBSobxAMe47qI85VgBoAks8QDhTYSbUZdyziehGm81W41QDWIk5XQjRmZ IHwxKwyMzZhmGMBzDXGr
9CRP8nhPgVisBXhPRCkhT3GkZE35gm+RFCqa+F2cfMlyA6VXdBlapVIwUCgbWwHEOW80sALoX6e0Q3
AJsA3GLtEEJIMVQSIgpl/iomJ6S+EYACQUM@DQNP00QOKTbkl4na+7rrrGnKoAFZVS/

9azt4DhWt fCNFHSjkNoTRQK/
SRcoVHEQ7Ssx5X7DMM434iWmbVowWDmtQkJCb3dbvdsqL+Uf2fmROumzMx/
WDOC4fZvAWRD4cOIB2c+qFg3YRi9hBDZpmmuVsRARMHMOUKIL1LKIgCmWPUuFEPeERbKSs72I6Ec1nhQ
hVGIXw1xSXyzXPNMOViA6aPMHMtYnIGiezJ1xzZIHiPSOnohwAIxX38gJIVXTOEC0o0pzImOoUQ/
Xw+3+omTZrODrfpIw/
NOYeu5aEptwghajEzEhISFhYTVDebiKLUEI10sJTyMSISHTFKMLNLIVAFhEptWwtZZQMYEFaFtNYC2
exyuW7xeDwPA1AFR30B2BSbJUgtgnUAocQDIKClwAPOZeRBZ6n0OEGQDgWIMONXORVdIaiWEYtwohcqW
UixTdD4ZF rawxJIuI6DHTNDcRUZRsdTHMc71cj7nd7veJKEqQCOAV6zMx8zcul+s2j8eTg1lBMReG+3
UKIb4sJ6ASAp5n53405XwRwq/

X9hIM6bwl7ny6 rugXKZQBwKkaZR1PWOB4KTbnF4XBcCgBEZBUpOigEMAi1iNIUZh4MdbwCwmmWUTER
4SDMatZ2IcTdCKLCRgV7ulyuTlevitxfUxadyAGS rNBGKWVcmgGdIXVTkM2a+WZU6SOSPulyud6WUyy
m6cJYSIrrbNM1vAoHACoUWXxovM3AmWjAKOFWW7k5nnWbNUTsLnLperv8fjmV5MOKmKXYZhdPV6veNg
KfHOzFLCiFUnMSaeAvCAwhu@mIgSVR4hwzB6EdFOWLREG6tevH3VcotGUdbRBoSmXnDhxwlWrVql/
AQW1PAAU1KVIZuYUxQa73jJnbQ33MAaCgboUVDykqTwJ41ImHEFHLWo3MvNswjBszMjKuBFBcvMLViM
6YKBYhxDgA1vLbALCLiK5QeTkAvONOOp/0eDwLAbQIXVs97HQ65XLRQqsBwsxLi0g8awotM3/
ncrludbvd/
4HFY1AczLxHCNErPOaUsk®@A7Hc4HDeYpnkDFEYaEalUaFpE7jeHmXsh2s00FcDHAPopxiSbpvkgFFo
Yv//++9enuGaNpsygjzw05ZIgMLja5/
0dBxQtX24Yxt2maU5VuPbXA8ghoqukKmXIOgFGIzgTxIDoYEAAWILTR1BrsuT82Nvb6/
Pz8mgCWqY4gmPmnY1JUi2MOMwIHAAXOTUTOcTgd1lsgXLpdroMfjeQYKBchim05yuaaGjxKsqZ5biWg
3Qhkzhdv32u32LidOn0hCRI+f4n084XopA61j0FRFVViPFJj5qGEYNwQCgeoIaVFY+Q3qAEww82fhV
NQm1q79RDQIwIJIQzAYBDMjMzPzPrvdPoaILpNSwjRNSCmRn5+fBSA+EAhEyalrNGUdbVBoyiVENPm
CCy5YevToUUehtqFSynuJgHHha515j2EYt91sNofP5+uh8EI8YhjGd6ZpNreM+1kIsUixYX/
PzJ0Jalfl+nTDMG59Zg4LV6m0TraSoqbGSZ7zeafT+brX672QmQuoOFMLP1L1glapet9t9s8Vdv88w]
FvdbvcdAB4CQht1leBz8fv9zNputP4AazAxmhmmaH69du/
aZvXv3PpmTkz0cObRfSikhpTy8Z8+eBxslavQ6ESHSFwwGj+/Zs+fBI0eONGrXrt1LkT4pJQAgLy/
vC7vd3j7SIqUEM+PgwYNv2+32yeedd16/wulSSqSnp39MRIWcTucNKTbTNAPp6ek?7/H7/
1y6Xq7Xdbo8tfB/
TNIPMfH7k+SLrD18TDAQCLex2e9VIW6FnrsHMq4t59cq02tjY2LUAehORQIWVOZRT1BFYGK15YMWKF
Y+1p6dPNk3zry71ATABsBCigmEYgplBRIBS+k3TzGZmttvtcYZhRI5J20/3H2PmoBAiNiYmxonQ/
99kX17e7wCCNputYmxsbCIAMLPMy8s7IKX0AaC4uLi6NpstDVhTXdEOzRNZWVn/
rVSpUj2Hw5EQaQ8Gg51+v/
9YXFxcQyIquN7n83mzsrJ+Dcd12BwOR3WHwW5EopTTz8vKOMDMXxsw2A3WazVSYiI2I4aP4+zJxJRD4A
vpiYmCoOhyPeZrMhKytrZzAYnIeQxsesESNGTCj lpWo0ZxTtodCUWw4 fPpxywQUXHNq/f/9/
YAmMKNAWDRIRgMJ jHzAEikgCk1DJIPCBFvs91imDKQCASOIWRSsyEAgCIKIKjkcjmr5+fkHw+53KaWUfr
//MGEYCcYFAWAOQEL5eGobhqVSpOKWZmZnbTdPOIiSWFMzNzf3Z5XJdVrFixQa5ubk7hBDS4/
FSA5CTk5PzVXx8/BVVqlS5DkDWgQMHZubn5+c6nc7WLperkKwBkzZ2 fvoOXq9SwBIIiimIr/
fT5UrV740Pz//qJTy0IUQACQYDFK9evW6ZWRk/JiV1ZXGzITQOQELJia2qVix4uU+n+/
3tLSOtQA00u9yuS70zs7e7/
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f7fZHr4+LiarpcrmsB2Lxe7+bs70wOhIwpIYSwISQktMrKyvpvfn6+J7K2SH+VK1Wa2Gy2K16vd5uU
EKREdru9Snx8fC0fz+fNyck5ELm+YsWKOWNjY2swM/Ly8tLy8vLSI/
MRKYiJiTnPNE1fIBDIJSIRbidmppiYGJcQItYOTZ/f788kIiGECMTEXCQiHFvm8/
kypJS+8DjDZrNVEULYAoFADjMHw89TQQhhQ+gHzVIKX+FAVJ/PB5/PF/
nrJUSOk5nXAzh6Rn+ZNRqNRnP24Xa76308ns/
dbned4q7xeDwPejwelWIlvF6VvVVjppHg8HpWMNgAgIy0jU3F9Xqg+3qvVeXg83adu2bdnjxolTqW3+b
TIzMxNOtk4rJ06ca0X1ev8PAIYNG7Z90KBBT5z0/Yu7t8fjmeHxeKIgkfxd3G53Xa/X+7zH431K1le/
1epMUY65yu93fZGRkqETHNIpygz7y0Gj0IZKTk1MBIKWkpFxU2msBgKSkINtFF130C4DKUsr1s2fPH
1zaa9JoNP8MOm1Uoz LHSE50Hgig191iTABATEXMZQAMEbMI6I6hQ4d+1ZSUpEWANIpzEG1QaDTnAMN
Jyc0OBvIqSkqKSpid16tSpEO/hKFEhRAUianvhhRd+379//8Z/NVaj0ZQttEGhOZRxbr/
99goAtttstlgqlvRYF8cxckCIphIAQoklMTMy6Yc0GqQgXaTSaMoo2KDSaMo7T6cwIBo0tZ8yYkV3aa
7Hi8/kgM7NhbTcMow6ANOthSRN5h9CGXxQaTRkmOT15J0D33nzzzW9LeyOqHASHpcIeCgCQUprM/
OQusWbPOquMZjUZzemgdCo2mjJKcnDwVQL+U1BRV/
ZCzApvNFsfMMWFNiVwASUKI3ikpKR+W9t0o0Gs2ZRXsoNJoyyLBhwwYzc38pZcPSXsvISE1J+ZCZeda
sWZSamlgRiN5j5gdKel0ajebMo3UoNJoyxvDhw28gogVENGDmzJ1rSns9IWHAQAEVY2N] /
wgEAo1z5szJL+31aDSaM4f2UGg0ZYhBgwbVIKIPALXUlowJAJg7d240ER2PiY15vrTXotFozizaoNB
oyhAOh2MdgOUpKS1TSnstp8HzUsquf32ZRgPRaDSaM05ycvLa50Rkd2mv40wwYsSIwPDhwOuX9jo0G
s2ZQ3soNJoywPDhwycAaMnMV5 f2Ws4EzPwVgMmlvQ6NRnPmOAaFRNOWM3z48FZE9AAzP5yamrq3tNd
zJjBN82EATUp7HRgN5syhDQgN51yHi0Yx86LULINTUOL7LmWL27N1biCg20T15VGmvRaPRnBmOQaHRN
MUkJye/

AeCCINTUcaW9ln+AjwGMLO1FaDSaM4M2KDSas5RwO0JtzNy rtNfyT5Cfnz8RQN3SXodGozkzaINCoz
1LIaIPAaxPTUldXtpr+5Sd455139gKwDRs2LLmO16LRaE4fbVBoNGCchw4YNmwQgOyUlpU9pr+WfhIg2
EdHAO16HRgM5 fbRBodGcZYwaNcophHgYwFOlvZzZ/
GinlTCJqUdrroGgOp482KDSaswzTNGcBcKekpLxe2mv5pO INTf2A1iHj IKCEtS3stGo3mINAGhUZZF j
F8+PBmADpJKe8u7bX8r2DmdJvNNqSO16HRaE4PbVBoNGcX05h53axZsz4r7YX8D9nAzBlLexEajebO
0AaFRNOWMHLKYPpE1IGIylUlTmZ+Vwih@Oc1mjIOLfYCNIp/
GmYeCuCNO17HXyGINJiZDMMInsYOXYjo0z01lpv/Vu5NS20jIJICL+p+9VAs7ou9RoznVspbOAjeZ/
gEAZ+FOXosBheDprPdPPafwDcOYRTnbjn75PCTnb1gPRNNXoIw+NRgPRaDSnjTYoNBgNRgqPRnDbaoN
BoNJowR48exZtvvonjx4+X91I0mjKHNig0O5YabdeuCiEBEqFatGtqladf58+eX9rJ0C5/Ph927d//
j9zkX352Ko00ePYujQofjmm29KeykaTZ1DGxSackX37t2xfv1l6vPjii7j44ovRrl8/
TJoOgbSX9bcZMWIE+vT535T70NfenUajO0b0c9ZHvGs2ZpHr16khKSgQIA90/fHz6fDO8+
+SQeffRROBY0O13cWY5+dxqN5SmRoDAWmXNOSWTNIKbF///
6Ctrlz5+L6669H5cqVcdVVV2HTpk1FxrjdbgwePBgla9ZEO6ZNMX/
+FNxwww1l46KGHCq5ZtmwZiKjIccQrr7wCIkJ2dnZBWSTFXrt2bdSrVw9jx45FMPinDMUvvV/
yCm266CbVr10ZiYiJuvPFGLFu2DIcPHwYR4e2338aPP/
AIT1irY7P9XIPTd+Xw+DBw4EIOaNSronzZtGqSUAICNn34aLVu2xAsvvICWLVsiPj4e7dqlwb+//
1rkvidOnMD48eNx+eWXw+100n379tixY0eRayJzffDBB2jZsiWqVKmCXr164dChQOWu+
+abb3DzzTfD6XTiuuuui/
pZazSaUOcbFJpyTWSzql1690gDgk08+wd133wOhBGbNmoX69eujS5cu0Hz4cMGYgQMHYsWKFXjooYcw
efJkvPfee9iyZcvfun/v3r2xd01SjB07Fg8//DAWL16MBx98sKB//
PjxO0HjwICZPnowZM2agVqla+0STT1CtWjWsX78eXbt2RcOGDbF+/Xq89tprp/
EmSk5J391LL72EpUuXYtSoUZg/fz7atWuHFStWFDGgfvrpl8yfPx8vv/wyvvvuOwQCAdx++
+1F7tu3bl/MmzcPgwcPRkpKCoQQaN++PdLSOopct2vXLjzxxBN45pTn8NVXX2HXr1249957C/
qzsrJw66234tChQ3jttdcwYMAAVPrqq//
Tu9JoNBrNOQAzD2dmr10nDg8d0pQjbN261StVqsS33357QVunTp24bt26BX+XUnKLF1144sSJzMy8Y
8c0BsApKSkF15imyQkJCfzggw8WtH344YcMgH/++eeCtpdffpkBcFZWFjMzf/
HFF1FzLVmyhCtVqsQZGRnMzFyjRg10Tk7m4hg4cCA3b968cFPnM/zuks/
Uu7vzzju5UaNGxT7LUO89XUII/uOPPwraFilaxAB48+bNzMy8efNmBsDvv/
9+wTXZ2d1cpUoVfuCBB6LmM+v333wvaxo8fz/Xrly/4+6uvvsoAePfu3QVtkZ/
JypUrmZk7nc13qdGc62gPhaZcMXv27I3shTZt2uCWwW25BamoqACAYDOKzzz5D585/7s EhFatWhV4I
L788ksAQLt27QquEULAbreXeC2ff/45AKBTpz/3rdatWyM70xvbtmODAPTs2RPz58/HEO88EeXW/
19zuu+ue/
fu2Lt3L4YMGYJ169YVHHUUXjAM1KhRo+DvzZs3BwBs374dALBu3ToAQIcOHQquqV55sQkAACAASURB
VFixI1lq3bh11XGEYBmrVqglXw9woVKhQ5btqwYQPqlg2Lxo0bF7S5XK4SvhWNRhNBGxSackUkU2HMmD
GIi4vD5MmTUaVKFQBAdNnY2gsEgZs2aVbBxXEhFmzpxZcPZ+4sQJACgYczpESqpfv37BverWDdXIihwT
PPfcc5g4cSI2btyIK6+8EhO6dMD3339/2vf+05zuu+vbty/
mzJIJmDEydOoHfv3mjSpAkWL1580ntWrVoVQChuBQA8BHk+R9ghOpxMHDx4s0fNkZGREzaPRaP4+0stDU
66I1ZCg0aNECixcvxo0QJEwo2tapVq6JK1Sro3r07hgdbVmRchQoVAACIiYkAgMzMzCIfONn+H2rVrAwA
++ugjXxMbGFulr2rQpAKBSpUp45JFH8Mgj j+DgwYP0168fevXghX379hWu/fE/
4XTfHRFh4MCBGDhwILKzs/HAAw/
gjjvuwMedOwuelOrEkIjEaUTemdfrxXnnnVdwndfrRbVqlUrOPImJif8TDQ+NprygDQpNuaRy5cqYN
GkSRo8ejc8+
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+wzXX389AKBt27ZI1S0srNm0idevWAIAtW7agUaNGAEKbXK50TpHrIptoIBAoaEtPTy9yzbXXXgsAil
mJ0aUMjXrl16qFPnz4YN24cOtPTUbNmTdjtdpim+dcPfAb5u+
+uMJUQVcLIKSPxxhtvYPv27QUGBTMjGAzCZgv907Rx40YAQKtWrQAA11xzDQDgq6+
+w(q233g0AyMnIwZYtWzB8+PASPUfL1i0xd+5cpKenFxgsPp+vRHNoNBgNphzBxQR1BoNBbtasGTdpO
0T9fj8zM2/atImFEPzwww/
z+vXrecGCBdymTRtev359wbiOHTty9erVOSUlhdesWcNXXXUVOxy0IkGZ/8/emYdHVWRt/
D11e®@uAINOBQVDZFFCBcUFcwIERRBEFN3QUFwjpJqLgvn404jqu405IAigoKggiiIhARACQEVFEBFE
QhLCnOyRk6eXW+f70GOXxuVzAZdSKxfs/
DA9S5VTd0s9xzq855288//8w0h40zs7050qKC33vvPUSLS6uWIMNMPHDgQ07YSsSPPnTuX8/
Pz+bbbbuMLL7yQmZn37NnDnTt35rvvvpvnzInD8+fP586d0/Npp512cP7zzz/
PDoeD33vvPZ4xYwYHg8ELfufvTpmUWdfvTkrl/
fv354yMDJI46dSrn5+fzpZdeylov17ds2XIwkRIAX3bZZbxw4UKeP38+t2zZkgcMGFAteXPgwIHcokU
Lfv7553nGjBncqlcvTktLg5aA+dhjj7HT6aw277777u0OmTZse/HO0FGKvV18vDhw/nvXv3804d0/
jss8/WSZkajUajUVNTQMHM/
N577zEAfuyxxwb60LVy4kLt168aNGzTmTp068c0338y7d+8+aN+9ezeff/
75nJyczEcccQTPmDGDW7RoUS2gYGZ+6623+Pjjj2cAPGDAAJI45¢c2ZCQFFaWsoZGR189NFHs9f r5T59
+vCcOXM02r/44gv0zMzkVqglacYcOHTjWw2/

LvXv3HrRXVFRwV1YWp6amcuPGj fmdd9655nf+7pQBxX/z3RUUFPBAd93FJ598Mjdv3pyvvvpq/
uabbxKCg0zsb07UgROnpaXxxRdfzKFQqNp9S0tLOTMzk1u3bsOA+MQTT+Tly5dXu6Y2AQUz82effca
nnXYaOxwOPuGEE3jpOqU6oNBoNBgNGrYCij8SVUBRT/whZaP/C1RBQD2jAwgNpg7oKg+NRgPRaDS/
GR1QaDQajUaj+c30Kg+N5nfgnXfe+cllpH91rr7660NVHBgN5vBDBxQaze9AZQmo5 r+ndeviWaN26dX
270dFo/kvOkYdGo9FoNJrfjA4oNBgNRqPRaDSahkIgELgxEAhsqW8//
tdkZmZ0OGDFixM769k0j0fw29A6FRVMNIScn52UAKX6//4H69uV/iRCik5Ty0/ r2Q6PR/DZOQKHR/
ImQUt4ihLinvv34X9G7d28HgJ5CiA/ r2xeNRvPbOAGFRVMNIi8vbwozh/x+/1P17cv/
994d0pwHOIKIPq5vXzQazW9DBxQazZ8M0zSvIKKR9e3H/
wIiuhxAWXZ29pb69kWjOfw2dEChOfzImDhx4jIiWhEIBD6pbl/+alj5bwDmlbcfGo3mt6MDCo3mT81
ECRP6ADhz2LBhverblz+KjIyMjgCOLVK+X9+
+aDSa3440KDSaPy1SypsdDse0+vbjj8LhcFwCwBOLXXRAOdEOAHRA0OAH8ScnLyxsvhNg+YsSIufXty
X/E9cz8lauvv1pR3450N]rfjg4oNJo/MRMmTDidmfv6/
f5L6tuX35NAIHAKADBzTn370tFofh90czCN5k90LBY72+FwfAbAWd++/F4w81VE1EpKOb+
+fdFoNL8PeodCo/
mTM2nSpFVSy1lcCgcD6+vbldyQTwKZIkybtqGOHNBrN74MOKDSaw4C8vLybiag8EAjMrGOffisZGRnt
iKglgLz69kW;jOfx+6IBCozIMmMDBhwilE1CsjI2N4ffvyWxBC/J0ZyyKRyBv17YtGo/
nN90AGFRNMYEQwGmzscjuzKpMbDESHECCL67tVXXy2qb180Gs3vhw4oNIrDiBkzZphEdD6A7 fXty39D
IBDoAiCNiJ6vb180Gs3viwdoNIrDjAkTIixm5if8fv+X9elLXTFNcwgR7ZwwYUID1dbQaP6y6IBCoz
kMyc3NvQ/AZr/f/171mN/v35WZmbmpHt36VQzDGMHMWh1To2mAUHO70NFo/
nsCgcAyKeW3zDzEMIxGzLwnHA7/c8qUKX+6duB+v/

8SIpoeilSa6fw]jabhoXcoNJ rDmObMHDAMoXEAMHMZzpIN5YNnO7VQPjmfkZHUXONAGTHVBONIcpmZmZ
3wH4m2EYVYeJiM60J5dqJDMzszkRHZGbm3tPffuiOWj+GLTOtkZzGIKZmbmZiNrax5kZhmH8rT580h
RCiMeZ+Yv69k0;j0Ofxx6BOKjeYwIC8vrl0sFhvDzD9JKaNSSgCAYRiQUiZfe+21CcFGPXMxgAn17YRG
0/njOAGFRvMnogioyFvbaydPnvxobm5u09MObwbwPTNXmKYJImri8Xj+NHKUfr//
MiLy50bmTqpvXzQazR+HDig0mj8AZm4UCoX+YR8PBoOpNcOJIhUJ/
MO1zWygUGmu3FRcXp4dCoTT7eFFRUZ/JkyePz8vL62Sa5vVCiC+YuZGU8VRD+RcMBh9h5ial/
Ty18b8miOhhZs61jzNz41AodLI9XPU564Pi4uKmwWDwPpVN5SWNhYeFDwWAwW9b/
5jjSahoAuG9VoLLKzsxcRUTdmLiaiYgAhZi5PT0O/vIKXcEwgFviCiAwDKmDnidrtdHo/HvX///
UlEFAEQBRB15sgpp5xyQ6NGjc6IJRqP5mzdvfnnPnj372rZtelybNm2er6iomFlcXLx6w4YNS20xmCQ
imZaWltS9e/fpQoijAUBK+TXPP/982w8//LC1V69eGR6Pxy+EENFodNgHH374mBBCOuvX7/
Lk50TxUspZP/
zwQ9bh69etLXS6XXLx4ce8XXnih1IJnHENHDPp9vadXPGQwGXwAwipnX0xy0gampgTOWsT1FRPu9Xu8j
APDss88mNW3aVESjUdG3b9+L3W731PLYy8mETf/zxPNMOhZRSSCLFt27djm/
WrNmD69atu2n79u01zCykl0Kss87qF41EDnz11VermFkws3A4HIKZRc+ePVOw0OBx/
2712570bN25czcyiRYsWLY899tjcsrKyjlavXp3LzIKIDAAGAOFOOptEO9EKOZzQNIjIq7cws2rZt29
PlcrXeuHHjzKpzABhJSUkpQoikOtLS/
YjnjjkB0InZObhx42MOHDiwr3IMgFMI4U1lPT+9pGEZaRUXFrv379/9YaUtKSmojhGhSV1la2k5mdABo
DqCk4e2DEiBEP/y5/
QTWaPzk6oNBoLLKzs7sBeI6IjmLmFCKq9fGDRIMDNOgph9xwwwOF9e2IRVNHo6s8NIpf0JeIegD4Nz
PP6dChQ/eWLVs+UfWCSCSyYtmyZff27NnzBafT2QUAmML18+/btYzdt2rT06/W26tix4/
MAKgSUkFKCmRGNROUEEGNMjKrj5eX168Lh8N6U1ITeUkoQUaU9EgwGP/
X5fH2rjgM40Ne698ETISUL60pLS3enp6efIYRIrrwGAEpLSzdFo9HitLSO@akcMzCwLCwtXuN3ulCZN
mlTLu4hEInv379//nWEYnrSOtFOEEM6Q9T1A0tM00ZzY jX623ZMIykynEpZXj//
v1rUINTuwgh3FXGy4uKir7xeDxHIJCcntwUAIQIRgZ1jkUhkW3JyctvKMSKCaZghPXv2LBRCyJYtWw4
SQiQJIVBRUTfHI9tm3b5hGRmZ6e ftwRRxxxSRDXE1wiQklJyelLdu3cvPfbYYOc7nU5v5X0AygoKCp4KB

Observability: Logging, Metrics, and Distributed Tracing 126



AIVOID [https://aivoid.dev]

oM/
d+nS5R6n03mcEKJyzrS1a9d06dat2833ycn9DcOAEAKVP5eWlv5famrqolXHre+wjIiS7X+Z8vPzo4
WFhb2EEBdCJ6Rq/gL0ogEK]j+YX2AMDMW4CcMGbIrGo3+n/
UQ0ggz11555ZWZALpUGU5q3rz5Beeee+5TwWBwWOYAKJKLMC2DmOUROUWI8GOBL7ff/
FQoBUAAKPNwAtGfmEsV6gpknAXjBZgsZhnGWEGJ/NBpdjvh2f1X/

HvH5 fP8KBoMfE5H9870B+Ky fq5LEZFOV1wPAUWDUtQ8y8yKfzzc8FAotRfXvteMZZ5zxLRGIC+BOXX
p9MPKEXS5Tctu2bU8gonYAj rPZ+nfs2LEIQH/
FemjcuPGjqnFVMAEAZWV1awBOK5WROEbTWNFIMRrNL4QBoFGjRumxWGw+EaXY7FuJaBeAIVUHmb1cC
DE8GAw+AuDM2t6MmMRCcAOE9hmg fgPMX9D8VSZi4EOFNXxnwoAIKKECc35mvo0IxtgfikROSUpKyu50NPo
RgGNtOyakp6 f fHwwGZXHRaTX4004 IWEMwcTeAgGL8M5/PNzQUCrOJIEFbg4guA/
B6DfffT0QILd6ZeSURLQFwrWLOmwBG1rBeXZkqhAgDgBCCf+1ijaYhoAMK]jcaCiMIAOLpl6ywAbara
rIfyR7AFEwAghLgXwMkA/qg+292LmxURONOIh/
x9mbqd6GB6CdUSOkoguUdynnIh21ubDDc9ZDuY1tPICWlrYyFArNB3CSzThbD5/
N1BYPB14moXx18VEJEDwWK4EKkC6zbRICDHACtIur00y2wAkVFow8wYhxN3M/
IzCj2ehCCaYuRTAPsU9Cg9x/
5cAXNisWbMetXdZozn80QGFRmMNhGAYDgBCimd1GRFMA+BXTPpNSrjRNs6Y3ZRXLicgF21s8M69nZg8
RHV/
bhZh5F4DXmPk21Z2IvgKgUtR8h4haIHFHZXx6enpuKBSaAaCHbc5H6enpV4RCoWegCKzqChHLSSmMPA
XCKzRQyDON8KeUVRHRrHZddB+Bo+yAzFwAYLqV8i4g8Nj+eZebhNfj4I4CmtrV2IjEAquQVZj4DgNT
pjJ8Sde7cWXUko9EOOHRA0dFYHH300X8HcDDhsQqPMfNINUX7nIjm2x9Sh2AtM28EcLZt fBsSR7TVvEE
UICVjLgwwCerMH+LoCzFOMriegHAP+Omf7j8/
1GBoPBNwAMSN1W+3y+SwoLC2+vKXipC8y8gJ LXE1GGwnwRM7 cDkF3HZdcCUA167SeiKwG8SkTNbbaX
mP1SKHYQED96qnbUYgUmNe IMVvMXMyUTUDQACjniKmtvt7 1BYWPhOUVGR8hhIo2ko6IBCo7HYtWvXTA
Cw5dDdC+AaVcDAzLcDeB41P2DsbGXmWUQO1LZ0CeIPQ3uQ8WvcDKAmMjY03AJyv80GIJsGWAMNM24UQ
g4LB4HgAV9tsBS6X64JgMDiAiJ6uo048qlgoh/
gXgFbuBiC510p1BOzRn1XHNNVYQUQ3rq0oiAC8SOXE22zuI78KOUcybjMSgai8RyRqSMIcCWFb1z9b
Wt01I0zRV+SMaTYNBV31oNBYVFRVBADBNsxXAEhENY+bRAI5RXP4yEVODXxXFCDRQB+BcRjbchiGg+g
Cvq4iszjwBwF+LVFHbbgOQOSIEAGSKiscz8qu36UilLqz8yjAGTZ/

Xa5X0fGYrHORDSIL j 7WwFbDMIabpj 1PYbvX6XR+FolEVhIJRozgsuZaZj1TNsSpo7kE8x6UqS4mosWI
czDyJiAbaxsqsXJSuivuvATAvA09XHazcoQAAICRFXq93XS0/
j10ZzWKJI3KDSaXwgDQEFBwSyHwIOFJSv1PKB44AD5EPJBQ2ZQQ0e3M/
JTCNBt1DCaI6AEiutr+xm3xtrX1niDKRUS3MPNzivErAfydmccplrswFot5TNOcUxcfa2C/
E0JSOzRzAFTLU2HmyV6v9/1IJPIBFDkQNCHM6WEGIQIjFOYhiB/
rXGAb34p40qVqB6fy+6uWNOFEq6E0IN42DCMARDVIZUCXxa9euCV6vI5NT+SgazWGPDig0GovKKo+ys
rJQNBq9h4gSSjqZeYN1RGF/
SB1g3QxmfsB6I67KPGZWPAQORTYzdwDQS2Gbi7gMdGeFDOO11G0QqIdxD4AUXCsTqsJENAjANinl/
JqOFupAxDCMflLKsUisHFmUnp6eEQqF3kEdgjRmLiCiCqhLVG9AP]I/
iGtuccgCfId791L7eAmZuisTA4T9QTOMCKCKiQbFYbDIUOi0OVAUVBQcHaX/
80Gs3hjw4oNBqLSr2GI4444gx7noNl/
4GIvieiwbVdk4hulVKOBNDattZiAN3rkMwJAHO0JaAdsDOmML5QC+R+K5PwCMkVJIeq9jReEMI8RWAabD
J8BPRbYZhLGTmRYpExjojhBhimmZfAANtpnVWsudzqEOQhvgOw3dQByBPIV5/
m6qx14dITEYFgGUAvieiPrbxr6EIOCwulFI+QEQn1GDfYP1s1GDXaBoUOodCo7EgojAzolGjRt3sNk
VRcg3UDyM1zPwIM59dmfVfZfxzAEfCtulv2cpV4kOWZcZ0Zp6quNU669w/
TzHVNQDt7Q9KZ14F4CXTNBcp1DNfTktLyw6FQstrOFapE8x8p2malUTOiMOUYub+wWDwaiK6uQ7 rvVR
DRh1Y01902QwixnJlnK6a+X4NWx/

dENI2IXraZfkI8ROV1fDSImfurlqskKSmpEwC4AXK7 furujORwW6BOKjcaiffv21lb057KZ1RPQF6hZM
vCqESCKiS23jG4gorHqrZeYDAFQyzZush7EqmPgZcaXJFxW2D41oPRENs41vcTgcNxXLRPHsiIzPPIOP
18N4VCoZmow/FDTTDzZCHEQgCzkLgLcjERNUREdepzQUQTodilYeZ8wzCyVCcEEM3/
0z0coxguIaBwAezCxFOAIioRcZr6NmRvhV4TMKqs82rZtm3mo6zSahoI0KDQaAKFQqFeLFi1GAQkBx
Vor8a8mHQoV7wshvrLKSqtSSETfAPi7ahIR1SsqFYQEECMBTFIM2Q/
gamb0tu9gWFoXryNefVB1vBjAdaZpvo3ECpHPOtPTLY8sLIyMuh0/

KGHmRQAeUOVgMHOAiMqY+e06 rv1lvZrYHSADwWDYAxpmm+g5iz31I1te8U7CeiAGz5I9bR1zIKkCm4B8c
BjBeLHRIekMqCIRgP7f+1lajaYhoAMKjQYAM7dyOp0+69eVY4sAFJ0iedchlvmCmacy8/
028XJImnoIaKjgqsACDhCEQIcaVpmi8hUa2xAnEBq0eI6CjbtH2GYYxk5hzFek0Z+Vkkyml/
L4QYUFhY+JAqf6SuMPN6j8dzPRHNtcuIM/NzhmEstgKNumgzvAJgsCIw+MkwjEwAsyix/
8k2xJINOE8prieg6S4bbZxt/B4gkTQCzhRD/
JgJaVbxUImVu3rxZdfyi®@TQ4dEChOQDw+XzTKioq3gEOtgR/
AXHBqoR+DMy8XbWG9SY8FsBrCnNuTTLSzLyKiDooTEOk1Peo8hisIOcGRX5GhRBiiJQy1l/7gJaKbpZ
Qj 7HMABIUQLVLX96t8rCNBwzAuCofDE2Cr6AAwz+FwPGya50ewBUm/

wusAz TAETOHDMK6GMxXWITKS41fhBm3gOgRkSt7Isx85VSy lFEIMImep0ZBymuX+1yubJMO5xbW7+FEE
XWXJ2rpv1LoAMK]jchi888/
fxgAiogKviKiAaSWwf5a8VADM+8gohEApikqN14hI1V3SyCurghKAr0T8YgNfyjmXEtEIJw04SmEbap
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rm0CQKbuUw82n2UlgrwbEv4qWSCcqVdaVyPdMORBHW1IuzZ13u93iutTq61TvbkeFdWH2XHEMXcwcwX
xmKx141i0023afsQbeKnomNwG4HzrclcdzwdwliU2bNvqdrsHRiKRt6k0fVaklJcBABHpgELZz1OAHFB
rNLOQBoEmMTIpOBtFfYlwIICCYABC1xqNdgOyNg5neYuQ8ULQIAvoK6JIDGhiJywSWBb6z1ERKXMNCCS
zcx3WgqZZ9hMswEEoUhkJKLLpZQeKeXb+B3+PyCiy5m5h71qw90t0C8YDE4hou61XY+ZVyJeDpuQOy
GEuJKI7gthvbU1JL6+YPk5zDa+0jp+aWObUuRwOPgFw+HHONb+qI1RRx11VL71ax1QaP4S6IBCo7E4
/TTTK/UlnHablU9hIDGXodx6iD4H29uw9cbrU7w9g5k3IB5k2PuAvG/
NeOwx51UhxGwpZUJCIDNPtNa6yja+ipn/
g71iA1X10wOFwbLKqPeqih6HES rROWFZxwsz lhmEMIKI77VUv1r20hiV/
BDCdiEbbDUQOHPEeHQMtzZn5I161iFqKYTOSKKtyqvyhYA25HYeRVENCgajV5E61ZmNTHVMIxXxpwWDwXg
ClUPx90mgaljpylmgsUlISMgB12egyxNtiJ2g1lCCGuYuY7i0hUm2kdEe2CYpcB8UTBYgD28/vVQoh/
19Dn400kpKQx5eX1KxQP//
kAVhBRrm18qxBivBVs2HnU7XbPCYfDq4lItXtSVx4zDONLOZzSX2nQtmIiuY0aeAEYp5SmOMI1VTrol1C
iIcATLHbiOhBAK2Y0aEck+PN1xKCFgBLhRBPmaa5pKp/

ZFxM8W6 XNy jW+ieAx1S3hmhfAdhgmmYhADidTvk7fb8azZ8evUOhOVhs3rz5eqB6QGG94b+gE1515g
AzX4DE7fi9iLe+Vh1ZFAP4SrFNv5WZb5RSvk1ENoEDB8LN8YE70xVvMVMrhcFxXX14+m41i0ysrKgs/
ng8/nQ6tWrWS7du@6PVHEE7n15eUHF55s8eXLE5/013rpla®JeBD0O/
5vV6n4hEIguJq0Xs2bNx2WWXoU2bN7jj11FORmZmIHTt21P6LA6Zt2LBh6rplexYpy L fvIiIXK3qIIC
6Bna7wrwzAKHuljGWbbH1XDylsC6Doz8HM3zkcjkzTNN+11+USUQ7iMt2wjT/
gcDg2c7wjaWOJIEdFzAB6tHHC5XKIVQq1lZXBIPBmtQ2NZoGgw4oNBgLzZs3bwEA+Uv/
8tUAhloPnWow8yNE1AxAQGH7F+KdQBMgovdhk59m5hLDMK5EXGuiaSqUwtK1S9GSWTN88MEH5U6NS3
80Gp1QNXmzZcuWmDVrVmjw4MGPXnLJJcc8++yzuPbaX/
I+161bN9e6n9vmwnyfz3dDMBicDaDL6NGjkZGRgVatWuHFF1/EjTfei03bt2PcOFWTMCVL3W73HU8+
+eTnfr/f/ib+CoClUso3FN/RYgAtoG79PoyIHoMt74SZFXDRDCuosPMIEZ2i0LvY5XQ6L43FYm/
ak2mzZ+TlmVv35vQZggmma8+pY1lj raKsk9iGEYYGaXYRi6dbmmwaOPPDQai3A4LBOOBOKhOOTfMX0Z0O0
g+MRqPvw/

bQY+bXhBAbLV2Jalg7GTWVXr4Nxa6FEGJQLBZ7 rLKCYPHixRBCICsrqg+zhhx927t279w6v13tZ1Tlu
t5t79+59ba%9evXKIyNG+fXuMGTMGS5YsQe/evZ/s2LGj6jhglc/
nuyIYDL5GROfMmzcPr7/+0saNG4dRo0ZVNs6KXnfddS1Vdztqgpl/8Hg8V4TD4Z1ISU12/
Yf3HQ7H87FYbCUAj23eQiJKh6ICw8gNGANgWI tpDRE9zMwTUaJU+DLEk2XtHUYyLhRDNnx2KxZ5Go+jm
FiC5CXK0iKkucTucdoWjOUytgrC13A7gVthoXh80Bffv2fZyamvpFHdbSaAS5L9A6FRmPh8XhMATIhEI
sXp6el9Y7HY3YgKiU8Nw3hDFUww8zhmvh4KnQJImXsjMqgTCf1lgNuw7KQi9evBinn366DIfD1wIwL12
69G77vL179+5i5qcrRaPOPfdcAEB+fv4aABe43W67kNMmpINSfigU+hdZzclef/11tG/

fHj fddFOLUFYhEaU4HA40afJIL5eR3332HrKws903bF61bt8b555+PWbNmHXA4HAO+/
fbbV30+351vvvkmvvvu0/
h8PvTpO+cAMI8Qi8UW7t27N3X06NE48cQTOaVLF2RMZm6PRGMCwCNn33XcfTj751+f8smXLnvI6VRP/
+c9/HqymePfdd+Hz+fD111/eU15ePv02225Lvuiii9C6dWuceeaZuP/++wtMO2xkmmb7448/HgNH/
5K/SUQDFixY8IjP57tg7dpfGn5yvKtoR9gqeZj5B4fDcXksFptzZl/

JQxAPFvOGh rF1WVra+pKRkXx3WOmgOW3RA0odFYSCINACAiKiwsvB3AnbZL1iEu76xSPpyGeN8H1Vzz
GiI6WXF+/
wARtalawmiaJlhYtWgTTNN+69957C1lu2bInFixdXW2z9+vVfpKamplUVZaqUeU5KS1K1Lw8KITf rFYrF
MADcC8TyRTz/9FGeeeSasN/51KnONADjyyCNxOkknYdSoUZgwYQI6deoEv9/v/
UKLL+475phj+s2ZMwd9+/ZF27Z7t8c477+xq27btJYj37jhm6NChmDt3LjIzM3H99ddvXLRokW/
CuHF9AODKkkO/G1glbEQqFACA7Pz+/VVpaGr7+

+utfvrglSvEVAAAATIABIREFUayKNGz f+4ZRTTs10Skpq3rVrV1x33XWYNGKSBgwYsCM707v1rFmzTj
IMA/369cPixYsrc2CuAnDWt99+e2GTIk1lw/
PHx+ICZvySiEBGdbvuYhYZhnBelLxZ5HDdLoKixRshVQJ9/+X0VFxWatQ6H5q6ADCo3GojKg8Hg8Pnt
mPzPvNgwjg51n2M/pEUBUXGrXNrDYgrgok73cdCaAb2HrtfH555+jsLAQTZs2ncfM7/
bu3RsfffRR1UuebtqO6REej6famfwXX3yxEwB690hR7albST1KROAIKc+qeq9gMIjy8nI0a9YM1jHC
qS+99NLBZE+fz4eCggIAgNTrRVZWFgYNGoTzzz8fd9xxxzBmdq5bt2602+1Gz5490axZM7hcLrNfv3
698/LybiKi05YvX47PPvsM48aNwy233PL5HXfckffiiy8mT506FcXFxTj11HhhTH5+/
nIi+khKefX111+0PXv2HLZz390nT1/
TpOyelsvR22LBhGDx4MPr06fPjmDFj5pl66gmUnx+Xe+jfvz927tyJd9555yVmNgE8SWTIEVTpO6dS
BnsrESWOL68UyDIN830AQXR/
hkqYebthGE8w878V5mkul2tS8+bNz3C5XAmy3xpNQOQHFBgQNhWEYEgBSU1lKgnbczc5kQ4spYLDaZil
rbpvOE4GGoVSb3WhULRIVGPXNCVKTSk3j55ZeXAiibPHny0ADeH]j16YNeuXVi9ejWYeRaAcLNmzVpX
X19¢cXIy33nqr5L777ks944wz8Pe/
V3+5XrVqlVIK2QK2TqWVSZ27969KYj6AcDgwYMxZ84c3HTTTQkfZPrO6Tj33HPRvHNnzSNeuXScDQE
1JSbVrCgoKtsRisf8DMAgAli5dCgA466yz1hLR8wCePOWUU3DgwAGsWbMG7dqlQ0pKSuyVV15Z2JaV8
fc2aNTj99NNx4oknYs2aNQAwpLSOtGvv3r2PqLzH119+iUGDBoWPOuqolj6fz79y5UocOHAAAHDOOe
fA7XZHX375ZQ8RTS8uLsby5ctx3nnngZ1LEG/s1dAh1DCMa4UQx1FcNrOaHO/
BUqIYryCikVLK8QLlfFvVANM18UiURWejyedJ/P17uogKjw/
WAOMsSMVHVBONBYnnnhiCgAIIYyq40TkZ+axduVFqwTO0ma26z9U1lj5ul6glbjMM42ZmngnQk596f/
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78Rj169Ch30p3HAKCTPNOAALNNZz94hhFgC64G4adMm+Hw+tGnTBiNHjmzSrVu35JdftnfgBkpLS0sQ
P360RmpgKpKSkmJSyoMaEM2bNOfPnj3Rvn11kdC8vDxkzZWwhd+/
eyydOnHjNnj17Eu6zevXqJampgWkADpaaFBcXAwC6d+/
exefzTfP5f0jSpQsAYMeOHWDmHwB83Lp160xmTv7yyy/RtWtXdOnSBW++
+eaitWvXnldSUuI+6aR405A1a9bgwgsvBDN/
tmDBguRgMIizzz770A8ul2tecnLyIrfbPQwA8vPzYRgG+vfvDwAPqQUpNAYxh5n015MSUIp5XYpfiBo
DreEQ8k7fkyXwNoYs052qryMKSUM4gKihLap2s0DQ19tqfRWLRr1+61b775pjKnoJKXENeZUPXUUALA
w6RoPgVgPYBqYLfMfICIhsRisTeIyGezLUpPT78XwPZ1ly5bB56u+Sz5jx0yyhx566IXK37ds2RLZ2d
koLi6e36NHj/6pqdWrL7/++usZAAb36tXrNcURDZh5Vps2bQauXr36V/8PePn113H66afvu//+
+282TfNjOzTt14xKSOVLNAYjWoVDW1 raXgDNpk2btr9x48bVHDzuu0P20Z30gc0GDVuYn5+fvHH]jxs
pXNGNSZNnXX3/dYtu2bX09Hs/BIGT8+PFRABXTpO/v5vFUj8WsXIaRY8e0XXnbbbcZ+/btQ35+Ps4+
+2ykpqbeL6WBXRHATXE4HDNj sdgKlecmojUAz1KY7gZw0eKImFVZh3gPkYMNOSpzW5h5V1paWj40mg
aM3gHQaACEQqgE2sLL+qwQUXwE4APW5epYQ4 TwAVRW2NQr1TAghrgXwLOpsjPUtgMsCgUAUAEYdOhVz
55zBnD1zMHV27NIuXbos2b1797G7d+8+0CEpKQk9e/ac279//172YALAS/
Pnz19u3VN1fj8PwImXXXaZY+PGjZglK2ED4yDMjB0O7dvC2bds+Mk3zfSJq/
M0331S95CkiMjp06PC3qoEGM+/evHnzKABo1lKhRas+ePVH500ePHqUtWrToF41GH/nHP/
5x1Pr167FqlSqcdtppAPBhSkrKh8XFxZ3XrVuH7t27QwgBZq5YtmzZ2rZt2yZ5PJ7GQPzIZdOmTQiH
w+UALgHwW7 sUXX9z cMAwsXrwYixcvRseOHT+WUg4hWydSAJ+53e57YrHY fKi1MN6EOpiYBSBRWS1T5 T
PUIKLPYOv3QUQIh8N1Pp8voY+KRtPQOAGFRgPAG/
VuCYVC3YH4Q4CZDzDzXCh6YAB4AmMZmLmP12heOnJL65gplv11I0geOhxcx7mLm/EOKybdu29e/
SpQsGDBhw80F79t1n3/b444+fAgCLFi060C8cDLCAGKHYTX]P6/
Xed+ONNyYoelp8CKAREXUcOXIkunXrhszMTIwePRrz5s3D008/jaeeeurgxUSONykp6StmviI/
P7/5jBkzMHr0aKSmpmL+/Pk/RyKRjcz83AknnIBNmzZh/vz5ePfddyvWr1171SuvvDKyf//
+u00007BgwQL85z//wZgxY9C5c+dvAQwkost00ukkxGIxvPHGG2jbtuOuzZn5+1KhRD+/YsQOLFy/
G3/4W/yoNw7hmwIABR23YsMHx9ttvY/78+cjKysKBAwf4008/3bVnz55sAKekpKSgd+/
eGD9+PHbu3ImMjAyDbC3KmfkH18t1laTgcnonEZmCVVFUNVyXM/N7gKKEabGfiF6pQQq8qLi4eDMR/
bgqwh0ZzmKOPPDQai08+
+WQvABw4cGADEb2IeBKfnSUAIgBI2CZn5gTIAR9iF14goD8AR1G+TV73+ABH1ZebOpmlOWrJkCUaOHF
nVficR3XnmmWem+Hw+LF68GEOGDEF5eXmIpbxoPzZZ4fP5hoRCoRkpKS1tFL4v53gzs/
MBwOPx4N1338Wdd96JFStWYNasWWjVghXOPPNMXHvttWjZsmU5M1+8cOHC1x999FGH3+9H8+bNMXr0
aLjd7q/vueeex LKXAAYOnQoNm7ciBtuuAGlpaWck5PzSNeuXc/
Kzc3FPffcgzvuuAOlpaVITk5eN2jQoE+Y+UEASELIQdeuXfH555+jTZs2rwKYmZKSgg4dOmDlypXIy
sqCE0Jy0zSzx04de4QQAg899BAcDgcuuugi90jRY/Abb7zxzJIYtWwYObx7P1+3Xrx/uvPNOd0jQYV/
79u3tJaAhh8MxIBwOVORECCc3AADXBRCr1z01E9CgRITfRZsQLL5XSCW4Xbt29/
yzTNvnaDRtMQSfgXoNH81ZkwYQI7nc4FgwYNOpOI7CqK24jobGb+FHHNiaoEmdlpT+Bj5kVCiDdZ0a
BLCNFHS rmHmVcoNCgelVKeZRfWYuZdRFSBxDfrTUTUj Z1fhKINOYCvmPKTI rql5k9fHSK6hJTHILE/
xteWauVMxbRrmLk7qTuEPghgCTMvqTr0zBVCiBFSyhcV3/mNzHyKpaBpX+8yAEfb+4REIpFN7du3P/
L++
+9PDgQC9jm9pZTnENED9VWsdS490g628TLDMK6XUuYhUTU1k4juRaJIVrlhGD3ffvvtgQCGjRgxojU
OmgaOPvLQaCwmTJjgBIBmzZqdbX+wWUqSA5j53diCCcvGimqAbwzDmKAKJohoqJTyR2ZeZA8mmHmm1
LKNIpgoBVCCxGAiSER9pZS3QRFMMPNGAG/
XMZi4mZkvQWIw8RMR]jZNST1VMu5eZm6uCCWae5HA4pL1tHBVZ7jZVSPqUIJp5m5uQagolbpZR0ezABI
JiRkfFzcnJy8uDBg+1zhjFzK1UwAWA8gBPtwYTFzVLKZ5EYTNwOYDBswQQACCEUANDOUOOOuU14IY 9
cGk2DRAcUG01F9+7dGwGAYRgJIVRGGYVXDRHOAIMhnE1EJbDOcmHkngHtN®3zNfj0zjy0iORxvdtXcZ
1tJRDtJI3YK7w17QycylQoh+zHweESXOELH8eA02AalfYbyUsi2A62zjQSK6XU051Z67wcwTmXKTET2
j80Ejj8dzfzQaVSVA5jDzKCI6w]jbnHSHES0TOFBIZj3ji61tVBXcuXIgOHTpEPV/
8839MmjQIXm+13mIPIp7fktCoDMAOZVYQOb12g6VmegsStUQmENERRHSeYs4gKaVbSrnA7Xa3EUKKF
RYW3qq4r0bToNABhUZj0apVqzcAQIjq/
yYY+WEAP9WgilgPiU2pD1jaFZMVSZNv+Hy+fOkp59mTBQH8JIIR4HOCCshQz/
6B6eyaiK6SULQFkK3wrJKLbACSOAbfWLFYMvw9gi303g51LmTmLmScQUWP7HCHEGOQOXbHeVy6X65p
wODwXgH3b fwmAvpQo+bOUwL+T11DMU68ORQURIKA9X2J4c03ZsyvL1y9GjR4+q43MBTK1hzhxLjjtB5
Z573zFzHwAn2sY/
YuaPES8frQYRXS+13GMpckIIgVgsBiJ6NhQKqZRUNZoGg07K1GgABIPBR2Kx2AVAQkDxvsvlejEaja
5UTNsHRSMwwzCGSSkfs791A/jY5/

NdEwwG3wVgTwj cD2A8Mz+puM82RakpAIxk5qBVrmhnLxF1SS1fqUGHosCun2E9WD+AQVWTiEYAeByJ]
wdOXDofjkVgspuoCutX1cvWPRCKTKN] jZCuAdkg8PtpARDcQUYJImAzN/
6XQ6745G0o0sU0yQP9e3b9yrFZ10jhLjFNM1P7YEQM38khJgM4F37vQDMQXw3pZdtznorf2SBYs4NUs
pVRLSscqDy0zFNcOmzZs1Ubdc1lmgaD3qHQaAAw8wQp5Q9ANTGiDU6NMYMSiXwAW96CIcecEEwWAYDIN
MXNAV9Vv13zHzxcFgMBVAXY r7P1JZ+WAb34XE7XYQOTOGYSxSVROgHpxcIgX81l/
1IxVpzoz2YALBFCPEyFMEEM/
SRb5RmMzxXYIoTIjMVisxX5DyHDMM6NRCIPwHZMZ012eJAYTOx20p2XMPPbsAUUAH5y0p3XxGKxuY rP
TE1EVRTHQTsNwxgspZytCI5WOBy0B6SUrys+7wpm3mclfVZ1n7Xz9KYioLnd2pVYDCDNvuZ3331nPz
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7SaBoc0gDQaACkp6dv27RpO7nAwWR2KISMwBKkSjORwi6 lb1WmYuViRgAsATzHya/
VydmXc1JSX1I6JRAEbYJzHzQORO1+IhVUqJgkxg5pl0p/
Np0zQXI7FOtISZLOBcwV01q7FJIcXSy3wpoJinudRuAK5GorbHPMIwrpJRv2X3keLOtAVLK/
gBG2uaBiBopckcOCCH6X2KXxZy1RrjXERIAGO9EPAI61zZsFIAWIOWL LAC6NXWL jAXSX2VY5HI5rTdO
coUiI/YGIThBRhmK9661j rGpHNETOoMvletlKsLX/
eRUDwLfffhulfw8aTUNDBxQajcX69etLAGDHjhOThRDtmPLGKHYTFG/
jYOYZiAscDbeNVwghLigvL78AwCOK245H/
IFtPOqoUPNIzCtdLtfISCTyIRQ7F4ZhXEXEdOItFb6ImRMCFAD3AU]ID7EqKM4kor628QoAF5ummUt
WF9CqCCGuICIvDTknKkzDMAYx8zAA/W22KDNTIKV8hohOs/
mxkoi+h6J1uBBiCBGNtRIpq85Z73a7L4rFYm81i8fsrJKIXoRYzGwrgSUWQlp2WlvZsNBrNR2LpaOnW
rVtfsPyxy35rNAOOnUOhOViYpikA4MCBAZz9JKa8CcFstp34mhHifmRMgOohosJTyWCLKUcz7gIm7qR
7KINh3AgA2u93uQZFI5C001Dit60KhUB+pbCSiIMUb+TgAYXU7LN0IKIJ4WWQ1hBBXSSNHE1GCDwWBG
EVGBLHIpEdXghYWIMgSUHQCMUpiHAcgiomgNtaxciymI91lgxr3e/
1PJasgS8qsz53uVy9Q6Hw680dp1KrQqVxxTrjQZwC2zImQDe93q9d4ZCoQUKGwzDuCQUC rWwnuPKgWw/
NhNZoGhN6h0GgspJQCAJo3b94eapVMFZsAPK4AKIhBPmozVVP2AUAT2aXYDM6tkmoscDscFkUjkWah3
H4Ywc3co+05wXOWXFLY3cksf45+Kks1VzPwlgLsU98myem0oSiy fATBHS jm/
hoAoASK6Nn4h2IL5Tk2ADCAIRXW/
zbxcRPQpFMAHgTWburCi73eTxeP4RjUZHK3IjIIR4gpkTWpsz80PMfA4SIdANXMTOQUCgOw26zfH/
GNM2HW7Ro0c5aX+9QaBo8eodCo7GQUgohBFqlalXb8r4g4m/
VO+wGZn4ecUXI5Yp5WwFsB3CRalELiSTKMXRyLxTKh7jExkojcNTwQy4noJwBn20z/AfA3+
+4IMxcIIV6sIUB61INPIKLLFbY5ZzPwwx1U/
7QmVNTG6EOLtWCy2S1Eh8raUcifFZcur+1dCRH4ACe3GAawGOBiJ3+s2Zv5HRUXF34ko4TsiorHMfL
Ni9+ZVKzCy7/hsdblcA6zqFbvwF6xc1OuIgN1TRRx118u7du/
UOheYvgd6h0GgsTjvttHYA4HKS5aj t LKIAXkZjVPOcI8SoRzbdPY0OYyZv4SNQQTNXANM3cBcIfCdg+A
ragESotPYQsmmHkDAGNf9kc8B+QeKWXCbgGAKczMRDRUYVvmIXqHMPNMStTWqIKkPHA7HraZpfqDIST
kYwGX7MAEAQoj rmPkZAF6b6WcAu5H4ve4TQvQ2DOM4sglhWWQzcwZswmQA3hZCfIrEXZqQw+HoF4vF
HUXtdACYTKS9YeXEEJELADp16qTqG6LRNCjODoVGY1FSUhIDAKTfTWZvLhzDzGCKyJ+J9aRjGOCn1lR1
C3xV6g214/
FI8yc5TizcrsPCmEWGRpLKjmfmqvOEG89HENFMcmRHQrMz+rqDZZhLgypUoF8wfDMC4KhUIv2xMgD8
FqZr4qGo2+S0T2qo0fhBAVMLNKG2KI LHKUvUrFqsDYTUT9beP1hmHONwzDHY1GE3qOWxUivYjILrjl
gSWetVAxZOAsFvMDS0gsiriAlrGI62sA+EWHIhaL1TpK1WgOV3RAodFY/
PTTTOEAMAZjewAJiZIVuJuZLyWi7 LUHrVyFWOzTnKfa9mfmj4joktréw8wzDMPI11IuVpiziegVKeU
X99CgyvzTFIHGWiiCCWYOIF7tYff7WyvhiN4zA4i//
Z9rmubNRFRbnYWfHQ5Hv2g0+pw90dJa7widp5ZsKv29g5r6K0aB4a/
CEXBQiulwIsSUaja5CYh+0ORUTUBsDxtmnLhRCjpzZSfK9a71Ij6MLNgp6hSZz00U2XWAWES//
bReMUejaVDoIw+NxqLyLfLbb7+9GvHz+ASYeSLFezhcZhsvlqIbmPmdGrQjVhFRv9réwswrHQ7HU6Z
pJjTTAjDNMIz/
k1IuQGIAcBB7LgYzr4I6ofMxxEtXj7WNbwPwuiqYYOYyIcT5zHwW2EY39tc9jETQM028sFruSbFLXVi
LgKGbOUwWRI jxKRyz6nCvbjChDRrV6v9+NoNDoPNs1lvZv6CiNJhe/
gz8wohxIVSytcUa94L4Bi0y7DDNu87xJINsE46xCgoKngEAKaV0ytQ0ePQOhUZjIYRwMTPatWt3JDOf
YHOLtt5qv2RmlTT1Dcw8ntTKLLSAQLpYKmHmM7YZh3BCLxT4ghVy0z+fzB4PBj1X1lpodYc5ciZwIA3g
SQrtBrkKCGil1FDUzEiuoKZmwBQdR2tyYcBVt+RhAoaivcceRS2AImI80joE+sIgba85PVenyssLIxp
30UC8CO0AJgDsuRGrfT5fv2Aw+BAR9ObDZcpm5EICqILfQ+p5U5aaDtm/ fngLLRjV/
FXRAodFYSClbEhGaN2/+hqLscS3iDxRVCei9AB6hxCZX1Q24GtsDg5qwqjKuk1IJ0VwQny30+38XBYP
ANXYPykNSwa7ICwJdEOLTi+jcR/1wgbnI6nZuj0aigh@hN9x/EzAXM/
JXCNpaZs1A198BitmEYT8disYTjhOMwx+fzjQoGgy8Dglarwsx lR0QjIp9tzo90p/
P80gKiDEps8T6fiJYCUHWNLbN2Z1RaGEMBfMrMA4gIhmHogELT4NFHHhgNRePGjUBGAMMw70ftBcx8
FA4CE5Kk7MPNmgEmhbw7K02gYTAEBEMY132rb3zVjj9XrPD4VCY+uSh3EINgkhnlAFE1ZCZEA1iZn/
7XQ6p1tHCagkUxVZaWlpC41loLhKPENKY+XQkCnX9x+VyZUW]j0comXb8KM6/
yerlXFRYWPgil5HcyEqXKC5j5nEgkOtt+tMPMG515Vg01tCCiuwA8gDA9LqVsysyh44477mxAH3 1o/
hrogEKjAVBcXJzeokWL24FfEumAg7kRfgCTFToF+UTUNndQ9M2CtpUyYVMHxfhgXwNaJlJk30ByOvqF
QaAgULbP/C/YTOXBmz1X4kH+IgGWuz+d7wGqWVIMAZV/vYZ/
PNyEYDL4BWODAZzAUuYOR3ABbZpXzPzhZFIJMde®XEI fnK5XBeEQqGMOURO7HM6NXOAHEVQ8bEPiCjh0
738 fwhAFmwN4qzS2c8rA7WmTZuOAIDmzZt3rqVPGs1lhiw4oNBoAsVjswYgKCi9QvX25EGIYgKfsRwa
WgFMeFJLL1n1DHV2YQORpCtGonwGcG4vFTodCTTK/
QQgxmJkfQ2K31Gk+n28ggC2KaV8z8zWhUOjNGnIXEmDmyenp6Q+EQqFnFEHKGiJSdfT80el09i0iaw
EMrOvV9Spx054BoNNoPcV2QWsOhon6maYaJal7ikp8Uxx+VvAngDACdASAajSIcDqOOtHTNDz/
8MCkUCr0eCoWwb98+RKPXxnmD79u07tTZ+aTSHM8ridY3mrwYzJ33zzTcfrlix4vTBgwdXjgUAXEGIz
bE20p30s13SUggDweBc2NpzI16VsMdSy6zKIrfb/
fdwODweVR6WzLwewBkUb39ddXdir2EYPZg51TTNT2rY7ZiHeKtOu6z2u6qdBmYeIYTYxczv2cZXpKe
NNWkAhYWFw6uKSjHzz127dv3dMIzk1INTUXxdZ2PqSUsH7ez8ypVccqKipWLF+
+fMwJJ5zQp2nTpvcyMyp/mKa5b80GDfd6PI7mrVu3vh+A2xrf/
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+0PPz5uGEZy27ZtH2BmAICUEgAQCoU+dDgcTZKTk3tUjhMRCgoK3gLgbtas2SVSS1TIUVxc/
HVSU1JXZhZV71i8PHDiwPhwO17vd7vSkpKS21fdgZsRisWgsFitz0p3VPpN1T1nZ86U2tGnTBlu2bMH
OnTvLCwoKvsvNze02fPjw8ydOnPhhbdfQaA4XdEChOVhkZ2dfahjGdABU2dfDjhACUSoKAIJKZpWEYD
iGEp/
KYhJmjOWi02DAM19PpbFL1+IQrKir2IN49kz0ej9cwjMbMHKmogNjFzFEASE50bmUYhoeZZV1Z2U9S
ygq3293U4/E0B345jiEixGKx4pKSku+FEI6UTIR0QogkIKI4HN5dV1b2s9fr7SqEcJumCQAoLy/
fWl5evguAw+10prtcriOsh6VZUVERYmYDgJOIHAAa/Im/
1QAbIyI4HI7GQggSQqCiomKP1LIsKSNnI53Q6U4CDulZmSUnJuiZNmhzjcDjShBAgIhCRGQwWGP45Go3
u8Xm+btLSOUxwOh8cwDDDzku+///4kZh6/cuXKvEmTIm32+/
2z1GgggMtzcnIml+uXoNH8juiAQqOxmDRpUjPTNDsBGGGa5jEABBFRcnlya4/
HO800zYoDBw78GIVFKsLhcBuXylUghIgZhpHcpEmTY5nZ3L9//10AUQBwUVXNmjRpcoIQwti/f/
+aSCQSZGYmIgkAbrc7taKiIlj5e8T1lsEV6evgpISULG8Ph8D5mlkRker3ejk2aNOTKRDBNcz8A3rlz
52zTNMsBmE6Nn09myZcsLotHo3p07d+ZLKaMul8vVpk2bKxw0x9HhcHjT5s2b34L1b56ZKTO9VVPTpk
OvKCgoeK0OtHSF5QMxMwFAamrqOUIIdygU2kzxSIasz9XoyCOPHCC1jPz8889ziYicTqcnJSX12EaN
Gh1bUFAw3zTNWOV9iIhatmzZz+PxtN27d+
+84uLiHURO8D5NmjQ5mpkjpaWleyuvBwCv13tiSkpKt2gOWrhrl66PotGoQwgRISIKSOvraBhGamFh
4apKvw3DcDdrlqy3w+FIKykpWVdUVLS+8j5NmzY91el2tywqgKvqy rkKxsV9X7MDM5HAS53cnLy@aWlpd
ullJFKelpa2olut/sYACquLveqvLx8Lz0T1+vt4na7WzAz9u/f/
7X150gAQESO1INTUZzswcC4VCFXLRYCLaPGLEiINHVpmZmWcAOCovL++dQCCwk51XSymvnThxYvB3/
mutOfzPOAGFRIMLgsHgTUTO/t133/00gCsATLVx48az1ixZEgOAOtLSIO3TTELISfm+6 rxQKHQSM5/
08/ne+KO+hEKhDCn1Wenp6ZnFxcXpKSkphbWzZV1hYOM7n8z1NRCWKz5Xq8/
n2/1bfakMoFPq71+v9tC5zgsFgZ4/HExolatRDQoi/
A1gTi8XmSS1Xvvbaa+vs1xcVFXINO+ybnp4+w24rLCxMSU9PL66r3/v37z/
WNM3LfD7fEzbfXmLmrOPTOXNG6jtTIXhkZGROdDs fDzDxXCLGDMUcDmKXx3LzSHGzqg@Gh+hSFDhhzVq
FGjXADNAthQUVFx7ZQpUxLOFDR/HEOGDOMTnJIw8A/
GmYEXMXAAgKKX8kJ1XTJ480b+eXfxdGDVqlLuioul5IrrIKLUWUkpMnDix1gJiGk190QMKjaYG/H7/
ECK6G/Fs/gXRaDQwefLkbfXt118Vv9+/
hpm7V1apwSaYAAAQAELEQVThWImSYWbeAiCcl5dn17I4rBk5cmTjSCTSXQgXEUATIUQ3KWWTnIyctf
XtmOajQgcUGo2NQCDwIoDBABpLKafk5eUliCRp/
vdkZmY+CuBeIUS1/7eYGbm5uQ36/7Jhw4dYdbRhGhIgyAAxg5m+SkpJuffHFF8P17ZtGU4mW3tZoAP]
9/p0I6HKAPQBsNO1zzMSJIEXxPOxjX1RyQSedvlclOPoFXVcWbeWE8u/
c+0sjP2eCAQWEBEM8Ph8DEALgwEANdJIKaf15eVtro8fNZoGHdV rNLXB7/dvIKL2AP4TDoeHv/
baa5vg2yeNGr/fnw/
gH5X1s1JKTkpKSvqLvgkTAA4EAM8CuUJKILp8wYcKs6667Ln3K1Cm1StjVaH5P9A6F51/
JOKFDWzidzieI6CoA3wLw50TkROvVbL82hicVibzkcjrMQF8P61YjuCYfDhQBg3S+1ACEAKIOTcxWAq
zIzM9sCgMfjWRcIBER5eXnnqV0On7q28TqP509E7F1q/
FMOHD+9hGMZTADoxczEzj8nLy3u9vv3S1J7hwddvAmBMnDixDQBkZmYelL4RYkZ0TU9tmZQ0ev98/
XjTNGYZhMBEtApCbk5PzcH37pWnY6IBC85cgMzPzKiHEHQBOIKIVO9HOLZMMTV r1gxM1hwWZmZnnCC
Gm50TkJLSQ/6vj9/
VHEdGFOTK5pwYCgQHMfHJubu4j9e2XpuGhAwpNgyY j I+M2h8MxDkAygGkA7srlyd1Zz25p/
gD8Tn8GET2Qk5PTpr59+bNi7eZ8AgAilyfnmOHDh3eeOHHit/
Xt16ZhoAMKTYMjEAikSikfFOIKMTNOIprcsmXLBx588EH567M1hzPDhw+/WgjxVG5ubqgtfv/
qvS1ZwWVqvs70wCv98/n0oiGMvPg3Nzc9+vbL83hjQ40NA2GQCBwIIB/
A7iYiA4w83050Tk59e2X5n9LZmbmoOKIrJycnPT69uVww0/3DyQid050z0oxAILCemd/
Nzc29r7790hx+6IBCc9iT1ZXVIhaLvSCEOBfAPma+MTc3d059+6WpP/x+/70AMnJzc4+rb180J/x+/
ygiulEIOScSiTQ1DOPY3NzcmfXt1+bwQAcUmsOWYcOGHelwOF4hom4ASpn5Fr1tq6kkEAjKkMnPX3Nz
c0+vb180R6667 rkNSUtLXzLw+JyfnlAcffFDoYOPNodABheawY9iwYc2cTmcOgPMAFEgpR+b15S2shb
780fz4CgcBKALtycnIGlrcvhysZGR19102atGjEiBGzmLKkDM1+Zm5ub001VoxH17YBGU1sCgYDT7/
dPdjqdmwA0J6JLc3JyjtPBhKYmcnlyujNzl7/ff3d9+3K4MmnSpEUAEAWGBZzPzNwBuUBgC/
359Vr45p/nToHQrNYUEQEPg/
AA8B2MVMN+Tm5r5b3z5pDh8CgYAZiURavfrqq7vq25eGQiAQmAngEiI6d8KECYVIr2x9N/a0ltzV/
aqwW4rmIJ1s0z83NfbW+fdL8P3tnHt5EL1f3x77mTpAVaaMsOsoM/
RRCUVQVFRVQWQaBsL8jWpLyIigiIK4iIC6KIGOO000CCLA0OILKIbCr40qiIKCAia2 lKN2ibmXt+fy
StzWSKVMEUej /
POwd679x7T6YzmTPnnuXig5mdDodjN4C4cMtyqeB2u3sNHTqOFhFdBgAul2s79gCS3262K6pVS1IVCU
SJJISEhoIYRYBKA2gKlut/
vJcMukuLhx0p2fAcj0eDwOwy3LpYjT6XyciMYYhtHadXCkvvnmm2nhlknx76IUCKWIw+10Li0iDgCW
RERE/LeUVpJUXABcLpf0zNd5PJ7t4ZblUuW+++6LYyMnJqSOE+]GZX3K73cp/
pZSgtjwUIYZhw4YNsdlsc5h5n2EYN6iUwI rzDTNPIKK3ADQOtyyXKoEXgL1Dhw5tY7 fbHWIA18uVAOQ
Ajt9t9MrzSKS4kykKhCDtDhgyp5nA4NjBzrBBibFJISkqr+gbhguFyudGZ+QuPxvBJuWUoLTqfTSUR]
AEao7LWXLipsVBFWEhISHnU4HL8x836Px1NNKROKC41hGOMBjAq3HKUJj8fjcbvdQkr5BwAkJiauTk
XMbBZuuRTnF2WhUISF+Pj4MjExMd8SEUkpR8yePXt9uGVS1B5cL1cegP+43e5F4ZalN0J00qcTOb2a
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plX/

7bffTq9atUr5SVOCKIVC8a8zZMiQng6H4WMAN7 jd7u7hlkdR+khISJgthGjkdrtvCrcspRmXy1XWMI
xemgaNzcvLu2nevHmnwi2T4u9T6hQKZu4NQL2V1IF56EdHS cAuh+0cwc1kA2eGWIOXSI6Lrwy3E+cLl
cn1ARLWSkpKui4+P1xYtWmSEWyZF8VFRHgqFQQEIK263u0/+/2NjY/c7nc5vVL6Qiw/
T1KTQKBSKEKNERMTLRFTD5XJdMWzYsPrhlkdx7iiFQUHiyc3Nhcfjwa5du8ItikKhuMC8+uqruW63u
21aWtovRHS5y+VKczqdV4VbLsVfoxSKf8D06dPx4o0svFvyek50De+
+9FytXrvzXZT1x4gTmzImDkycvvbwx27Ztg8viwrhx48ItikIRV1asWIGNGzeGW4x/
hUWLFhnJycmrmflJInoO3PIoFCEwc280sHv3bh4yZAhXr16dqlWrxh07duRVglbxudKqVSseOHBgwe
9paWkMgJ0Skv5y718//sj33HMP161Th2vUgMEDBgzgHTt2nPPaZr7//nsGwB9//
PHfnuNs6LrOM2f05A4d0nBOdDQ3bdqUI0yYwKdPn74g6xUmJyeHX3zxRd6yZcv5mE7ty14iMHNZZua
BAwcyAAbAUVFRTMO11/DTTz/NZ86cOR/
XS4miX79+fN111zEzbw33+Q8HLpcrlel0zgi3HAprSq2FYt26dWjTpgOOHDiAF154ATNm+K/
RwhaHC8Xu3btx880348i1RI5g6dSpmzJiB3NxcXHfddViyZMkFX//v4HQ68dhjj6Fly52455130L9/
fyxatAj/RtK7iIgIPPTQQ7j+
+kvGgV1lxnrnsssuwYcMGvPfee+jUgRNee+01d0OvWDYahggUuJ fLy8moSOWO jR46MGjIkSEy45VGUcp
i5t67 rfNVVV3HTpk05Mz0zQPs3DI09Xu85vy38HQtFX14eX3311XzNNdcEvUHpus4d03bkmjVrclzwW
VnFeWpj5wlooTp48yQD4qaeeCmpPS0tjKeV5X+8CoywUlwhcyELRqFGjoD9ycnIyA+D169eH4xq7Y]
R2COU+8fHxmsvImulyuT4MtyyKPymVFopNmzbhxx9/xL3330uoqgKiCdiEEYmNjAQDff/
89Bg0ahNatW6N8+TK44YYbsHjx4n+89hdffIFdu3Zh1KhRiIyMLGjXNA2jRo3C4c0H8dlnnxWOO0xwO
LF68GBMNTkT16tXxxhtvAAC++uordOvWDbGxsWjfvj22bg39fjEMA48//
jhatGiB2NhYdOvWDSdOnAg6pqj5C8PMAACTzx fUHhMTAGI/
U5n81XqbN28GEWHvV3r0YOnQoypUrh6VL14KIKISUFDT31K1T4XA4kJqaWiDns88+G3TMOqVLcccddy
AmJgYtW7bELCLTIKUE4Pe7uPvuuxEXF4fGjRuHzK+4tGnSpAKAYN+
+fQVtf3VNrFy5Eu3bt0dsbCzql6+P3rl74/vvvy/
0dzgceOml13DXXXehUqVKqFevHp566qmQtZcvX44uXboglLi40119+0R577LGC6xL482z7YvHkzbrnlF
1SoUAHt2rXDpk2bguaRUuKJJ57A1VdfjRolamDMmDHIyck5L+fnYmfRokWG2+1+HEDthISEQORO6dFA
pEBT/Pszce8qUKQyAf/755yLfBFITU3nGjBm8aNEiXr580TudTnY4HLx///6CY/60hS1/7V9//
dVyTQA8YcKEgja73c4tWrTgjh078pI1lS3jv3r2ckZHBlatX52bNmvGCBQs4KSmImzRpEmKhe0KJJ1g
IwQkJICbxw4UJulaoVX3PNNUFWBav5rejYsSMLITill17i1Y8eOWR7zV+tt2rSJAXCLFi145MiR/
06777LP5+NGjRpxjx499guzq374933777UFyTp06teD3zZs3sxCCe/
fuzR999BFPnjyZb7/9dvb5fHzixAmuVKkSN2rUiJOTk/
NRRx91m83GH374Ib0yUFwy8FksFASWLGAAVGLFCmbmv7omCubpr1278pIlSzgpKYk7duzICxYsCLoG
y5Yty1l0OmTOHjx4/zm2+
+yQB48eLFBcds2bKFbTYbx8fH89K1S3ny5MlcpkwZHj9+fMEXx+fdB1lapVOTk5mQ8ePMjdunXjKlWgc
G5ubsFxzz33HAPgsWPH8rJ1ly/jBBx9kAMpCYWLYSGH1XS5XA6fTOTfcsihKGezc+/
7772cAnJ2dbflgtCIrK4sBsMfjKWj70wpF/
tqFt1oKExkZyYMHDw76EqtRoObQNsirr77KAH]jPnjOFbRs3bgxSKE6fPs31y5cPku/
IkSPscDh49erVz53fioyMDB48eHCB81vrlql53bplBf3ns17+F2n37t2D5n700Ue5TIKkyBV+mKSkpL
ITgN95410j0wgpFt27duGnTppZbLv1KW+HzM3r0aG7fvj2zUiguGbgIhelLYsWPcokULrlWrFufk5Jz
LNVGwZTh//vwi7wG73c6jRo0Karv66qusW7duQddls2bNgo55+umnuWzZsnzy5Elm/
vM+ePfddwu0+fDDDxLAgUKv6zpXrl1496H5iZu7UqZNSKI rA5XLtdrl1c88ItR2mmVG555FPYDGnFggu
LOKZNGORHRxds jWRkZJyXtQtvFfyVTH369EG5cuUKft+8eTNqlaqgF//u//
ytoi4uLCxrz5ZdfIiMjA7fdd1tBW/Xq1ldGgQQN89dVXZ53fiujoaMybNw//+9//4HQ6SW/
fPtx6662YM2d0sde75557gn7v0aMHzpw597VrlwIAVq9eDSklevToYSmLYRhYvXolbrrpJsvz+Pnnn
6Nhw4ZB56d1y5bYtmOb8vLyS126+dLAL7/8AiICEaFatWpwOBxYuXI1IiIiAJz9mvD5fGjcuDGuuuo
qTJo0Ca+99hqOHDTiuU6NGjWCfm/atCl27twI4M/ r8uabbwd6pn379jh9+jS+/vrroPZatWoV/
LI9MMTIAgOxsfybx3bt34+jRo7jxxhuDxpjvc8WFfuN3ux1LKVQCQkIBwWS7]j1KY2USoWiSpUgAIBjx44
Veczrr7+0QYMGISEhAXv27AnxH/
ina5t9GQAgLSONeX15qF69uuWY fE6d0oWYmLM700c rPoMHDY740iUi/PTTT/jjjz/00v/
ZuOaaa+B2u3HgwAEObdoUjz/++D9erlWrVqhVaxZWr14NAPj000/Rvn37kP0QT2ZmInw+X4G/
15n09HT8+uuvQXIMHDgQuq7jwIEDkZaDFBc1l+VEe+X4Ro0ePLvCjAM5+TRw9ehRCCKxYsQLdu3fHvH
nzULduXQwePPgv87pUgFChQPnIvy7L1ly8fdEz+dWq+D87GqVP+GLlnmuRRnZ/
bs2QsBQAjhdrlcL4RbntIGgXRkadu2LQBgw4YNaNiwoeUx06dPR5cuXeBOOgEAuq6f17U3btyIevXq
BfV98cUXAIA2bdqcdY4qVapgz5497z2mZs2aAIDnnnsuZL6iHtTFITo6Gp07d8bzzz+PrKysf7xev3
79sHjxYrz88stYvXolJkyYUOSXMTEXiI60Rnp6umV/
zZ01cebMGbz66qshfbVrl11Z1ki9BypQpgw4d0qBDhw5YvHgxx08fj65du6Js2bIAzn5NVK1aFQBQrl
49TJ8+HQCwZcsW907dG2PGjMHbb79d5Lperxd16tQB4L8uK1SoEHIdpgWlAQAQVgx4zp8nX6bMzMxz
HgP4E7fb3dD1lcqOPtxyljVKpUNx444102LAhZs6cibvvvhuVKIUg6EtPTOf58uVx+PBhdOnSpaA936
x5PtZuOKABZs6ciR49ehRYGgzDwKuvvooaNWqgu6d0z52jZcuwWwmD9/Po4 fP17wxZ0bG/
ycbNy4MapUqYLc3Fx06NDhH81sGAa++0KLEFPu4cOHUbNmTURFRf3j9Xr06IFp06YVZPvs3bv3WY+/
8cYbi8wY2LZtW3z++edo2bJTUBRPgLPvcykuel5+
+WU0b94cU6ZMwdSpUwH85TURwWg033ID27duH3PeFLZX590X79u0L2qyiNTZt20TIyMhi3Rf16tVD1S
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pVgqJIMgND7XFEObrf7FgBwuVzr8/+vUIxX0JApcOWqVRwZGc1169bladOm8WeffcYuldsbNWrEug5z
+/btul6d0rx69WpesGABN23alGNiYrhPnz5sGAYzM3fpOoVbtmzI33zzDTP781hERUXxsGHDeN+
+fUU6d+Wv3aBBA542bRovXbqUe/XgxXa7nRctWhTiCFbYGZHZ7/
wZGxvLw4cP55SUFD5y5A13b98+JIMpj2rRpHBOdzcnJybxhwwaeMWMGX3vttZySknLW+cOsXbqUATDI
kSN57dq1vGHDBn7kkUdCnFT/
arl8Z7RNmzaFrCGl5Lp163L16tW5RYSWIT1ImObdu3cpCCO7Tpw9/9NFH/
OSTT3LHjhO5Ly+PMzIy+LLLLUMuXbrw+vXredwgVdy3bl+ePHkys3LKvGTgsOR5uFwujoyMLLgP/
+Ka4M8//5ybNm3Kzz33HK9Zs4YXLFjAZcuW5TFjxgRdg5UrvV2a3280bNmwoiloonMF169atbLPZuG/
fvvzRRx/

xUO89VWSUR+H7YPXq1lQyAd+7cWdA2adIkrlK1Cq9Zs4YNw+A333yTo60j LVNmMRK2bFhH18uV0Onz4c
GtztELxd+FCgbd37drFAwc05BolajAAbt680a9du5azmQ8cOMC9evXi2NhYbty4Mc+bN49Xr17NrVu
3LkhItXrlanY4HFy5cmX2+XzMzDxx4kQGwL169Qp5KBZm165dfM8993CtWrUKUmI9v3779Lx+k+Wzbt
01btWrFNpuNGzduzJs3b7ZMbPX888/
z1VdeydHROdyqVSue0OXNmUGjauSgUzH6140YbbuCqVatylapVuVevXiHKz1+tdzaFgvnPCJj8L/m/
0g+rVg3ililbclRUFLdqlYrdbndB1MeBAwf4tttu44oVK3KtWrw4T58+/N133zErheKSgc+iUBw/
fpyjoqlL4jjvuKGg7yzXBUkr+4IMPCu751i1b80owZM1jX9aBr8P777+du3bpxTEWMX3n11lUFhpfmsWb
0GW7VgxWXL1mW73c4PPPBAGDznqlDous4jR47kSpUqscPh4LFjx/
LYsWOVQVE3cDqdVyUkJLRwOplbwi3LpUyp83hn5t4AFoVbDkXY6EVES8MthOKfw8X TAWT/
W+s5HA489dRTe0SRR/6tJc/
GNiJSueilidPpfA9AusfjGRFUWS5FSmWUhOKhUChKHXx6Pp78Q4qlwy3GpohQKhUKhUJQakpKStgXqg
Hweb1lkuNZRCoVAoFO0TAZ599hgEDBORBDMV5IFAHZLHT6VWWb LkulZQPhaKooXwoLhH+bR+KEobyoVC
UOJSFQqFQKBS1FpfLdSgxMfHpcMtxKVBaFQpWP+f952I5t4pLi6L+tuG+ztS1fIGwd+/
eelLK6XMSEj gHW5aLnVK35aG4MCQkIDwGON/ s2b0bh1sWRenD5XKNB/
CULLLT7Nmz1b64QhEGLEKhOG+4XK4UZk72eDxFF+JQKM4zLpdrFYAWhmGOSk50PhhueRQXJwkJCY8R
UXuPx3NHUGW5WFEKheK8kZiY2ExK+SkR1XK73eenPKtCUQQJCQmdhRArAHz1druVg6LiH+NOOr8D8L
3H4xkYblkuRkqrD4XiApCUTPRAIIJiX7hlUVzauFyuxUKIpVLK/
yplQnG+8Hg8zYho6KRIK9SZz8W+gTpriv0J2udcy8+90p/
P1cMuiuPRISEh063K5MgGOzMvLgzt79mx3uGVSXHIOONnLkyAPhFkKhUARwUVzpTqfzvnDLobhOcDqgd
bqfTeSIXMXFauGVRXNq4XK4cp90pQkmLibJQKC4Ibre7AhE96XQ6m4dbFsXFjdPpvMv1lcpOmou7MfG
dSUtK4cMukuOSpSkSnXC6XPdyCXEwop0zFBcX1cknDMFokJyfvDLcsiouLkSNHRum6/
jGAlgBecbvdj4VbIkXpIT4+vsxVV12V02nSIBLuWS4AWLIVCcUFxu92apmlbBg0alCTcsiguHlwulyh
d170AKgshmih1QvFVEXMTcOuRIOeOulyuCuGW5WIBWSgU/wpOp1MHEQ/
xeD4MtyyKkovTebyeiDwAyjPzZI/
H4wm3TIrSS23i4jYp5W6PxzM83LJIcDCiFQvGv4XK5Mpl5isfjeT7csihKFv/5z3/Klylb9j0ias/
M6//444+

+glatyg23XApFfHy8tmjRIiPcclwMqCOPxb+G2+20JqKRLpd rSbhlUZQcXC7XY+XKlUshoisNw+]jo8
Xh6KGVCUVKoUKHCfUOHDqOVbjkuBpRCofhXcbvddQAOcDqdX4RbFkV4cTqdXVOulxf+Ghwj3w53/
eTk5K/
DLZdCURgiqu9wONR1eQ60LQIFWHC5XB4AA3w+X925c+emhFsexb+Hy+VqCuAdAPWYeZbH41FhoIoSS
3x8vCM2NnaFlHLE7NmzD4RbnpKMUigUYcPpdA4hohcBTHK73a+FWx7FhWXQoEHlypQpswDAbQB2CiE
GzZ0167cwib6VQKM4TSqFQhJIV77 rmnYmRk5G/MvM3j8XQKtzyKC4PT6XyEiCYD+ENKec/
s2bM3hVsmheJcSUxMVENKOd ] j8fQPtywlGaVQKEOEAZ+KCh6Pp1m4ZVGcP4YPHZz5A0zQPMx8hoolut
/vdcMukUBSX+Ph4LTY21sfMTTOez4/
h1qekohQKRYNB6XQ+TETPSimds2fPTi7cN3z48KPJycnVwyWb4tzpOKGDrVGjRtcQOWIAlzHzUx6PZ
3K45VIo/gl0p30Q1DI10T15dbhlKakohUJRokhISLhMCPEAEX2T1JTUKdD2ixCiITO/5/
F4BoRbRkXR0J30NwHUJ6JbmP1dj8cz0ONwyKRSKfwe LUChKIE6nCcxkR3USEnaSUG4kIUspDubm5t8+f
P/
+ncMunCCYXMXEgMB88CKGYYxsMAVicnJ3vDLZdCcb4YMWIETWbekZSUpCyLRaAUCkWIxe109gGwkMh/
mUopmYhe839g894dXMkU+w4YNq2+z2VYBgMrMj308nj fCLZNCcaFwuVynDcMYnJycvCjcspREbOEWQK
EoikBNhwKEEATgtvj4+JqLFi06HCaxFAESEXNXM/

Ntz0zxeDwjwi2PQnGhYea0zJwdbj IKKkghUJRIEhIS/
gBQ3twupawfExPjAjDx35dKAQAUTl+tDAN2Z+W03262FWx6F4t+iZs2aXx45ckRd8OWgFApFiUQIkSu
LTAUQROTEzBBCQAjhANC7W7duz69YseJOuOUsLQwZMiTG4XC8ycw9ATyg63qFOXPmZIZbLoX13+To0
aPtAHwIoGK4ZSmIKIVCEURycnINwzBqELEWgEYbzZY1d0jQUwCQnp4eV6FChWI52nm93mdsNtvb5cu
X/zm/LTULtbHNZjtmNZTfX661NRIN;jY2MbDBky5A0p5bWRkZE3AWjSsGHDhidOnIhO@OBwNdV2/
H8BzgTH9AfweFxe3pTiypaamvkIJETf8TFxUOz96WlpcXExsaeKmIcW4fDsS860jokZbjX660QFxeXXk
w5JsXFxb0Y00cAgMzMzCuJyBsVFXW80HP9XRNOxr59+3YsWbKkya+//rrLMIwr58yZs/
+1114qc+jQoc4rV67commazhiGEEJonTplmpSX15eWmZn5vy+//PJ/QgiNiDQi®phZXH311W1+
+0GHNbquF7QRKWYYXxt5777332PmSWaG4EFSvXn3zkSNHYkeOHBn1xhtvZP31iNKFcspUBJGUTHQ/
gFes+ux20xuGcUJKmQYgmbmziciIjo6unZGRsRUuADsCX/10xYsX/
142NvU4Igezs7K+PHTu2KSIiAnXqlE1lgZh8zZx06d0i9M2f0pDGzQUTYyqquuGuNwOGrpuv7bwYMHPe
np6ceZ2ahVq9bVNWvWfBCAj5k5JSX12YMHD3532WWXNahTp840IsKpUbde+
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+GHH5YZhgEDQIOaNWrm5eX1nTx5MuTB37x58ztjY2PHAGBubu7GnTt3TsvLy9MBiMaNG3ePiYkZcO0j
QoakHDx78KWAhEUIIqlglaoM6depMNgzDu2fPngkZGR1pmqYJKSWVLVs25s0rr3wiKytr2549el1YII
YiZRVxc3GXVqlfvc/jw4Q/SO9NPwF+UjwCIBg0a9CxXrtzlubm5h/fv3z/P5/
0d1jQtomHDhiM1TauUkpLyfkpKyn4ANma2EZEtMjKymq7 rObquG4XbmdlWpkyZahUqVGh16tSp73Jz
c9cBcDCzg4gcQoiyFSpUuNrr9e4F4CCigroIiIjLfD7 faSk18tuY2WGz2WKIyK7 r+nm+00oJh5hMAEk
aMGLHigi6kUPXDnE7nTTk50Tvmz5+vfCIMKIVCEcKsWbMeIaIhAKIARAd+FOENG4Bht9ujhRBS13Wv
ruvZRKQDODVNi4iKiqorhCAik16v94IWE7bZbCAiCCFOXdfTIiMjK2maRoE2CCEgpTx16tSp/
5UpUyY6Nja2FRFBOzQwc/
bx48eX5+bmp1StWrXV8ePHbQAWAXgIMTFRbWUpSizDhg2LttlshtvtVtepChX10QjC7XbfxcxTmXkn
My fWrFmzVgNGjd4konKFDsv56aefBtetW3dImTI17sxv1HV9zw8//DAuLy/Pd+2113psNlut/
D4pJQCAMRF4Cw76SU9P/ zAqKuru/GO0ZGbm5uft///33D+rVq3c/
gLJISSuSHkBaFz+dLPXjw4LzatWv3cjgcdfPbT7001zkAACAASURBYJ8+/
€2BAweW1S1bNrpOnTojhBB1C49LSOV7NCMj40Dt2 rWHESGOkNy5+/fvf1lVK6atfv/
5wm81WpfC4jIyMLYcOHVrbsGHDIREREXVMc64pV65cE4fDUaNw++nTp7/LysraW6VK1Xiz/
F1ZWdvL1SvXSggBIir4SU1INfe/00aNfBSw45QFo0QojKKSkpC/ft27epVqlajWrXrv1E/
gMdgEhLS8s5fvz4W1lWqVLkzIiKidv5DXggBXdd/2rNnz8TGjRs/
WKZMmesKrZezZkpLijImJaRwVFfVkvgKQ32+z2RYwc08iKnz+bAAqF/
EniWHm1QAmmv525QB0Z0aVRHTdokWLAKCVYR]jLATxsMY9CUSLQNMON/
0tW13DLUtJQCoUiCCL1XubBkt23b99vmdkD/5d/
YXIqV658IxHdWbiRmSvUqVPNK13XpzJzLZw7m5j5Dgt14ecmTZrOAVDWYkxRZF199dVNiaiugb15ix
Yt9gGoa3oYAgCIaBszDwNgLOwuhOhy4403rktNTV1INREHKBDMv rVixYq/
UINRFRBSkTAQoqthZs8CPmReYeaT5PDDzj jZt2ji9Xu9bRFS7cF/
t2rWHtGjR4hSAGUQUUbivWrVagkVdcccVgIooOL8TMXK9evYYArjN1RcfFxbUHcG8Rsg/
8K6WUMETOJIDMNEpGV1asyEQOG/

NYOXddx7bXXNoVSKBQLGCI6AeDqcMtRETEKhSIIZs4JKBQRgT fLhuZ+AHOJ6EHZWCHEiLy8VvASELFC
MJb915vpEVMbUvg1lADQD1iyF7JhFtJqL/
FHFIpyIebK8z820Agh7WRDQ8JiZmndfrfQfA7aYXGytWrNjL6/
W+AaD3ucpYFETOkpSyGxFFmboORKREAEtLS3uciHpZjIsC8LjVnMx8mIhgwWnQdIKLxAD62GPMygBHF
URrOwvNSyhuIgNFfHZivUDgcDvWdpCjR+Hy+KZgmJf/
1kaWPC7rHqrj4IKJcAIiKiroCoW+vIKJI5VsoEgPeJ6AiAucVY7nsAmvmhx8x7Av8tVuVRInoLQFHKX
I9FKBPLAMQCUMEKwyuxsbFzUINTZwAwlw/
51pnvSktLexzAf4sjYXESkFLWIaIrTTIk2u32030+3+0AJhRzzpVFKBNeIhrGzEnmDmZ+hYgGWSh3Y
GaraJ00ohYnotmBf82KmCU2m1+P2L59+/

Zz0V6hCBdz585NEUIohOwLT1EKhCCI foRBCWD18Pcw8xKI9VdOOGVLKTO2+FkXCzLBAOACgqan9GIBD
sFBm/kLuSQBGFdH90YCrLGTYwczfwaQwMP06ihUrjvZ6vROI6AHTsH12u/12IURVZNn660DIWWUZm/
s7K+qBpWg9dlysz87xizrmamTuYG5k51i4h6SSnfsFA2PADUAFDIYtwOIqpqak515hDFI8BYAJsAPFw
MmTMDa6nvJEWJZsSIEVUATfD9kyJBg4ZalpKFuXkUQV155ZS3A7zxZGGaewcx3FrEf f69hGO8AiDuXN
Zj5hBBiBYC7T02niehLIrqtmGKPZ+b7ilj rUwDNLboOEtECINnrS1L5P07T4tLS00QCeNTWLCCEG+Xy
+Nsz8j02ezLwbwAtEFJIHg4iGCCEOM/PyYs65npmbWfmJal rnkSmnmiOhABYCaEXE/
2cx3zoiamlqTgmE+YZcCwC2EAEMZN6rGGLYZz870/
reYxysUYSMnJycDgCMiIuKcvu9KEOqhUATXx008//QD8GZUBAEQOEUB7IrrMfDwzTwnsxzc4l/
kDb8kvMvMYi+6VAHOUR141ieoKZnbDOXLcSQFOAMSYZMgA8zswvmdozbTZbVy1102aeY+rLBtDRMIwq
zLywODJaEdhCGA5gnkXfZE3TPtF1fTWACsWYdhOAakRkroYoAXSTUo5Cq0OVnA/
zhwTeY2sHM6wGOMrWdYeaTZgfVQN/
Pdrt9eHHODzNn2Wy2z1JKyyRiCkV1Y968eT1Syo5erlc5D5tQCoUiCCFELgDK50R4AT+bspSyCRG1IM
B/LzB8G316vLchb8jzGz2SqQP1lexnBuZ+WVmvsXK6S/wMBRWb91CiNEAXjK/YRNRT5/
PF8vMH1gs19tms+UQOUorH4Niyp11s9m6E1ESQsMt34mLi3v05/
0tg18z01le+BSCIqLHFeiPg3864y9T1G4AjALpY]jPkUQEOiCqgnQkT/
s7BwgJImPORy0u30+335s000Q0BCHE00j 06 I0RkZERgd9VbhXxFiUfX9T2xsbFmB+pSj1IoFEFIKXMAQN
f100QUy8ytiCgkXwL8To4E/
4PgXLmPmceYIxmYeS1Coyj+infgd6a82alvIxHtLkK2+wLWEfNDbwKA341o1lYWiMSQiImKnrutrAmv
+IzRNulvX9XEIDT37PC4ubgDX651vsclwNvYx868AbjI3ENGTRBQDizBQZt4Iay fWDbBWxr6AtSUji
4hu9/

18z6MYj rRENImZ+6elpa2vXr36zYG51HeSosTjcDhWM3NxfIRKBermVQRhs91yAYCZbVLK4bDOR/
AbM+9AMbYnAvkIhgAw52vYQKTNrfb8i4KZ1xPRXvIn8zRzgIjmwdpB8wX438abmNoXENH7zLwGpiOG
IpoopfwwlLy/
vMwvZi00gwgKt2QmTmX8RQvTOer0OvWDlonoUUZ15RhHVNVsD59QWLVv0oX50SBM7AKwx+zHwsxfoojYe
03TusPv2NqtGHI/
BMAAQATAdf1RHM3bti30Z1cowkVZ+LcKFYVQCoUii0jo6FwAGDStHBG9aHHIbwDeK+JIhVBSvSymbwWW
yb7GTmS rCILDgLPwgh3mHmp8wdzHycmROmZqtalB/A/
wVgtlpsYeZHpJSTEVGQ1lzYzJ8fGxk6Gv7pgU/
XDATEhXovokDRNO26XUVYFMK4Y82UTOetENNgi+z0hxCIA71n0rQbQ16L9AD0O/DVMoLDP/
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FIjyiLEYMzCQxKw4b2s/
MvP7hc9DvkIRr1y58xGGqlBcaPrpund+orwuKZRCoQiiT58+eQCgaVpI2Cgz/
wFgNoBHijHlcgDZFm/

d+wKRAiE+DkXBzEeI6DGrCAtmztQObSARVW7RIyUz fwVgpKnrt8jIyL5E9LHZD40Z11esWDHB6/
UuI6Jbz1XGs8i+hIgWSymtHvDdpJRXAnizOHMKIR6XUoY8yAMWNBCcMw/

jQom87 rENyvUQOyUKJIPAQgHUA91izGPENEfxQLrDTjEjoM/TLWATIVi//
795r+RQUHiyMvL2x8REeEItxwlDaVQKILwer1INhBBWYaPHhRBIJAKYUY7gNAD4DMN7UfiqQe6E0P4GQ
OtuBffrEs4Rr9jEM4zmE+kbsC7zFTzfNlwmg25kzZ95G6L7/zridulLu8Xu+rCHVk/
Dts1TRtPDOVN]t0sj8tIWImXLTMOR+RUj554SD6 rcPhGCWLXGV2qGTmn+HPBL1rB1J4thEgOW3aY+XQ
gBOVb8+LMnKxp2hJIm/
qg4QmuaNiyQQCvalJl4HAPv37z9SnPkUinDgcDhmSinfDbccJQ21UCgKOHXqVD1mXhyoBlm46zv49+0
LY+L7Hv630Fct+t4nop5WgwIWkIBQSSHEYGaeBovtESFEPBENSdhS8RLRGGYOefPXNKO3Mz9ptj4w8
x80h60z1+sdgaITZRWHA8zcVOr50UU452sAVkopVxbHhwTAM8wW8yYLxFA+A3m83WLYy8vbonF9sOXALE
WCapARPONw5gMO5YGEb1NRHebj2fmtXa7 fYIhGGvMY84GMz9kGMZ/
raJyTpw4MQsANE1TqbcVFwPRAPgVjypLKIVCUUBMTMwB+PfzCysUywCsDuSiMLO/
iKkOAXiUmWdb9EODMKKICTIY5boA0J+Z7yeiKyz6RjHzFbD2CRgspXzdHFVCRMMMw+hvj15h5gy73X
5bbm5ue6tkU3+DNE3TbieiNxHqOLhRCPEkgBDfjbPBzHOZubVFeGiq3W7v7PP53jafI2b0ICKfVe6I
gJPovVbJrph5kIUI0202W19d1z9C8cJaFxBRISK61UKGIczsBQAppVIoFBcDY6WUABMtRETIDKRSKIC
IjI3sRkQwoFFMBHIeFw1l1lgL96qcJcXQCL8D5BIO5g5AIXFLLOLOJEXIKKIZNwIFiGR8GeZPGx10SGi
wcw8yaygBMz6tawiRIQQdOkpaxDRBwWDORz6EbTLKRI jKHDPzbk3TegasF1ZKULEsB5BpEYFxWt00zn
15ec8QUWtT3xkiSgEQUVO1ELZ5DZnqbTDz0gCtKDSN+u80h60zYRivwil8tCiY+RsAn8LC94b96c9H
16tXbwIAtGzZ0jLjqUIRkjhz5swxZrbKFFuqUQgqFIohy5codyc3NPSqlZGZuBMBlcdjnRBTipMfMWU
KI/gBeR+g+/VL4nQFDTOTSTOEAEpLIZHPYX/
10qIUM7xDRellLKdyz6HpVS3mWxBfIJEf1kFSECTOhjumEYyyz6ig0z92Hmxsz8kKk rRQjR2TCMmbBW
kopiKxGtI6L7Lfp6GYYx2Gp7goj2wiKLaeDcpgAwP8B/
hN+calYW0+12+x25ubkjEVosrUjYnxHOMbYoRgZ/Zs/
GAJrbbLZIAChTpkyfINTUT891foUiHIQpU+ZhTdNWhluOkoZSKBQhSC1Pk5+QhFaBt9dYWPsy/
EdK+SxCIwK+IKJYqwyL8IehVkCoArIW/
rfa5ylkWMvME6SUH5t9DwIWkPIWeR52BywPsyxkeIyItkopV5u3R/407E+c lLULEbIN7jhCiM/
tThRdVFdVqvj3sr6USEg5LRMOIgNmuXbtGzp8/Hz6fr/
C4r2CRaIgqZ1xDRYvgVv8LtIwWKRNK3NY4iou67rrYnoiX0V0zBuKIDZFj4imwHUzW/Pj/
IIsKY4aygUYSAaQE64hShpKIVCEURGRkalcuXKFVUg7EsAv8M6G+]/23/i+VrTml/
hVxpCMloy8xEAaRRa+fIHTdOehUWdC/1ijGAYA+Mg8jpk/
E0JsQWip7xQhxP0OrVql6a8uWLWYZ5miaNktKucbKYfFv8JoQYg0OAxeYOTdAMGGYbRDMBjFuMsS4Ez83
FNOX6AP1zX3PcUM+cBeG7SpE144IEHUKj6920iamMx5f9sNtvjzBwkH/
trlawwb6cAABHdA4CKEx4aGDeYmSdabDvtYOYIFNgGOTQNAICdAnb2qYsWKO6FQLGCKINMBhFgESztK
o0VAUkJ6e31DX9W2apkUCIQrFLgBzrLYfmHksM98C4E5T10ki+hDAPRZjsgH8A0AaU/tRACN8Pt/

7 c+bMKXPHHXegTpO66NSpE1566SXvd9991y0OvL+91i+2MH4UQr5nDSg0hj49IKVIfvHgxIk+eXLj7k
714uNG6rg8iosvPdm70hRO7dnzaoEGDKpdffvk3TZs2LdezZ0989dVX+d2PGYaRRURW;jqr7mdlubmT
mLE3TBkgp37QIAZ2jadpWAPMBYPz48ZgyZQpatWoFAJ+wRflyAAfsdvtAwzA+MFsMhBCziGi4hQyTb
Tbbj uKGhwZ8X+4wKzXM/DMR/UFEQUXH8hWKb775xur8KBQlivTO9FRm1sItRO1DeVQrCghQocKvXq/
3MBE1LNz0zHvhz5641mLYGOKIsswc8jAC8DKAZ6zWIqIVAPQZ1jINRH2Z2T1hwoTK77zzDsaNG4eHH
nole/
fUuPTNx4kTxzjvvbNm6dWvtiIiIwkNThRAPGoaxhCjY11II8SgzvwBTmlxm3h4XF9c3LS1toZWIv7js
2LHjh9tvv/

26752a2YYNGyZsNhs2btyI4cOHYOOmTQvi4uIWMfNmi6G7AFQoYqs Xkr5NEz+DMy8xmazzdJll/
fP8z9u2bVubbds2f6uondkhFv7cHt3z8vLeIgK6pvileZmaX+dwBeNdut7/q8/120HhVT99n51wA/
U3rnBBCfGzhVwIhxI8ArgIQolgpFCWNmJiY/
xLRAzgP6fgvIZRCoTDTXUp5DEBKWELXu6ZpnaWUHwIwI2VaLITYwaZS34G+cURKkZdrPzxrZz9x0RPH
M/
MSSJUsalycnIykpCfHxfje0jh073pKZmdnlhRdeeCw50RkjR47MnytHO7R+gbf4aNN8k5j5fgBxpvV
/sdvtnble70wiCqmOGTgm2yLKoSh+69u371a73d545cqVIjLS/
yzv168fUlJS11esWHGSYRhbLPwIdvjFIKsvpQFENAjA9ab2nUQ01jCMdRbzrS0iBgh9+0dpmtZzJ1/
WJZssAAE/AmdOcGfULZv6vrusbUIwvTfYnwnoHwApTe6YQYgozz7QY9vsff/
zRG8BPzKy+kxQXA1EA8sItRE1DbXkogoilLiOvPzs7eG/
jImBDiFinl10ITWsthCRGIbKRMANgk8DK2SHMOgoo7mRmZOANCDiG6bP38+6tev]j169Cvwq7wKACRMM
PNa@aVMsWbKkYFyvXr2WtGnTZuk333zTsFevXrjiCn8UpmEYngkTJvy3Xbt29Rs3bozHHnsMubm5MA
zDJ4To5PP57101Ydu3b8egQYNQv359XHfddZg3bx6Y+Wi+MvHyyy/
J1lLtvxTfffIPC8xci3Waz3dmuXbv2DodD50UFfcd8V61SpSGGYXyS75+Rv16d0nWMZs2aXfHWW28Fb
d3Ex8fj7rvv3vTUUO/dff311w9ISEjAsGHDOLhxY8C/

ZfEFfZ16S15dXul6d0njiCbh+P5MSIEWOWrV r1FhRyiM3IyMCECRNQt27dY9WrvV98wcODAXt9//33+
+cHoO@aN/ad26db969erV7d+/P1ISUVL/Fj/
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bbLaeRDQfxShND+C3wFaHVfn3h5h5skW712az3Varvql8/
xV1oVCUeIjIQOTdwy1lHSUMpFIoQDMPIAYCsrKw7pZS3w59XogBm3iuEeJKZrepSvAN/mKIVZcr/
MfPLCH2DfhZ+5cNpGAa+/
PJILtG3bFKIIABhBRLsCWyRo164ddu7ciezsbDDzmAYNGlyVKkZERNZiYiJtvvhkzZ84EgBVTpky5LSk
pgeott9yC6dPIPN6ffPIJ9u7dultKeRsRPXny5EKMGDAAe/
bsweTJIk9G1SxeMGzcOKleuDMpoeezYMZjmL4CI7vb5fPOTERKUZzMrKQro+/
bB161boun5CCHE3Eb1HgXol+evt2rUrz+VybezTp0/U+PHj8cknnxTMd/z48d+///
77msuWLYsfM2YMhgObhs6d0+PYsSWMYN27co4Eti0abNm1CZmYmOnfuDADTSil1Mul1Z2JCQk40233868
6aabNr/22mt1c3Nz8ccffwAAHN/88aPz589veN1110W//
PLLSE1JQXx8PJj5pBDiD13XJ8Ii7Tgzn7H4u+anMr8fwHwWKTQf+XwBjYVIw8/
Nn6LrevVy5cp8DQIMmTUao+H7FRUC6YRiIW90IpRpkXFVYYAGCz2erDFFoIv7/CCCnlQostgW3M/
C1ZZ5ncD7+vgDmiYyER7QCwBADSOtLg8/1QqVITMPMU+Kt 1bKUgTLVKFX+yx927d7/
TsmXLCjVqlGh+90hRPP3007j33nvBzF8ahiEWL1xYt0+fPgVOmHfeeScWL168Q00Z1R/
0+dZbbyEINRUrV65E00aNwMxfnjlzpu®bb7yBL13+3AkpPHONiGiolLIBET3Zvn17LFmyBKNHjObXr
12hazqjc+f0On73++usNogL87hH5682aNWvmrbfeOhYAzpw5g0OLrfXTkyJGgXq/3ug8+
+ADXXus3DmRmZkIIkatp21P5zqPr169H1apV0aZNm58B7I2Li+tTWLYd03Zg7dqloNat28tvv XWkw
DQo4de/
2nx2dvbhuXPnVoqPj6dXXvFHorZt2xbNmzfHyJEjn5k1a9ZdCM1PAQCnAFg6ogkhRjHzqzBtL8GTz0
ouKedXIuotpbwcgfLgNpsNkZGRbdLSOrYy8wlEpL6wFSUSZnYKIe6HRY6X00yyUChCICIDABWOX9uF
25n5jBBigJTyTYQW4TpARNOKUCZOMNMOQm+
+zcw8U0q5wDzg6NGjP1SSWPEJATIvgd9bL1wOAKkJaW9gMVSgc+YMAAANGHYM/PP//c5dixY7j+
+1D3gOE2my2tXr16BQ+2LVu20H79+vnKxDoiatu8eXNs3749KJ9DofkL8wwznySigqqZN998M77+
+mtO6NDhtXr16mWtWLGiQffu3ZGe7991tm7dujPROAHH85UJAMhTLY8v70ubzfZwO6ZNWzRr1gxAmQ
CA8uXL97 rmmmuOffvttwWyrly5EhO@7dswSQiwHEKRMAMDChQt/
ATIAXXnjhgcLtzJz19ttvL8vLy4voOKFDQXulatVQpkyzZw7///
nsrq3wX8P8Ns8x+KgEeYebRCPW1eB1+BcMc/QP4y54z+8ulA/
BHekgpAeBrpUwoSjh2FKFc12aUQqEIgYhE4F+zBWKo1PJIMpUcZ+YMIYTTKhtiwER+nEy1J5j5FyIa
RUTLC5vI4+LiYLPZeNGiRV+npqb0JqJOhcft27cvBQBuu0GGZ/

Pb7HY7YmNj 04 1oGRENYyX+AROcXPPsetdvt37Ru3bpD/mcD/D4G+/
fvR1IXcHCpWrHhrXFwcEhMToes6]jh8/DtP8hWVfpGnaCpgcDwEgMjJy6NK1S499/
fXX173yyivYuXNnvs/Hb3v27DmUmZ1ZNS4uDvk/
+e5999xzY3w+34c2m81RqVKlwmuNAdB4yJAhdb7++mukpqZi79690HjwIBo2bPgu/
KXAzWz77LPPdgb0p3176cmaNWsOAYCRIOeisCzp6eklGzRoYFUTxQvgiDmfRAA3MI8GU/
gvgFVEtN1KPiIarWnalwhYpfIRQiAnJ+fXuLi4omq9KBQLAinlTOSKErCZUFseihBiYmKuSksLybP®
PIBesKjhQP5qlc8QkdlgASL6FaEONalCiD5SyneJqGLhDiHEDWC8sbGxd8GUjZ0ZDy9fvvz01VdfXb
FcuXJByjARzc4PR6xc2S9GV1YWACRFRES81Zub+6WmaUEOfOWrVOedOnWypk+ffsbhcATInj+HBVuJ
aLJhGCEhoAGHXLII1Hjv2bMnHnjgAezbt+8MM/+nZcuWaw8fPoznn/8z+aeu62mzZs26b/
z48c+Z1S4AbwohvMz8UufOnTFmzBisWbMGgampORERETQq9995rld/
jF7vdPnTQoEHbnnnmGaSnpyNfQSGiJ5j50VqlapUFgIkTI6JFixY4celLEZ8nJyZ5x48a5a9asafZzy
CKirTDVIwnOrSGiGAqt2LpbCDGNmddbnL+pQoiVhmF8aZE9M/
fXX39922KMQ1Gi0ODTtKmaOh3VpglKLs LAogkhNTU120BwVgD+3F+BPkyzIThU3/
A53Xa2yMgayZDY1teUA6M7MMyysFieY+c6uXbv+kJaWVmnBggWF+05PmTLFnZ6e3ig+Pj7oupV+Chw
c6tSpg8qVK+0LL744A0Dh3NzcNQBgmSIwUL9+/
X1ler7dM69atK7driw6FfOx5LvL51WazDQfwMUy0pZ988smKgPWkwOfkyJEjAICdO3e+TERv3InDDDWW
OHDmC5s2b0127drjhhht033zzzbe+//
77nSMjI1280rbWCmZfnZ6eMjY1FhwddsH79eng8nr3dunWz59e/KAwR9dJ1feFNN9OQUC/
i3dQLnbyYz9yGimv/3f/+HypUrIzc3F+3atdvWp0+f/h9//PHkDhO6XDRq1Mg83zxYKX0/
ENFVCN1uOWmz2YYw80KLMfMcDsdMwzDWItTXYt+ZM2d+0XXdMI9TKEog2wF8EWAhShpKoVAEQUTf5C
SSgX9PEtGnsDBdM/
NMIjoNv1Jh7jtm3hoBACHEAPil+ptMx2cRUUANO6G53e5ht9xyCx544AGMGDECK1euxKBBg5bNnTt3
YuvWrZGQkFAw7ujRo7uEEKIwIie73Y74+PgjS5cujVag+fPkmKeVVc+fOxcaNGwsvueXBBx88FBOdrS
UkJGDTpk1Yt24dhg8fjmnTLCuXe4moj67 rH8DkKyClXHb//fdflbdv3zc+
+0ADbN68GatWrcLAgQO5bNmyv7377 rutAVwIbNgwlCtXDvnrjRs37pmbb7757WnTpgU5aGRnZ6¢cTOU
swpe/u2rUrVgxYkXns2LGmd911V5DGYxiGT9d1nZ1fBNCsZcuWuPP0OO/
Hwww93j8uTJ38+d07d97969my5fvhxly5bFfffdhldffZWbNGny/
scff7wuKSnpiptvvhmpgamFp50KYJTFuThJRMtgejsLbG/
1NAzDDZOPTSD3y0i8vLy1AGgb+04DuCWgbJqtFgpFicPtdmOwu90qbNSEUigUQcTFxb3h9Xq/
BAoUinlsUR6cmddomva2 INKgqiuQpIqpmbiSiB+EPIJwOx1QshugkhsqWUq2w2W+T777+PF154AQcOHM
CwYcNyDh48eNfYsWPFsmXLCLsPNpYvX766eS4Av957770tunbtmvnQQw81rVGjBg4c0IDBgwfny/
4NgD9iYmI6rFy5Ej6fDOOHDsX00aPBzPmhmGZ6MPNOhG7 fbNMObc70nTvrt27dGi+99BIGDBiA119+
GVFRUR9U27ZtWOXMTEfA790Rv158 fHzZWwoULx9StW7dJ4fVyc3PPHDhwYC8zf2T2Ybn22muH670ebb
PZ6NZbbwOSYuPGje8FFKsCnx03242WLVumzJs3r/6zzz57TWxsLJo185dhGTVqVHgqlatWmM/
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NTiYmJzRYvXoz+/fsX9jt5BqZw4cC50wN/
jZWx53j5N0wYBeAhAc90YT+Pi40bAb91pYurLIqITANoBOINnZHHKqUIQ4hg4d2tXpdFpVLS7VhOTaVs
hmzZq1goi69u3bN94wjLcs9rp/
FUJOK1J+jtC3zTMWeQgAT5XPzQBCIjqI6B4hxCe6rm+zCC98jZmvMCTDYn/J8wwiams6/
gQQoq2UcjQs3g6ZeU/g7 fphCxktYea+RNQTQF9T+0+apo02D0OM]ji888gpmrF45EyYf8FTu/
YO0aNpi4vDp/J4QAATIABIREFUgMEA30a/omth7gPQBsBACXH/
G1jrSVP7PiKyVAiFEB211C1gUcOVwFRm7k TEIVm81i0ilgK0omQnM3IhMOUCY+cuduLhbvV7vArIor8
7Mc4hoGACsXr36WGZm50eJiYkjLeZXKEoMTqdzhhCizZz1JISUu2/
PrrooJwyFVYYAGAYxgyL9M5ZAHoYhuEmopCbqQh1lYqUQY rGUMgQWCBE9GRMTs9j r9a63UCY+ZuagFs
reMSJKQei2yR1INO+6QUvaCtTLxhxAiiZ1fLuJzWzGBiNohVJk4pmnaaCnl+xafeS0z60UoE70FEASN
wOhuOTdaSukmolhT+0sA4pjZSpl4gZ19ZmUiEHNzKjPPsSFhnmGEYFYnIqjT8DABtrZQJAK9LKRMotO
aHB/
6S8WZ1YremaZlPnTrlipUyAeDtfGUCACIjI6uVLVs2pNgpQULHSIKItzGwVQ1l2qUQgFIgQhhBOALJIQ
MRH1Cbyxh6TPLoLVvhRBPGoax3uJBtCA2NvZpr9e7ysLSsIuZTxR+4AAFFpCVvAF jtX/YODKO+1YMS/
$1Sx5j5rX0uG8z8ViDMID5Te6YQItEwjPnmhz8zLwKwiYhWWcy33uFwPJ6X1/
cVTE6dzDwWwFNEZN7CWc7M2+FP8GVmuURB1ij ZWiBmCM1PIV8zknoukA9hPR5+YBgUiZaHPURoB3mLkX
maqeAlhJRLst1lLTfIyMjO+b15d3H/
rTqZhYwc3xh+YgIdru9bkZGxuXly5ffazFGoSgRUN3uRfDnyFEUQv1QKIJgZ1GXYsXWFg9/
ENEkIsoIm0zPZa7DzNzfMIx15gcRM6+Pi4sb1JqaOhvAHaa+P5]j5c7MyEeATWCgTzIygaVoeEYXUkW
DmTGYeKaV8rQg5T1u0rQWwCX7HxCCEEEQY+TUigmLg2myz2aYB+NBimZ12u71vX17eSpicOt1fDyUR
hepwBNg/D1lgnQpQJZv5a07SphmEsM/
cROWgAK80+GAA+11LOLVI+bCHfB4HIDauqsauZuYXZL4b9hcAWWygT6Tab7bacnIxuzByyz8zMHwLo
ZrbsEJFx8uTJL5Uy0SjpICQkOHY6NY+EW46Sh1IoFEF4vd7pmqZVCtTRKICZP7Tb7U1W4YBWMHOGpmM
k9ALXx1Yen4Pi4urrvX6x1vYSbPArCIi063mHMJEfU2txPRdCLabvVwDWyDDAPwCllnefRa+IjsIql5
RDTbYqOhzDwRQC3zZyKi+w3DWE2hpcMP2u3203w+XxJCi21tJqI2RBQUr8nMvOhst THMVNTiM/
01ihBhhGMYKC6VhmpQykYhgmD9TmTJI17gewhkJLpa8kovdg4U/BzF8DqGKxBfJ7wl8ipDgcEd216/
rlRGT1sLsBQCtYLEM/
derU9pycnByLMQpFiUIIcRcRhTiX13aUQqEoIDU1tTER]jSYimBSKH4hoaF5e3iKEpty2RNOON1LKiU
TUwtR1yOFw3JaWltYNFg+wwIP8QYspvwVwnbkxEI740jN/
ZvGgBIChhmE8bRV1AuAQQkubn2DmgbBwHgUwkpmHI rTw2SFm7sfMS8zzAUjXN0O2n883LuDYWZj9zF
wJhVKLB/BgmtZP1/

V3rOTTNKO/+yt6mv8W85n5GiK60]j TmWGxsbI82z784st1AQOvhBCTIRSvmv+sMy8m4iyEaoEnSKiOcyc
bDGMN5RShOUWUQDbAMSSdcbNL j k50Skqy kNxMSC13MDMK8MtRO1D+VAoCqhYseLuU6d09WbmxZpWkK
Y+TQhxVyA8tP25zEP+01k9YEqIXxMwZAO7Udf1qACEPMP1ijG6ycKX8BUN3CkrAl1IiJiVG5u7kal7QcQ
ORAADwCwcjA8BI0OVgZmzhBBjpZRWlomJgSqIN5m60jVN62UYXxgKEbnkALhD1/
UORDTW1JdNRHYigm9qPw2gq5RyuoXV4jQROTYM400iamjg+wyAtHBgPW0z2Xp4vd4kIgoK2QSwzWaz
0X0+3xcWjgWHAOWBEKQEBT6Ti5nftNiymEREe6SUIVIEAXWHIB3WSUFYICRWINICUAgFosQze/
bsueGWoSSiLBSKIGJiYpakpaV9I4RgACCinlLKBJiiHIoiEKIYAwvFQAjR3WazlTMMw8 rHYBWAbhbz
HS0iCCKgaur6NSIiIj43N/cji+gQMLOLmXvC4gEG4AAZXx5gbiWisTHKahaXDHQjLDIlUIKIeuqg4d/
h9BaFiCiPgBiKFDd1CwiQrdN8sckAuhg7hNCOATfwCBG1MNVISORTFE9Fg8xhNO+7RAXO8EZmjI76Nj I
yM13V9kcW5TQfwhYVFBUQONnIgetxizgIgWFGEp+02Zd8DkK1NozheZ0SOmMJuZygMRWiouAXMTEgS6X
a3y45ShpKIVCEUJubm5mdnb23ri40JJISNgDw6Dk0OTVcI8Y1VWCYRDAUO7ZhhGKss9v3/
X8XNYcq9EHgjPwNTrgsApzRN65ybmzul rFN+PwR/
z0a7LGT8NnZkjzf4U5A+7HGTfxoFXFRICcAhBSsYuY+UspRRURF jARWEEV4ghexPTMCQBMrxQDAf6WU3R
FaufM3IpoD4DGLMY9IKbuZFQNm/tlut9+ek5PjRuj2DQI+G/
+xaE8AMMhizAZmf1RKuQ6h2zBeIppbhLNNEFFRUY3tdnuIpUmhKGkwcy+c40tWalJteSisEMx8+tSp
U525zP9FsJGZX2fmteYIEWaeDGCOz+fbSkRmH4POKGIfnYi0IrTk0Zi5567 rE4goxKIB4FkiigBg9Q
A7GdhgMPsYJA0422Kt/2fvzM0OjqLI2/
p6q7s5Ctu7IEhZTEdLEQVBWQUQWFzZFQB1FhHRX469j4jKC0qIi8CkoKqjpDouC0IiAigsqJOyMM4o
juACi7GtIdyBk7e463x+9TFJdDQkCFcj9PY/
PY27Vvfethb6n7j3n3B8R3FPjLRONjw04iYju@OnnZYvFsrisrOy7GIaDHp0J6DAzv6MIEI rOgAdAG
/VylIieZ+ao6Vdm/ipOT7W0OY3/
Ex8f3KCsrew5AVErQUKjsCJ3yx4joCkRH5GYRIGKEgtE32uiVktBS0Ss678Q+rbMuEUGWZVtBQUHzt
LSOP7QaBIIaxApoNi8UCINCoI9sMpkoEAgs1g4EMdhusVgelLi8vzOHOGvgCs9n8RsiYOEZ7eACoACT
W1Ic3n2qpLSeiQUTUm5n1QkrdzPwD6YeOFiEYvaGdTVhHRC2gWbIg5kMUzGeh56w4k4L5J6KMFmZea
LPZXvR6vetjOBI9GwcwLIUn6p6qqG3Tu9xcA/

svM72nqlCK410aUARK6dxsBjNWU75MkgwWd5e fmdCM6gROKAoLcB3GRIkTRm1tbls1gsg3w+33xEpyQ
HET3BzM/
O0RL2sgv4SEcrKyo4LY0JQ03G5XLoh6LUdYVAIopB10c5ms7ULTIksVTj9isVgGlZeXLOaOxb4dagNPv9
6/
S83MACcAw6xgSCIYTRxgSAscxcB4BeDvOFCGZeXKMnkohWI3q5YDsH95K4qWIhaBZjDD07dQb4TOOD9
QztAQBr09PTh+bn539DRFEDbAZWIpPiE6j86]jpEbKZhsKipOFMEU3RMQnalLbSOQ5iDYmCkOMUwWIVVS/
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TW5IK+T70hMaHgYiyiShHVdWvNeeXAhjg8/

1eBXCNj ronAdhlomvWMHMCRSfIQLFROSZmjpqREghqGna7PZ0IUt1u96tGa61ICB8KQRTIycnt4uli
TmpMMHMpMw8sLy9/
HRrDgJIm3WiyWOwF8AuByneq7ATTVKfcg2mcinPxpM4C50nU+RjDd9ecxdH6FaGPCA+BXrTEBAJIkPC
TML+v4emxg5s+gYOxwcG+RTh6Px6WNtDgBP1ks 1iEAPtYZeHcw890qquqFrz4IIDOGObUKOZt6+SR]
6s/Myaqq/10nzgYAbRAd8 roAwEuqgkb5gRDRYArmCtFztHQj6AzbQVP+E4TIhplfplPksPz//
BwBRW7ILBDUNSZIGkO50nNqOMCgEURQXFx8ym80nPU+SpHUIGEEAPTSH8s1m84CysrL3oNlvAwjmUo
C+0OVCKBEENZLWCWMzQ1LZz2WA6C0aGf6X31A111Z2zQg0IhG+WAQOd+YebR2eYaZtxFRL17EBgdThN+C
4BKEQ6evKEL5Lm4pKyt7k6JzdRQAeISI3qfovVReANCeKuwgWoGNAG7TuSYHM+8IBAJ f6MyCrGXmNO
3yDDMvMZ1MD6qgqugzRacLHMHMVAHT raPgcwSiRfpryPYgRyQPgR6vVeieCe8jI0scFghoFM69gZrlc
K7UaYVAIoigvLy/0z89fEPI70IWZHINVtQOAv2jKi2VZ7uv3+1/
RCVUMR270evLrrLWDmX+TZfkpIlqqHQyZ+dudulLi/IJhEKSOEE8APOI8dWQ0Ogro7/
rzLzLTpl8iRImqyqqp6/
QUHIp6MLgIflrkunzjEi6iVIOvOXvNnL+GNIE1RpXLgpuiqYXcVKC6ARUAPB/
gqouYeYvdSJYNjNzutZIFcCXNpvtPp/

P9zkRtdIcy5IkqQ4F03tr+S+CRoM250YhEUOBBISO07 rOABhw7dqwIMzMAZGV1idBRQY3G7XZPcbhvdk
4zWUdMQBoUgCiKyHD169Cciitr20sTbkiR5SGdPDOmMS7vH7 /U9AP2QT21/
uk1AAYLiqgh8henD9wWQy3RqaBYkKfUTQP6IhgjkxIoSSZEU16GLmxcxsQfTSCBBMZz1Dz+CRZXkQM
ychmJSrSkiSNJCILmadbcURAIZ8WmTGYDEH98B4U69NNZKkHMPMSm832FIDFRNRWc3gXgjuEao2J1Va
r9Q6v1ztfJyR3GYJGiJ7uPcw8CYCes9pjqqpGlWHmYyaTaRCAd/1+/
49EhIRKAJB1IWSXx7CGoODofD0oSjKYObrqGkIpOxBFMwcd8EFF6Qw88M64X7LJUlawMwrdao+qKrqfas
/VXW1kSTpT1VVXYgOR/zNZDL18vv9r+pN/TPzIQAJ2i/
y0IylL3kzGRiJaAX1Hy5eYebzegAlgGDNvIaIqr/0z81AEwle/
OLm3EwDcTOTaVNzrieg5Z15X1T5CTGGz2YZ5PI75AHpg+1ikM5eHQGmMmb rFEb rAK/
X0xWapQlm3gZgCensz8HMxZIkPQIgKhU3ggnORsdYjrozEAg8D+AGIKkLI9+vVv3bVrFwKBQFzVL1MgM
IS7mNKMYKrRQmoSwgAQREFEDS+88MIHdb7I/2symZ72+/3f6EQ/TATfQm41iilvBPUCNwVVWTAQBNF/
1HXFzc9T6f76+kkwAqtKRSCoOREmpT62QJBL/UpOA/
FfjckD+F3qzKS5IkfR4IBL41zRbmsWDmJ4joawQNGK2BMjeU50HrsPj f+Pj4oSUTITkxBmWIfv5ts9
kGFxQUVAEdPwfS3yRtu91s71VQUJAJ4AFNe®OUA3HrGBABIkjSKmVIGAMTIRGbuoTM7AgSXyoaiwoyQ
JE1JAKCqqjAoBDWaUOST2Mh0gzAoBIVYuXL11Vu3bpVNIpN2EN1IDRPeHdrjUDmxfIhixoXXEQ1UmMX
MfaJwOmflAKI/CjQBiLcd4oWNM6BHyZfgrM3+gYyCtZ0ZBekYIM39ks9kmelL3enBiRFnq81Z6ePil/
P/
8rOuzfgWBkRhyiE@39HspomROj7FaP381mcl+v1zsCgL2KdfKIqJfP5+sMICqkFMBMInpFryIRjWfm
UYg0//2QmXcQkV6W1QcB2EiTQIuZywDESZIKk1jwENRgXy/
WSORpqIsKHQhCBmZPqlav3IYBKu40ycxEzD+VgRkbtksGPId+DO2VMfIzge61N/
ZxvNpt7hAbj92PoP6SNzjgRRHQPgAlaA4mZFzHzITGMif/YbLb7PB7PX0jVvE6Kna6HNZnvQ4/
FM1Fmi+QnAPgS/1itdiyRJIvfl+/1+gHxmhh@eW5ZsDgUBf6C/f6FHAZD2Y0Zn1t6b/
HbENKkw+YuQ2i81BsMJIMzwGIitFn5mnM3BMaXwtmLs7Ly/
s89P91hkJQo8nMzLQ7HI4xRuuoaQiDQhDB6/
X0B9DUbDZXMigkSRpGRM8g0rvhrvj4+L5EVBajyQ+Z+UA1JGwioqUA/
16xMIR8qrff74+LsbEYEEXDrY1i0OBGjmP12RGfI/Fd6evpgSZIm69TZHRCX19/
j8bxUjRjOVaFkV5mITjZ1kInfgCZSBsFr6UVEdfWSUCGYQOOPgYFA0AOzz6mMKMGYUlGW5j91sPsTMK
2IshbSIseSzCUA+ovcz+F2W5dE+n+8bbXulpalzSOtL+5aUlAw6 fvwdjh07hoKCAhw5csTzww8/
PFpUVHQkpESYFIIajSzLw4hI1/G8NiOWPAQRmH17gwYN4PP5KhoU40I5B/pgzjlmsVhuSUxM3Jefn/
8eEWmn6z8B8AYFd8+siBfBME/tHhP5RDSAiFqqqlocHsSYuZSIb1VVNQ/
Af2L4EbxPRCtCya8qaswIBALtmLk+AKiqCmZGaWnpzIObN+Z07txZISIwM5gZqqoe+0WXX555+
+23r/rss882d+zYcZ33ZL02dKx0586dE/ fs2d0xXbt2STabLVKPmVFWVvaTxWK5NNQvmBn15eU7f/
nl13/

OmTPnwZ07d04PRUWG+y rfuXPnul6vN7Fly5ar6tSp0z1U7tu7d+8HBQUFA1u3bv2YJEkgIqiqClVVU
Vxc/
NuhQ4dWZ2RkDJEkKSVUBOePHv3PsWPHNmrQoMFN4f7DGg8ePLgoMTGxSVISO1XhY4FAw]+X17eisLD
QSUSS1IWrdnZKSUk9V1YhGr9e7o0U6d0Om1kWU4L1wOAQCAQKCoqsiQmIj4UaiveplpcXIJwoSAIKSZKSm
Bl+v7/
iI4m1QZgNQBaAWQBgMpmEQSGo6axSVTWWYV9rqdJGDYLag9frfebDDz980WKxqOX15X9mBgqsUACRIM
hORHPZR8Pv9pczs1lyTIHB44QoNRETOHRX/
ZZDITERF8P18IM+uGRQrOLZj5uCRIfrPZXMdkMpl1lWUZZWdmus rKyPABTRPQlgktQvRVFWW60XoFAU
D3EDIWgElardUJ+fv6BVatW+fPy8poB4Pril67e/
411L79gbBYcPH553+PDhzQAYgMrMTETghRdeeENgaurNglatKouPj38zISFhveqqfMkllwxKTk7ude
TIKTk7d+5cKOKSBWIB9CILL+YySkpLSPi8vL+fgwYNbmInDXx9LTO5snJyfX/
+2338KhkpSQkBDfunXrp+LidtqWlpb+KMty3G+//
Tb96NGjHgAgImrUgFHbhISEhN15eZsKCgq0SJJEGRkZ1zRs2HBOIBA4+uuvv75YXFxcFj4fANgla2c
vLCz8fvfu3T+Gy1lRVIQCQIInql69/8aFDh34Hg0C1Bs/

Observability: Logging, Metrics, and Distributed Tracing 138



AIVOID [https://aivoid.dev]

JyMi4PCUlpc20HTs+Ky8vLwZA+fn5w6644gpPX17e+ulLi4qPMTOG+kp0T6zdt2vQBr9e7 fM+ePevD7
YTPsVqtzQoKCnZVLLNYLHEXXnjh7RalL5eId03ZMLYy0tLUT0oQ4CZqUmTIt337t27uqkK29PTOFvXglbu
7uLh4y65duz5hZomCm0rVq9e5pKTk8NGjR/cSEYWPhepKiYmIDUpKSjySIMl+vz9ARGQymRLgl6/
f3Ww2Ny4sLPxpl65drKpgfFISULLjx03ry7Is7du3r9Dj8fiJCETka9iw4Z6kpKR2RBR/
5MiR1eX15cVERKqqSn6/35yYmNhGVVV/WVnZ7wAkIiKn0/nS0+
+800uSpONN6VOWCE4HTqdZzRCAQsGVnZ4uw0QqIGQpBlfB4PLcCmAegv81mi8qHYLTb22RnZ//
6yCOP7CogKsrKzs6eWPG41+u9wWqglrjwdWrxe7z+sVusLlamTn5/
fRIZ185neyVIRTAIMHUF2u3V9PTweT6rNZjta3Xa9Xm+alWotqOr5hYWFOZKTkw9Xt5+Talj+kUceq
RcXF+diZisRwWqlo127d1i9ejXCy0czZ84MGzyIR48evTotLW3F6dQhEBiNw+FYC8Dndrul2w7UasqQ
MhaBK2Gy2LzweTzPtY0Oh00q9n5k+ZeSaAx15//XXdkM3TZUyE2qqWMQEA6enpe®5X/
1UgZjbQUzEmAKA6xgQANG5j IgRhNQDY7 fbGAF4gouSCggKsW7c0shzcgo0Z794fPJ6J1iAMKYEJX3ENF
6BDc4FFRARHkIgkx4MFQUJIdHpdL4CAKqagXg/
gabfbLdLQhmBm1WgNZ5Ls70xpRLQQgK91iuaqqkCTpHWhIEQj0Gi6X60mXy6WXZ rSWIS5Y8BFXmnnvuS
alTp44FwGFmXuR2u4cYrammoSiKh5kzYy15nE+MHDlynSzL14R9azi4UVocgAJVvVYdnZ2d/
YaxCgeDMYLfb75N10SMrK+v/
JNZSkxBLHoKTkpmzZ0VyW5VeZeVAgENh87Nix0gsXLiwxWLlcNpU404+N5T3x8/EQ+n++/
AFqoqors70wkAFAUSWVIKkuYrirI7EAgMmjlz5naDpQoEpxVZ1lh/g4A6/
wqCogDAoBDGx2+1tJEL6GEALZN7d7XavMlrTOcBhIqgWv805y1tvvXV85MiRwOwWmOOJU2NXV5XI9Ce
BJRVGyZFne6nA4VgUCgYGzZsOgNE6TQHD6UFV1PYAtRusQCGo8I0e0TAYARVGOORY0z43Wcy6hKEqe
0+mcePIzaw+KonygKIrfbrd/
arfbmxmtRyAQnBmEU6YggsPhuEtRFI8sy04AUFW1pdvt7nuyeolLKMLPY3KoCLpdrAIAGkiS1SpLOH4
fDsXb480EtjNYLEIJwqiqI4FUV51mgdNQ1hUNRYFEVItdvtg0l/
ZgLIdrvdUwEg0zv7kHHKZz1k0gKpaK3woqoPL5Tricrm6h9K4m+Pi4jY6nc7VigJcalQ2gaC6MPNIaH
ZDFggfilrNiBEjugBYQOSTAVjsdrt7G63pXIel6sqy rN2RVRDC7Xb/
FOAXpOPZ1pndALY7HI61s12zf9c4775223BkCwZmAiHKI6Ge jddQORNhoLcPhcLQjomdKSkrscXFxLY
10RWOIcTxbKIqyh5m/
d7vdtxmt5VzAbrc3I6J3JEm6UVXVj4louMv1K]jZal0AggD5ihgKWcM8996S0ObNny+P79+1cB2Ltnz5
6y1StXbkIJwG2rBaYKI/
gAgohmqSHZ29g4AN40c0bK5yWSaD6BQUZRFLpdLu®utQFBjUBTLIQCNXC7XWK011CSEQXGek5mZazZN
1leSmA78aPHz9aUZQelLpdrs9G6z1eYOQVAG6N1nGvMmjXrDwBdQOshCxVFyQewwOVy/
dVobQKBDsMhPhyiEAbFecqoUaOa5ufn75ck6R4A8YFA4FUALIYyIM44XgPChOEWY s rJ+AdAuMz0zoyz
LHyuKUsLMT7rd7jeN1iYQVOBLZv7RaBE1DeFDcR6iKMpcADfIstyqpKSkZM6c0aVGa6ot0J30d5m5j
8vlyjBay/mAw+EYBUB1IvL5/
f67Z2s2alWu0JoFA0I8IGz2PcDqdVAf+NAWI7n777be9wpg4u6iqogWQY rS08wW32z3X7XbbVFWAZTK
ZvnE6bnatHjBhR12hdgtgNO+1830FwiAR2GoRBcR7gdDqvVhRFZeYBAOByuQZmZWWIbaMNgIj+ICLLw
w8/HGe01v0J70z5sS6Xy8TMu8xm8wGHw/
GUOZoEtRdmvhtAZ6N11DSEQXE043Q60wORLcQfEB7HXKNEe5m5 rLi4uIHRWs5HXC7XMFVVmxLRtQ6H
47DD4bjDaE2CWsmnqqoKvx4NwofiHGTIKCFyWlraBkmSmmR1ZYm1+hqEQ+nszMxLmXmA2+3+j9F6zm
CURbEDeBVATWCUFfkrBAJjETMU5xh2u71ZnTp16hLRkUAgOMFOPYLKMPNVAGYSJIDU3Wsv5jsvlyna5
XGYA+wAcdjgc/
zBak6B24HA4n1EUZZLROmoaYobiHMHhcFXCRN8x82Nut9tttB5BbBwOXZEAWW63+wmjtdQW7r///
tYWi2U9gC0lpaVXv/fee/
1GaxKcvzgcjkOAdrvd7n5Ga61JiBmKcwQiGgVghjAmaj5EtJ0I0hqtozYxZ86cLS6Xy8bM38fHX+8K
ZTIUCM4IRLQOEAi18YbQOgaDKKIrSV1GUPAAYMmSIXWg9gqrhcDjmKYqy02gdtRVFUa5TFKVUUZR/
G61FIKhNiBmKms@0Zh4NAAsXLiw3WoygyiwHUM9oEbUV18ulluVyxTNzkaIoh8LRUALB6cLhcLwofH
aiET4UNQyn03kzMztcLtcd48eP18aPH68a0Y0ZIQAXGtH3uc6KFSsyVgxYsbJDhw4Dhg4dutVoPecI
+URO2vZGCL+/M2bM6LNv375pNpvt5ccff3z06Wg/h1NARAVNsONmvhqlKOX8u++++2p8fPye0+
+88zWjtZx11hPR31gHhUFRgxg1alQjVVV3+P3+G2 fNmrXWSC3M3BzA70ZgENQgXiWix05XY8zcGMCe
09Xe0cY8Ihp2Njtk508AiJwg5z9Di0ijWATF5mA1gBEjRtQ1mUzXqaq6pqio6IL333//
mNGaBAKBQCCoDsKgMJgHHNnigeSAQ2EJE12R1ZROxWo9AIBAIBKeCcMoOkPvvvz/N7/
f3J6LuWV1Z3xmtRyCoDgcOHMDO6dANX6NAho6UIBITagDAODEIRLF/
NZnM9t9v9elZW1lgaj9ZxJI1i5dCkVRKpVNnToVU6ZMMUiR4HSQNZ2Nhx9+GNnZ2UZLESD4PLZs2WKOD
MM4fPgwZs2ahSNHXESvUQiDwgAURXED+Nntdm8zWktV8Hg8GDt2LNg2bYuUlBRcc801ePXVVotcf+X
Klfjyyy8rlS1YsAA//
v]jjCesNGzYMrVgl0iXNZ40jR491165dhmooKCjAUO89hY4d08Ims6Fr166YPXv2Wen7/
vvvxwsVVIARIOaclf50hWHDhoGIQERITk7GFVdcgQkTJqCOtNRoaaedZ5999qw9+1h88cUXGDhwIKx
WK1g2bIm//

OUV2LPn7PjGHj58GImZmf j2229PuY0tW7Zg5MjX8eraAAAgAELEQVSRaNiwIRo3bozevXtj3bplplH
n6Pi+9y4cWNO69YNWV1ZCAQCIW6 rrKzstBugwofilLKIoSuvy8vKDqqqg+mzZ2dvcloPVVh//
79u0GGG1BaWogxY8eicePG+0yzzzB58mQMHz4c6enpRks0j I4d0+LWW2/F90nTDem/
pKQE3bp1Q3FxMRwOB1gq3b03169djzJgxaN+
+PTp3PrPpF500aYJnn332jPZx0mjcuDHmzp2L48ePY+3atZg+fTpWrVqFZcuWQZZlo+WdN8yePRsjR
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47EPffcg5kzZ+LAgQNYsGABHN30UXz0UczAgBrDpk2bcP311+PSSy/
FhAKTYDKZsHz5ctx1113YsmUL6tSpY7REAP97nz0eD7Zv347x48dj/
vz5yMnJqdb77HQ6sXHjRmzadPqGImFQnCVGjBjRFsB/
i4gKEhYuXHhOGBMASMILL2DPnj3YuUHEj2rRpAwDo378/Jk+eDKvVarC62s2yZcvw008/
IScnBz169AAA3HbbbRg3bhzSOtIMV1dzSEhIwAO33AAA6NevHY655BIkZmZi9e rVkfsm+PPMmDEDvX
riwrx58yJ1DzzwAAoLT1t6kTPKnD1zUF5ejuXL1yM+Ph4AcN9996GgoKDGGBNASfcZALp3746uXbti
2rRpe0yx0xZ5fUqIlY+zwJAhQ2Sz2Ty2tLQOY+HChdWfmzKIkpISzJ18/
H3fccUFfEmAgGTNiZKSkrgdDpxwwO3IDUlFe3atcOLL74IVT39+bjWrlOLIsLatWtx4403IjUlFddddx
3WrFkDAAgEAmM]j QoAHuvffeSvXWrFkDIsKnn34K4H9To40aNcKFF16Ihx56CH6/v8r9vP/+
+yAi7NixAzNmzAARVfpS//TTT9G3b1l/
YbDZccsklePrpp6Puh8ViwlcffYTnnnsOGRKZGDduHIgIc+bMgXTeqb+
+CovFgvz86L2uwmlW1A4gypg42fVOmjQIV1553f7973+jT58+aNCgAaZPnwdiwq+//
lgprzZtvvhldunSJuk9hmBmTJ0O/
GNddcg9TUVNxwww2Vvk7nzp2LG2+8ESkpKejatSvWrl8fdV1lnmksvvRQA8Pvv/QuzsmHDBtx++
+2w2Wx027Yts rkyKtX540svOK1bN1itVjRv3hyDBw/
G5s2bAfzvPnzwwQfo3r07kp0TOb59eyxdurRSG8yMKVOmoFu3bkhNTUXHjh2xYMGCSuec7NOLK5+T j
XEjRiAjIwNt27bFO+
+8c9ruzbmiqip8Ph+YOVIMSRISUIMrnXeyd+CWW27Bo48+ihdeeAEtW7ZE3bp1MXr0aJSV1VU679tv
vOX//v1htVrRrVs33Xdp8uTJ6NixI5KTk3HppZfioYcewtGjR2Pql2U5qp+K/
5698qyr8ptYledcFbp@6YLrrrs07777bqRsyZI1GDRoEFqlagWbzYYBAwbghx9+AADs3bsXRIR3330
XmzdvBhFFDJTNmzdj2LBhu0gqqgq5CSkoJrr732nJhdqjUoitLDbrcPM1pHdWHmM5qtWrWIA7Ha7+US8/
fbbPG/
ePF62bB1PnjyZTSYTz553L3382Jgx3Lhx40plrrzySr733ntP2069997L11xySeTvNWVWMACUX78+z
5w5k3ft2sX9+/fnevXqcV1ZGTMzjxolii+44AL2+/
2ReuPGjePk50TI0d26de00tDSeOHELz5gxg+vXr8+PPvpolfs5ePAg5+bmckZGBg8aNIhzc3N5z549
zMy8bt06Np IMPGTIEF68eDG/8MILNICQWE8++WSlaz0bzdypUyfulasXL1qOilLdt28YtW7bku++
+u9J5N910E/ fu3Vv3/hwedIgzMjI4Iy0ODP/rolz5+/LjueSe730kTJ3LDhg3540sv51ldeeYU/+
+wzPnDgAAPgqVONnRs4rKipis9nML730UgX7tGbNmsg54ef/xBNP8Mcff8x0p5Mff/xxZmb+
+uuvGQD37NmTFyxYwHfeeScnJyeH793U0/z+Ng6/
Qy1lbtgxOP+bNm8cAeOnSpczMfPjwYb7gggu4ZcuWPHPmTB43bhybTCZesmQIMzMf03aMMzIyuF+/
frxo0SL0ysriXr16Rd7x8H101KgRf/DBB3z00CF20BwcHx/Pe/fujfT78ssvs8lkar///e/
88ccfs91uzwD82WefRcHpyjv0zNy3b190TO/n1157jRcuxXMj9+/
dnAOH3b07pvJdVVvN8fvfjiiwyAR44cyT///LPuu3iSd4CZmwW++
+WZ0SkriAQMG8M8//8yLFy9ms9nMr732WuSc8D05/PLLed68eZyV1cWXXnpppfu5fv16BsCjR4/
mzz77jF9++WXuOKEDb9++XVdbTk40A+DrrruOV6laVek3RPt8TvasT/
abWNXnrEXvfWzZmfvLIJIzkxMZFVVWVm500bN/Lbb7/
Nn3/+0c+fP5979uzJbdq@4UAgwKWlpZybm8u33HILt2jRgnNzc3nz5s3MzJyfn8/
Tpk3jhQsX8geffso0h4MtFgv/8ccf4ad4Gn+13SxBCURSNO+nUN4d rOMzcfOHChVE/
eFXhmmuu4WHDhkX+PtOGxfz58yN1S5YsYQC8bds2ZmZetmwZA+CVK1dGzunUgVNkoA4bSS6XK3J80a
JFnJSUXAUFBVXuh5m5WbNm/0CDD1bS3L9/
£7788ssrlb344oucm]jIR44cizZSZzWZu2LBhISPg8ccf55SUTMgPWXgAT/PNN2Pe099+
+42vueYaBsDx8fHcv39//v333yPHq3K9Eyd0ZAA8ZcqUSm1369atkjGzePFiBsA//
fRTpTsUNijKy8u5bt26UfckTI8+fbhJkyaRv1VV5SuuuILHjRvHTIYMioMHD3KnTp24SZMmXFpaysz
MEYyZMYAC8ZcuWyHmjR4/mbt26MTPz5s2bGQDPnTtX97 rC92HBggWRs rBBOvVLLLzMzc21pKaenp/Pf/
va3SnV79+7NXbt2jWrrR0/
epk2bop5pcXExJycnG2pQqKrKr7zyCiclITEAbtasGU+bNq067wAzBw2Kyy+/
NHO+X6Ssc+fOFfN9990X+fVvPNN60eWfhdD/9ezZgxgwHw7t27dZ+bH19//
TVFANFFDIDTO9P5r3/9KxcWFKkY9nxM9az20v41V/
Y3REsugmDx5Mg00ZNRUSPPPP2cAVHXr1kjZ80HDuX379jH7YmY+fvy49qPyhAaFWPI4Q4wfP1l4ioul
ZWVmpJz/730bf//43brrpJtSrVw9EhPXrl5/
RAdMmTf63ZUBCQgIA0KioCADQqlcvWK3WSFTIvn378P3332PAgAEAgGhENANCNT59IG1dddRWOHZ+0]
Rs3VrkfPQKBAJYtWxallLh92nPz3vytvfjl06NBKa7P9+/fHsWPHIt0eKlasgM/
nwx13xM50fPHFF2PdunVYsmQJbr31Vixbtgxdu3aNXEt1lrlcbrTFw4ECSXLkyMkW8bNKkytGzZEu3at
dPVsmHDBuUT15eH666+P0ub3+5GTk40bbropUkZEkaWwM81lvv/
OW8YxVvOKABLBYLvVvjiC8TFXQEI3qOLL764UKkRR586dsWHDBvh8PrRt2xbt2rXD+PHjMX36d0zfv1+3
n4YNGOb+vOGDBmjUgFHE4e3bb79Ffn4+unfvXqn09ddfj3/9619R79WI3r3VqldH61Y8x+h1fil C44
8/
jm3btuHpp5+GXxWLB6NGjMXLKSADVewcyMjIgMv3PxS8hIQHFxcWRv9euXYsmTZpUemY2m61SG7feei
skScLw4cPxz3/+84T/
dsPO7t0bW7duxfTpO9GuXTu89dZb6NGjBwoKKm+NcqInDVTIN7G6vzGXxCEAS5EAV30ygrK8Nzzz2HSy
+9FGazGX379gUAHDt28iTM8+bNQ5cuXZCcnIykpKQqlwOEQXFGuUP/+
+zvs27dvW1ZW1lgqjtfwzZ6tULbph50sRFGzduRPfu3dG2bVssX74czGyoo5ssy7jtttuwbNkyAMDNnn3
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+0hIQE3HrrrQAQGRybNm@aGWTC/6j37025502VKCwshM/nQOpKSgXysL+Jtv3w/
Q3TrVs3NGjQAF999RUA40uvvOaXL12QkZFx0Or5vu+02LFqOCD/+
+CO0Hj0ayfFR1es1m81RP8iDBw+Gz+fD119/
DSCYT2TIKCEXNXi9XgDRP+wAcPz4cfj9fmRnZOdOEBGysrL0eFhh48aNkZubG/
GLGD16dMSPAgjeo+3bt1fSde+998Lv9+PAgQOQJALLly7FwIEDMWTOHDRt2hTDhw8/
ab4Dq9Ua0Sd8b7T+BOH1+eq8e+Fnqm2rppCRkYEJEYybg119/xfDhwzF79mz8/PPPp/
UdKCgoOKnjcdOmTZGTk40mTZti7NixaNKkCZ5//
v1IKPh56xMXF4cEHH8SqVauQnZ2N7777Dh988MEJ61R81kb8Ju7btw+JiYKRQ2fYSGGYP38+XnzxReT
n52P58uVVamfGjBKYNmwY7HY7tmzZAp/
PVy0dIsrjNKMoShcAGlwulzlvrHXqlAmJiYnIzc2NfGVoeeONNSCULITIkydHvviMZtCgQZg9ezh27
duHr776Cr17944M800aNQIAfPn11xFP7jBax9PgkpaWhtTUlCinr/
BgcrIQWyLCgAEDBNVXX2HSpEn440svkImZWSONbdqOQefOnbFz504Af+56L7 roInTt2hVfffUVWrRo
gQMHDmMDgwIExzw//mGm/50D/3Zt+/

frBbrdX0hb+MjtThL3iww6iTz75IPr164 fEXEQAwWXtUULKCN998M6pu/
fr1AQDNmjXD1KnBVZ1169Zh80DBGDNmMDN57772Y/
R45cgSdOnWK9AFE35vw33Xr1q3y9YQNOWPH]jgFBgwZVrne2ISIMHToU7777Lnbu3I127dqdtnegXrl
6VcqhOL17d3Tv3h2qqmLmzI LQFAWNGjWK6j8Wd911F+x2e+TfUywqPuuz/
ZvIzMjJyUHr1q0BANu3b8fChQsxefJk3H777dVqga+rUqgejbty8cDgeAal fvkyEMitOMz+f7Y/
bs2edFcHudOnUwZMgQLFiwAKNH]j478gwGCX0mpgak4 fPgwGjZsGPmHU1hYiG3btuHKK680S]jb690mD
50RkfPTRR/jyyy8r5Ym49tprAQS/
QiqGXpOKZrM5KgGMnqf2mjVrEB8TfX6X+BgwYAJfLhZycHPzxxx+RpRo99u7di6KiokrTvoFAAACOHI
hc55+930EDB+KNN95A8+bNcdFFF+Gqq66KeW67dulQr149rFmzBoMHRy+1XnfddZG8Jkbx2muvoUOH
DpgwYQImTpwIAOjatStWrlyJzp07R6Z4T8S1116Lbt26RbzmwlT8mvv1119x80DByL+Dtm3bom7dul
i3b121JazVqglejS5cuurM6sQjnF9mO@aRMuueQSAMHNXt2vydPNihUrOKNHDOjS/
7619u3bBwB0o0aIFgNP3DnTu3B1z587FoUOHIkafNjqjIpIkweFwY0zYsVHPLcy3336L1qlbV5r5Cc8
chfWHOdGzPtu/iYsWLcKWLVvwxhtvAPjfjHKzZs01i5/z3v/+Nqqf9/
WIm7Nu3L7I8AiDmvRKcBZx054zMzMyL jdZx0mDm5szMu3fv5qZNm3JCQgKPGTOGV6XYwS++
+CLXrVuXf/n1Fx43bhwD4Pfee48/+eQTHjBgAKelpfEL11zCHo8n4jAUHX/PX331VcQLuW/
fvty5c2f+/
vvVT+1iAp0eUWTGqIOYE+cMPP1Sq02zYMM7IyGAAnJeXV+nYgAEDUFWrVrx06VLOycnhMWPGcL9+/
ardz+DBg7ldu3ack5PDixcvZuagZ7nlZ01777yTP/74Y37+
+edjRnIMnDgx6ppLSOs5LS2N03bsyG3atI15b51ZH330UUS5ISeHIkydzbm4urlixgvv168eJiYm8ad
OmK1/vxIKT2Ww26/axdetWBsAZGRmVIkNi3adXXnklKpIhXG/9+vUsSRI/
9dRTnJubyx988AF36dKFc3Nzmc9ilIeiKBwfHx9xXj127Bg3btyY+/btyzk50fz111/
ynXfeyS+88AIzM69cuZLbt2/PkydP5q+//
prnzZvHiYmJPGbMmE r3oUOHD rx48WL0zc31G2+8kRs0@aMDHjh2rdG/MZj0PGze0P/
nkE87MzIwZ5XGyd69nz57cpUsX3rJ1C5eUlLDdbqg/4npllp8w9e/
Z81JSUxL179+alS5dybm4uz2dnclpaWiVnxJ08A8wcdMq8+eabKz2zbt268eDBgyN/
e7letlgtnImzZyX15ebx//
37ulqlbpfs5YCcIE7tWrF7/111uck5PDzz33HAOIR09UIOwc2r]1S547dy7n5ubyJ598wm3at0E2bdp
EnKer8qyr8ptYnd+yitx7773cuHHjiL5HH32UzWYZz9+jRI/
LbeuTIEU5JSeE+ffpwTk40T58+nRs2bMgA+PXXX4+09f rrr7PJZ0JPPVvmEFy5cyIWFhdytWze+6KKL
eNmyZTxv3jxu3749p6W18dChQzkQCDCLKI8zz6hRoxopinLI4XAsNFrL6YJIDBgVzMKzusccedzZt2k
QG13BEQHFXMT/
yyCPcsGFDvuiii3jMmDG8detW7t27N69du5aZmf fu3cuNGzdmABEDY tmyZWyxWLhu3bqVvLml/3h01
aAIR6j06tUrqt2ioiIe0OXIKN2nShK1IWK/fs2ZM//fTTaveze/duvvXWWIlsNnPTpk350KFDzBzOFL/
yyis5MTGRzWYzP/LII1EhaLEMCmbmu+66q2IIYEWCgQA///
zzfPnl13Ngaiq3atWKMzMzKxkTVbneExkUzMwdOnRgAJV+9GPdI2bmSZMmcatWrTg50Z179epVqd43
33zDnTt359qSkJG7dujuU/8sgj4ft21gyKQ4c0cVISUqVBa8eOHdy7d290T0/nJk2a8NChQ/
nHH39k5uBg8+GHH/Idd9zBVquV03fuzNOmTYs80/
BOmDI1Cnft2pWTkpL46quvjno0zMHQObZt27L]Z0K6devyzlkzT3pP9d69Q4c08c0338yJiYmcnp70
77//Pnft2tXQKI/
Nmzdznz59uGnTppySksK9evXiqVOncnl5eaVrPME7wMxVMyiYmTds2MBXXnklmOwmbtu2La9du7asSQ
VFcXMzTpk3jHj1l6cFpaGvfqlSsSKgxHQUEBDx8+nFu3bs1JSUncpUsXfuKJJyp9kFTIWVT1IN/
HPGBQAGABTcMEFfNVVV1V6F8Pk5ubyddddxykpKdylalf+/
vvvecqUKZXCOktLS3nUqFGemprKSUTIvHZz5ct6xYOfkPW/
bti3PmTOHly1lbx1dddRWX1JQwC4PizKMoSrGiKDUn4ftpgCsYFIKzy8aNGx1AZECrJZwRg+JsEMuwM
hBDDAgjL/psUAOT9d1lGhI2eaYiov8vlutZoHYJzn/CeKX369MF1111mtByBQCCoMsIp80/
gdDpb+ny+ZhalZZXRWgTnPpMmTcLO6dNhs9kioaMCgUBwriBmKE6RBXx54wMrMP5hMptvefPPN207FA
kEVueqqq/DWW2/h+++/r5Q4R1Czad+
+PXJzc9G+fXujpQjOM0IZnxgxQ3GK+P3+y4joLZfL9aTRWgTnBz179jRaguAUCG+CJjj/Ec/
6xAiD4hRxu92rAIilDoFAIBAITAYKU8LpdB5QVfVjt9v9gNFaziBeAHOMF1Eb2LVrV6v9+/
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dfefXvVv88zWouB5Jzm907iFN7fvLy8Bn/
88ccNV1xxxSKz2WxspghTxwgHnPUA1J0edZ6Q15fX0GQy+axWa57RWs4yJ8yRTmdLxfmCw+G4nYjeU
VW1a3729g63j9Qj0D5x051ImbuxyuToaral2oyjKNwDqulwuEWI jiImiKP9i5ny329335GfXHORTZjV
XU91LXC5XTWFMCE4nWV1Z/
Zm5ntPpnGGO1trKkCFDZACXBgKByUZrEdRsmPkHSZJ+M1pHTUPMUFQDp9N5uaqqlxYUFGQtXLgwcPI
aAkH1UBQLAOAW18v1tdFaahuKorwEYIzL5Tqzu5UJBOcpYoaiGjBzDhFdLYwJwZnC7/
e3BfDIKCFDLEZrqWow892BQ0BZo3UIaj52u31wZmbmOUbrqGkIg6KKjBolqimAT2RZ/
pvRWgTnL7NmzdqqquojVqs132gttQLFUV4mokYzZ86¢cYrQWQclHkqQxsiz/
w2gdNQOR5VFF3nnnnZ0ARhqtQ3D+k52d7XI6nZOVRFnd5XK10HKkNwZ9h1KhR9QKBwWCAiUozWIjg3Y0
zZ/
EVGy0TpqGsKHoggMHDmyoSzLXwYCgaGzZs3aarQeQe3A4XCsJqlyl8vVy2gt5zMOh+NbIkpzuVytjN
YiEJzLiCWPKmAymf4uSVIjYUwIziZut/t6Zk5z0Bz/
Z7SW8xWnB3kvgJRAIHCHOVOE5w40h+N24UMRj TAoqoDf759bV1bW2WgdgtqH2+3uTEQORVEENV rL+c
aIESO0aMPMMAO/
NnDnzJ6P1CM4pHpV1WYQXaxAGRRWYNWvWdA3PmzN1ptA5B7cTlctkATMrMzBRIAE4jZrP5C2Ze6Xa7]
xmtRXBuQUT/Iql/
jNYhOMdQFOUtRVHE14vAcJIx0p89utzczWsf5gNPpzFYU5VXNrSOQ1EjEDMXJuYWZjciNLxBUIiMjI0
6SpN9Fjoo/
h8PhGAPg5vLy8iuM1iI4N7Hb7QPtdns303XUNIRBcXLaud3ux4O0WIRCMHZz9elLS8vb2i1WkuN1nKuYr
fbbyCiTAB/
mzNnzmaj9QjO0TYhotCRIO4zWUdMQBsUJuOeeellLKy8vrAWCjtQgEADBnzpyDzNxeUZRjRms518jMzL
XYKqRFAOZmZWUtN1qP4JzmW2Y+4c6bAKELFEVZ5XA4co3WIRBoGTFiRHAFUTfxG6zhX6NSpk11RIN/
tdvtzRmsRCM5XxAzFickABK7RIgQCLbNnz161qupdoc3EBCehU6d0OPwWNY152d/
bzRWgTnPg6H46YRIOZcY7Q0gUAgOG3Y7fYRDofjoE651EwKoSjKfkVRvjRah+D8QVGUrxRFET44GsQ
MRQzsdnv9zMzM/
kbrEAhORHZ29mwAgxRFORous9vtvwJo03LkyCeMU1YzUBT1P4FA4AO0Xy3WLOVOESw/M/
AMzHzBaR01D70URAGVRPgBwgcvlam+0FoHgZNjt9ns1SXgNmb1E1JKZAWC52+3ubbQ2gyBFUXYw8w6
3293DaDECQW1AzFDEgImTmV14ggv0CbKzs+cFAQEiopYAQEQAOOKuu+5qYqwyY1AUpYSZHXxPGhOBMk
JImZee3IkSPFdgwaxPb1lMXC73f2M1iAQVBWHw7GXiNIrlhFRg6SkpGsALDBI1iEoinKQiMa4XK5FRms
RnJ9IkjSWiJoDaGuOlpgqEmKGIgcPh+LuiKGajdQgEJyMzM/
MwgEbacmzZ0Y0Za5TvgcDh2AngzKyvrLa01CM5fi0hHAH1G66hpCB8KHUaOHNNZZDL9y+VyiRkcwTmB
3W5fDKA9gMYA4iUp+K3AzNsaNWrUzZvz48aqR+s4GiqIcUlV1fHZ29ttGaxEIaiNihkIHk8nUGMBqo3
UIahYFBQVWozXEYsqUKY/feOON9zHzUwBWq6g6NnZ1VVVWte/
fuvd50fWeSG264waQoym4AWSczJqrzDIk58U+LOwU8Hs91RvQrqDoOh+0aESNGdDFaR01DzFAIzlve
fvvtSyVI6sfMRZIKFQEOVIW1iIi0t27duu3WrVvXASj2+XwlzFxsNptLnE5nsV5bXq83TVXVzUSUC+
Bhm812FAAKCgp6BgIBsyRJI/7JarQUV6+Tn57clIpfIZLKNnpKRSORXbTES/ArjIZrPdGy73eDx/
Z+b66enpY6pbncxcex+v1fgugARENT1qtKOeOHHk1gDtMItPtL7/8spKWlraiqu2FKSgouIKZ/
9BeVOFBQU+99pg5wePxfAXxgfHp6+0YK19SNmTunp6e/
V1IONXg+3u9VgXXWic5x05zIVVT90u92zTnSex+NIBbAOwWEqbzfaQ5tjTcXFxs+vUgb0/
Qtk8AJcx82KTyfR+amrgb506kyRJennJkiUlxcXFpsTERFN5ebnpsssuabGqqrpp06Y8s91sCgQCil
VVTUQky7JsULXVpKqgKfz/kiSZEhISki6+
+0LBkiQlio+P7+bleudv27ZtWbgeM5vi4uKSy8vLfQBkZjYRkQmAyelOimRdZxmHw/
EhEV3hcrkuNlpLTUIYFDo4HI6hAHXxut3uJOVoEpO5WV1YfABOYuQ6ARCKgAYARQIOQNTEEWM/
MfovFkmQymeJCOROB8vVLY/aqqliUlITWXZVkCoJaWlm4vLi7eDyAgyzIuuOCCrrIs15EkCcePH//
v0aNHtzKzv379+13r1KnTAghGY5SX1+/ev3//0tTU1IXx69eoNkiQI5eX10/
bs2fNheX15KQCkpKQOTEhIqOv1lereGy8I0b978z0SEhNbhvz0ez7IDBw58Gz02NCEhoc3x48e/
3bVr17KK9dLTO1lvabLZrd+/
evaCsrKyk4rGkpKT0Jk2aZDJzyZ49e94vKiryAECjRo2uSUtL611SUrl5//79y0pLSyMGWPPmzYckJ
CSOVVXVT+jQoY/y8/N3mM3mhGbNmmUCSC4tLf39wIEDOX6/
vxzB2VEpOTn5ImaWCgsL94fKZAASEUTISUNNUINT rywpKdmVn5+/
1YgKAJIKSXEASNTU1IMSLCwu3+Xy+snB74Xr15eXFZWV1noptJiUINZMkKYGZ4ff7j5eUlBwhIslisa
TLs1xHVVW1vLz8gKqqqizLCbIsJIJwIAMONVVahqzVO1KisrS/
3b3/4m9nc5SzgcjrEA+rrdbjGbVAFhUOgQil//
xul2K0ZrEZweWV1ZqQBeAzAUwHCAEB8Xz850Tky+Pr9/
0KCgoJTfAKhpaWkdTCZTE]jP7jx49utnn8x0DgMTEXIZ16tRpWbFtvyunNbUAACAASURBYNOTIELSgiR
JcYFAIDLglJaWFpSVIRVYLIYGkiTFh8sDAZEh+3xFlmUwc2kgECiKi4tLNpIMFKkmSIEKSSktL95SX1
X+WIEM22Wz tZVmWiQh+vz/f4/GsDgQCxfXqlbsi0Tm5jSRIICITkgSTyQSfz3dwl65d71144YV/
sVgsjcP9eTyepQcOHN]jYokWLuUOpLS1vt27cPSUTIX91zzz03G3kfBALhdKjPN1VVRQ6KcxxJktqoqj
oCwGan031Dfn5+VyLaoDktjZ1fIJKKHASSFykzM3MpkMt399/
ULAHwfmpmoVC9Gt2nMvIyIBlcsZ0bfi0glAG/
5fD4wMwKBQKWvX52ysv379z9Xv379UZIkNQ23papq0f79+ycSUWKDBg2eDrUf7gfHjx//
pqys7KDNZhtWsTwQCHi2bNnygizLdPHFFz8rSZINc+z/
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AKgtW7YcI8tyRgXtKCkp+Tk+Pr4 lAEVFN1VVLS8uLv4hKSmpOnoyM/
tKSkp+SkxM7Ki9QYWFhWsPHDiwvkWLFg5Z1iM+DWV1Zbt37dr1z7S0t0b16tUbrFNvQOJCQkuTyXRB
e0AN9VW2f//+dx0lanSTfyWSyETE4DweOHj360c1kSkpJISbk1XBY+rqrgDpPJ1CxcXnFAD/
9X8W8iQiAQmBAXF/eMJEmQZbmivHgAvwKodL3MvE2SpMHM/
B8EZOrCpANoSkSzmfke7bUC2BUXF3fN5Zd fPgNBROUKXAcgAKDVNj17sG/ fPpjN5pu8Xu/
tVqtVzKgeBRwOxzWqqppmzpwpfOOqIAwKHVwUul01GaxD8efx+f1llo0DHNn5+c3IaJPdU7bTkSPAK]j0Od
UdEh51504C1RBRTf1T6Z+RutMRHiGIC3AMBS rnI08m/
169fvD6CpprxORkbGswACO0YOAPwWOYJRGV7EKSTd27tx5u9f rXQPApgmzsEuXLm94vd71CG6Kp6VdD
IOWAFH0aUTOIjO0/oHP+11ardZDX610GQ0sgeWGHDh2GEZFe/
2DmS4koWad8batWrVoTkVVTflySpGPMPFSnzpZY/
cSCiP6mqupTMe45EGIM7I2Li7unrKzsnOSkt9Z+nInfONF2DMCtZWV1zwC4Tef490ROGWCYTKaK5c8
BEAbF2SFT1uXeAC40WKkhNQkR5aFAUxexwOF7NzMzU/

UAKZzj FMJWMpABBRPBH1AKir0OeUIgFxojAkAkCQpU1XVGURUNcQlg4koKnseM28BOKYa7YCZ9wH4A8C
100ePA1BDPiFaXADulhYSOV1Wq/VHj8ezCNED3yKbzTbK6/
UuiNFfdX1KVVW95cINVqt1gNfrdQPorlfxBIP8ET1jAsAmSZIWEpHeR8BMZrZrCOPGRAKAVE15TB8E
InpUVdX7iKhhrHMObZVKktS/ rKzs7zGOrWLmy/Xqy rI8iIgGAHhAp9OVRNQr/
HfYoGDmcovFIpY8zhLM/
CMzR23KV9sRMxQamLkZET1kNpunGqlF80fw+XxlsiwjPj6+CSpPNWMAMHKpET1OqrqZ+TroDMwnYBU
zZ+h8Je8NDZLVCUHMC82mRAQOAPIBFBBRC51j7zNzDyLSDpSPp6enL/
V4PBBAUE1zLCcOPX2wl+t1M/
0AamiMxWRm7KkVElabpmflATfHz8zV6vIXEA98aoG4vfAehd7w4iep6Z9TIiTgHWV53y7UROCBgDhpkP
ELEDvc6Z+XKAHTWMxVgQOUgATxHRozgH1wNoRkQpOvXuU1U1A8AKnXrriKhnxYKwQVFYWLg1KS1JDH
Bniezs7DcARMOu1XbEDIU+36mgethoEYI/
R4cOHcIDg54xMZuIRuilU72Pmf4cGkSrBzN8ys4+ILtEcygst16TqlYuBF8DrOP86PQ5gE/
QH12XMfEF4L48KdWamp6dP9Xg8bwC4S1PnB5VNNjA/P/8FvS/
5U+B9AFzxCzqsm4huLi®@tvR7AhGq2+RNO rpeZDxHRSGb0Ojk2DcBwIkrUlmHmNYieHdkdy5gA8A6A4
wDuq4bmV2RzZ/

p2Z39U5tpGZTdCfKn+GiA4CmKs9wMz FMTMV2nKTyVQMAKHIGCFZIjMz8yqHwOHr5GfWLsQMhQa3270
NwDVG6xD8eX755ZddAKLC/YgoGOCsAXQqgDer2kdo+vwHRPssFCE4uGgXWU7UVgkRPcvML8dYp/
8IwP065ZsA/ESED2ray01PT7d7PJ6xAB7WINKkRcuS7h4ierarGE7BSkqSPVVVdgHNsCDPXIal/
VrPNnwBcqilk5mNENFhVVRcRXaA57EZwCauuto4kSW9pDUVmPhBa/
01CmZcQORcxTG90YeavEhISXi8pKf10+wxDjr17Q8sZ1SCibGZeGggE1uk8+59C+0ZE6TT5TK8BeDo
UUis4S8iyfDcR3QVIf6Nai3gINSiKOtrhcPzDaB2CP4/
FYikDgED1mM3JqqpGOemFeImIx1bVCTMOTf4eNMZEiONEVK86eonoCWZ+Rvt1HeJ1IrpfR8M+APMBP
Kg5tF2SpDvy8/MzAUzU1D1ERDT6/f5rEfwC/

IMw8xZmHhsIBGb rHHNKkrS10oNyiMOAonZKZeZSWZYHA/ g/
ImqjOfYRgEUJqLW2HhGNU1X1SU2xBOF/
FD2jb4Msyx0Y+YNgaN4eFxc3vKSk5BPtjEfonn8FQG9Z6Qsims TMXXNRkubYTma2IdqJFgCQLITONA
AQkdh36CyiquomZhzZ7eWgQBoUGVVXvjbHUKTjHUO++
+40Aw0fz1YRMIYYX8/16a9fMv]iZ74D+4KLHUSI6AZrBOtTWQSKgXx2tzPwEgFEXxpt5fYubhOnWOE9
EkAJM1h7ySINOMoHvouivWKZIk6WZVVRuqqlqdwTKW7k0SININRO/rDIb/
J8vyQlVV1wHQziScgMOtoUEGaqlIkqS/BAKBUADMI jLzNwjmlblap8kHADyu48S6Vc/
4Y0atsiwPV1V1cQzHVz3NhSaTgX95eflUIugk0XaciN4E8JIBOve+Y2RKIBL7QvjPMfCCOIBbTETQCM
ZSUTINSqoKCgU6zzBKeX70zs256X6zKjddQOhEGhgYj2E9Fyo3UITg/M7AdgBvAEM4+NMWD /
SESt9AaXE7T7GICXdMr3n2A9PhZTAPSCzvQ+gFcA3KpnoBDRkwCiQj0J6DZVVTNUVYlaYpBleZCqqu
VE9H11wmH1CIWi3hLyWWiuObbQZrM9parqp@TUghrNbieiABFF7Z5KRInM3JuIBmkObSKiHUROhO6d
RwAMgyb0O1pmXQ8f4Y0ObDIpOpfyAQeBfARVUVTUR3+/3+gQCickpIkvQMM4/

VqfY7gEFE9KH2HoWWd fKOPjE6/UKWZUiSZFFV9dWg6hX80ex2+2WKovQ1WkdNQ/
hQaHC73W8h1C9Ac05DRGUA4pn5c70QUGb+DcGO3CT84dYwiojGQpNHIWRMVCmssAIfAKijF1rIzD0OJ
6CJowjxDPMnMo4mo0O1Q4Ed3PzF5mXq81GIgo02Kx/FxaWroBsRNzVR1Z1lm8PhYdgnRzXp6enD/
V4P08jmISpSjDzPilLKg/4swzPMnAGNs2poNuhrAI/rtDcBwIWI9olaq3UcDZ1/
XIKkPOFA4LKYGMLXNIKzI9qZIjDzGACP6cx05MmyfESgEHhD2xcz1xLRz1XVYDKZ4Pf7fSaTKcqgEp
wZKJgHZDRiLEXVVsQMhYbMzMyemZmZfzFah+DOwMy LCEZ5RDnahow] ro4xEZqZGI70yIM9p2BMrGXm
jdAPD/
1IMkqTdCKYNrwQRTQXQVyeqZJKqqis4mKmzOvIDMz+f1lpb2YUlJyQro+CacAveqqtoCO0f4judior8fj
mQCgyv+0mLkQwXBKvVmDmQB2QRMhwsw1kiTNgI4xAWAeERVBEGLKzNuYWXvfAACYLA9k5n7QmWU4AR
+bzeY1zPyh9gAR/QPBelDpfjNzERHA5Pf7/w6dxFVEtALVMGhkWeaSkpK9KSkpR6ghW/
Dn+BnBPDaCCogZCg2yLD+FYFrc+UZrEfx5zGZzvN/

vBzNHO j EDKWRTRAr17hMRGs ivQPQX5SEAVr3IjNDXZtTSAjP/
SKTVENE8na7WAJjPzFHvIDMvYmY rEWnzKCy2WCzTfD7 fvwDUOXxyb1Z6ePt7j8ayr5vKDLKkTODyI6pK
qqVrtHluVeqqo0QvCrvTptfgAgKhkWMy8mok8ARD11EtEbzPyiTn0fSZLOiU7EyW4iKofm/vw/
e+cdHkX19fHvmdndgCQh2QRICAi00EQEKSZiARELFAtFpamQZCmCitIRQfRFUARRQROGSBEBAZEqXZ
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9U6YKOUEIJLbC7IaSQ7M6c94/
ZjcnsDQQF1zKf5+HRzN1758xms3Pm3HO+x7NWZ2hPm9dS1rpbkqR3c3NzfxdUioxn5gdJoF@hy/
KLgQqo+S0Sx+jHWhKuuKZSem5t7TFVVolnMf8jEiRPnAXxDpn9zRGBEKHCY8G8Aaf9th80+x2+3xAQEB
Jyc/
€114+TulllyLMwFgtifaleDplZ1lToalW6hMSwczZAHzOATxh+n7MnCg4z18ABjHzIMG8LUSOgzTRpP
zHt1sslm4ul2s5gEq6alvDwsJi7Xb7XFyHcmhmnmIymeYpiulzZcrMLZi5kieicClrjoPAmQCwQZKk
ccw8RzCWKJI rDzFuZ+RNPDkR+LjJzEsR1qB9Kk rRXURQT/
YcrYDeZTC8rijKHTfEW85jPzBQCvCOZ1UFW1DATbI9Baql/
LVQuUIKFZVVTSEWisGN46uXbtWttlsbf1ltx82GEaHQMXHixPf8bYPBvyc9PT3c5XKN8zaQUlXV20xqgL
bTP/RP60cycISrZZKo/
xzrocms80etOAKI+DYCmaBmpm5P1SS6cLDjXSWg0y2LBWLIKkSd8wc4HSTNaUOFu5XK458M212BkaGv
qyw+EYDODUX+SaYOYVAQEBg3JzczfpK2UkSWgrgmgmoigrRZGawvBEfUQCY/tMJt07iqIs0z/9e/
QhnoNvL5AjpIldLRO8FOUISLQFM12SpGmKomy91iRVImrldruHEVEd3dBGSZIWM/
MOwTW9J8tyqqqqvwgW3M3MLUWTvyvwmSzL661W6zcXL168dA3zDP41qqo2JK3ZnOh35Y71qg6FZ2/
zjkFRFBMRsSRJd1QIkcR9EM5Zgo0DLzidzm6SIHOH5EU0xg0oDrEzchCQ7YAJACYDEIkyHQAgjHI4t
jR8+ndIktSBmT8RVIJcBNACmt0iV1G8KELSXOVRvVtNt22RKktRSVAUXRNRId/
6UgICAGKTT+SbEEtTXyh6z2dwxJydnMREViIIwc1+LxbLII+bkE6mM5AgnM/
AJOiW3MfEaW5dfcbvdCfdIptITKKvCtwLhgNptbulyuGYKIWRROVMdzfIXJZ0rtdrvXk69A1lpV4U1lX
VZOgTNsq/3gFZlocqirlY71QRORgAqwoRrkoGUIJOuiWeCNcl/
XHP2AKTYTTR5XL9bjabLSaTKczpdLYKDQO1uiT/
NyRBU7U1yMdVHyVYFys2uD2ha3msvIWYOXOmPSMjwxoTEOMNMDCwPbQciAIw8xoielow/
QgzvwngJ8GT428AGor0yczbRHvnnshEawDNBHMeA9CViHz0JgCOY+bP9DdKaCJJzQFO1R13mkymx9x
ud20IZJyvFWY+FRAQUDs3N3csfOW7v2Xm/
gA21ixyoKzAHWi5DI93xi7IsP6coykQAD+nGOkL7Ei9Q0cLMWbIsP6koykBB6egPABrDVz1zvyzLDTx
bFk2uwe5vmXkHERXY rmKtUdRLABaSb4nvD8zcD8BW/Zhn+
+sCxCXDfwIQNRDbwcydAKwmoohNmzbhwoULaNmyJSRIghMSE rLtGq7HwOC6YeRQGNzWZGRkHAUAKk8k
UC4EzAWAhB023mfmsJEndiGjGNToT2yFo9c3MHzJzTQicCSIqTURPFOIMdATQT/DU/
R4RPQJfZwLM3EJV1XK4Ds4EgIsWi6VITk50d/
g6E8utVmt3APOvXxZ1g5pXQckvOzgQkSWgtKMoo+DoTRz3/
fMpQSZPhbq13Jph5NbQur3pn4gyAZxVFGX0tzoRn62uZwIm4BE1P4luBw7DabDa/
BeBXwdglaNUrImfiF4idiZNEFEtEi71RLpPJ1F9e/

1+XAxtcnY4d00bGx8dfSzXQHYHhUBj c1kiSRADAzD43PGaeC02gWa8RcFGSpPaqgk6ETUGRmTdD2zY
RsRtAeUHG//
eSIDkgUEQEJpmtABg1lGBsBoCV8241PJqIsZh4muKZXiChDUZQFhdh4TRDRS263u56nBDL/
efaFh0a2dTgcOOWaDii8pG43gD+giloVgllfLkTX4gJdrThlaCubEebYE9MIRe4jIBd1IN2ZP30pSIOh
FR15ycHEyfPh179+4txNy8eYckSfqkELGwl4hogP5cAPZYLIb2ubm5QnEvItpGRD70LIAS5zNXYf5C1
5nDtPQgneUJiJpPJubXXLSQkxBD1+w80Xrx4dSLykzZq/07klHIrFixfjf//7n7/
NMLjFSE9PfyAKJET/p0t1lkSclzyehUpKk11VV/
RQ6dUV01SG1IRaz0czMAYJ98NVE9JOnkkHPSCLagKqqgqER5luc8BSIazL wGwK8AVtFPY0a+sixvITx
JX0sugxAieoOITPpEUAB2I0opx0Bx9IXYMkiCW2j4G4BsSNyN7USKKR6HT3WDmLGaeIY reENEwSZIOC
xIg7cy8DVqTMD2tAUTDISm+detWvPPOOXxg6dKjgpXmkyblL81jP/
KHAW2zNzDHx7dBwPCAho6nK5JhLR04I1FOMQowWHmeczcQHAeSILUkZk/
J52iqyzLUBTFZbVafTqvGtwY3G73SRg5FD4UyaFQFAVTfUVG]jVghODgYFSvXhODBw5Ednb2jbYPAD
BrliwMHChSri@a/ra/KJQuXx5EhICAAFSuXBlNmzbF6tWr/
9FaKSkpuHDhztZcuXTpUmm3273ZZDJZ9G0em/IWCI54AbRTVbWXIAcimZmzoJ0Y9qx3FsBZ/
VMoM+9r1arV9tDQOAUNT57UT/veY rGMU1VVVNGXACA+
+HYWTZIk6WsSd+0cbzKZpiiKskKUxFcYqqriOKFDyMOtWN3KzB8z805FUX7SHc+WIO0k5Imqgsj1p42E
2+gluAlohrEDP7yE07XK5Pu3bt2ghly5bvVghQAY8//
j1GDx+070xsENFXRPS0fg4zT5EkaSYzL9AdzwYgbEOPTeEOA506KQCgTp06+01ijj9Cvn75v2N8QUWd
VVb+Bb7TqYwATWRM7K3CtJpPp2ZycnCEQNwP7BeLP3jIAFQS5MgDQi5SnjiaiufsDtdicpiqIK5hjcI
KZ0nbovMTHxmv r13AkUyaGIj4/H4MGDUbt2bcycORPt2rXD3L1zkZgoKq0/+bhV7G/
RogWWL1+0Yc0GoUaNGoiJicH7779/TWscPnwY5cuX/
8f0y01CUFBQKhEN8+aa5sst3uQpVfQRMGLMI515CYAWUqEOaPO+fL7MWdOmWA/
fRMFUk8nUuVmzZiKthF9DQOPfzMnJ+UVw8zgMYIbAvjRZ1lgerqjpdsN6CONDQfm63ex1dm4Q4Zs2ah
Xr16sHpLPCw9S00CowV+kgHEb2iKEopZp4isGMzCul/
wczdmHmM4MNn7x6eeeqr08uXL2zz88MNISEhA69atsWjRIgwePPhXZhapiC41m8393W73UuhKR410oHD
OLtpY+1lWV5DbTIQB4BAQF48803Ubeuz6/
Wul6sqqqD4auM+iMRbYI4UtTc7Xa3gaALrSevo4Hg+BbW2tfrylC90h110SXg6t19/
Pjx74jIKkAD4D+nQoUNwfHx8vL/tuNm46ofQbrdj6tSp+PDDD/
HBB90DScuWLdG9e3eULONTDPCm4layvOyZMmjUSIuCdujQAaGhoRg8eDBat26NmjVF7RwMrkRoa0gX
s2fPfgd/
3+R+M51MXd1u9wbBy7+SJ0kuZvYpL4SW3NhLdA4imgdfeecsSZLaKoqSEBAQOE+S22m1Wls7HI7JI5C
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us5SCij5hZL80oEInpXVdUJgg2MDVartZPT6Zwjcnj+ARVNZNMv18ulGoC+tLUnEZ1k5vWCeeuhbRG]
/
gqjaE9H7gvU2bNgOadaBAwcWDhgwICOKOLRpU7zyyitjIiMj253074KZt51Mpk5ut3uRwHNn6FkAs6TQ
kmHmexWIZ7XK5NsFXu+JKjGTmVvpoFTNvIgKvmHm50DiqpSRIVZjZp3EcgHVEdI/
eBmY+RERrAfQXzPmFiLIh2FryzAOGoWbJkgN1uN4St/
kOKFSsWSkQJACb625abiatGKLxPdi6Xq8DxkJCQALLGiqLg/
fffR61atRAaGogWLVsiNTW1wByLxYLvvvsOHTt2RIkyZRAdHeOTIVBVFUOGDEH16tVRtmxZvPvuu7h
8+XKB1xw6dAjNmjVDVFQUSpcujSZNmmDRokX/yv6eYmBjO7NKTNpsN9957L6xWK9q3b1/
g3HvV27EGnTp1Qt25dBAcHoOGDBpg3b16BdWNiYtC7d28MHZz4c1StXRqlSpfD00+8gJydHaN+V6EN690
2RZxuTJImvBgdnY2unbtioYNG6JkyZJ48MEH8dFHH+V1eHfr1g2VK2vfsa+++iqICL/
+gmnoLFiwAK1atcL9998Pq9WK559/
Hjt37rxmm241L168uAcAVFVdERoa2tzlck2Hb+j6]yLawWIZ58+Y0a6Q5RdB50wAgCRI7Tx1gg/
rhpItFkvMAw88sPP9999v++mnn6J27dqoXLkyBg0ahLSOtP7MPK5L1y6Ijv67jxkzv5uTk/
NBhQoVSg0ZoqUfKIqCgQMHXggPDw+86667H03atWtx/vz5AicrU6YMZs+eja5du+L+++9H/
fr18d13f/
sq9evXx1tvvQUAqFqlKgxWK9auXfuKy+X6ITO9vdrgwYPx5INPolK1Sghbt25KfHz8YVVVV3iTWNu2
bYvBgwcjMTFxX+3atWvHx8eX69y5s975fVNRLI6VK1eu7 rXdcOOHmb1P5cqVpw0OA2+30Pza2bNmyjY
korweG5/s1rUyZMubIyMiz7dqlelx3vT+WL12666JFiOqNHDkSVatWxaRJk3Dvvfe6IiMjldzc33/
hiTJs2rQJVqgsVy5Yty3ufxo4dW+C9mzJlyuaGDRt2qlixYvOnn34a00eP9v6dHVu5cuXH3bt3X1WtW
ruSDz30EPrl6we32w0i6ixJUq7IIQSWEOAI+CqzZ0qCpfoqciV3M/
BUAAYIxAAAR3V+pUiVRLXx0DG4gsy2kAMLEE6YU7ias6FOHh4XjmmWcwYsQIjBO7FufOnR0O+7sMPP8Q
nn3yCRx55BAkJCTh37hyaNm2qlzxGz549Ub58eWzbtg2tW7dG165dsWPHj rzxzz77DB9//
DGee+45fPvttwCAhQsXF1lijd+/eOHHiBD766CNMmDABZcuWzbtx/
1P7AWDK1Cm4d0kSVglahb1z52L16tUYMODvv+WoqCjUrl0b/friw8yzZM/
Hggw+1Q4cOSE50LrDOpEMTsH37dixatAiJiYmYMGECvvnGIzJ6VUgWLInatWvj2LFjAIDixYujZs2a
1I+Px48//0jXXnsNw4cPx+zZs/Pel5kzZwIAhgObhrVr16J+fU3Jt2LFinj22WcxduxYjB8/
H11ZWejQoUP+crPbFQUAVgxYEed0OkcKsuo3EtEUQeIhoIWzWAKkS5KA1smooONSTVAWGOIWNVVVNk2
X5udzc3MblypW79/vvv8eff/6JGTNmY0zYsUhMTFSmTpO6EKBISs2bNcPbsWa/
DN56I0g9bt671ipUuX0KyZ1qP50UctZSQkIFjr16+vjh8/3nL+/HmObdvW5++tf//
+iIgKwpola9CyZUv07t0bf/75JwDgq6+
+wttvvwOAmDplambL1i3bN2rUaASARvVHx8Zg7dy7at2+PgQMHbj5+/Pix1StXLj179myB/
IxVqlzd+uKLLyoNGDCgWJcuXfDcc8/

h+PHj OHDgAACMYOb7tmzZ0sxut6NpO7wcy fMmk+11IvohPDw8uGHDhhgzZgwmTJiA50TkGZ4S1AIVE
x9//HHWhAKTguvVq8dff/
21WXe9vOHr2Erjxo3D1ilb80mnn+KJJ55IcbvdMwMCATL5SVTUVMXL16tUICgrC008/nSn4/

WHNmj UH+vbtW69SpUpREYZMQEXMDDZv3gxFUdKIqPPo®aPnL1+
+PCAuLg7vvPMOfv7527288svriGiPqLqGtSZOKdCVLXvyPQYBEDmMyxz35I6NFNubHZNICzSkpKde2P
2rwjOlMTLYYmJgYBMDQaboWmInTO9P59ddfZ2hvHtetW5dXr17NXrKysjg40Jg7duyYd+z06dNssVh
4+fL1lecfMZjN3794972eHw8EAeNKkSczM7Ha70TIyssA6zMzPPvss169fP+/
NiIgIttlsXFSuzZj8zc90mTfnhhx9mt9udd6xnz54cFhbGOTk5wnUzMjIYAE+cOLHAOjVqlGCXy5V3r
Hbt2vzaa69d0cZy5cpxbGysz/HmzZtzdHROo fMee+wx7tSpU97Phw4dYgD8ww8/
XPF8S5YsYQB880BBZr59xcsSEhLmISQk8P79++MdDgfr/h1z0BxP2032DMHYL3a7fZXg0DscjiN2u/
20/rjdbh/jcDi65T/2xRdfMAAeM2ZMS7vdXt/
hcHDjx025WrVqnJqabp33YdWqVTNfffVVdjgcfPz4cS5evDh37dolyeFw/
05wOLh79+5cpkwZttvtfOrUgXRIki5FROAv9I5n3759bLFYe07 cuXnnNpvN3KVL17yfjx49ygB43Lh
xece+/

PJLBsCzZs160eFwfOxwOHj lypUMgKdOncp2u30TMwce03ZsW3BwMPfqlStvbrl69RwAeNWqVXnHjho
7xmazmd98881dTqezs8Ph4L59++bZ7nmvH3c4HHU8Cc44fP87t2rXL+/usVasWL1y4MG/
N1ISUbEmMSL1Wt44Sh6QAAIABIREFUWNWD/
ngnT59+wuFwf0293sjISD558iTh7falLly5dqjp690gfAfDixYvz1lnv44Yf5+eefv2y3270884YMGeL
9XZypUgXK3ujoalLbb7frfe4t58+YdAcBf fPFF3vGPP/
540RF1JCcn2wWf1fMOh20C6HPkdDrfsNvtZwSfo4s0h60d3W7PLuTzV+DfX3/9xQkJICbxv374n/
faHdofRsGFDk81m6wkjQLGAIiVIBgUFYdgOadixYwfi4+Nx5MgRNG7 cGFOmaH1ZmzdvRnp60po0+Vs
jJjIyEvfeey/++00PAmuVL/9339/
ixbUHv8xM7UFh37590HPmDJ58suDfhdVasErvhRdewKxZszBs2DDs3r37X9vvISIiArL891ZktWrVY
LTfbcfToObxjM2bMQL169RAUFITAQGO70z09vcA6kZGReU8N3uvMysqbqpOiPKHUvI+3bNmC5557DqV
LlwYRYePGjbh06erq6Dk50Rg6dCiqVasGsOmM5s2bC22/3WBmBQCCgoLOGbhpkiR1Yea5Ah2KXdBKR
EVaAKcBSKTrOQFNIXENBEL6AHD+/P1OIlri/blMmTIe/YCpRPRWSEjIXd6qo6CgINStWzftf//
7Xxg8MuFL1y5FixYtQET44IMPhqiqGtizZ8+8R1IRERGOVKKStm/
fDmb0+6VGRUX12VCsmJZaIPos1i5dugo8HUK9JdqPPfbYEYVF8rzT6fwx0Di4VqlatbBlyxbv+7A5L
S3tQo0aNfDII38/eHuqqOw//

vijwp7EzbVr1+K5554DEYGIXmbmD5BPzCkoKA] jx49fPnXqlAmvvfYakp0T8eKLL2LGDK2Z6Wefffa

Observability: Logging, Metrics, and Distributed Tracing 145



AIVOID [https://aivoid.dev]

RgqgBvXrlymtuFhERgfL1lyyvz589Pgqb1AQB48cUXUaJECciy3Nrlcj39+uuvtw0ICcGqVZo8w+nTp
7Frly7ExMTKk6iNPzJyVm5s7Jjk50bpBgwb67rQ2A09u27btHgB5uU4AZu3fv78vM5fYvXu3XkL8MrT
tDJ/EUtYSgN8hXw12SJLODoBx+1yQwvB+Z23evH1/

UV5v80+pUgqVKCQBTfdu7c+Vok2297 rkmHombNmkhMTERycjIeeuihvAoE703p9ddf935pgIliwf/
9+pKSKFHN9tLQOANgXOpUYPX0o0Bg0ahA®ObNgBWrVpolKhRkfIBCr0/
MLxJIm94SzPHjx6NTp06Ii4vDgQMHTPIybgSnTp3CvfdqCeY7duzAUO89hejoaKxatQrMnP+L7Yp0O6t
QJs2bNwkcffQS73Z73BXu7EXAQECA6LknSK4qifCVQLzzHzOMh2NNm5kueBLmKuuNbmf1TZvYp59y2
bdtMAG]j Tps138E3G+9UjvvS87njKo48+uvvAgQNWu920pKQKkHD9+HE2bNoUkSWOcDkdxAO jRowesVm
vev4MHD+L0o0a0X9ImMV+LgwYM/AOBUVFSesJa34k0W5aYul2sMgBhA+3vw/
D3v1CQpsVy5cpXDw32+T/
QUVXViWlraIllZWbhw4QK2bdvm3f6MA9CRAOqUzLyZmee98MILPb744gvs3LkTOdHRGDFiBADOOHDg
QJboeo8cOSKXLFmygNMXHh400tqClwTwtSzLaN68eV7VO+LFi50BAQECEXPj07uGiEZKZWV94HK5EB
JSIJf2M9J6pTTyftfVqFHDa®f7mTNNn7gY0ZyU/kiSNYGafklfPeoOhVsLsgapqgf+jUPa/
EpUuXRgOAy+UyKj3+I5i5D7Q0tndUr6ur8Y8+gEFBQWjWrB1GjRqFjIyMvKegkSNHo169g1vUkZH6B
7nCKVNG+26/2hN3YGAgBg4ciIEDB+LEiRPoOKEDWrVqhSNHjng7S16T/d5Igx6HwwFAexoCgM8/ /
xzNmzeHt1loofyLZjSATIQUHDhzAM890QoRf fvk LAgMDMXLKSBRynxRy+PBhzJ07FyNHjsRLL71008y
96WDMEKuXLm2YkpKif9rsqbrqACKK1ro+S5KkbqqqipLgAOAMAL3Gw]jFIkuJVVV2uj3QQ0eczZsw4C
KCDyWQQUE55+fL1TCLaAk9UIJ8NmQDm2Wy2d8aMGYOVK1ciLSONVqsVDRoOeE+W5X09evSYtmDBAgw
dOhSlatXKv+bRChUg+0hkXIGZu3fvPg6dQ10mTI1cAIbO9PQ+Vqs1L+n04sWLCA40zmHmQazTf/
DYnmI2ml+ePn368oceegirVqlCZmYmgoKC80STT371iKYlsp5tzgIhGAPjZeywoKAhNmjTBuHHj sHjx
4tXvvvvuxhUrVhS43gMHDiRUqVK1Y2RkZIH3/PDhw+uY+RAz/+491qJFC8ycORONTp2yL1++nJ9+
+mnSP7QcPXpOAzP3CgONDQwWKCsp7SPIEsMhrd9myZQEAG6dPPzFixIiegwYNej8kIKQuUAFSpUuCjMu
pV1R4CjZFZ0JIzRf1lcPiKil/
V6J1eCiD7ftWvXTAB93G634VD8RXARA7BPmzbt81VffAdx1Q+goij4/
ffffZ6ET506haioKAQGBiI60hqlS5dGTk40GjZs+I+NqVSpEkgXLo09%e/
YUOH61Com7774bL7/8Mt566y2c03f0x4Epiv1e9A7Cx00bUbZsWVSsWBHMjFONTuVtFQC44VUS00Zp
D40d02rf6ampqShbtmyeM3HpOiUkISWhTp2/S9fNZjMA7bq9eBNRK1X608F8165dN9T2mwGHw/
GlyWQqCSC/Q/EzETOMgUOhEcV7vtRFT/iHBYJINTk/b7hn60DUzz7NarX369++/
2ft790JyuXITUINTOHMmMPEwmondCQOPRsGFDrFmzBk6nE9HROfsDAgLm5ubmbqlatWpgqVK1lkJ0Tg8
cff9x7vubAogV1jIXx04BRbdu23bRu3boCn5fMzMz+AMb+9dd fXStWr0g9hm3btnHZsmXnE9H3APTh
eCcRxbhcrg+joqIqlalTB2vWrEF2djaqV69+vESIJEgHMXKDvCDOfvXz5¢cq8//vjjd/
33xu7du48TKkb1FixYLsrOzw3TX0+Lxxx9vB+3GnIeqqrxt27YdOGINNGrUCIGBgfj222+PbtmypY7+
96GgKpcpUbayVxCsfv362LBhAGAT jGOGBLN3tV69i0SEhHAbNmXx0oXUipbgKAGMF2x10i2sLMXwjmTC
ei1igCKnAfBWhM6CgsLky5cuACz2SxKHja4AQQEBPyfoiif+tuOm42r0hQ///
wzWrVghR49eqBVqlaQZRkrV67EjBkzMHGiVoJ711130W/ fvhg+fDjK1SuHe+65B3/+
+SemT5+0FStWQBAWFWI2m9GjRwIMMDABLYqOQOPG]jZGYmIhVglahWjVty/
X8+fN4+umnObx5czRoOABmsxmJiYmoU6eOMBpSFPu9rFqlCu+//
z6eeeYZHD16FLNnz8aIESPy8iHglauHxYsXoOWLFrhw4QJGjRqFkJAQ/PHHH1BVtUjRKStx7tw5/
Pbbbzh581QWLVQE+fPnY8iQIX1PZTVrlsSyZcvw/
fffo2TIkpg8eTIyMz0xb98+0J10hIaGIioqChERETj1119QtmxZgKgKGjVqIDg4GIMnTOapUgWwb98
+jBmjCRZu3LgRtWv7NMa8LZBlebjL5XoRfzdMOUH5IxI+GSDMLXGRT6MMZk4hIh+JbiJ60SPRrZ+zy
WqldrLb7c0+//77A1iE7Zr585syZ43fffbfPU+i5c+e0Ac]jTwWjRogU+/
PBDpKengxERESMArCSiilvuugu9evXCZ599hrJ1lyyI8PHz/4c0HH5g/
f37xefPmISws7IrvS3Z2dqpHj2NFjRo1SgDAND1zUKNGDZw/
f37gwIED1T1799Bv3744deoUIiIik]iYqGR1ZWXNnTv3UQhktZm5BRG96d30iImIweTIk5GRkeGK]jY
3dxszv616fIctyh6VL186Mj48P1i02NRYSWLSDLMhYuXJiydu3aCkOHDj1ARNH5r1dV1Q01a9Zs1Zyc
XGnOnDnId707FEV5qFWrV10AFNjOsFgsqFat2l/
z58+vk52djZiYmPzDad4moYYkSJIfKqV9577z3EXMTgOUCTNX/
wwQef7969G1u2bMGcOXNQglaty2FhYX8kJISWNX71lyZdhdd92FFStW4MiRI95qq8XMXImICVR7YeZ9R
JTIzLOhg5UXAThGYuXRwthFRMWZ+dlatWolX7FiBQDooyEGN5Cs rKkxAABn+tuOWgpn5p59+4gYNGnC
ZMmW4TJIky3Lpla547d65P5cCoUa04atWqHBQUXHXq1l0Evv/
yYQIWE2WzmESNG5P2cnZ2d13Xuxel2c48ePTg8PJwtFgv36d0OH+/
TpU6DKY+VvWrRwXF8dRUVFcpUoV7t27N58/
f15UzMBFtb9p06bcuHFj7t27NOdGRNL58uW5T58+rKpgq3muSk505devWHBoay tHROTxt2jRevnw516
1b170zs/
PWadq0aYG1n3jiCW7Tpk2h9jFrVR7wZLmXK1e0GzVgxMuWLSvwmqysLH777be5bNmyXKFCBX733Xf5
4MGD3KRJE16/fn3e69asWcOPPPIIA+Bnn32WmZnXr13Ljz/+0AcHB/
0jjz7K27dv59GjR307du2Y+fat8pg4ceKshIQEPN369AmMHw/
FNIZny39nt9t6FjIky991ut79it9unCI4npaWlhTqdzjfyV3n8+eef3tcMbNiwoatx48YF5j3441IP2
mJiYALn9R44cYUmSGEDWYZMnN+vPNWzYMK5QoUJWiRI11EceeYRHjhzJZ8+elLVD14alecDgcfProaqQ
bANWrUGGm32/d63j48aNYrL1i3LALhJkyZzPJUV3K1TJy5fvjwD4BI1lSiTPnz9/T/
7zN27cmBs3bsxpaWmtnU7n2/
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NHNmzYwABYkiT3sWPHRO9rC7vdvtnhcPD06d05Xr16XLp0aQ4LC3MHBAQSG]jFixG/60W-++
+eaBgKio9KCgIM5/vXa7/bTdbo82mUwFrj ffv8GTJO++DIAbNmyY//
huu92+XP8+2e325z169BhWo0OYNJITAwkB955BH+40svvFUfLZKSkt7q2LEjROVFcUhICD/
11FM8a9YsttvtW+12+1TBZ+KMw+FoJgomstvte+12u6001Rz5/
iU7HI7Z3p9PnjzICQkIvH79e1G+hsENwGazDbfZbCf8bcfNx1Xjo7fzzSY/
39cWr9jNnQZdQ6z8ViIhIeF7AB2fffbZNOqWLDIN8IINKkiQNVVV1pX6AmbMEe+CAphOgwVce20FEtVY
RVvZ+I1gvWGwugnWB7ZLNHAbOa7vhBs9ncwOVyJRIRK8F6W6FVnOgVNwuFiJ5i5uHw7ej5LREtY2Y f
hTgieoGZYyHuS9GTiFKYeaHuuLlhw4aplSpVqgjplqo/EROfWokGtdccdRFSLteRN/XbQbmjaH/
r+JpdNJt0TigKMhUDSGlrk6W1BVc5x1rYM9C3PszxNuBLgmxjZg4j0sCB/BMARAD/
07WYtEv0S0ihTiChKN5YK7f37UbCeENYSgOcCYyFPizMrKwpIlS1CzZs3EunXr+rSzN7j+2Gy2TwCOS
UxMvCap+9udW6LbqIHBP4WZCQCKFy/
+pWD4pN1lsjlVVdaZorsiZYKOU8jh0zoTnRtSEmYMBzBcsNxtAU8G+
+1Fojr3emUiVJ0k5t9v9ociZgNaE6/
y10B0stQfvBV9n4hcimq0q6hzBtG7M3AwCZ4KIPpck6Q9P0+3857k8ZcqUVbt3764aF+cjMjoYWst4
0Y28CWud0/U35TPM/DMEVTEKSXpVUZQ+EDsT/aHJ fuudCSeA5QKHBgC6gKo6CjpngojGMPMu/
bV6cDDzN3q7PbyhqupnAmciU5KkeCKaIlj jbVXuAxH1Z+ZBumMAgB07doj1gg2u0263e4SiKKLW83c
ORlawwW2N2Wwu5tHyOPeEyAQQk5ub046Ii1Six8wriUmawVq309J49BXszPyHvtgDmdcQUTmPAmR+H
NAUERVpXp9JRE2Y+RXk01jIx2FoyYI+jceuYHtfInoaQBvdOASmHsSHMKwW6B58ACAMgeur9kYgmagKr
6R349h90nT6NVQq1YXDx8+/MrIkSPROEGB+/XEIjrLgj4XnvevAoACN1hmziCisQB8EuCYuS80R+I1/
RgRfcDMTwLQ5z3cJqIZEPRmYWYbEXUHUF13/
CdmnkxEG6FLRVWS94HIPgCISGuU7X10wl11V1ZFEIJMpHOU1EZQXX9DYzv6v/fEmStBfAg5IkGUmMZ/
XGqqrpMIpORs6LDcCg8jBw50t8mGFxnmNmyePHiRmfONCLQNgpATWX5RVVVmwFoUshO/
VoHJEnqx8x rBWNxkiRt8ITQ9boWB6D LxjwhWHYTBBOKZV1+X1GU+410o1H6MmUILkvQdi/
UOFEYigED4PuGfkGW5m6Ioyzzj+c8z14j2QWuMpme9xWI5Kzc3dz10CZpBQUGrunXr9kz9+vVx//
OF8k6XM/N8AKKtoDgiusjM6/
RjnifyTwU7crOgRRo+E9j3NTNHQvDeEtFXAPoK5gwmoobw]jd7skGW5n6IovOPQ+IyI+jLzEHOOi5m/
IKKHCrHhddZakesdTEDrh1tfcHwUMzcFoE80dqSmpr4KYI+qqoZD8ROhNpv/
D1rUztjyyIfhUHioUUOKMWNwK+NOOr83mUxWAAUUUIM5PxG1Q/xU6QMzn/EQ/
FoA326VI61W60yn07kGuhbXzHyWiP4E8Ipg2WUQ3GyYOR5aXoRoX/
OCEX3CzF8VxW4Py6G1Xh+v0+4kotcURTkRWhQiP2uJaBgAJbrjY0Z9ZrP5pdzc3IXQ3dyY+WBQUNAZ
b7zxhn70NkmSBrG4S+kIAJs9eST6sUHMPFD/

RA7gNyKaD8HWE jNPIaKDAETvUSIzdxecZwIAFUB73fEjsiy/

6na7 fxFFDKDIMXTTOS5EAfpEk6bgnZ6YARDRMVdWapBP38jAb0p00zzX9BCCHiGLOY5IkdS1VqtQgz+
sMh+K/
4y4iMjQodBgOhcFtSXpberjL5crzEr03EWaeZrVaE5x0559FWYeZsOwmO0tutzuBiCrpxuaGhYUNtTN
vt8/
VPlazJLi8BECtYdj086pM6RkiStEIRTHX6mMXx42Z0iS5G1hXhTTAa20cA6LG591YuavoVP9BLCHiD5S
VXWxwIZUAEldLtcEItLnLFwEcLfgPEctFstrLpdrqSAnZRYzfwvtqVyvLvcZglelqlzOhkPQ2oovEL
WPPXLRAUhOKDzz593J4XnCeHyRIWquq61zd8TQALYMK8hORPSBYbyqAekT00G50]zZNPB+DjEDLZFGY+
QOTDBGNjAcQLrulPz3X5qLACOKyq6 LxvWXuFChUaw2in/
Z9ARANYc3NvyOT2f40R1GlwWxIcHHWBQN2cnJwz+aIT66xW65t0p3MRTNtICYGiNm63uz/
pBIyYeYvVan3N4XB8UOjS5A+kSUDr2cvMoj31mUQo0dMeXL/
9cBlAF2b+P8ENOZsPouc4gM9FzoTHrkHwlc84yczdmHmOIA8knYieAWAjoraC85Uk366sDgAvuFyuy
fB1XP5nNpt7Q0u01CcsTgMQDd/
2705Z1nsS0QzBuRZLkjSKBfLnzLwSQHVBdcOKWZbHKooyXT+HiF6Alnjrs/
3AzCu019AzuqGTkiT1ByBy4JbKsjybiBIE6wONolaC3+0FZu4PYJJgvb3wRIi8TkhISMgrTqfzNcFr
Da4d/
LiIy+9uIm42iRCiK3BfgduC9996bazKZ1lo0aNUpUFWBwWCXEWFpaekJCwXpbllkTUXpb1ldU6n8xsIVD
JFMHNXSZIaA9Dr1R+zWCwtHA7HACLYqTzw5Ag8K1jy0D0X0ieIAlhrsVj650Tk/
E4etUYdrxPRIAD1BWNOItL3CEmXJGmIqqrfCp54BzPziwAe0x2/
SESVAZgO0QR8IWZZfYuZaAIrUIpuZs®@OmU4yiKIOguykzclKxYsXa5eTk/
ES+8ucriCgH4tyDOEVRvtYnMjLzakmSeqmquk7gCG3xvP5+3fGtsiy/
6Xa7f9M738z8ChF1grhMdg+ArUTOvm50hizLb6iq01VgwzaTyTRcURST/
BEA7XNRcwAV9AMex28CdPktOBIpo7y/W+9/XS6Xw2Kx/
Co4h8F1hpknm83m+wDUueqL7yCu61AQOR3V/MRms5Vn5qp32nXfrjAzKYpyKTQO0dIHdbh/
uuWkWhc+06fyebr10s9kc43K5WhPRUMG8jQCeFVRM2InZLHAYDpVN51dzc30XE5FPgpckSWOURekG3
6d1ALDDN/

8BkiS9zcxjBTe27wDcQOQtBWuU1l82yB3Ks fYK3c1AXxk7IIFcBLbre70RHpcwIUuEFGTnJycbh+Fb6vmX
JEnrCOk47aaqal/
9e8TMmM81m8ytut3stdA4XMx8irfmaPrqUVKxYsRcvX768UL+1AmMAggAdZO8KAbt5ZSZImAvB52CCiV
XVFGUVE+m2 fE5Ik9fM4EYyG60UM9+RSiIMyezNwPQIHeLKwpbprz5214HY rk50TZTz311BnBWgbXGUm
SAt1oD0aDkUOhQ1XVIQD0+9s0g+sDad+2WU6n8wlmHLKUOcw8j4h+JyKfvXhZ1llu73e6HIWhTzsz70
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d2wg3THs4kog4jOT6EXZFmO8WwI1BSsF6eqamNBaB3QtA/
MggjEAGb+EDpHg51XSJKUzMzD9BOI6DXWtA30+QAAMNBis fyVm5u7mYhkwbiIXgBCSCcl7dm6ed4Th
dE//
Scz8ziIcwC+BdCBiB7VrbeNiJq63e7vATykGztLREnw]jXQcA9A4JyfnU9KaleVnIjPbiUjf6t4rcva
XxqqqjBe95N499eg37CwAGqaq6SPCZ+IKIVBIrYSR4rqeBbs4ZItoNXfSLiE4CKI+Tk5MrWMvgBpCVl
fWgLMvK1V95Z2E4FDomTZrOk79tMLiuyGazmQtIJTPSBmTcDGMtaa/ECYOQUqyiKiYhE/
Rj0AAjS79N75p2HIKTNzC3dbvcgImohmNMbgBVAd4GZF5nZRURW3 fGvmPkNwVPyX5IkLWNxU60BzPw
ygMcFYXNNJtMk18ulTbBNUxifybK81el2/64fkGW5IzM3Z12TMG]j00QAAO/RZWNPwgArfsts9siw/
qyjKh/
qIC2uiU0sA6HMILkiS9IyqquOAdNDNWSXL8gpVVeellLspTpTJIcEHkaTUSImVIUNTEKQII+UgRguSR]
6zxbY3rWEdEBfYUIa8JfS/
SRE2Y+K8tyQ2hKnXrbDG4QsiybVVUtBsCo9MiHkZSpw2azjYuPjy+sfbXBLYbFYrEGBgaKqg9EJEuUS
1B3AfEFFwmhPhYGoVDEDAAThczBzCgTVD5IKktYWmnN1ZMOcjVVVPQyzmlAngBPmWKi5h5sfOFQmep9
rPC3EmxjNzVQA+Dg2ApaGhoe+5XK7 TEDhDhTCHmbOyu92LBT fe/sxcUr+dwcxZAF4HME6QaJkMLX/
gKd2cFIVFOKRV1XZE9LbeCCJaLEgcdZhMpicURXKEvVU9 rMhF90SjKjEKuU6/+YuScOBy+/
HQuYeRtrUubQjX0JYLhg2ymImTOUVdUnNERRalGa83pnwXNNPgm2Y8yaT6cWQkJICjzKzCcCj+Mywhy+
/FihUT/U3dORg0OhQ4iiiAin/
CzwalJcHBwdYvFUpTPubcV+UxBLGERM89nZ1HpIwBcI195ZwA4L3TyAAXQFCWKkkByMryVIWK1EIhls
ENEu6ML7AP4CEE06GW7WFDT7qqoqSjBeyMy5pCk5QjdviW2ho6Kt0p30mfsOrsJalunlu5gWcHSKaBG
AfMO/
WT5J1+XVoN159BUY6gCzybQ9+0WKXxPJubmlsbgF5bAwB+hk7LgZmzZVmOcbvdYaTT92DmS5Ik9YVWZ
eNzQ/ZEtp6Cr+bGNiL6HOKKj kVE9IbAQXLKstyBiGYKohZ0OAGIDEYHzWQ9AR/1BImrrdrv/
z263TyUiBhAgmGtwYyg04LS/
jbjZMLY8dKiqOpolCWCD2wCHwW7G3dOnSD+Eq1UpEINgTVBetGOrpCV37 LHN6sIucCU/
ehE+1BDNPJaJ9RPSzYK3vmfkb1luS7RWb+DuBJ3XrnPAnE+qoNQLtBfalL fv4em+7ALwDDBNnGSz2Rzjd
DpHABAlb/
rAzPsAvMjM04iohm5sJIbTKEZ8tEGaOUxS1nciBJyI3BDkdRPSi2+0080S56Ic3Qtxz5GUiSgPwh2Bs
gKIoE4jIRWWTmX+F1gpdvx2UbLFYXsvNzVOpcBr+AvCCfilAiOopivIJEd2jHy0iWGYep99aYk3m/
TnB9tvbqqo+QOSNPT8zMxtSOP8RIpOp5vnz57P9bcfNhuFQ6Jg4ceIWAFVIbY fBOUFRFKSmpi5m5vu
IqLBmPulVVX3d++XshZ1TJE16D5pA1Y9D40kA+FRZAIDgRgNOT/FTIb65zi9WrFj/
nJycTfAtEwQzbycivTNxmYj0QaCVAKA/
Eb®JceXDImYWaclfNIIMzRRF6Qigp+i6BHadBdAUQB8i0pfX/mUymT5wu92rBDf/
wZ4bq0jDA9BtL3j0ooKrqYQDb9dEEZKk4iIh+niohiTSbTHy6X6w/
0giw82xJvkaBU15n3k6a4gX8fLhJRa5fLNVKfffIkbuqlPbx0Z+YYUYIta+qovaHTRmHmLdAagemv9
TvP9Y7Ld51UsmRIUSWQwQ1AVdW7ACgADKciH8aWhwbbzfadzWZL8bcdBtcNWVGUFEMSZhUyPpCI7tW
H/1nrBvm2qqqz4Cu3DQAQhKOLhZKPy rI8AFr4dwWs9SIorNyclZAnHyZhIAH7VGIkgFuPHU19CcDP2T/
wVoLbaFjWuI6AVFUaqI9vBFsCZ29awsy3WJalhu7CyAbm63e6E+su05kR+FIq5VIDzrLyGiZXoHwHM
jryKYNjAkJGR2bm7uEvgKmaOF8CgR3S+Y5wAwDWKNnSpKk1p4qGh8nrpDtMECrUklnXQmyh/
8j01egSzpl5q1E5BIc61az2TxCnxgsSRIURTEUBZx6AAAQAELEQVSqDV4jVFU9VrJkSZE]j f0dj0OBQ6
XC5XFgDRfrjBrUloqVKlyntKEgvAWivyk/pEQUDL61dVIOWtR1cY/
wGEymV53u93z4eucrAsNDXOFWrMrUeloChGVKcR5ESWb/gLgEoAXdetkAS5imv/
HnozORZaqgKpJ4FilLL8ksAoFea9FQktGetrdb+/Zspy/L3Ra268aw3JSQk5HNmXg5fdc/
CbuRfWa3WkQ6HYwb51oceB2AS5Gd4z/eV6HO1i0tdUVY1FEbeCPGutATfCNKHBEWU+0DAB6bZRjRPQ/
+JaNnpUk6Ww32/0j dNEWVVWVIPTOsOW1ly+DfwczFsr0zk/
xtx82GseWhw2w2HwAw2N92GFwfJEmKjIiI8GlvzcwrZVmeqarqasGOBFVVB4tC4f8EZu6gKEqQCIES+
1Wq1NnM4HO00IqJ1gqgOABYIul4Wwi5kXepIg9cwGOKeQeYMkSdgqsqugqWQrZgRLQDsBPADVONXZKk] s
z8sSBqsISIBiuKs lmUACMCmVeGhYXFOhyOpaTTobgCs61W61s0h+NTilLdULKLc/
RXQKkB66w+SJIkL1FPkKdV2JowDegLbVpb/
eDdCcv5n5D30iYX+KHC5Z11sqijJUkKeyXVGUaBhImf8VpChKuzZkzZxpImTgMCIWOXMTE rMTERKOX+
W1ASkrKw8wcLMuy3nHebTKZhqigKtIc2Qig7XVOJuKg3cj1l7Wx3SZLOrNPp7EVEXQQZrhTVDk8KYyi
07Q49iws7BxFNkiTpWO8L83DRawTn6m01Wn9QVXUhdD0610gtZn4Dvkmim4io06qq868h6v0OX1Wpt4
3A4voedmZrItpVWq7WOw+HoBnGbckC8TeTtIfKKPjESWAXVVUNI3JulMDsyTSZTcyL6Er5daA8BGCG
KwWkiS1IuZfap/

PEnDDxPRG7qghoxalJcZT5WGUj f4HDBs2jJ15qCIvdxSGQyHAZrPtjIuL89EHMLh1SE9PD8/
JyVkKaPvL+TgJoI0iKHOge/
In51+Z+W6IEwKVGU9ZYXN9sieA3bIsN2bmZtDad4twQNBTQ4Qnh6CHZ4tBn8C3FYWH6JeHhIS87¢eks
KsolEJ1rXFhY20c0h2M6fCtOxgmg+gh8Ky12AIhh5i+p6GWoIwMCAp5z0BzDISiZLMS2 rVar9SWHw9
ESAiXTq/A7EVWHbw7L/
4j0MGLCYOXGUIL5ANRbTWDOY7LcDcBOQdRi1Kqqb8K3kdpgTzWPXkX0gizLzwUFBZOHWEWN+hj801]
SUULMZvMOTf9txM2JseYgp4cmoL/
I+r8HNhdvtnmdymSKLFy+e36G4KETSKOVRphJRRA2UP61W60tpaWmlmfk3/XpENISZmOJcUeEDM/
8E4BAR6XUB7LNYLM801ivIwdOHuUfK/
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JIF8VzELx5CsMh29f jx+IaDwzLxMkRm6xWq2tnU7nGPj21CiM2WFhYe84nc6hzNxJIN7bQbDZ/
43a7N+u0J5vN5qZut/
t1wRww82gBw3WRmWNycnLeIqJ3dGMXmNkiKK88YDabY4goy+FwiPQpnCgkuZaZDwDIEVTRHMz]yf1]
1uVxqqqCmaGgKgAg0zt7 rCRITWRZruY97h1z0p0TcnNzH7darYPyjzFzTkpKysTw8PDVTSZTmHANZk
Z2dvYhZn7BbDY/KkH90V1ZWOoULF6pFRER8BAMC7DhRFUex2e5Isy/N/+umn3ampqUxG98v/
BEmSHgCQ6m87bkYMhOIAM/dgZge/7TD45xDRAMDAWIeZ0TI1INRWXL1/
G6dOnF4SGhk4vVaxY1fx1jMx8KTk5eV12dvbboaGhFcqVK5d/HWRmZm45d+7cXffcc0/9/
PNUVXXa7fZfwsPD2xBRcTq76+PxpKSk9S6Xyly1SpX1JUqUeBwAFEU515SUNM1KkMnNW57777huVrqwd
iAjPD7XanmM3mArkWRISOtLQf77 rrruoBAQEFqj3S0tJ+SEpKKLG5cuWdYWFhD3tvULm5uft27ty5R
JKKStWrVz9usVge9Fwr3G73uQMHDszIyc15tWTIkqcqVapOUZblkswMALhO6dKvxYoVq2wymSp6z3P
58uW9e/
fuXZ+QkNBz3759HU2mv786XC7XmYMHD250u93NQkJCJIt19993diaiEoijpx48fn5uent71lvvvual+8
eHF4z8HMyMj I2HzixImNd999d3jx4sVreMfOnj270jMz851y5cq97H1PPTdRV2pg6nZZlouFhoY+5b
1WRVGYHQ7HBUVR51ckJMjz58+/EBQUFE5Exb0358zMzEuyLCtmsznc088zx0qiVIQk6QG3263/
GNOPwCeZ180VIhY9CjkeAGDQqVONRGM+jeFkWYaiKKUtFsvLgampMhFBKkiQQEbKzs0+4XC5L8eLFgo
uXLt3R6XTmut3uoua/
GPwLsrOzhwQFBX1w9VfeeQjVc+50hgdbJu3duzdg7ty5Ro3xLUxmZmbkihUr9mdmZ1JWV1ZRelEYGN
xSmEymZffdd9+jhw8fLhkbG2vs7d9gunTpUlZV1laxp06al+duWmwOjQiHg2LFj94aGhub6H8f7cOpQo
UeIMMOANmjQpEECOIEKUGBhY8sSEHH/zQbDY/
pCjKqVOnTolKTk7eR0SqqqpsMpkUVVW5fPnyFSpVqtTvOKFDA86ePXuBiFS3261GROAXL1eu3Fd2u7
3/
ri27ficileVyqzUrVy5Vvnz5pmvWrJ1CRKQNIZnidrtZkiS1YsWKJQ8fPpxmMpnIZDIRADz11F0Odix
Ur9rHL5ZrqcrkuJCUTTT9161S6LMtUVv379psHBwZ+53e7903fujPWg8pUtWzYw0jp6jCRIob/+
+uurbrebZFkmAJAkiSpVqlQhNzc3NyU15ZyiKHnHIUmiOnXqtHY4HHSPHz6cpB+LiIgIiYyMbJCUlL
QmIyMjR1EUkiSJ7r333gccDsdIJh80RLUKSAYB3rFatWm2ys7PP7N27d5N3rczMzMCUTISv77vvvliT
yYT851FV1lapUqgfJIweHh4p927dw/
NyMjIzj9WokSIwKysrEzyhCVUVaXAwMCgqlWr9rtw4cLCY8e07co/
ZrVay5jN50Bz58615D90R0S11ftz/v+PiIioXK5cuzZ4XL15ccfjwidRXesYceeiiuePHiDc6d0/
fViRMn/
gQOwahixYoF33fffVODAgKqJCcnf2y32095x51ZQkNDI60i0tod0XIkOuXL1z0YmcLDwytGRUV1JI6L
iWV1Z2w4d03jQLAJg5z56wsLB7zZWbzXWFfPntOLgAIDAQUVL1/+DZPJFJI6bm3v24MGDX3k+yhQYGFi6X
LlynS5fvrwvOT15pXcNAORyufarqvplhQoVnr7efOMGvphMpn3QVGiNnk8GV6dHjx6BXbt2dXXt21U
vw2xwm2C324fb7fZ/FLVwOBXxFLe08Kk6n88krjIX8kzF/
Y7PZ1LZt297U4felLFy8Kc1Su9PtwOByF1ZoKcTqdNel2e2+

+Bknsj IyMCKfT+YLT6fRRVUXLSxPmgBj8t9hsNldcXJy+0Z+BQeHEx8e/

2gFDByNMbmBwj cTHXx0+y2WxGXwkDgzsMI6RTCIqiLAKKCio0IN3fthgY3EqkpaV1lnTt3riEDbXDbOa
VL17KyLEd5ej4Z6DBOKApBluXmgqru87cdBga3GqGhoZfbtml73baFDAxuFmRZ/hHA/ /
nbjpsVw6EoBEMSdgMwx8XF1lbvqiwOMDAAANpVNDEAODwW83v1sMbkeCVFX90d9G3KwYJUaFsH379vM1
a9bcfvHixX379u0zwrcGBkUgKChICgsLezozM3PB7t27M/
xtj4HBOWTHjh3f7ty501DILATjKeIKmEymP61Wq1lD338DAw] fffvvNDaB+8elLFi9rIy8DgliA2NrzC
XFycvj0sQT4Mh+IKMPMDzLy5bdu2Fn/bYmBwq8DMXzLzEX/
bYWBwPZEkaYokSfH+tuNmxnAorkBCQsLvOERLavrbFgODWAWIEye+02nSpN3+tsPA4DojKYrygb+Nu
JkxykavgsvlijCbzZn+tsPA4FagYcOGpipVqsxn5gETI07c5W97DAyuFxMnTmzkbxtudowIXVWYOnX
geQDde/ToEX]jVFxsY30FUqQVLFALiAGwFP+tsXA4HoRFXxTXJj4+/
m1/23GzYzgURWOoy+V6399GGBjc7DidTjcRrSCi4/62xcDgeiFJOiRmMNnLproKx5VEEmMHKYEd3jbzs
MDG525s6dmwugpb/
tMDC4XnTv3j3U7XavmjRpOmf+tuVmx2hfbmBgcN1o27atISQkZBgAT40cCgODOwt jy60IXMXFtbHZb
Gv8bYeBwc1MsWLFzADaAHjG37YYGFwPbDbbydjY2Ar+tuNwwHAoiggz7yKiWjabrbm/
bTEwuFk5efJkDhFNkiRpp79tMTD4t8THx380QJ48ebKRE2RwfbHZbM1tNtsD/
rbDwMDAwWODGEXcXVzQuLq6Mv+24VTB6eVwD27dvP/
TII4+UqV69urxrly6jT4GBgY62bdvKDRoOGFe7du2k7du30/
1tj4HBP6VL1y5BzKxMnjz5rL9tuVUwtjyuEWZuY rFYkvlth4HBzUhERISJiHow83P+tsXA4N9gMpl0
mkyml/

xtx62E4VBcI5SMmT fqCmS916dLFUEQZzMNBXx9uxZNxGtAmA43Qa3LPHXx8a8C2JeYmDje37YYGBgYGBgY
GBgYXJ24uLjONptth7/tMDC42YiPj5/UpUsXQwj04]YkPj6+]j81mG+Vv025FjC2Pf8jhwide/
J6KH4uPj jXa2Bgb5IKIusiw38LcdBgbXis1lmu5eIPk1MTOzvb1tuRQyH4h/y22+/
UZk5EsBGTf9tiYHAzwcxLABzxtx0GBteK2+02Xb58uzS/7bhVMaS3/
yWxsbFWSZLGETFcYmKiy9/2GNxcMHMAgPb+tsPghrObilLb72wiDf07Xr12jXS6XdcqUKevObcutiuF
QXAdsNttWAObEXMSH/
W2LwcOFM5cFcMrfdhjccKYTOev+NsLgn9G1S5dGIpNpRWIiotFROF9gbH1cBXITE+sw87fDhg0z3k8
DAwODWwyTyRTjcrmi/
G3HrY5xA7x0pKWLTUXxJSXk1Li6ujb9tMTAWMDA0Gt26dauYm5s7YurUgef9bcutjuFQXCfmzp2rANh
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LRONsNpvN3/YYGORNOqRJIOHDggL/NMDC4qYiPj/
9DVdWvp02bluZvW24HDIfi0jIpOqTdbrf7YVVVD3fu3Lm8v+0xuH1ISOVDgAEDULNMTVitVjz66K0Y
0nXqf3b+IU0G/
Kvz+dv+q3HgwAEQEYgIwcHBqFatGjpl6oRDhw5d81qqqulLgwYPIzc29AZYa3CzEx8e/RETTEXMTW/
jbFgODKXIfHI8NPj6+j7/
tMPAvzFw2KyuLglWrxvfccw9/8sknvGDBAu7bty+HhITwlqlb+b8gIiKC+/Xr94/m3gz2X439+/
czAB40aBCvWrWKJ0+ezK+88gpbLBZevHjxNaOlefJkBsBnzpy5imnf+fuzZ1BOOnfuXD42NraCv+0w
MCgSNpvtbpvNdtZms731xhtvRPjbHgP/wMx1f/rpJwbAa9askKXAHcjqd13Sj+zf8G4fizZrD/
angdimnTphU43gxZMy5XrhxfunSpyGsZDsXtTXx8/
Ns2my3d33bcjhhbHjeIXMTEE8zc1ImbWyyWvRO6dAj2t00G/
kFVVQCA2+0ucDwkJIKTAz6mpqYiNjUVUVBTuvvtu90zZs8Cc9evXg4iwfv16PP300yhZsiQef/
xxrFu3rsA6drsdnTt3RmRkIKKjo/
Htt9/62LRO6VI88cQTCAONXT333IM2bdpgz549/8p+i8WCMWPG4PnnnOd4eDgqVagqEDz/
8sMBrFixYgFatWuH++++H1WrF888/j507d/
qs891336Fjx440U6YMoq0jkZiYKLTtavTqlQspKS1YsmQJAGDPnj301KkT6tati+DgYDRoOADZz5s3L
€310dDRiY2MBAJGRKSAiXL58GQAWCURING3aFGXKIMHAdd98Nm82G8+eNPL5biS5dugQRUQ8iesL fth
qY/
BPIZrPF2Wy2B4y81ijsPZi577tw5joyM5MjISI43bx5nZGQIH3GTe0IIDgkJ4REjRvD48e05zP+2zd97
hUVTdH/

+e070bhARCFgQpShNpdhCwgyhV4AWICAhiykYULOjPgqhRsKAUwWQKKAE rx1YgoRREVEBCwgAoKilKU
GiCdlC1lzz++PncRkdqJEX1k09/M8PMq9c++cXfIkzpx7zvfUr8/3339/2fyGDRsYANevX5/
TO9P5119+4b59+3K9evXY4/

GUXdenTx+uU6c0T552j TMyMrhv374MoCxCkZ+fzw0aNOCbbrqJdlyxZwrNnz+YbbriBFyxYYGvXqdrv
cDi4Ro0aPHHiRM7Mz0SZM2cyAH777bfLrtm2bRvPnDmTV65cyYsWLeJu3bpxmzZt2DCMCvtERUXxI4
88wr/++iuPHz+eAfDWrVsrDQ9UFqEoKChgAPz8888zM3NWVha/
9NJLnJGRwcuWLePEXER20p28d+9eZmbesmULP/
zwwwyA33nnHd6wYUPZXsuWLePO9HT+8MMPOTU11Zs1a8ZISUmlOypCcYbjdrsvSOhIaBwXF9cwlLYo
FH+ZpKSkVaYIlhIUqyYwcONm5p9+
+omvvPJKBsDh4eHct29f3rNnT9nD6tNPP2UANJIKSUja2ZMkSjoqK4tzcXGb+zaFYtGhR2TVL1y51AL
x7925mZt6+fXvQPkVFRVyzZs0yh2LHjhOMgOfPnl/
pA9rKH9NPHHAER08eXWHsoosu4r59+1a678qVKxkA//

73 3xX2GTVqVNnfs70zGQCnpaVVuk91DgUzs67rf0edd9qu03nyJAPgINTUs rFTPfJ4+0GHUUMTIqV/
VQ7FGUxiYuKbbre7SGkF/b2oL/c04vf7hwIoSUhIGB5qWxSnl/
POOwW+TffYZ1i5dit69e2PVqlXo3LkztmOLNKxdt24dAKB79+51azp27IiTI0+WXVPKOef8FuiKiIgA
ABQWFgIA1q9fDwC49tprK1wTGR1Z9ve2bduiXbt2SE50xiuvvILDhw//
ZftLadiw4svfhRdeWOFIw+Px4Mknn8QFF1wAh80BPn36AADy8yseaf/
eZ6wKzAwhBIh+8+EXLFiATp0@60WbNmoiKirK9vx1HjhzByJEjOaxZMxARJk2ahNxcVW14Jp0cnCzMi
EQJgLrJycky1lDb9m1EOXWkkPTO90yU15Zq0tLQ3kpKS7khMTFwUapsUp5f//0c/
WLIKCb7991vk5eVh8uTJAIC8vDwAQNOMTcvKHOsfqgcPHjz1/Uv3iY60rvQaIQSWL1+0/
v37Y968eWjatCluv/12nDhx4k/
bXxnROAEVHIbhw4dj0aJFmDBhArKysvDxxx+f4if7cxw9ehRerxfNmwebqgb/
669sYPnw4EhIS8MMPP8DN07X20wUFBejSpQsyMzMxd+5celL1ePPHEE3+n6Yq/SGJiYo/
Dhw9P13X9eGpqbhOpKS1Fobbp344eag0gK1l6vd4WubxPdbvemlIJSUKONt j+LOOqZNG3To®OAH79+8HA
DRgFFD9/eCDDxAeHh507alSr149AIE37rPPrry4qFmzZpgyZQoA4LPPPs0gQYMwduxYVvPHGG3/K/
srIzs5GkyaB6ryff/
47ZGRkZeP755zFgwIBTus9f5a0PPgKAModiypQp6NONDXITEWEEI5pWRKZGBnbv30158+bhiiuu+HuUM
VfzPcLvdFzLzFADvg6aNpw/LUIQIU+alkdvtbhOXF1dT1/Uni4ulLn5w/
f37V479KM5qDBw+1isLAQrVqlKhszDANHjhzBVVddBQB1l/wOLCOOXL13+9L06d0gAANiI+fTVOP//
8snv93pv4VVddhWuuuSao2qIq9pdS/

j6GYWD9+vW45ppAQn1mZiaAgDNTyj fffFOVj1c1fD4fXnnTFTRpOgTdu3cHM+PQoUN1xywAbD+z rut
19pdSanupY1lLZWkVoiYulLa6jrehOppZ+Z49LTO78ItU3VCeVQhJiUlJQfkpOTxeHDh6+NiIjIGjlyZ
0158+aVhNouxf+0qVOnIjO9HePGjUONTpOgpcSO0ad0QmZmIhx56CADQqVMn90vXD6NGj cLkyZMRGRm
JFStWYPfu3Vi+fPkp3+uSSy5Bt27dMHNyZFx44YVo0qQJIxowZg6Ki36K9n376KcaMGYNhwdbhsssuw
7Fjx7By5Urceeedf9r+U1555RUQaNAALVuU2xLI1y3D48GHcc889AIDWrVujVqlaSE9Px11lnnYWd03d
1i6tSpAIBNmzaVOUN/
hd27d2PNmjXYuXMnOtPT8333+09994ry5Xo1KkT1i9fjptuugknTpzApEmTULt2bXz+
+eeQUkIIgYsuuggA8MYbb6B9+/
Z02LAh2rdvDwCYPHKybrzxRgxevRobNmxAQUEBtm3bhssuu+wv2674ayQlJV3BzCsBrE1LS7s51PYo
FCHF7XZ3Gj58eGRiYuKYpKSkbqG2R/
HXYeaGhmHwUO89xRdffDFHROdzqlatOD4+nrdv316haqCwsJIDj4uL4nHP04ZiYGO7WrRsvW/7asbL60
ygN8Ke0OqgVasYAH/99dd1Y5mZmdyzZ0+uUaMG1l61ThxcuXMid03cuq/
KQUVLixYv55ptv5piYG07QoQ0/9NIL7Pf7basZTtV+h8PB99xzD/
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f125dr167NbdqOCSpFXbt2LV999dVcqlYt7ty5M2/dupUnT57MQ4YMgbDPs88+W/
b34uJiBsDTp0O+vt0KitMoDADscDm7ZsiUPGjSId+3aVeG6ffv21X3utm3b8rx583jVglXcsWNHLi4u
Lrvu5Zdf5saNGzMAfu6555iZedasWdyuXTu0iYnh/
v3788GDBzk+Pp5ffPFFZIXLETLuuuuugNjY2Ai32x3rdrvvC7U91R1VvngGkpiY0JKIZkopR6elpaW
H2h7Fn4eZGwI4FGo7TgdOpxNPPfUUHN300VCbEgreIKLbQ21EdcPtdicw831E9FZKSsqEUNtT3VFVH
mcgqamp84QQ5xmG8Z0p4 f IMXFxczVDbpVAoFGcCcXFxNbtO6alzc3siWgeciTMD5VCcocyaNevQ3Ll
zP8/

JyTkOoJ+macdGjhxZ+w8XKhQKxb8Yt9s9Sd00tBYtWjTKzcOdm5KSMj rUNikCqCOPfwgJCQnthRA/
AxjNzK7ULINQHQmM2T40+pTkcen376KZo2bVpWILrNUEcep4GkpKSBzJzEzBtSU1IMnhtoeRUWUQ/
EPIz4+vqOmaR8w89JGjRg51fLbmUl1lciiq0cqh+JtITEW8H8BcItoIYLzf7w+fM2d0QajtUgSjHIp/
KEOHD02Jj06GYRhTfAXgvISV1bKhtUgSjHIpqg3Io/
sTExsZGtGvXznPkyJFOZr60mQempgb+fcIlir+Mcij+4SQkINwmhLjX7/
ffxsxFDofDn5KSciTUdikCKIei2qAciv8hSU1Jz0opL2PmZ9LS0jaE2h7FgaEcin8Rbrf7dgCzmflV
TWNxZsDMDgA9Q23H6WTWrFkLmzdvPqt79+7V6UHWEXHIEGO] /
g0OkJCTOFKLcD2C9qt5QKEJIYmLidW63+/
8Aw012JyckJPQOtU2K60Xb7T6WmIgYF207FP8c3G737W63+7jb7Z4PgFSh8X8mSnr7X0ZgaugnAD41
/
1pLCPFuYmLifYOaNZqlEjgVpwMhRMTfCwsLjobZDceYTFxTfXXNflowAuBIBRXFz8fwA40TmZQ2yadk+
9] jz+5Ywc0bJ2ZGSkVIRUVMPhcKwDsMHr9d6p+oUo/
i7cbveFAPaodtGKykhKSurAzGuISPf5fPXnzJ1zEgHpdMU/
GOVQVCMSEXxOHAOgUQoyRUhYDaJGamvpBg01S/

Ltwu90niWjk7Nmz3w61LY0ozi8TEXDsB7BIC6FLKV rm5uXMzMjKKQ22X4n+DciiqKYmJiTcQOfsA8N
SUuomJycLdSSi+F/gdrtPSilvSUtLez/UtijODNxud10AxwDkSSTVSEtL2xpgmxT/
€1QORTUUINTX147vuusv18/k6A8ChQ4cmut3uH1LKBILSOtaF2DzFPxjDMC71z8/
fF207FKHF7Xa3BjAdwCbDMF5m5jZz5sz5MdR2Kf4+1ENRjXnttdd0AvgYAIQQC5j5Kk3T7gGwzul2d
wVwJCULRZXCKapESUNJsZiYGAHACLUtitPPsGHDGi9cuPAggEUAvADeSk9PzwaQHV rLFH83yqFQAAB
mz569E8B1sbGXxGgAQORhm7pmQkDALILS1tfIjNU/yDiIyM/
NUwjFsBrAglLYrTR2JiYg8iykBAyKONgE4pKSm+EJul0I00hOJRgYYMDAMAZs+ePTA+Pr5j6bjb7d5
GRDNMfEdKSsqvobNQ8Q8gmogKQ22E4u8nKSmpg5TyTiJ6GsDZzPx4amrqdABQzkT1QyV1IKk6IXMTEA
QAeEEIMIqJthmHcCWCIOtZXWBkxYkSdAN954IyvUdij+PtxudwsADQCsALAcQIxyIBTKoVBUGTN]jex0
AaCl1ZyFENoBoFblQAIDb7W4AIE/pUPz7cLvdO@wHcJaUlc4vV61ly rHUVEeIW+qgqDIpKSknU1JSzvf7/
Zfm5eUdAnAbgN1lut/ttAIiNjXWG1lkIFq0jSpYsOYBczXx1lqwWxT/
G9xu92K32/0NAEgpTOgpz09LS3tbORMKKYqHQvGNmTNnzmHz f 19NSE j YSKRNASAmJuYTt9vtAjA8IS
VlW6jsU5x+1qlb5z///
POjmdkTalsUf45hw4bVioiIG033+6fquv4ygFaGYdwFAGlpaapZ16JS1IGH4n+0Kav7GD0O/
4fP5PnA6nb0Y+bPUINTUUNum+PuJj4/vml6e/iWUlPI/
hhEjRtRx0p21mLm2pmmbAWzMycnpUZgkrVCcCsqhUPytxMbGarVr155PRKgsGhOAACAASURBYD2Z+U
G/379c07Tr8vLylqpfVvI0EhIS2tesWXPntGnT1lKTyGYzb7a6bxe/
dub8uWLZcSOYOArpRS+g3DyJk7d+6BUNun+0ehHArFaewW00+44x+FwfAcgqqSkpl7P5y0/35+jnIt/
DO1JST6/398xPT3961DboggmMTFXABFNJaLHmXkzMz9MRFOViJ3ir6IcCkVIcLvdLbxe7yGHwzGaiF
5g502pganXhtouxZ8;jPj5+BxH5hBBg5kuYeQ+AYgCclpZ2cajtq+7Ex8efp+v6+bNnz37f7XYTYOYP
UINTEOJtl+LfhXIoFCENMTGXHRH9JyU15Rm3250MYKSUcnxaWtqCUNumODUSEhJyhRDR1NHDMLwe j +
fRBQsSWTA2FXdWZhISE+mlpaZlut/szAB39fn+rOXPm7A21XYp/L6rKQxFyUINTvwfwPQD4/
f4puq7XFUJcD2BBYmLiUgARhmHcpX4ZnrkQOc9SyvZCVKXEFOL8tGDBgmkhMutfRVxc3C0apol0TU1
t/HvXmUcacwGKAXiQmRf7fL6b582bd/TOWKqoriiHQnFGMWTONAIA0OV/
zsypRPSkrutrADR1u93JUsoDaWlp6aGzUmHFMIwZmqbNBFCjdIyZi41oB1S1x19m5MiRI4UQ9xDRWd
a5L1266K1atZo00MXs2bN7EtFVzPxaSUnIMwBQKoWtUPzdqCMPXxT+KhISEeCHEDAAZKSkpI50SkgbhO
nj37nT9aFx8f//30nTs7bN68WVUe/
EOkJCTsAHCBmUCBZv4+LS3tg1lDb9U8nLi6uuxBilhCiGTMjNTWVkpOTxeHDhxNSULISEhMTbyGiGcw
8KjUldWmo7VVUX1SEQvGPwoxMpI8c0fJsAIBSDnW73WILKZ8SQjxbVFRUABGCBUfKr4mPj99DRM3bt
Wv3dZMmTXr+97//3R8K2//
tSClnaJlr2EoAaRFQkpXwx1Db90xk+fPgFQoiXhBDNAICI4Ha7jxw+fDgKgXbgKYZhfDBnzpyzQ2upQ
qEiFIp/AV26dNHPP//89gB2AMgDkAvgGq/Xu3/evHkliYmIx4moLgAYhrHL6/WOmD9/ /
lehtP1fCrnd7ulSygsAfJ2WlnZZgA36JzN8+PB6ERERqwFUqIKRUOKIhqSmpv43RKYpFLaoXh6Kfzz
r193zp6SkfJ6Sk1KUkpLikFLeA8DNndDq7ud3uXAB1S6/VNKINWFjY4pEjR/YNncW/
kZ2dHZ2X19fxj6/8jfz8/Dp/1z1/EZZSpgMoIKInQm3M/5qcnJzaNmNxubm5/3PHKTY2VgsPD/
8IFmcCAMzEVYWBrTjjUBEKxb+axMTEH1LKVZgmVRiXUh70+/
1PXnHFFQYZz1yGikwBOMnOhpmkF5557br1GjRp13LI1ly2uGYRQCKEpKSsoDgNzc3JjatWvnWO+Vk5Mz
kpl/dr1cG8uPZ2V1zSWin4hIi4mlqfAgyM70XgagLxELXx8TEPFVu/
EJd148YhtEuJibm09JIxZq6Rk50zGCAPMTEXdXBRWUTfPNnJyc2jExMb1230N0OTK5/
KeVtLpdrJBEVWuabMvNIMTEXtXxJRhRyTrKysc3RdPzs60vpL657MHGG931zTmIhuc71lcz1lvn8vLyLv
f7/T/WqVMn3zLuio60zrazvbLv+1TIzs6+xuVybbCOV/
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ZdZWV1PUVEJS6X6znLeCyAeSUlJfeuWLEiA4Cjc+f0OV9apU+c9ZobP5/
VU2LFjk3bs2LFdSqlLKfU2bdp02L179/dSS10I0T0zzsy6EEK/6KKL7180KNi5d+/
erxFIZC37w8yR10+e7GOYRp2CggKZK5MD r9f rRLkXQGb2pKWLlhf+Z70Sh+LtQDoXiX01iYuLPRNTCO
i61hJQyql27dnsiIyPDiCiKmSMBRBFR1B/
tS0QezZi5hZj8AnxCCatSoUZ+I4PP5sj0ezyEAvholatSPiIhoJIQAECHV95/
Izc3dahhGSXROdItatWpdUDpnGMbxoO@ePfiCEoEaNGt2saZouhHAWFBSsP3z48HoiMpo3bz44IiKiN
QD4fL6jBw4celL04uDgfAFq2bHKHADO70/uTrKysshLbyMjIs84999XEIYTD7/
cf03DgwJtFRUW5ABAdHd24cePG8QDg9XoP7t+/f6HP5ysBAF3XwlqOaBGvaVrtzMzM/
5bfEwCaN28+WN0OOsP379//X5/

N5zTWO05s2bx2madrzhGJ7MzMylubm5B411i4iIgNugQYPBhmEUHj 16dJXH4ykEIFwuV7uoqKj2J0+e
3IJmdnbOLgGBmjYgEETnPOuusa7xeb®OFBQcFuv99vEIFA40GqlaxZs63H4znu9XrzAWjmuNBlvZau69
EOhyOmuLg40+fzFQIQRCSY2RkeH15PS1ns8/mKS9cQUZimaRHMDMM4 c4Rb8/
PzF+3evfsjZj4LQGMAZwGokZaW9p8Qm6ZQVEASFIp/
NfHx8SeJKIKIwMySilLKZuQBAJhHtuPzyy6cz82fMfISIjgJATEzMxbqul4wW3mdmflZX1udPprFmrVq
2LSscLCwv3FBUVHSQiERMTOOHTtIjSO0b/ff7K4uPhIjRolWpoVD2V/
DMPweTyeE2FhYQOs416fz1leo6300Ag/
VM+rB9i+miIikO+mMEKJACAFNO+Dz+bKKi4sPxsTEtNV13aFpGogIpgPoNx2+suuJCLqu48SJEOvQql
q3bS9f1GualeQcOHIh64sSI3eedd96V9evXHONEODQNQgh4PI55GzZsmNK1a9fEyMjIeOr3FEJ8u2z
ZshwpJQEYk5SUtCPUX5RC8XuoKg/
FvxpmLhRCTEtE33m93i2apu04ePDgrtWrVxcCQIcOHd4EEC2EGOt2u+dkZ2fPBHCAdZZs8IcTThmESI
argg7cQQtwopXwUwDWW+0oialmIWTSANLEZ/
wKBt+Urf+8z+f1+MAekHaSU8P18b2iaNsLqu0Tn548LCwvrp+t6Z2aG1lBIA4PF4ANN311VdPdejQ4WV
d188vv3dRUdGyzz//fNoVV1zxQHh4+E315wzD2L1+/fqk9u3bj6xVq9bt5ec8HS9GVI+/
r2bNms0BQDWC5fs4rGlaw/JzISULE6WFhYdOOTWtg+Xzvrlu37v+uvfba/
4uIiHCXXy013HfixIk76tSp84DD4ehr2e9+XdeP0530MoXV0OjkiOgbr+iPMPMfmK53BzPfY2PwzAI2
IHDZrKvvd0Z+Z2xJRjXJjOc2bNx8FIIWIXx1gXMPOMW2+9tQUz320Zulj TNI+UMgxAkAqpQnGmoSIUi
mrN7Nmz5wG4nZ1HxcbGNiKi8TaX3QXguQDn1BO9k5ulCiE+Z+Q91MMqt+YKCT67zLOMnARwmovPtV1b
KNgBVTQp8F4AXwCOWG1bXqVOnR3Z29sMArPkPexwOxxU+n28ggFnWDUORqw] r+0/
wFjOXENHt1gkiullKGUNEaVXYDwWDWMNNngx3MnC+EGCGLTfIOIalnWvAGgFwLHCH8IZn6HiDwAh1Rh2
UxmfhXA50QUaZnLefvtt/
0YuamU8upRo0Z991dtVCj+T1SVh6K6UwWIALVqOGGDNTBBRMjOPhsWZALBTfO7T5Usp5VbjXLORODBZN
WUuTXP+FMfIPKnYnjdoPM/BUzf4tgZ2IXgNicnJw4BDsTx4UQ3f1+/
zZWwcSYAOIrOxXGcAltk5EwAeIqL8P+FMTAbgQjs7NEObyMzIVmeCmd9h5kbwcSaY+aDNPWwTXkO+JaK
vUDVnYr2u608Q0TIbZwLM/GVYWIgTAKG+
+urHq7CvQhESTEOhq054AKBmzZrdbebekFL2IgK21gkiekBK+bbNG291ZANYD+Aqm7nv707xB2yA/
bFJgXNg98a9HOAQET1pGT8hhOhNRNcxcwVIc2bOB3CD1LIRMy+p0o012tv1ERI8DMGkzPcvhcKwwDKN
K92HmL51i5HsqVB5dCRAOKLAKAL rFMrSKiekTUymbLHURK7ZeRx8yV/
b7cLoR4BcCzVbD50NPpvMXv9y8GOLWSG7pHRUU1BIDWEPAeWV1ZXXxQWFjY41XsoFKcb5VAoqjWla9c
+GOBZTkI539gJQl4g6WSeYeY553t30V07BzMUIVNKkPt5nbDaBK8tTM/AmARgBibKa/
BuCyGc8D8B1A12z268vMjZh5sXVOCNHPVGZFVWysh00apglh5nk2c+87nc6onfD7fyio4aQDwHQC2y1
dh59gQpZXMAt1rGtzBzEYCrbdZsYeamlrGTAHIrsWsfgLsNwzj13jLMXCyEuMnr9T4GoKvNJesAXAgA
uv5bqgYRtfD7/
UGRDIXiTEES5FIpqTU50zg8AyhIWTVYAKAB62yzZYZaVWhM3KOUI8Swz32sdZ+ZDv3PMkVfJ+EYiCof
9W+3XAHQigm8zdzczT7HIL7jV1KVYae5bBhH1B/
ALM6+u4kM+CGYuOTStj2EYkwCca5n+Vtf1ER6P5z0Azaqw7V4E]jpGCnD4AjxHRMSKaY rHjRyL6mogG
2qzZZEYtalrGf4BONChPCDEIwNyqfD+apo2QU140wC5B8yMAXUr/XupQmIm2NOVHR/
98qvdRKE43yqFQVGvMIDqU1JTsBQBmngtgF+zPwnOY+WNY8g9+D2b+Pyn13TZn5NkAbBUvmfkobLL6
mfLHADmwOTYXIx2/wnyztcwlIJCbUKHfAXE9AeAz8zNFW+ZGMvOnzPxxJQ5KVZAA/
i0lvIWIullsy3Q4HN19P18qEVVFMTSLMdcB6GMzNOVTtI+tERAMPKLE7WEYZbPmW2bWEeyofUpEHaw
XmxokvaSUk2GfE1IMZzxLRLOSUaj03jogquLT/gcAQKTI4d0/
ZYnTplNlfhPgrFaUc5FIpgDTOXAMC+ffveZuZeRPQlgP+r5PI3iej+Kmw/iYiGWR/
kzHySmcOtEQFz7jCAIIlnZ]j5GRGSBBEMGM/
MRICRyAP1tbHi0iP4D4CLL+CIN®14DsIaI6lntr12791vMvBpAKC]Yn+AuIUR9Zh5rsbulil r7fL6x
RDTgVDcz180j0jib6TeZ+WXDMFbZRFzeAPCQzX4/
AfjWxqHZxsyX291ARIOIaATsjywq430iSjUM432bufUISL1UYyAMpjVDs3L1TVXgoznilUQ6Go7pQAgG
EYEEKEA3jN7iKzNPSuU93U1Dtoi+BkQACARaegdEOMEUVYH4TMNG+
+0d5ps1WOEQ0JI5Zn7AZu4tAA4ANINGN+u6fo/T719tk3uwy0VyPZKTk/
N2FSMGLfG8pmnbmP1164SmaQ0YuS0Ah6u454t2n5eZPySiRwGshiW/
hJkzmPkOmzWZAN4EMMIytZeZG1lby75SIwWNGM3b+HLcz8U1hYWIKUciWCkOe/
ZmYfgHbWdR6P52tzvfpdrTjjUT+kiuq0BwCioqLOTVK+Wck17wHoUYU91wHIhOOOAUAe2Ut75515DE
GJLKTOPAIJTUEQOX3M/LTN1CYAnwJ40DK+LywsbIDf78+ApeSUmdedXK5hWV1Zc2B/1FBVFhHRLL/
fv9zG7ngEkintQv+VwsxPVSIOtTUsLGwkM68gokaW6c1EINUMf+SKEQJIZ8+in/
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PhRZvZYIOvm3EQABWCBXAWb8xO0R1+Px5NqU82z15m/th4FmSz/
5ZdfMgCAiDSbeYXijEI5SFIpqTemRR/
369QdUcgTxDjNfb6cTUML+W4hoLRHAZzN3GPa5EYVm2D00o0dIssRxrHTcZlqUcb7PnHiHENFiilcyc
r+t6r5KSkpdgCdWbpaYDsrKyniaioDf5qsLMW51051gp5Qc20RjPMfNXhmGcsiCYyWQiGobgKpb9AA
Z4vd53EFwx8x0znwubk 1IhxBhmTrbYXUKBRm5tb04/3+10LgIQVA3zBwz2+/
1xCHbSTjDzQrujG2bequvboHYOaNSpNULUOheKMRzkUimpN7dqlwwCAiMKsc8ycAeAGm6 X/
W8ykyanMPM1m7gciami3jog2VHK88KKU8jbY6yVvEMTfNImyOLbAD3GIYRIDGtadrNfr//
XiKKtUwdCA8Pv4GIhpg0zF/CFIUa4PV637Q+mM2jh5nM/
FE1kZrK9kwHOAHBCZDHNU3rDmA6gCsscweY2WkTsQARXUkpx8ESESKi1bDIqJusdTqdD/
18vverWPHysBCiHiy5G2YeyMRKvu89Tqez19/

vn90wYCcNEAG]j XrtOpJIwIrFKFCORSKaktBQUG91qlb3w8E1lYOCWEIiutHm4VGZAuVRINoQgF2viO+]1q
HU165YA6GkzP0+Z21civPSolPIiIrrRZm4EgB1WI41iZ3cx8BSwVDsycz8y9vF7v5ahEBbMgMHOXpmn
9iehZBCcsbnQ6nXcTOfs2iaC/
x7sUBKTRxXKvQiFEL8Mw7JI6cwDkV1KWO0ZK0czGGXsPQD+b679z0By3mmWtTatg938RqKIJyh8hog
eZ2U7m/YQQoofP55sAoF9pUmZOdHRcdnb2X/
73USj+TpRD0oai2SClrhYeHtwSChK1eRSA8ba22+ImZg6IVZjliPDOnWt+6mfknZrZVtASwjIhusBn/
gIg0IrreZm4mEWXaHakAGArgEVgqMOwtBrLLtTCFg6KL1P+txMYqIYQYZhhGfwC31RON5p90XR/ g8/
neQtWEvDZzQCrcmjRZKgndC/
bJkQdhk+QIYBIzX2pTvvoRM7e3XszMx5i5t9frfbWKSapfOxyOpxHom2JINIC7YYk8MXOREKKnTHIw
gCSgog6FGT1RKM5YLEOhqLZEROT/
nJ2dXSZ8ZIbgH2LmOFicCWb+kZ1r20VZENEQZp5qk8S3h4hc1YT21zNzGwTnP3zHzFtho6gqJQLLNhm2
zTMdMMnd+EYPXHFQDWE9F s6xpmvkXTtCNEFCRqOWdg5v8DUNOa5AjgBBHA4Pf7p6FqZZZ7ALXGwVLh
ADBcSTmPmSTY2PE17PU4MojoqE30wrcUELRgbLm+kIi6EdGARDS0CNYf13X9Vp/
PtxzBTsNTzNwfNs60pml9pZStATxTbgwAkJOTMzcmIqaq0ScKxWLFORSKas327dvfB4CSkpJjQogXA
bxgUw2wGwHp5aAcCGa+FcA469GEWSkgYS9e9TUAYQ25mw7NbLLvelpZl/
WHACy1mVvMzH4EIhQVPh6A2cz8ns2aR8PCwjb4fL5PYKN78SeY rWwnat9bwPgdkpnuZTtptlawNwiyh
fYCZU2ymHOPgSGO+zdwmIgrSjmDmT4QQC2zyW/Y jULVXSsXWNpmkDKCBqNe5U7QYAIcStPp/
vAdQRHitKEEDUr0aq6TUoZDmBB+cFSh2Lnzp@fVsUGhSIUKIdCUa3RddOAgOLi4gPMPN3mkgNEtIXse
30kIgqCaeYV1vAjAQZszeiCgZvkjLIEEZi4QQoxn5hdt7 rOLmW/x+/
1LEQygfI1A50I5y5pMAI8xs10pbEpMTMy rXq93tfWt/M9g6j/
MtqvaIKLBzHxBIVGGyvYrIqIEKeVsq3MHYKamaZ+YCbNWNg040mZ80XELSykXWe5TwIG+KFadDpiVL
gYHLFOrwm1SynuJqLN1fKWU8gu2iHuZdjyoadpuu88kpfzEvEa3zikUZxrKoVBUawzD8ANAVFRUOPk
5AhUTs2Bzfk9EjxPRXWTTE2Ij2cs1FyBQcnirdU4IcR8zT7YRtToghOhFRLNgCZ0Obb/HIZzIxqGS/
SNGOOgDk2xy3LXS5X0j fffPN+amrqghceOHbMxvOp853A47pNSrrTIJH3TACFFSyU0501bgQoghCEhUV
yg3ZeZ3dF2fbhjG+zZRpK3MbJcz8SsF2qQvsin9TTP1IMKw8qg+v654Zh2EWDKOWZnOJAFr2fZfxLAK8
SUVCOhZln6Lr+nvmZrCJaXxcWFr4JAEII5VAozniUQ6GotjBzRNeuXYNKPM250s0y8YkojZk9CCTXW
de9QOR2rdAhhJiCYKEpENE9UsoHEXzenk9ENOop74WNOJISmaXdLKVNs3uLvk1K+AEsLc2b+KiYmZnB
2dvZ/Fy9efPXDDz+M+fPtTgl0DWY+6nA4bvH7/
YuJqIFlbg4RfWwYRIBSIjMfYWZvIdsO0Z+Y7EZwD8VLIERMQ9fr//

AwT rUOwAOMCmIidPCDFQSpkG4ByLDTNgJj5axjMcDsdOn8/3QVXKQ5n5bSTIqQXCTkF91XR8DYIHNsk
VOp/

MZwzA+RHBp8F4ABWe f fXYaAGia9pdzXBSKvxv19SqqLTk50e2dTqddC+sSIcQwZn7R5mH9H]j0vgfoD
4n1Urqj5DDNXcECOHDmCdu3aAcAMuwVt2rRZuXHjxivIvn/
IXVLKZ0tbvHMOMBrBXTv303303tnZ2c8Q0eChQwPpFgX/
rSrMXKTrej+v1zuNiC60zHOkhHhaSrmFiGrk5eXhpZdewpola/DLL7/
IJk2alHa73RHDhg2zbvsQM3cgol6W/

X4EcGtxcfF7RNTMMrc7Ly8vsqCgo0E551TwGQCgj2EY jXKRNfqOgIj6AbBGBDZpmpZkHgVVVplj911l
8CeBDANZIOQUkiGur3+18nImueyioiutvn861BsKDZCQSqVK4tzaFo06bNWA6IYJO8VbsUitONcigUl
RaXy7Vxx44dTwGocL5PRIOYeRQsIkrM/
L1ZLRHU3ImZPyGidjZhdSBQhtoX1rfQWrVgLZwlalZMw4YNex8/
thzx8fG499570a1bN2zcuDG5ZcuWPXCRXTnnC8w8kIgqlF8y8zwANyK4EdgIIUQPr9d7wW61z0ghRI/
zf/1XWA+2PIalb/X7/nURkdaC+AxDHzB8QOdnFxcXo3bs3iouLERsbm92kSZMjP/
74Y7vx48ejbdu2uPTSsuaarwI4SUTWNu/
HNU3rI6WcDcDqGPXxCRCe7dul62Y0330gXXnihbEIIMUhK2Y+Ibi6/gAPtwc8joqaWvX7Wdb2/3+
+fY3dc9Tv8QkTTYONgmvkjTO9gk7H4BYLBZdXKpZa6QiH4AcC3wWlKmw+E4PycnZyoAdxVsUyhOK8gh
UFRrNm/evAgVHYp+RNSemSscMTDzbrPqYBURWbfZRKROAHZvtSsReA01PuQ/jYyM3HXLLbdMBIBff/
OVANCiRQtcc80191933XUr/X7/
VutmZuJefat+henQlEVwsmehpmm9DM04jIim2n8LYyEI1lrdTtMDUWLgEQBWANT57E66+/
jk6d0p302LFjP8Mw5sHUmV j kkO+wa9cuZGRknOjWrdsqmlUeY8eORXROWcXsuxzowfGBjeO9DCcMYRO
S9LXPHiGg/

g0tsTBwjpayL4M6iOxDopWKtss jWNK2Xz+cbT4HOrKeEGYF4jInTbH4mRgHOZT3+YuYfhBA9mP1VAE
FHYOTOBcqV1gohIISAz+fL1HX90V01TaEIBSqHQLGtISITAOTM5n7JzDOBsJlcVwYzHwWNwh/
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1GaUO8PMjM38BGrtnUk8gFYA3h76JAK+2J1jV79uxZRUSvG4bxAZ1ql/
Xr18d7772HRx555GDTpk17zZkz5/
YVK1ZgxIgR6NixI500aS379uzZZvv27TdZ70M+ffosbtas2bymTZsu7tu3L957L1BBumXLFrhcLgxf
vz4TpjMRGXuLxx57DC+88AI6d0iAlilbYty4cfB4POW3fW306NFt+vXr93S9evXgcrkwYMAArF692p
g0adJEKeVTVE40qlSBdN++fR+hXNloqTMxefLkfS6X6z+HDx9+u/xNhg8fjvP00+8gM9/08ccfx/
Xu3RvNmjXDpZdeittuu823adOmrRkZGde5XC788ssvSEtLg8v1Qnx8/GYA+wDMeuutt9C/
£380adIEXbt29S1ZsmRneT2J05973XXXLTnnnHO2tGnT5t7HHNsMhw4dwqBBg9C0aVPO69CcPP/zwg/
WfqZQHzETaCkcnzDzNTK4dbRk/
FBERcQMzj4N9Ce0620h0aJom9+3bllarVg2sygxRKMAETEOhqNYQkQSAgoKCA5gmnWDmCo2 fOKBeGI
tARYA18bBQCIFqI5QEZj5IRISADLOMZwohHpVSvmInz/
Tp0zOk1Etg0TB48cUXPR999FHhK6+8EtWlSxece+656NqlK5KTk/
MffPDBTTVq1lGiY1JRUQUJI86NChi7ds2TJI8yJAh58+cORMtW7bE1qOVgx50p7NCDsb8+fPx7bffYsGC
BZg2bRrS09MxZ06Zjtb7vXv3dmZkZCSNHDkS33zzDUaNGgWfz4eHH354y0LFi12wCHI17tw50zIyMn
/q1K1DlilbhsLCwvLfxe7atWsPB4APP/yw7KjI4/
FglapV3vbt23+fn5//1L3330vo6GjMmDEDY8aM8e7bt+/
04c0He1133XVYtmwZzj77bPTt2xfpb6elru3XrNpGZF69duxajRo2CEAITpkzXENGUSWPHDj506FCFz
5+amlgcn5/fds2aNXUGDREmTNNYsiQIejRowfWr12L3Nxc0XZscG82Coh33U/
BYmbLhRDf2uhd5DgcjhtKSkoGALA7a90Ei17S4yXGfz3essLCw2GZ00TijUEceimgNz+fzCyGg630Ns
zNmhSRMIcRQZk4m++6TT5qJkRUGzVD4AgRksMuPFwkhRnFAorvCfYgKijYDuOKhhx4aCZtox/
79+4t//PHHVpGRv6VoXHjhhSUAThDRHalbt8bgwY0xd+9enHfeeSgqKnr8o48+uu/
222/3Tpw4sQYA9079261BcXHxXthON23atClef/116Lq01q1b44ILLsCOHTSA4FshxIMHDx78on///
hgwINA646GHHkKzZs2QmprényuvvNKa4Z1lbr169MevWrZt99913Y+TIkQgPDOeXL1OwYcKEE6lateo
fHx8/f/HixVizZg3i49J+2cKFCxcahjHsySefHHjw4EEcPXoUycnJ6Nu3LwBMjYuLK/
te69Wrh7CwMDidzk0DBgly+/3+jURU49VXXOWjR0o2wdO1SMPP4gQMHINnfr1gl1z587F+PGBwp2DBw/
+FBYWx1988cWlDocDIOaMwGuvvYb+0Twg+QAAIABIREFU/fsjISGhGEBW7969G7/88suldtel/
45zAdxIwf1ZvhZCvCGLrKAnYSaw9vT5fBcSkV3b8+8AWNuaAOAegBsAZABwW2MwrFGcUKKKhqNZIKQO
AOQuss65EcIn1A8w8GDZhaCIKBpBoo/MAInoNFmfCHE+QUk60OuUcC/
0J5541gkAG]jduHORMGIZhDBO6tEZ5Z8L j8eDuu+/eddVVV91Rr149DB48GABQUFAAACK9e/
b8RkpZ57 rrrrNWMgDAt7qu23ZQrV+/fln/
CAAIDwWI9HTfN6+RwgRI6V8WOPI5e1wOBwThRD+tm3bVnAmmLKkQgWjF8ylatIhatWoV5s+fjxtvvBGffP
IJOnfurKlZsyaFiDqURg08Xi8ALHz11VeNZs2acht27dCqVSu@btOakyZNwv3337/
yyJEjd11t9vvOvrVrl137s9/vfI6L6fr8f69evx/
XXXw8A4410tBAi8tILL8W2bdtKly06ePDg4Q4d0;jR10BwlgN+0YR02bAgi2kVEjWvVqoXi4mIYh1H6
uT5GQFMOwr8TMx8UQjxjGMYbN1/rQCl1DSKya3u+n5nrwl6tNJqzVzmdznColz/
FPwD1UCigNbqu+wFAO7QKmgOmnoQLwBD rGmaeI6W82Jq9b/
KggqaNgZQwCDkiFN1EzubBXXFycXctsABgthNAaNGjgLD8YGxt7cMuWLZeMGzcOP//
8M5YuDWgw5ebmro+Jibl/
90jRUwCgdu2g59Q0Z05w0BXxnWSfskFLKrVu3fmZq0TQZOHAgli9fjr179wLA/
CFDhpwtpdR79KhY7KFp2kAEckTKajn790mD119/
HRMmTLgdQPT8+f0OvAYCePXuiuLgYy5Yt+xbA82FhYcP6901DQCAp8c03305zZs02fPXVVzdecsklte
666y5kZWWVTX/Hjh07ev31199Y+tOWFhbC7/dj/

vz5cL1cE10uVx0Xy4V58+bBPPLY5HA47 rvkkkva67pe4XsFgKysrBOALrO0c6AF/
R6ydDZ15pMAHpRSBkWeAAwlosNSyiD5¢c2Y+DIBtjk3KIKIGUVFR5zZq1MhOrluhOKNQDOWiWnPTTTf
9HwWBY j i1+FkJsQKBnRAWYeYOQYr/
1loWKymJ1lvtgoiUaDb5+WwRDrMHIwezNyobdu2r9rs9zwCTkiFwe+++27Tx00bG99++
+1000030Vat32736K0Pjs/JyV183nnnnQ8AeX155e+3C4EqB7uW3rb8/
PPPulgqlatUWwKUA80STT6Ju3broOKEDXC7X8C+//DJhxowZu0ii34pYiOg/
phhXUH8MAMOSkpKi27dvLOorW9qladdzzz3X03Hix080HDjw8Q8//
KD16vVbHuu55547MSMjI2LDhg30ZcuWYe3atRg/fnzZ91e7du2Y2rVrl/
VZiY60Ro0aNXxdunT5ZdmyZSj/
Z9q0aQedTudAr9e7KDw83K5pG+rUgWPXWCyLiFbARgyL1iJKI6AUAMZapRxFoX77aRiQridiyEawXEo
Su64iMjOyYnZ393B9dqlCEEhVGU1RbcnNzB3k8ngqlhRzowzELgJ2C5s8AUpjZThvilU2a+2Pqg2ycxL
iCgfwAM2awYRUR4RfWIzt4CZLyci6ON5+4kTIxoBQIMmv1WpfvnllycAlJOwYcKDAPqObtOaz511Fr
Zs2YL+/fsDwC8AdgGwkwqvjLvqlgq37REXMTNINWr16NTIzM/
3r1q3rd+GFFy62HvkQOX1myW1lvADhO6BCKiorQsmVLAHGYQL7 f71+YmZmITpOC7VGYOdPhcHxYUlIy
dM2aNXr9+vXRuXPnOv2mIOCYdACATpO60XPnzti+fTsADJISD0oi0jo4qPZIw99varFmz20ZhtLj66g
pVtDmapnXleDzPW8tuAaCoq0id3/1+5sA+mfIuBI63zrWMp2qalulL3+7fY/
EwUE9E02CdhBkFE8HQ9BbquT/njgxWKOKEcCkW1lhYh+YeajAMr/
wp8C4Cmby30EEKOKk1Hbn4N8zc5iNgNFXAFaxpdeG0ZegadrnUsovYJGSZuY1R0QsX35p89gszF1100U
UX1laxZEwsWLECdOnWwY8eOk5MmTTIAYO/
evfOAoEaNGhgzZgyefvppalpWdM455+zcuXPnwKioKDzzzDP4I4hoCjPXdrlcFR6G+/
fvz87Nza29ZcuWjPz8/MiwsDCOatWgNEoyi5nDASSWXv/
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2a69hwYIFGDBgwObCwsITQ4c0zUhJScHx48dxzz331GpNDI08efKcAQMG6HPnzkWfPn1KI®az33rrr
eYzZszoGxsbi4suuggnTpzARXx99hIsvvnilEKIBMz/
Rr107bN68GRs2bMDx48ezBg4cOHfqlKmv90rVC08//TSuv/56HDt2DA888MDRXxx9//0G4uLiRNh/
5LafTGdS1tBxj rANmefHNZFEKBfBBTEzM20zs71/IpkEcEa2DpZT4D/
AfOXLk41lglap2owhqF4rSjHApFtSU60vrLL7/8sguAH8wH2GIACXZql8w8RE05GZawt LkeepyIuliW
7NUObZI1499c83Sd0nXSs70zN8Cix L LUVHTEVEqskHz09/
s9zLyHiK53uVxYuHAhnn32Wdx2221g5n0vv/zy8qysrHFfffUVkpICUfnRo0OfD4/
F4782aVezlenulb98ediWQNvYtRaCL6QLLVHbHjh3jLrvsssWPPPII2XckhMATTzzx/
b333ruImSskJU6YMAEej2fXggULosPCwtK2b990nTplwurVq9G2bVsIIW6XUr547bXXNglfvz62b9+
0cePGAcBCIvohNjY2yel04t1338X06dPRrFkzDBo®6MPNn39+Gj0vAoCIEydi7NixGDRoEMLCwviaa
66ZfPnl1+Ptt9/GhAkTkJaWB13XjzRv3nx/
3759E2w+8rsAGui6H1T1cuDAgSOAOINWO7Z0AG2I6HrLkm+Z+dacnIXFFNxxFAhQhulnHTS1SewqiZ
CX1/elx+0prPeJQnHGECTvp1BUJILSOlyGYWRFRUWt7dWrVx0EK1qCmZ0I6FoEaOoUEtFaBLe/
ziGi06SU80OVFqcqx00Vy3ZadnbOIwQmfIwCkI3AOYGUS5AVLAVM5CIBdgmY3dxQCeIKKgluiVYUZVxh
PRKuteRBRrijaVvXUfP34cjz/
+eHZGRkatH3/8Ua%9b19rjCpuFEH2k1GsSRnFMxDoGmZ1cBwKxZszBjxgxs27bt44iIiFeY0aixGAKOx
mQp5WdWQSkiGsnMUxCs+vkCM79r60JYP+8nRHQYFvOMc24IBWS4m1jGPXRCTMTM1ImOsAO6n83KPx/
MM2XcxXcnMXal2A/
iamc8i+1byoxYvXtwdglLjzzjtPWcVToQgFKilTUa®@pKSkhAIiMjGwle2eitHFXUCcrIvoYwc5E6YNt
utWZY0ZPTGdiEizOBDOXMPNM2DsTy2DvTNzJzF1WMa5ydjxIRFWRa95PRG0J6C3rhBDizvXr179088
03t/T5fGXjdevWPSqEeI2Z9dzcih3ImfknXdf7SSnnI9iZmM/
M18F0Jg4d0oRXXnkFgwcPPhoRETFBShnUG40ZP9EOLV1K+aHNQ/
kuKeVDCHYm3tUOLc1IMqLTu9wUCg1J2zsRH5hGWVU5904CPrc4EM+czc0+Px303nTPBzGuY+TIbu78D
UGznTDDzdABVAjBsgkcUijMOdeShgNY4HA4CgPDwcLtf6B8RUTqAb22Wvg+gv3WQi0KTI1E9QcLfK71
wul4Ds70xRC04xASHEQq8z8uJONALpbKzOAPKTr+1q/3/8FALvW1ncDuB/
Brb4rI4+I7mDmBQCiy08w84MA3C1btjzvs88+w5QpU3D11VdDS1m4dOnS1J07d45r27YtmjevcGIwX
NOOHj6f73EisrZe3wAgmszGYgkJCTjggwOwwwO3FD7yyCPImf19uwevpmmIhmGsJql65SeIKImZ+1h
LchF487/HMIX1Nt/DDiHELGaeYxkHM39Jgd4sF1im9hDRSwgkaFZA®@7SbpZTXArD7N/
wSwWN1WpVUABWBsBBBUZszMHzocj 11+v39bnTplfFlZWceslygUZxoqQqGolnTpOqUbEMgDKA8z/
+RyuW4DsMRm2afMbD07B4DxZtloha6YzJIwZFhbWIzc3tyuA12zWpTCzXYj8ayK6zHp+j0OAC4XSTz7c
Wloe/
eb8kZh40S37G70FEI8y0OnhWqFcwITXCcAVzVoOACLFi3CihUro0K9fP9x888361qlbH+rWrZv+7rvvin
2H51FQDY 11 TyK6x3KrX82jmLI8gu7du2PRokUnFyxYONXpdL40S5SBmTM1TRtoSpJIbPOMCADURODop
v+Y0oEQOkovcQrAi6D8DDds4EgDOI9F+xNh3LEKIBIqUMKU81I1I1AMyOzpmlutIGf6QAgWoi02dilx
DiYb/
fvx5A861i0qFZhYWFBvdkVijMNFaFQVFvy8vJanjx5MgOIOqHIOTSth9ku2voA2wHgQrskPSKgD7Ncs
tz4SSK65aSk5FwAb9TEGPYB6IFgpcQ9CCSAWKkP4n2gadpfX611HRAORZKNmogBdQqAtzJzIzI9a9Sm
YeQmAW1SuY2a3bt3QrVu30khMYiWJh40YuQEszhMz5xPRfrJ04Lz111sAoJ ff73+GLHLWzHXSCNHTM
IzpMLUwys2tBrAeQIplvEgIOds8MrCuOUhEIwWC8Y/
MOHCOiL4jIehx1kohGGIaRbj16Y0anAewl7bDudwiBhF87zZInmflZm5+H4wDiTRN4s4DAz2Z4eH]jT
70z5X16X640gnRSKMwQVoVBUWzRNywew2/z/
snEiGSDMXRGCN3GAmesguMzzQwA7YVNagGnazZgmlRDRSptIwyYEzuitSX+ZAEOANLWM/
+RwOGL9fVv9iAEHiSwBeAFALWGDbD2wDMz9FRP+x0gZmcuZBIhpps2wcM/
elcyaYOYGID1eS15EJ4FrroN18bRgFtxWHGZm4D8F11juEELOIKMW6RggxjIKTEVXNcVZTtP7MnIlg
+fNCI1oKG2VUO8F4zqonAWABEb3NzHb5GSeJaEU1zsRDRDTOxiktFkLcCiC9/
PGIEKJU+juoCkWhOJINQDoWi2hIVFZX57 rvv9gF+0/Igs300WRZYnuMA/DZRgW+J6A1TgKkCRBSN6/
p2wzBWI9gJ+RGAhCVZKQMIMA4CaGe9v5mT8IKNPgUApDLZzbgTUGU8ID]jS5agrLcQECOZGVRHSvzbKZ
CMhpB1UcMPNT4eHh7zPzSmvprfnAttNkuJ+ZG8Im9GOWynQhotstUweEEPdLKefZ2PeQ1PI8AKMs43
TmpON5u/
JMIToIGXVMO9TIRHDC71pNO54282ysKpgQQqTY7WfmedwEEFQOI4S4zTCMcXb2eb3eIpfLZaemqlCc
MagjDOW1Rtd1A0ATIO7MFOLcq2na2T6fb7P10mb2E1EZzy9gxIUSy 1HKRTej6GQBLVV7VvR1giDQjILh
+GfdOxbwFcablPiaZpvaSUowBY030CwFsc6D1yyuFwZv6YiAoBjLZM5SLQqt105nkZEWUYCc7LN3Bsu
1+vFnJycjXYVC1YHw+R1OwlaaWPfBACRCISWLh8/aWpXzLM+yJIn5dQC/
WKtUzJyNnoZh3GOXBSGiNGZ229h3p5SyIyyRDmbepWlagt/
vX2Uec1ltn8bMbpufiZ1SyqttkkcB4G4p5al2zqlLf7z/q9XrDbNYoFGcUKkKhgNaUOhRZWVk/
6roe5vV6V8MmOdGaoc+BPhKJIzIxiU9K3KCYm51kp5SpYIg3MXALgC9g4E8y8BRZnwrx3LDNTCXvp5/
eJaBICLa5PCWbeCWALgpO®JAHjO/
GNds5WI1to5E8y82uVy3Z6Tk7MYwCWnaMMSZp5dydHIm5gmbQfwinVCO7QBzDwNwVLXG4QQc+ycCSL
gQUTXlkafrPdi51gb+54momJYvnMOyIQP1FIm2EVczMhWLAV30X2XiBxKI/

1t fp7GRGRNx6HMzMyVRKQcCsUZj3IoFNUar9dLAKBpmt/
j8aywe7u2g4jcpnKmtWvn5piYGHdOTs4SIupks/Qz2Msuf1NIguMYZo793/
QwyrNRCDFaSrnc5gFW+mZuHTtCRIuIaLzN3FOwWRARMfiai0eaDz80018t1c3Z29muwJKRWBjNVEUI8
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AGCVTeRisxBiTiUKo4011PcgWNNivxBiAjMHiXsBGCCEqAdgks3cKmbugmAH81Vd1lleYEY/y9y/
Sdb2/z+ebAZtupAgk2F5i/
R1i5q0AvmImW5V0IcQ02B9VZTudzhs9Hk8RALSs29ArFGYVyKBTVGiGEBgCtW7ceYi33/
B3GAHBb31CZebemaTf150SkA0OhpXcTMX1SS/7CHmYMS7ph5BhFOROR2b/
HbnE5nrJRYKRE1s11bYFORUCSEMIVAW3Hr9S+Zb/
DWh2s2gKkA7M7vf3U6bnd2zs70TEJyzYAsz7w4PDy99w7c6bz8T0a0GYdiV6t6FQOVKBYEVDjRze8zs
SWK1vZ+u69mGYcy32W8TMzeziTzNBfCCYRhBxzBENNjv9z9gd2yCQIKtZvMztB+BvB077/
XLZrbVwjDn/
T6TbxgCuTaYPXu2w+46heIMQTkUiuqOAwAiIyPtWmOHQURTAVwWBe52CHoZhTIBNngMz/
wR7Jc4jCIRMWhP7 LhNRupTyPZs1Pzgcjl4ej+cN2LQINXMgrZLfIKIpZhTCyptE1BWBZESsrTzDzZJt
7nHQ4HD19Pt+VRBQOXwnZQogeHo9nKhFZG3H1CiGSpIT/
tfkuJpk5LPfb7PkkgJcRXHY71Ih2GIax0sax2o0WAsFYry5rFLpd rDID3EBXx5uhNAr0q0JX4C8D2CtT
AKADWGWC66tFfX9buJKEgRtBQKCHg91 rhx4+sBw0/
392MPxRmNcigU1ZqaNWtGAoCun1J+8rtSykJYHAZmLjaTJuNgaeplzh8DOMimTDAfgbdP68Pral3XH
2L.mD20ervvCw80v93q9z1Xypvx7CZBBVRVM/9/e2cfGcZxn/
Hlndo88HkXe7fks6sMMZYmQIysNhBaO4gipHcgyYpEJQtjyROKmkuNYQFsoif2HHdit69i1m6SFO8a
RWjuSkMS0gjaJl7NhRbCmVjVYSohpObFigG4vepD5Ic/d4JE8id2/
n7R+7J9C7c7KFtpAAzg8gDpzd2729IzjvzTzv8/
Tuzi5BE5ggcvT8BqVdKyGE6FFKtSqlkgXEtMRBzkoAXwBwm+aUPw3DcGOD1IMxf6dIDATfwzEd2HtAvm
/QB+qZR6Een39jAAiXQWzT0049xalpefQkIHEgeRRWg+WOR1W/
4V0yqsTuv3ZWb+0837NOJETfWEYbtGMvZ4BdI5cLvcRALAsS+eIajBcMpiAwjCjgVarAACLVMgYaDoc
2Se/
TEQpa2UhxG1hGK7UHYVTQHO06SZmIysntCmY+YVnWHUEQbE9Orsx8Wgix0vfOuxoIDBuxDZHPQ1JIn8R
YReQ2Egt9g598iUV015nYi0haG4Q6NIFWLTLIPwII4e+MIU0QO+VeUNtZ62bKsR5VSOmM3EXgA3I+2q
udlxnMcRiSCT7pRDiFwrk/f5teM4n/
U87xGkaby8rJTqR551k4KZn4RGAOIE65h5g0ZPcRbAFzmgypoMahBn67xn5aSeLSKEMAGF4ZLGBBSG
mY4NAPv37/8ao0qqUVcO5hwH8PTS22UTOFQALAPXxtg+tL3YpB/
C00aWhVBXBzrVbbrFm0d23bvp6ZP91g26IR+5h5BdI+GKeZ+dcA1iQ7ENHTRHR7U18Qc78Q4qUwDHc
g7eKpJQ4YhnSrGUTOoFLgDoqqek4f3/7m5ualQRA8p9m+eRfRZIWMI14gFot3uq67GcB1iT4VRKEBC
XPtrzq08xnXde9EtDOXNQEhXLNE9FSDR/
s29gKS10Jj5YaXUH+tEtkKI+xBZbv9Bos8EET1IRH3JIPuVyeScAKKXMloThksYEFIYZjVLKAgDHccrM
fJ1m8h8lonuQsHe0+54z+8z8RKPrJ7c5Yg5qAgYIIe4goq8j0micI94uuEEpdUUSGVygHEOO1ZL81
wphPge6Y2rXmDmjOF fB+Qpx3Eej4WgqfHriCfJ55n5eY2WYQszL6GEFXesEVK90Tm5SNbmaEFNCWoD5
huM4N5fL5QeIakK2mT6gRYP5X0VBY7XneJ4no6cSxsOTOHWbe2uDRfghgjWZL6 1khhEtpMy492nZ6GG
mtSkVKuVa3JQXgnd4aHh/fHYzIBheGSxgQUhpl00wBce+213y0ia5IHhRBfijMgUqJJAP3QF/
tqCEf1HVKTNUWOKT3QZzHcwMxhGIbbL+A+kwCySPs1gIj+Ril1ln6bPawDmQmPrzcwv0Y7zZc/
znkFakNpoDJsLhcIjSqntmnHsFkJ4SG8xnACwKgiCBxppRDQcz2QyN460jvbptlRikisOv7dt+9P1lc
nkhNAXgi0gfl1VK6VFMA2I1Ic5J8pr1Ci09zVEMkySuIso0S1VXPSS1vVE09hIR7JjPvtCzr3GpUg+D
UYLhKMAGFYUaj1CoBgJTyxuQxIlqnlHoA6QqcrzHzq9CnUp4PD5ptgvhb8CxohH1Sy 15ENUR26NQY j
Ygnn6QgEUTOEIC7NNc6FL+m/

BWY+bXYa+JR6J06dbxQLBbvIDxVEIL 10w4A2MHMIyTaPdu2VwohVjZYPUnBzBMAbgqCYHNSN+I8TU4
LIVZIKTOSL5X+COTvkU4f8hYAQjpj56Bt219SSm3T3K+K9BZMPV]j8WBiGXOVaTzEA4N+CIDhy+eWXf
XQWAYXhOscEFIYZTVdX1zogXb4cUXnrPqSdH48S0b9fQKokgGjiY2ZbMym8KoT4j3gpPElvGIavEdG
00IXwf8tGZv4jpItMjQAYT+0YY041NTX1jo60roHe9CoFM/
+mUCisiXUJdyeOnUbkgPnNRHtVSvnpIAicRr4M0qSUfUKIOcz8QVdvKgBW5vP5kampgROaUewgM18D
TFfYFIu3GANLBgUdEt/
i+vXX6IE6XdQMAfyaEUAGIYm7xFtfXAPWDEbUWi8UeACiVSjpNi8FwyWACCsOMxXXde6WUnwISAcVG
RILInumNzDzGzLsRpVOmYObBRvciolAjLjwCYBONC5EBW02047wA40cAlr7Po7wvcQrgENLPNAHgv9
HAzwJATXAEH/6gkzwz/

96yrJsqlcoKjS7hDIAHdb4WUs rP2bZ9Apqy400gorVhGFYvZCsIwOpisXggtgnXpcpeRpr6HDE7AXw
22SiEuJUFE7LKUtmh5LnT+HYmk31LKZWyFwewlpkfSgYipVLpE+e5nsFwOTHFwQwzFiL6fDabhW2/
X4DwF8x81iIi+1TxfStkXhqFWP8DMp4loNUeVNpMOkEeRzug4QOR/wczbKF1Ear3j0ONs8z/
SRQE9d8I01x9YTmOa9mbyX1PJzYRhOEFGQIBOR3WIZ11StVvu55rIu@lkWw7G519w4/
TF5vduYeQBAFVHhr3q/W/P5/
E7XdfefZzJP8rhSaj8RHAA87xYAHyeiqgxLtadrF4h7P856ExiacmbdSXK49DEMopcDMUEOhCIIfCiH
+RCkFpRQAQCKF13UfbmlpedSyrGumn+/7/
tE33njjke7u7nXZbHZFvR8z48yZM4e0Hz+0zs70vQCy9T5KKYyNj f2WmR/
LZrMLwzAEM60tLZLVvHDhw4LypzQbDxSb1n8xgmCm4rtt2+PDh37z55ptXdXd3IwiCE67 rvtLROTH56
ZMhEcF13e0nT57c39LSMmvRokX319sBQC1VGxwc/
K4QIjNv3rw7hRDn1PgjIyPPVCqVwwsWLLhLSjm73mdoa0jpSqVyaNGiRRuklLPrixsdHd3+zjvv/
LKj02NxZ2fnPcyM6WNh5mgqlUnkxn8+vmX5MKTURBMFQJpNZyMz1c8HM1YGBgW+0]j497+Xx+fmdn55/
X/ShGRkZ+NDg4+FsA60rquj6fz/fU+39e99zx48f3dXR0O/
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GGpVHqP02Q0QB08e0nToX+b0OnXtTLpdbRkQIw7B28uTJzZVK5XR3d/
Cc6KeX8+sTLzCiXy3tcl+1nZqupgS1fKpVWEVHL2N]YgbGxsQFmttrb269ubm7+UDxuKKWmRkdHD8ya
NWux1DJIXbw+CYKxarR4FkGltbe®ioqgb6sVgtdnZgaupdIrIymcxsIpJIxezUMwykAgoiapZTNAFCr1f
5v/philMsCESEIAhTA1JQyk81mLy0i+iqYPz4+/
rtcLjevpaVlnhAC9Z+pgamBarX6dkdHx+rp7dVqdfDYsWPzmfm29evX/
+RIhmAwWXDRMQGGYOWzdunV1a2vr02NjYedqtdpZZ1ZtbW1X2bZ9GRBNhr7vD42Pjx8mImImamlpmZ3
NZj9Un3yrleqgA7/
sVZiYpZbaltfVKIspMTUONTO50DjEZEZHISXKAAGQQBBXf98sAilislpaWTiLK+L4/6vv+CABiZrlt
u7WpgenyelLKsEZGcnJIwcDsPQL1I2ZTKZy4gomqV832Vm2LbtxONE3D7KzLVADEREQkrZppSaUkr58T
PWj91SymalVKCUCgb3YebMRTh4DAAcx7nJ87xnmXnD+vXrf3Cxx2MwNMIEFAYDgIObNISFRLOIQAYg
707u7svlcssn]iZ2Hjx48KfxpBwSUUOIUbviiisWz5s3795yufyD/
v7+F4UQoVKgxsxhsVjMLVy4s0/1119/Ku63j6q+047SMj IyM1tuEEKqrq6vlyiuv/
MKuXbueUEqFQggVhmFYq9XCnp6ej+Zyuceam5s/
w8ycz+fLITGXy+UupdRXi0gdx3GeBADXdZcA2EVEc4j0i4VCITUBVSoVp7293d09D57nfcIxnD3Jdt
d11xDRBiL6caFQeCXRp91xnMrONmZu9TzvZ0Q0plAoXENRKfBzbNmypT1+BsrlcpTNZgkAxsfHadWq
VR8RQj1i7du36TwDIZDIO9uxZ6u3t/cvh4eFoBHSqQAAABPOLEQVTt+/
bt02HbNtm2TQAWZ86Cc30LFi2/
p7+9/7siRI20WZZFWeT7PnV1dbUODg5Wfd8ny7JISKKAEAQBLV26dL7v+6JarU6cOnWqIgqWkWglGA
CCEoBUrVmzo7+//vud5ZwEgDENavnx5b3Nz8/W7d++
+VwhBQghaunTptaVS6WEhRKlarW7bu3fvt+rXCM0Q699L1ixZ9vbbb/+u/
ntbW1t22bJ1T4RhOLpnz56vT+/T3t4+6+qrr/7ro0ePfge3t/
eZTZ2s2fZy1jtx9992nGv4RGwwGg+HSpFwuX/
c+Xx5MFqS4IXNedXy6XP1Da5f831Wp1RmQmlMv1v0d5j110P2Z0FXEzGAwWGg8FgMBgMBoPBYDAYDAaD
wWAwWGAwGg8FgMBgMBoPBYDAYDAaDwWWAWGAWGg8FgMBgMhovI/
wCN2zKfNC38HWAAAABIRUS5ErkJggg==" alt="Diagram" /></div>

Each arrow represents an operation that contributes to the overall trace,
identified by the common “Trace ID: A".

Pt Real-world insight:** OpenTelemetry (0Tel) is an industry-standard set of
APIs, SDKs, and tools designed to standardize the collection of telemetry data
(logs, metrics, and traces). It's vendor-agnostic, meaning you can instrument
your application once and export the data to various tracing backends like
Jaeger, Zipkin, or commercial solutions like Datadog, New Relic, or Grafana
Tempo. As of 2026-05-15, OpenTelemetry is the recommended approach for
instrumenting applications for distributed tracing.

**AI/Agent Context:** Distributed tracing is incredibly powerful for AI agent
workflows, which are inherently distributed and often involve multiple
sequential or parallel steps:

- **Agent Orchestration:** Trace the entire lifecycle of an agent's task, from
initial prompt to final output.

- **Tool Chaining:** Visualize the sequence of tool calls an agent makes,
including their individual latencies.

- **Multi-Agent Coordination:** If multiple agents collaborate, traces can
show how requests flow between them, revealing bottlenecks in communication or
decision-making.

- **External Service Dependencies:** Pinpoint which external APIs (e.g.,
vector databases, knowledge bases, LLM providers) are slowing down the agent's
response.

This allows you to optimize agent prompts, improve tool reliability, and
understand complex interactions.

## Implementing an Observability Strategy

Building an effective observability strategy isn't just about installing
tools; it's about integrating telemetry collection into your development
lifecycle from the start.

1. **Instrumentation:** This is the act of adding code to your applications

to generate logs, metrics, and traces.
- **Automated Instrumentation:** Many frameworks and libraries offer
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automatic instrumentation (e.g., for HTTP requests, database calls) through
agents or SDKs. This is a great starting point.

- **Manual Instrumentation:** For business-specific logic, critical
decisions, or complex AI agent steps, you'll need to manually add calls to
your chosen observability library (like OpenTelemetry SDKs).

- **Key Idea:** Use OpenTelemetry (0Tel) for instrumentation. It provides
a unified standard for collecting all three types of telemetry. As of 2026,
0Tel has stable APIs and SDKs across many languages and is widely adopted.

2. **Contextualization:** Ensure your telemetry data is rich with context.

- **Logs:** Include "request id', ‘user id’, “session id', “service name’,
“version®, and any other relevant business identifiers in your structured
logs.

- **Metrics:** Add meaningful labels (tags) to your metrics, such as
“service name’, “endpoint’, “status code’, "method".

- **Traces:** Ensure trace and span IDs are correctly propagated across
service boundaries. Add relevant attributes (tags) to your spans for filtering
and analysis.

3. **Collection & Storage:**

- **¥Logs:** Use log agents (e.g., Fluentd, Vector) to collect logs from
application instances and send them to a centralized logging platform (e.g.,
Grafana Loki, Elasticsearch).

- **Metrics:** Use a pull-based system like Prometheus to scrape metrics
endpoints, or a push-based system to send metrics to a time-series database.

- **Traces:** QOpenTelemetry Collectors can receive trace data from your
applications and export it to various tracing backends (e.g., Jaeger, Grafana
Tempo) .

4. **Analysis & Visualization:**

- **Dashboards:** Create dashboards (e.g., in Grafana) to visualize key
metrics and log trends.

- **Alerting:** Set up alerts on critical metrics (e.g., error rates,
latency spikes) or specific log patterns.

- **Trace Analysis:** Use tracing UIs to explore individual traces,
identify bottlenecks, and understand service dependencies.

5. **Feedback Loop:** Observability is not a one-time setup. Continuously
refine your instrumentation, adjust your alerts, and improve your dashboards
based on new insights and evolving system behavior.

## Mini-Challenge: Designing Observability for an AI Agent Task
Let's apply these concepts to a real-world scenario involving an AI agent.

**Challenge: **

Imagine you are building a system where an AI agent's primary task is to
**research a complex topic, synthesize information from multiple sources (web
search, internal knowledge base), and generate a concise report.** This agent
uses several tools internally.

Propose what specific logs, metrics, and distributed traces you would
implement to ensure this AI agent's workflow is fully observable. Think about
what information would be most valuable for debugging, performance analysis,
and understanding the agent's decision-making.

**Hint:**

Consider each stage of the agent's process: receiving the request, planning,
tool usage, information synthesis, and report generation. What are the key
data points at each stage? How would you connect these points across different
services or even within the agent's internal "thought process"?
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<div class="hint-box"><div class="hint-label">; Click for a possible solution
hint!</div><div class="hint-body"><p>

Consider:

<br>

<b>Logs:</b> Agent's intermediate thoughts, prompt used for an LLM call, raw
output from web search, specific knowledge base articles retrieved, decisions
to retry a tool.

<br>

<b>Metrics:</b> Latency of the overall task, latency of individual tool calls
(web search, KB lookup, LLM inference), number of tokens consumed, success/
failure rate of report generation.

<br>

<b>Traces:</b> An end-to-end trace for each research request, with spans for
each planning step, each tool invocation, and the final synthesis step. Ensure
trace IDs propagate to any external services (like web search API or LLM
provider).

</p></div></div>

## Common Pitfalls & Troubleshooting

Even with the best intentions, implementing observability can present
challenges. Being aware of these common pitfalls can save you a lot of
headaches.

- **Logging Too Much or Too Little:**

- **Too Much:** Excessive logging can overwhelm your logging system, incur
high costs, and make it difficult to find relevant information. Avoid logging
verbose data that can be derived from other metrics or traces unless
absolutely necessary for debugging.

- **Too Little:** Insufficient logging means you lack the critical context
needed to diagnose issues. Balance verbosity with relevance. Use appropriate
log levels (DEBUG, INFO, WARN, ERROR) to control what gets emitted in
different environments.

- **What to observe/learn:** Focus logs on state changes, critical
decisions, and errors.

- **fLack of Context in Telemetry:**

- Logs, metrics, or traces without proper tags, labels, or attributes are
far less useful. If a log doesn't include a “request id", it's hard to
correlate it with other logs from the same request. If a metric doesn't have a
“service name’, you don't know which service it belongs to.

- **What can go wrong:** Debugging becomes a nightmare, as you can't
filter or group related data points.

- **Qptimization / Pro tip:** Standardize your attribute names across all
services and telemetry types. OpenTelemetry provides conventions for this.

- **Ignoring Trace Propagation:**

- For distributed tracing to work, trace context (trace ID, parent span
ID) *must* be propagated across all service calls. If a service fails to
propagate these headers, the trace will be "broken," showing only a partial
view of the request's journey.

- **What can go wrong:** You lose the ability to see the full end-to-end
flow, making it impossible to pinpoint cross-service bottlenecks.

- **Troubleshooting:** Verify that all inter-service communication
libraries (HTTP clients, message queue producers) are configured to propagate
OpenTelemetry trace context headers.

- **QObservability as an Afterthought:**
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- Trying to bolt on observability to an existing, complex system after
it's already experiencing issues is incredibly difficult and costly.

- **What can go wrong:** You'll spend more time firefighting and less time
innovating.

- **Pro tip:** Treat observability as a first-class concern in your system
design. Integrate instrumentation into your development workflows and CI/CD
pipelines.

- **Alert Fatigue:**

- Setting up too many alerts, especially on non-critical metrics or
without proper thresholds, leads to "alert fatigue." Engineers start ignoring
alerts because most of them are false positives or unimportant.

- **What can go wrong:** Critical alerts get missed amidst the noise,
leading to extended outages.

- **Qptimization / Pro tip:** Focus alerts on actionable events that
indicate a real problem affecting users or business operations. Use "the four
golden signals" of monitoring: latency, traffic, errors, and saturation.
Review and refine your alerts regularly.

## Summary

In this chapter, we've explored the foundational concepts of observability,
which is paramount for understanding and managing complex distributed systems,
especially those incorporating intelligent AI agents.

Here are the key takeaways:

- **Qbservability vs. Monitoring:** Observability is about understanding *why*
your system behaves a certain way by exploring its internal state through
external outputs, while monitoring is about *what* is happening based on
predefined metrics.
- **The Three Pillars:**

- **Logs:** Structured event records for debugging, auditing, and
understanding specific sequences of events.

- **Metrics:** Numerical measurements over time for monitoring trends,
alerting, and capacity planning.

- **Distributed Tracing:** End-to-end visualization of a request's journey
across services for performance bottleneck identification.
- **AI/Agent Workflows:** Each pillar provides unique insights into agent
decision-making, tool usage, and performance, crucial for reliability and
optimization.
- **0penTelemetry:** The unified, vendor-agnostic standard for instrumenting
applications to collect all three types of telemetry data.
- **Strategic Implementation:** Observability must be integrated early, with
rich context, robust collection, and continuous analysis.
- **Common Pitfalls:** Avoid logging imbalances, lack of context, broken
traces, treating observability as an afterthought, and alert fatigue.

By embracing these timeless engineering principles, you'll gain unparalleled
insight into your systems, enabling you to build more resilient, performant,
and reliable applications, no matter how complex they become.

## References

- [OpenTelemetry Documentation] (https://opentelemetry.io/docs/)

- [Microservices Architecture Style - Azure Architecture Center](https://
learn.microsoft.com/en-us/azure/architecture/guide/architecture-styles/
microservices)

- [Google Cloud - The Four Golden Signals of Monitoring](https://
cloud.google.com/blog/products/operations/sre-fundamentals-monitoring-
production-systems)

- [Prometheus Documentation] (https://prometheus.io/docs/introduction/

Observability: Logging, Metrics, and Distributed Tracing 160



AIVOID [https://aivoid.dev]

overview/)
- [Grafana Loki Documentation] (https://grafana.com/docs/loki/latest/)

This page is AI-assisted and reviewed. It references official documentation
and recognized resources where relevant.
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CHAPTER 10

Infrastructure Automation and
Deployment Strategies

Imagine you've just built an amazing new feature for your distributed system—
perhaps an intelligent agent that personalizes user experiences. Now, how do you
get it from your development machine into the hands of millions of users without
causing chaos or downtime? Manually configuring servers, networks, and
databases across multiple environments is not just tedious; it's a recipe for
inconsistent setups, human error, and sleepless nights.

This is where infrastructure automation and sophisticated deployment strategies
become your best friends. In modern systems engineering, especially with the
dynamism of Al and agentic workflows, the ability to rapidly and reliably deploy
changes is paramount. This chapter will guide you through the timeless principles
and practical approaches to automate your infrastructure and deploy your
applications with confidence and control.

By the end of this chapter, you'll understand why automation isn't just a luxury
but a necessity, how to define your infrastructure as code, explore various
deployment strategies to minimize risk, and see how continuous delivery
pipelines ensure your innovations reach production smoothly. We'll build upon our
understanding of distributed systems to ensure these practices support
scalability, resilience, and observability.

The Foundation: Why Automate Infrastructure?

In the early days of computing, setting up a server meant physically installing
hardware, cabling, and manually configuring operating systems and applications.
Even in virtualized environments, manually clicking through a cloud provider's
console to provision resources is slow, error-prone, and doesn't scale.

The Problem with Manual Provisioning

Manual processes lead to:

* Inconsistency: Different environments (development, staging, production)
can diverge, leading to "works on my machine" issues.

* Slow Deployment: Provisioning new environments or scaling up takes
significant time and effort.
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« Human Error: Typos, missed steps, or incorrect configurations are
inevitable.

* Lack of Auditability: It's hard to track who changed what and when.

* Scaling Challenges: Replicating manual steps for dozens or hundreds of
servers is impractical.

The Power of Automation

Infrastructure automation addresses these issues by treating infrastructure as a
programmable resource. It's about defining, provisioning, and managing
computing resources through code and automated processes.

Why does this matter for distributed systems? Distributed systems are
inherently complex, with many interconnected services. Automation ensures that
each service's dependencies are correctly provisioned, that scaling events are
handled reliably, and that new environments can be spun up quickly for testing or
disaster recovery. For Al agents, which might require specific GPU instances or
large data storage, automation ensures these specialized resources are available
precisely when and where they're needed.

Infrastructure as Code (1aC)

At the heart of infrastructure automation is the concept of Infrastructure as
Code (laC).

What is laC?

laC is the practice of managing and provisioning infrastructure through machine-
readable definition files, rather than physical hardware configuration or
interactive configuration tools. It applies software engineering practices—like
version control, testing, and continuous integration—to your infrastructure.

Think of it like writing a recipe for your entire infrastructure. Instead of manually
cooking each dish, you write down the ingredients and steps, and a machine
follows them precisely every time.

«® Key Idea: Your infrastructure becomes a versioned, testable artifact, just like
your application code.
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How laC Works

laC tools allow you to define the desired state of your infrastructure (e.g., "l need
two virtual machines, a database, and a load balancer") using a declarative
language, often YAML or HCL (HashiCorp Configuration Language). The tool then
takes this definition and makes the necessary API calls to your cloud provider
(AWS, Azure, Google Cloud) or virtualization platform to achieve that state.

Real-world insight: Popular l1aC tools include Terraform (cloud-agnostic), AWS
CloudFormation, Azure Resource Manager, and Pulumi. While the tools vary, the
underlying principle of declarative infrastructure remains the same. As of 2026,
these tools continue to be industry standards.

Benefits of 1aC
* Consistency: Eliminates configuration drift between environments.

* Repeatability: You can recreate your entire infrastructure on demand,
perfect for testing, staging, and disaster recovery.

* Speed: Provisioning resources takes minutes, not hours or days.

* Version Control: Infrastructure definitions are stored in Git, providing a
complete history of changes, who made them, and why. This is invaluable
for auditing and rollbacks.

* Idempotency: Running the l1aC script multiple times yields the same result,
without unintended side effects. If a resource already exists and matches
the desired state, the tool does nothing.

Step-by-Step Implementation: Building an l1aC
Definition
Let's incrementally build a conceptual laC definition to provision a simple setup

for an Al agent. We'll use a generic YAML structure, which is common across many
laC tools.

Step 1: Define the Resource Group

First, we need a logical container for our resources. This helps organize and
manage them.

# iac_config.yaml - Initial file
resource group:
name: "ai-agent-production”
location: "eastus"
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Explanation:

* We're declaring a resource group block.
* name: Assigns a unigue name, ai-agent-production, to our group.

* location: Specifies the geographical region, eastus, where these
resources will reside.

Step 2: Add a Virtual Machine for the Al Agent

Next, let's define a virtual machine that will run our Al agent's core logic.

# iac_config.yaml - Adding the VM
resource _group:
name: "ai-agent-production”
location: "eastus"

virtual machine:
name: "ai-agent-compute-01"
resource _group name: "ai-agent-production" # Reference the resource group
size: "Standard D8s v3" # A compute-optimized size for AI tasks
image: "UbuntuServer:20.04-LTS:latest" # Using a recent Ubuntu LTS
network interface:
name: "ai-agent-nic-01"
private ip: "10.0.0.4"
public ip: "none" # For security, often no public IP directly on compute

Explanation:
* We've added a virtual machine block.

* name : Identifies this specific VM.

* resource group name: Links this VM to our previously defined ai-agent-
production group.

* size: Specifies the VM's hardware profile (CPU, RAM). Standard D8s v3 is
a common choice for moderate compute needs.

* image: Defines the operating system and version to be installed. We're
using Ubuntu Server 20.04 LTS, a stable and widely used OS as of 2026.

* network interface: Configures how the VM connects to the network,
assigning a private IP and explicitly not assigning a public IP for enhanced
security.

Step 3: Include a Database for Agent State
Al agents often need to store state, user profiles, or model outputs. Let's add a
managed database.
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# iac_config.yaml - Adding the Database
resource_group:

name: "ai-agent-production"

location: "eastus"

virtual machine:

name: "ai-agent-compute-01"
resource_group_name: "ai-agent-production”
size: "Standard D8s v3"
image: "UbuntuServer:20.04-LTS:latest"
network interface:

name: "ai-agent-nic-01"

private ip: "10.0.0.4"

public ip: "none"

database:
name: "agent-state-db"
resource_group_name: "ai-agent-production”
type: "PostgreSQL"
version: "15" # Latest stable PostgreSQL version as of 2026
sku: "GeneralPurpose 4 vCPU" # A general-purpose SKU
storage gb: 250
backup retention days: 7

Explanation:

e A database block is added.

name : Unique identifier for the database.

* resource _group name: Associates it with our resource group.

type and version: Specifies the database engine (PostgreSQL) and its
version (15, which is a recent stable release).

sku : Defines the performance tier and resources allocated to the database.

storage gb: Sets the initial storage capacity.

backup retention days : Configures automatic backups, a critical
operational consideration.

This incremental approach demonstrates how you build up complex infrastructure
definitions piece by piece, with each addition explained and justified. When an laC
tool processes this iac config.yaml file, it will create or update these resources
in your cloud environment to match this desired state.
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Deployment Strategies

Once your infrastructure is automated, the next challenge is how to safely deploy
your application code. Simply shutting down the old version and starting the new
one can lead to downtime, which is unacceptable for critical systems. Modern
deployment strategies aim to minimize risk and downtime.

1. Rolling Updates

What it is: This is the most common deployment strategy, especially in
container orchestration platforms like Kubernetes. New versions of your
application are gradually rolled out, replacing old instances one by one or in small
batches.

How it works:

1. A few instances of the old version are terminated or drained of traffic.
2. New instances of the new version are started and brought online.
3. Traffic is directed to the new instances.

4. This process repeats until all old instances are replaced.

|
Start Rollout |——» Replace Instance 1 —> Instance 1V2 Running ——> Replace Instance 2 ——— Instance 2 V2 Running ~ ——» Rollout Complete

Why it exists: Minimizes downtime and allows for gradual resource
consumption. If issues arise with a new version, the rollout can be paused or
rolled back, affecting only a subset of users.

I, What can go wrong: During the transition, both old and new versions of the
application are running simultaneously. This requires backward and forward
compatibility for APIs and data schemas. If the new version has a critical bug, it
can still affect users as it rolls out.

2. Blue/Green Deployments

What it is: You maintain two identical production environments, let's call them
“Blue" and "Green." At any given time, only one environment is live and serving
user traffic.

How it works:

1. Green (Live): Currently serving all traffic (e.g., App V1).

2. Blue (ldle): Deploy the new version of your application (e.g., App V2) to
this environment.

3. Testing: Thoroughly test the new version in the Blue environment.
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4. Traffic Switch: Once confident, switch your load balancer or DNS to direct
all incoming traffic to the Blue environment. Green becomes the idle
environment.

5. Rollback: If issues appear in Blue, you can instantly switch traffic back to
the Green environment.

‘ Test Blue

| 2
| 3
1 User 1 1 Switch Traffic
LT - FA S A {
] Deploy V2 11 \ Load Balancer 1
L " / ¢ !
Blue Epvirogf’ﬁent Green Erlviro»n"ment
l
‘ App V2 App V1 1
L A |

Why it exists: Provides instant rollback capabilities and zero-downtime
deployments. You have a completely isolated environment to test before going
live.

I\, What can go wrong: Requires double the infrastructure resources, which can
be costly. Database migrations can be tricky; ensuring both blue and green
environments can work with the same database, or managing database changes
for each switch, adds complexity.

3. Canary Deployments

What it is: A phased rollout where a new version is introduced to a small subset
of real users (the "canaries") before a full rollout. This allows you to monitor its
performance and stability in a live environment.
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How it works:

1. Deploy Canary: A small percentage (e.g., 1-5%) of user traffic is routed to
the new version.

2. Monitor: Closely monitor metrics (errors, latency, CPU usage) for the
canary group.

3. Gradual Increase: If the canary performs well, gradually increase the
percentage of traffic directed to the new version.

4. Full Rollout/Rollback: If all goes well, roll out to 100%. If issues arise,
immediately roll back the canary traffic.

\ User
e ——

|

1 Load Balancer

|

L2 LLL A SLLT

N

Small Percent Traffic

)

1 Old Version } Canary Version 1
| !
i Monitor Metrics \
1

|
Good/ \Bad

l Increase Traffic } Rollback Canary 1

Why it exists: Reduces the blast radius of potential issues. You get real-world
feedback on the new version before it impacts your entire user base. Ideal for Al
agent updates where subtle behavioral changes might only be apparent in
production.
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I, What can go wrong: Requires sophisticated monitoring and alerting to
detect issues quickly. The small canary group might not expose all problems,
especially those related to scale or specific user patterns.

A/B Testing vs. Deployment Strategies

Quick Note: A/B testing is often confused with deployment strategies. While
both involve routing traffic to different versions, A/B testing is primarily about
feature validation (which version performs better against a business metric),
while deployment strategies are about safely delivering a new version of the
software. You can run an A/B test within a canary deployment.

Continuous Integration and Continuous Delivery
(C1/CD)

Automating infrastructure and choosing smart deployment strategies are
components of a larger system: CI/CD.

Continuous Integration (Cl)

What it is: The practice of frequently integrating code changes from multiple
developers into a central repository, followed by automated builds and tests.

How it works:

1. Developers commit code frequently (multiple times a day).

2. Each commit triggers an automated build process.

3. Automated tests (unit, integration) run against the new code.

4. If tests pass, the code is integrated. If they fail, developers are immediately

notified.

Why it exists: Catches integration issues early, reduces the time developers
spend debugging merge conflicts, and ensures the codebase is always in a
releasable state.

Continuous Delivery (CD)

What it is: An extension of Cl where code changes are automatically built,
tested, and prepared for release to production. It ensures that you can release
new changes to customers rapidly and sustainably.

How it works:

1. After ClI, the build artifact (e.g., a container image, an executable) is stored.
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2. Automated tests (end-to-end, performance, security scans) run against this
artifact in a staging environment.

3. If all tests pass, the application is ready for deployment. The deployment
itself might be manual (a button click) or fully automated, depending on the
organization's maturity and risk tolerance.

“2 Important: Continuous Deployment is a further step where every change that
passes all automated tests is automatically deployed to production, with no
human intervention. Continuous Delivery means it can be deployed, not that it is
automatically deployed.

The CI/CD Pipeline

The CI/CD pipeline is a series of automated steps that your code goes through
from development to production.
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l
‘ Commit Code |
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v
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Explanation:

» Commit Code: The starting point for any change.

* Build Artifact/Image: Compiles code, creates a container image or other
deployable artifact.

* Run All Tests: Executes various automated tests (unit, integration, static
analysis).

* Deploy Staging: Uses laC and a deployment strategy to deploy to a non-
production environment for further testing.

* Manual Approval: A common gate for critical production deployments,
ensuring human oversight.
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* Deploy Production: Applies a chosen deployment strategy (e.g., Canary,
Blue/Green) to the live environment.

* Monitor Production: Essential feedback loop to ensure the deployed
changes are performing as expected.

Why CI/CD is crucial for Al Agents: Al models and agent logic are constantly
evolving. A robust CI/CD pipeline allows for rapid iteration, testing new model
versions, deploying agents with updated decision-making algorithms, and quickly
rolling back if an agent's behavior deviates from expectations. This agility is
critical for competitive Al systems.

GitOps: The Evolution of CD

GitOps takes the principles of 1aC and CI/CD a step further, making Git the single
source of truth for your entire system's desired state.

What is GitOps?
What it is: An operational framework that uses Git to manage infrastructure
provisioning and application deployment. You declare the desired state of your

infrastructure and applications in Git, and an automated process ensures the live
state matches the Git repository.

How it works:

1. Declarative Configuration: All infrastructure (1aC) and application
deployment configurations (e.g., Kubernetes manifests) are stored in Git.

2. Pull Requests: Any change to the desired state is made via a pull request
to the Git repository. This allows for code reviews, automated checks, and
audit trails.

3. Automated Reconciliation: A specialized agent or controller (like Flux or
Argo CD for Kubernetes, which are widely used as of 2026) continuously
monitors the Git repository. When a change is detected in Git, it
automatically applies those changes to the live environment. It "pulls" the
desired state from Git and applies it.

EFe |
/ Pull Request ~———,_ —
= . - Review and Approve

Developer Changes ~——»|  Git Repository

\ GitOps Operator R Compare State

Drift Detected—»|  Apply Changes ——» Live Environment
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Why it exists:
* Reliability: Changes are versioned, reversible, and auditable.
* Security: Git provides a strong access control layer.
* Observability: The Git history provides a clear record of every change.

* Faster MTTR (Mean Time To Recovery): If the live environment deviates,
the GitOps operator automatically corrects it, or you can roll back to a
previous Git commit.

Real-world insight: GitOps is particularly popular in Kubernetes
environments because Kubernetes itself is declarative. GitOps tools like Flux and
Argo CD leverage this by continuously synchronizing the cluster state with the
configuration defined in Git.

Mini-Challenge: Designing an Al Agent Deployment
Strategy

Your team has developed a new Al agent service that provides real-time
recommendations to users. This agent is critical, even short downtime can lead to
a poor user experience and lost revenue. Updates to the agent's underlying
model or logic are frequent, sometimes daily.

Challenge: Design a deployment strategy for this Al agent service.

1. Which deployment strategy (Rolling, Blue/Green, Canary) would you
recommend and why?

2. What are the key considerations for backward/forward compatibility?

3. How would you integrate this into a CI/CD pipeline, focusing on the
deployment stage?

4. Briefly describe how laC would support this strategy.
Hint: Think about the balance between speed of iteration, minimizing risk, and

the unique challenges of Al model updates (e.g., model drift, performance
changes).

What to observe/learn: This exercise helps you weigh the tradeoffs of different
strategies in a real-world scenario. You'll solidify your understanding of how these
concepts intertwine to create a resilient deployment pipeline.

Infrastructure Automation and Deployment Strategies 174



AIVOID [https://aivoid.dev]

Common Pitfalls & Troubleshooting

Even with the best intentions, automation and deployment strategies can
introduce their own set of challenges.

1. Over-Engineering Automation: Not everything needs to be automated
immediately. Automating a process that changes rarely or is overly complex
might be a waste of effort. Focus on repetitive, error-prone tasks first.

* Troubleshooting: Start small. Automate the most painful manual
processes. Incrementally add automation as you gain experience and
identify further bottlenecks.

2. Configuration Drift: Manual changes to infrastructure outside of IaC can
cause the live environment to diverge from your code repository. This leads
to unexpected behavior and makes subsequent IaC deployments fail.

* Troubleshooting: Enforce laC strictly. Use tools that can detect drift
and report it. Implement automated checks that periodically compare
the desired state in Git with the actual state in the cloud.

3. Inadequate Testing of Deployment Pipelines: An automated pipeline is
only as good as its tests. A broken pipeline can prevent critical updates from
reaching production or even cause outages.

* Troubleshooting: Treat your pipeline code (e.g., Jenkinsfiles, GitHub
Actions workflows) as critically as your application code. Version
control it, review it, and test it in dedicated pipeline testing
environments if possible. Ensure rollback mechanisms are also tested.

4. lgnoring Backward/Forward Compatibility: Especially with Rolling
Updates or Canary deployments, old and new versions of your services
might run concurrently. If their APls or data schemas are incompatible, you'll
encounter errors.

* Troubleshooting: Design APIs to be backward compatible. Implement
robust versioning strategies. Plan database schema changes carefully
to support both old and new application versions during transition
periods (e.qg., additive changes first, then remove old columns in a
subsequent deployment).
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Summary

In this chapter, we've explored the critical role of infrastructure automation and
modern deployment strategies in building and maintaining scalable, resilient
distributed systems:

* Infrastructure as Code (laC) defines your infrastructure declaratively,
bringing consistency, speed, and version control to provisioning.

* Deployment Strategies like Rolling Updates, Blue/Green, and Canary
deployments offer different ways to introduce changes safely, minimizing
downtime and risk.

* Continuous Integration (Cl) ensures code is frequently integrated and
tested, while Continuous Delivery (CD) automates the process of
preparing and optionally deploying changes to production.

* GitOps leverages Git as the central source of truth for both infrastructure
and applications, enabling reliable, auditable, and automated operations.

These timeless engineering principles are foundational for managing the
complexity of modern systems, especially as we integrate sophisticated Al agents
that require rapid iteration and robust deployment pipelines. By embracing
automation, you move from reactive firefighting to proactive, controlled system
evolution.

Next, we'll dive into Observability, learning how to understand the internal state
of your distributed systems through logging, metrics, and tracing, which is
essential for validating your deployments and quickly troubleshooting issues.
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CHAPTER 11

Advanced Scalability: Caching,
Data Consistency, and
Distributed Transactions

Welcome back, aspiring system architect! As applications grow and serve more
users, the simple solutions of yesterday often hit a wall. In our journey to build
robust, scalable systems, we inevitably confront challenges like making data
faster to access, keeping it correct across many services, and ensuring complex
operations either fully succeed or completely fail.

This chapter dives into three critical, often intertwined, concepts for advanced
scalability: caching strategies, data consistency models, and distributed
transactions. These are not just theoretical ideas; they are the bedrock of high-
performance, reliable systems that handle millions of requests daily. We'll explore
timeless principles, understand their practical implications, and learn when to
apply them—and critically, when not to.

By the end of this chapter, you'll have a solid conceptual understanding of how to
make informed decisions about data management in complex distributed
environments, including those involving sophisticated Al agents. This builds
directly on our previous discussions about service communication, resilience, and
asynchronous workflows, preparing you to design systems that truly stand the
test of scale.

The Need for Speed: Mastering Caching Strategies

Imagine your application's most frequently requested data sitting far away,
perhaps in a database on another continent. Every request means waiting for
network round-trips and database lookups. This latency adds up quickly, making
your application feel sluggish.

s Key Idea: Caching is about storing copies of data closer to where it's needed,
reducing latency and database load.

What is Caching and Why Does It Matter?

Caching involves storing frequently accessed data in a faster, more accessible
location than its primary source. Think of it like remembering the answers to
common questions so you don't have to look them up every time.
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Why it exists:
* Performance: Reduces latency by serving data from a fast-access memory

store (RAM, SSD).

* Scalability: Offloads load from primary data stores (databases), allowing
them to handle more writes or fewer reads.

¢ Cost Reduction: Less load on databases can mean smaller database

instances or fewer read replicas, saving infrastructure costs.

What problem it solves:

* High latency for frequently accessed data.

* Overloading primary data stores with repetitive requests.
A classic example is an APl endpoint that fetches popular product listings. Without
caching, every user request hits the database. With caching, the first request

fetches from the database, stores the result in a cache, and subsequent requests
are served almost instantly from the cache.

Common Caching Patterns

Let's explore the most common ways to integrate a cache into your application.
Each pattern has its own strengths and weaknesses, making the choice
dependent on your specific workload and consistency requirements.

1. Cache-Aside (Lazy Loading)

This is the most common and often simplest caching pattern. The application
code is responsible for checking the cache first.

How it works:

1. Read request: The application first checks if the data exists in the cache.

2. Cache Hit: If found, the data is returned immediately from the cache. This
is the fastest path!

3. Cache Miss: If not found (a "miss"), the application fetches the data from
the primary data store (e.qg., database).

4. Populate Cache: After retrieving, the application stores the data in the
cache for future requests.

5. Return Data: The data is then returned to the client.
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Check Cache /—Hlt
\_/‘ Read from Cache

Client ——+‘ API Service <
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Miss—»|  Read from Database ‘N“ .

B Write to Cache

Pros:

* Simplicity: Easy to implement and understand.

* No stale data on read: Only requested data is cached, reducing the
chance of caching unneeded or stale data.

* Resilience: If the cache fails, the application can still fall back to the

database, ensuring availability.

Cons:

* Initial latency: The first request for data (a cache miss) will always incur
the database lookup latency.

* Thundering herd problem: If many requests for the same uncached data
arrive simultaneously, they can all hit the database, causing a spike in load.

* Stale data on updates: If the underlying data changes in the database,

the cache might hold stale data until it expires or is explicitly invalidated.

2. Write-Through

In this pattern, data is written simultaneously to both the cache and the primary
data store.

How it works:

1. Write request: The application writes data to the cache.

2. Cache Write: The cache then immediately writes the same data to the
primary data store.

3. Acknowledge: Once both writes are complete, the cache (or application)
acknowledges the operation.

4. Read: Subsequent reads for this data will be served directly from the cache,
guaranteed to be fresh.
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Pros:

* Strong consistency on writes: Data in the cache is always consistent
with the primary data store after a write.

* Simpler read logic: Reads are always served from the cache (assuming no
eviction) and are fresh.

Cons:

* Higher write latency: Every write operation incurs the latency of writing
to both the cache and the primary data store.

* Cache can become full: If not all written data is frequently read, the cache
might fill up with unused data, wasting resources.

* Cache failure: If the cache fails, writes might be blocked or lost, depending

on implementation.

3. Write-Back (Write-Behind)

This pattern prioritizes write performance by writing data to the cache first and
asynchronously writing it to the primary data store later.

How it works:

1. Write request: The application writes data to the cache.

2. Acknowledge: The cache immediately acknowledges the write operation,
returning control to the application.

3. Asynchronous Write: The cache then asynchronously writes the data to
the primary data store in the background. This might happen after a delay,
in batches, or when the data is evicted from the cache.

Pros:

* Very low write latency: Writes are extremely fast as they only hit the
cache.

* High write throughput: Can absorb write bursts and batch updates to the
primary data store, improving efficiency.

Cons:

* Data loss risk: If the cache fails before data is persisted to the primary
store, data can be lost. This is a critical consideration.

* Eventual consistency: Data in the primary store is eventually consistent
with the cache, not immediately.
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* Complexity: More complex to implement due to asynchronous nature, error
handling, and recovery mechanisms.

Cache Invalidation and Eviction

The biggest challenge in caching is often cache invalidation—knowing when
data in the cache is no longer fresh and needs to be updated or removed. This is
where many caching strategies fail if not carefully designed.

Invalidation Strategies:

* Time-To-Live (TTL): Data expires after a set duration (e.g., 5 minutes).
Simple, but might serve stale data until expiration or fetch fresh data
unnecessarily if not expired.

* Explicit Invalidation: When data changes in the primary store, the
application explicitly tells the cache to remove or update the cached entry.
This requires careful coordination between services.

* Version Numbers: Store a version number with cached data. When data is
updated, increment the version. Reads check if the cached version matches
the primary store's version, fetching new if different.

Eviction Policies (when cache is full): When your cache runs out of space, it
needs to decide what data to remove.

* Least Recently Used (LRU): Removes the item that hasn't been accessed
for the longest time, assuming it's less likely to be needed again.

* Least Frequently Used (LFU): Removes the item that has been accessed
the fewest times, prioritizing frequently used data.

* First-In, First-Out (FIFO): Removes the oldest item, regardless of access
frequency.

Real-world insight: Many large-scale systems use a combination of these.
For instance, a CDN (Content Delivery Network) uses TTL for static assets, while a
backend microservice might use explicit invalidation for user profile data that
changes frequently.
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Al/Agent Workflows and Caching

Al agents often perform computationally expensive tasks or interact with external
APIs. Caching is crucial here to improve performance and reduce operational
costs:

* Model Inference Results: Cache the output of an expensive Al model
inference for a given input. If the same input comes again, serving from
cache avoids re-running the model, saving compute cycles.

* API Responses: If an agent queries a third-party API, cache its responses
to avoid rate limits and reduce latency, especially for common queries.

* Intermediate Computations: Agents might generate intermediate data
structures or processing results that can be reused across different steps or
agents in a complex workflow.

* Knowledge Base Entries: Cache frequently accessed entries from a
vector database or knowledge store to speed up RAG (Retrieval Augmented
Generation) processes, significantly reducing query times.

The Consistency Conundrum: Data Consistency in
Distributed Systems

In a single-server application with one database, data consistency is relatively
straightforward. When you update a record, everyone sees the latest version. In
distributed systems, where data might be replicated across multiple servers or
sharded across different databases, ensuring consistency becomes a fundamental
challenge.

#2 Important: You can't always have everything you want in distributed systems.
You must make tradeoffs between consistency, availability, and partition
tolerance.

The CAP Theorem (Briefly)

The CAP theorem states that a distributed data store can only simultaneously
guarantee two out of three properties:

1. Consistency (C): All clients see the same data at the same time,
regardless of which node they connect to.

2. Availability (A): Every request receives a response, without guarantee that
it contains the most recent version of the information.

3. Partition Tolerance (P): The system continues to operate despite arbitrary
message loss or failure of parts of the system (network partitions).
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In a distributed system, network partitions are inevitable. Therefore, you must
always design for Partition Tolerance (P). This means you are forced to choose
between Consistency (C) and Availability (A) during a network partition.

* CP System: Prioritizes consistency over availability. If a partition occurs,
the system will block or return an error until consistency can be guaranteed.
Examples include traditional relational databases with strong consistency
guarantees, or systems using consensus algorithms like Paxos/Raft.

* AP System: Prioritizes availability over consistency. If a partition occurs,
the system will remain available but might return stale data. Consistency is
eventually achieved once the partition heals. Examples include many NoSQL
databases like Cassandra or DynamoDB.

Understanding CAP helps you choose the right data store and consistency model
for different parts of your system. There's no one-size-fits-all answer.

Consistency Models

Different applications have different consistency requirements. Deciding which
model to use is a critical architectural decision.

1. Strong Consistency

In a strongly consistent system, once a write operation is complete, any
subsequent read operation is guaranteed to see that updated value. It's like
everyone reading the same book at the exact same page, always seeing the
latest edits.

When it's needed:

* Financial transactions (e.g., bank account balances, preventing overdrafts).
* Inventory management (e.g., ensuring an item is not sold twice).
* User authentication and authorization (e.g., ensuring a password change is

immediately active).

How it's achieved (conceptually):

 Distributed Locks: Ensuring only one writer can modify a piece of data at
a time across multiple nodes.

* Consensus Algorithms: Such as Paxos or Raft, which ensure all nodes
agree on the order of operations and the state of the data. These are
complex and add latency.

Tradeoffs: Higher latency for writes, potentially lower availability during network
partitions, and more complex to implement and manage.
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2. Eventual Consistency

In an eventually consistent system, after a write operation, the data might not be
immediately visible to all readers. There's a delay, but eventually, all replicas will

converge to the same state. It's like everyone eventually getting the latest edition
of a newspaper; there might be a brief period where some have an older version.

When it's acceptable:

* Social media likes or comment counts (a slight delay in seeing the latest
count is fine).

* Shopping cart contents (minor inconsistencies are tolerable, users can
refresh).

* User profile updates (it's okay if a new profile picture takes a few seconds to
propagate globally).

* Al agent internal state that can be reconciled later without immediate
critical impact.

How it's achieved (conceptually):

* Asynchronous Replication: Changes are propagated between nodes in
the background, often via message queues or replication streams.

* Conflict Resolution: If conflicts arise (two nodes update the same data
differently), rules are in place to resolve them (e.g., "last writer wins,"
application-specific logic, or Conflict-free Replicated Data Types (CRDTs)).

Tradeoffs: Lower latency for writes, higher availability during partitions, and
often simpler to scale. The main challenge is managing and understanding the
eventual nature of consistency, and designing your application to tolerate brief
periods of inconsistency.

Real-world insight: Most large-scale distributed systems, especially those
prioritizing availability, leverage eventual consistency for many of their
components. For example, a global Al service might store user preferences with
eventual consistency for faster access, while billing information requires strong
consistency.
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Al/Agent Workflows and Consistency

Consistency is paramount when multiple Al agents collaborate or when an agent's
actions have real-world implications.

* Collaborative Agents: If multiple agents are working on a shared
knowledge base or task, ensuring consistent views of that shared state is
crucial. Eventual consistency might be acceptable for transient states, but
strong consistency might be needed for critical decisions or final output.

* Agent Actions: If an Al agent initiates a real-world action (e.g., placing an
order, sending an email), the system needs to know if that action truly
occurred. This might involve strong consistency checks or transactional
guarantees.

* State Synchronization: Agents often maintain internal state. When this
state needs to be synchronized or shared across different instances or
agents, the appropriate consistency model must be chosen based on the
criticality of that state.

The Atomic Challenge: Distributed Transactions

Sometimes, an operation isn't just one step; it's a sequence of interdependent
steps that must either all succeed or all fail together. This is the essence of a
transaction. In a distributed system, where these steps might involve multiple
services and databases, we're talking about distributed transactions.

The Problem with Distributed Transactions

Traditional ACID (Atomicity, Consistency, Isolation, Durability) transactions are
designed for a single database. In a distributed system, achieving ACID properties
across multiple, independent services is incredibly difficult and often comes with
severe performance and availability penalties.

Why it's hard:
* Network Latency: Coordinating across multiple services involves many
network calls, significantly increasing overall transaction time.

* Partial Failures: What if one service commits, but another fails? How do
you roll back the first service, which might have already committed its part?

* Concurrency: Managing locks across multiple services can lead to
deadlocks and reduced throughput, severely limiting scalability.
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Because of these complexities, the general advice in modern distributed system
design is to avoid distributed transactions if possible. Instead, favor single-
service transactions and eventual consistency. However, there are scenarios
where some form of transactional guarantee is necessary.

1. Two-Phase Commit (2PC)
2PC is a classic protocol designed to provide atomic transactions across

distributed resources. It's a heavyweight solution for strong consistency.

How it works: It involves a coordinator (often a transaction manager) and
several participants (services or databases).

1. Phase 1: Prepare (Vote)

* The coordinator sends a "prepare" message to all participants, asking
them to prepare to commit the transaction.

* Each participant performs its local transaction, writes necessary logs
to disk (making it durable), and responds "yes" (ready to commit) or
"no" (cannot commit).

2. Phase 2: Commit / Rollback

* If all participants respond "yes": The coordinator sends a
"commit" message to all participants. Each participant then commits
its local transaction.

* If any participant responds "no" (or times out): The coordinator
sends a "rollback" message to all participants. Each participant then
undoes its local transaction.
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Pros:

* Provides strong transactional guarantees (ACID) across distributed
resources.

Cons:

* Blocking: Participants hold locks and resources during both phases, leading
to poor concurrency and high latency.

* Single Point of Failure: The coordinator is a critical component. If it fails
during the commit phase, participants might be left in an uncertain state
(requiring complex recovery heuristics).

* High Latency: Multiple network round-trips and disk I/O make it inherently
slow.

* Scalability Bottleneck: Limits throughput due to its blocking and

centralized nature.

Verdict: Rarely used in modern, highly scalable distributed systems due to its
severe performance and availability drawbacks. It's often a last resort for very
specific strong consistency needs in tightly coupled enterprise systems.

Advanced Scalability: Caching, Data Consistency, and Distributed Transactions 187



AIVOID [https://aivoid.dev]

2. Saga Pattern

The Saga pattern is an alternative to 2PC for managing long-running, distributed
transactions. Instead of a single atomic transaction, a Saga is a sequence of local
transactions, where each local transaction updates data within a single service. If
a step fails, compensation transactions are executed to undo the effects of
previous steps. The system achieves eventual consistency for the overall
operation.

How it works: A Saga can be implemented in two main ways:

1. Choreography: Services publish events, and other services subscribe to
these events to perform their next local transaction. This is a decentralized
approach, where services react to events without a central coordinator.

2. Orchestration: A central orchestrator (a dedicated service) manages the
sequence of local transactions and triggers compensation actions if
necessary. The orchestrator is responsible for the overall flow.

Let's illustrate with an Orchestration-based Saga for an e-commerce order:
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Pros:

* High Availability: No single point of failure like a 2PC coordinator.

* Better Scalability: Services can commit local transactions quickly,
releasing locks sooner.

* Loosely Coupled: Services interact via events or commands, making them
more independent and resilient.

Cons:

* Eventual Consistency: The overall saga is eventually consistent, not
strongly consistent at every step.
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* Complexity: Managing compensation logic can be intricate, especially for
complex workflows and error handling.

* Debugging: Tracing a saga across multiple services can be challenging due
as it spans multiple services and potentially long durations.

Verdict: The Saga pattern is the preferred approach for distributed transactions
in modern microservice architectures, accepting eventual consistency in favor of
higher availability and scalability.

Al/Agent Workflows and Distributed Transactions

For Al agents, transactional guarantees are critical when actions have irreversible
or high-stakes consequences.

* Atomic Al Agent Pipelines: If an Al agent workflow involves multiple
steps (e.qg., data retrieval, processing, model inference, external API call)
and they must all succeed or fail together, a Saga-like pattern is ideal. For
example, an agent that books travel might need to reserve a flight, book a
hotel, and confirm payment. If any step fails, previous steps must be
compensated to avoid an inconsistent state (e.g., a booked flight but no
hotel).

* Resource Allocation: When an Al agent allocates a limited resource (e.qg.,
GPU time, specific compute instances) across multiple requests, ensuring
that allocation is atomic and consistent is vital. A Saga could manage the
reservation and release of these resources.

* Financial Transactions: Any Al agent dealing with monetary transactions
absolutely requires robust transactional guarantees, likely through a Saga
pattern that integrates with financial microservices, where each local
transaction is handled by a dedicated financial service.

Applying the Principles: A Guided Design Exercise

Let's put these concepts into practice by designing a simplified Al-driven
customer support system. Imagine a system where users submit support tickets,
an Al agent processes them, fetches relevant information, and potentially takes
actions.

Scenario: An Al Customer Support Agent processes incoming tickets.

1. User submits a ticket via a web portal.

2. Ticket Service receives the ticket and stores it.
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3. AI Orchestrator picks up the ticket.

4. Knowledge Base Agent queries a vector database for relevant FAQs and
articles.

5. Sentiment Analysis Agent analyzes the ticket's tone.

6. Action Agent (if appropriate) attempts to resolve the issue by interacting
with an external system (e.qg., resetting a password via an Auth Service).

7. Finally, the Ticket Service updates the ticket status and adds agent
notes.

Consider how you would incorporate caching, consistency, and transactional
guarantees into this workflow.

Step 1: Optimizing Knowledge Base Access with Caching

The Knowledge Base Agent frequently queries the vector database for common
issues. This can be slow and expensive.

Your Design Thought Process:
* Problem: High latency and load on the vector database for common
queries.
* Solution: Introduce a cache.

* Which Caching Pattern? Cache-Aside makes the most sense here. Why?
Because the Knowledge Base Agent needs to check for freshness, and if
not found, retrieve from the database. This avoids caching irrelevant data.

* Invalidation Strategy? TTL (Time-To-Live) for general knowledge base
articles is a good start. Perhaps 1-2 hours. If a critical article is updated, an
Explicit Invalidation message could be sent to the cache.

Guided Exercise: How would you design the Knowledge Base Agent to use a

Cache-Aside pattern with a TTL of 1 hour for standard queries?

* Consider: What happens on a cache hit? What on a miss? When does data
expire?

Step 2: Ensuring Consistency for Ticket Status

The Ticket Service needs to maintain the current status of a ticket (e.g.,
"New," "Processing," "Resolved"). Multiple agents might try to update the status

or read it.
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Your Design Thought Process:

* Problem: Ensuring all parts of the system see the correct, latest ticket
status.

* Consistency Requirement: Does the ticket status need to be strongly
consistent (everyone sees the update instantly) or is eventually consistent
acceptable (a brief delay is okay)? For a customer support ticket, strong
consistency is generally preferred to avoid agents working on outdated
information.

» Solution: Use a strongly consistent data store for the primary ticket status.

* Tradeoffs: This might mean slightly higher latency for status updates, but it
prevents major operational errors.

Guided Exercise: If the Ticket Service uses a relational database, how does it
inherently support strong consistency for a single ticket's status? What
mechanisms are in place (e.g., database transactions, isolation levels)?

Step 3: Handling the "Action Agent" Workflow with
Transactional Guarantees

The Action Agent attempting to reset a password via the Auth Service isa
critical operation. If the password reset succeeds, the ticket status must be
marked "Resolved" and notes added. If the reset fails, the ticket status must not
be marked "Resolved"”, and failure notes must be added. This is a distributed
transaction.

Your Design Thought Process:

* Problem: Multiple services (Action Agent, Auth Service, Ticket Service)
involved in an atomic operation.

* Transactional Requirement: All steps must succeed or all fail. 2PC is too
heavy. The Saga Pattern is the modern approach.

* Solution: Implement an Orchestration-based Saga.
* Saga Steps:
1. AI Orchestrator initiates "Password Reset Saga."
2. Action Agent calls Auth Service to reset password.

3. If Auth Service succeeds, Action Agent notifies Ticket Service
to update status to "Resolved" and add success notes.

4.1f Auth Service fails, Action Agent notifies Ticket Service to
update status to "Failed" and add error notes (this is the compensation
action for the overall saga failure).
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» Compensation: If the Auth Service fails, no compensation is needed for
the Auth Service itself (it didn't commit anything). The Ticket Service
simply logs the failure.

Guided Exercise: Draw a simple Mermaid sequenceDiagram or flowchart TD
(max 8 nodes) illustrating this Password Reset Saga. Focus on the happy path and
one failure path, showing the services involved and the messages exchanged.

Mini-Challenge: Caching for an Al Agent
Marketplace

Imagine you're building an Al Agent Marketplace where users can browse,
purchase, and deploy various Al agents.

Challenge:

1. Identify at least two pieces of data in this marketplace that would benefit
significantly from caching.

2. For each piece of data, propose a caching strategy (Cache-Aside, Write-
Through, or Write-Back) and an invalidation strategy. Justify your choices
based on performance, consistency needs, and potential for staleness.

Hint: Think about data that changes infrequently but is read often, versus data
that needs to be highly consistent. Consider both read-heavy and write-heavy
scenarios.

Common Pitfalls & Troubleshooting

Building scalable and consistent distributed systems is challenging. Here are
some common traps:

1. Cache Invalidation Nightmares: The classic "two hard problems in
computer science are cache invalidation, naming things, and off-by-one
errors." If your invalidation strategy is flawed, users will see stale data,
leading to confusion or incorrect behavior.

* Troubleshooting: Implement robust monitoring for cache hits/misses,
data freshness, and cache size. For critical data, use explicit
invalidation triggered by database updates. For less critical data, a
reasonable TTL is usually fine.
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2. Over-Engineering Consistency: Blindly aiming for strong consistency
everywhere can cripple your system's performance and scalability. Each
strong consistency guarantee adds overhead.

* Troubleshooting: Carefully analyze the consistency requirements for
each piece of data. Ask: "What happens if this data is briefly stale? Is it
acceptable? What's the business impact?" Most of the time, eventual
consistency is sufficient and vastly more scalable.

3. Premature Distributed Transactions (2PC): Jumping to a complex 2PC
implementation when simpler patterns (like queues with retries and
idempotency, or the Saga pattern with eventual consistency) would suffice.

* Troubleshooting: Always explore simpler options first. Can you
design your services so that operations are idempotent, allowing for
safe retries? Can you tolerate eventual consistency for the overall
flow? Only consider heavyweight options if business requirements
absolutely demand strong, global atomicity.

4. lgnoring Cache Warming: A newly deployed service or an empty cache
can lead to a "cold start" problem where the first requests hit the database,
causing a performance spike.

* Troubleshooting: Consider cache warming strategies for critical data,
where you pre-populate the cache with frequently accessed items,
especially after deployments or cache resets.

Summary

In this chapter, we've explored advanced techniques crucial for scaling and
ensuring correctness in distributed systems:

* Caching is essential for reducing latency and database load. We discussed
Cache-Aside, Write-Through, and Write-Back patterns, along with
strategies for invalidation and eviction.

* Data Consistency in distributed systems forces tradeoffs, as highlighted
by the CAP Theorem. We differentiated between Strong Consistency
(high guarantees, high latency) and Eventual Consistency (lower
guarantees, higher availability), understanding when to apply each.
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* Distributed Transactions are complex due to the inherent nature of
distributed systems. We learned why Two-Phase Commit (2PC) is
generally avoided in favor of patterns like the Saga Pattern, which uses a
sequence of local transactions and compensation actions to achieve
eventual consistency with better scalability.

* We also saw how these principles apply to the unique challenges and
opportunities in building resilient and intelligent Al/Agent workflows,
particularly in scenarios requiring fast access to information or coordinated
actions.

Understanding these concepts allows you to make informed architectural
decisions, balancing performance, availability, and data integrity.

What's Next?

With our systems becoming increasingly complex and distributed, another crucial
aspect emerges: ensuring they are secure and cost-effective. In our next chapter,
we'll delve into Security and Cost Optimization in Distributed Systems,
exploring how to protect your applications from threats and manage resource
consumption efficiently.

References
» Microsoft Azure Architecture Center - Caching guidance
» Microsoft Azure Architecture Center - Data consistency primer
» Microsoft Azure Architecture Center - Saga pattern

* Martin Fowler - Saga

» Wikipedia - CAP theorem

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 12

Systems Thinking, Tradeoffs,
and Architecting for Al/Agentic
Workflows

In the journey from a simple application to a complex distributed system, we've
explored many patterns and practices. Yet, the most powerful tool in an
engineer's arsenal isn't a specific technology or framework—it's a way of thinking.
This chapter brings it all together, focusing on systems thinking, the art of
navigating architectural tradeoffs, and how these timeless principles are more
critical than ever when building the next generation of Al and agentic workflows.

You've already built a solid foundation in understanding individual components
like reverse proxies, service communication, and asynchronous patterns. Now,
we'll elevate that understanding to view your entire architecture as a living,
breathing system. This shift in perspective is essential for designing resilient,
scalable, and maintainable systems, especially as we integrate intelligent agents
that interact autonomously.

The Holistic View: Mastering Systems Thinking

At its heart, systems thinking is about understanding how individual components
interact to form a larger, complex whole. It’s moving beyond optimizing a single
service to considering its ripple effects across the entire ecosystem.

Why it matters: Without a holistic view, you might make a local optimization
that inadvertently creates a bottleneck or introduces instability elsewhere.
Imagine tuning a single engine component for maximum power without
considering how it affects the car's transmission, cooling, or fuel efficiency. The
goal isn't just to make one part fast, but to make the entire system perform
optimally and reliably.

# Key ldea: Systems thinking helps us see the forest and the trees, ensuring
local decisions contribute positively to global system goals.

This approach becomes vital when designing distributed systems, where partial
failures are inevitable, and interactions are complex. It helps you anticipate
cascading failures, design for resilience, and understand the true cost of
architectural decisions.
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Navigating Architectural Tradeoffs: The Art of Compromise

There's no such thing as a perfect system. Every architectural decision involves a
tradeoff. Understanding these tradeoffs is the bedrock of good systems design.
Your role as an architect isn't to eliminate tradeoffs, but to manage them
effectively, aligning decisions with business goals and constraints.

Let's explore some common tradeoffs you'll encounter and how to think about
them:

* Consistency vs. Availability (CAP Theorem): In a distributed system,
you can only choose two out of three: Consistency, Availability, or Partition
Tolerance. Since network partitions are a given in distributed systems,
you're always choosing between strong consistency (all nodes see the same
data at the same time) and high availability (the system remains
operational even if some nodes fail).

* Real-world insight: A banking system prioritizes strong consistency
for transactions. A social media feed might prioritize availability and
eventual consistency. You must decide which is more critical for your
specific use case.

* Performance vs. Cost: Achieving ultra-low latency or extremely high
throughput often requires more expensive infrastructure (e.g., faster CPUs,
more RAM, premium network bandwidth, specialized hardware).

* Real-world insight: A real-time bidding system will invest heavily in
performance, accepting higher costs. An overnight batch processing
job, however, might optimize for cost, tolerating longer execution
times.

* Complexity vs. Flexibility: More abstract, modular, or generalized
designs can be highly flexible and adaptable but often introduce significant
complexity in initial development and ongoing maintenance. Simpler
designs might be faster to build but harder to adapt to future changes.

* Real-world insight: A microservices architecture offers high
flexibility and independent scaling but is inherently more complex to
develop, deploy, and operate than a monolithic application.
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* Time-to-Market vs. Long-Term Maintainability: Rushing a feature out
the door can lead to technical debt, making the system harder and more
expensive to maintain or evolve later. This is often a strategic business
decision.

* Real-world insight: A startup might prioritize rapid iteration to find
product-market fit, accepting some technical debt. An established
enterprise, especially for critical systems, would prioritize
maintainability and stability.

* Operational Overhead vs. Developer Experience: Automating
infrastructure and operations (DevOps) reduces manual effort and improves
reliability but requires upfront investment in tooling and expertise.
Sometimes, a simpler deployment model might be easier for developers
initially, but harder to operate at scale.

* Real-world insight: Implementing a robust CI/CD pipeline might be a
significant upfront effort but pays dividends in reduced operational
burden and faster, more reliable deployments over time.

#2 Important: Good architectural decisions are context-dependent. What's right
for one system or business might be wrong for another. There's no universal
"best" approach. Your decisions should always align with your business goals and
constraints.

Architecting for Al/Agentic Workflows: Timeless Principles
Applied

Al and agentic systems, by their very nature, are often distributed and complex.
An "agent" is essentially a specialized service that can perceive, reason, and act
autonomously or semi-autonomously. These systems leverage all the distributed
system patterns we've discussed, but with unique considerations for managing
intelligence, compute, and interaction.

1. Decomposition for Agents: Microservices for Intelligence

Just as a large application is broken into microservices, complex Al tasks can be
decomposed into smaller, specialized agents or services. This modularity allows
for clearer responsibilities, independent scaling, and fault isolation.

* Perception Agent: Handles input (e.qg., listening to a conversation, reading
a document, parsing sensor data).

* Reasoning Agent: Processes information, applies logic, makes decisions,
potentially using large language models (LLMs) or expert systems.
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* Action Agent: Executes tasks (e.g., sending an email, updating a database,
calling an external API, controlling a robot).

* Memory Agent: Stores and retrieves context, long-term knowledge, and
past interactions.

* Orchestration Agent: Manages the flow and interaction between other
agents, defining the overall workflow.

Each of these can be a distinct service, potentially running different models or
computational requirements. This allows for independent scaling, development,
and failure isolation, echoing the benefits of microservices.

2. Asynchronous Communication: Agents Talking to Agents

Agents rarely operate in perfect synchronous harmony. They often need to
exchange information, trigger subsequent actions, or update shared state without
waiting for an immediate response. This is where queues and event-driven
systems shine, enabling loose coupling and resilience.

* Message Queues: An agent finishes a task (e.g., a SearchAgent finds
relevant documents) and publishes a message to a queue. An
AnalysisAgent subscribes to this queue, picks up the message, and starts
processing. This pattern ensures that if one agent is temporarily
unavailable, messages can queue up and be processed once it recovers,
preventing upstream agents from blocking.

* Event Buses: For more complex, many-to-many interactions, an event bus
allows agents to broadcast events (e.g., UserQueryReceived,
TaskCompleted, DecisionMade ). Other interested agents can react to
these events, enabling dynamic and flexible workflows.

3. Worker Architectures for Compute-intensive Al

Al models, especially large language models (LLMs) or complex simulation agents,
require significant computational resources (GPUs, specialized accelerators).
Worker architectures are perfectly suited for handling these variable and often
bursty workloads.

* Dedicated Inference Workers: Services dedicated to running Al model
inference. When a ReasoningAgent needs to make a prediction, it sends a
request to an inference worker pool via a queue. These workers are often
optimized for specific hardware.

* Batch Processing Workers: For training models or processing large
datasets, long-running worker services can pull tasks from queues, execute
compute-heavy jobs, and report results.
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* Dynamic Scaling: These worker pools can be scaled up or down based on
demand, using infrastructure automation to manage costs and performance,
crucial for managing fluctuating Al workloads.

4. Observability for Multi-Agent Systems

Debugging a single service is hard; debugging a system where multiple intelligent
agents are interacting, making decisions, and potentially failing, is even harder.
Robust observability is non-negotiable for understanding, debugging, and
improving Al systems.

* Logging: Every agent should log its perceptions, reasoning steps,
decisions, and actions. This creates an audit trail, vital for understanding
why an agent behaved a certain way.

* Metrics: Track agent-specific metrics like task completion rates, decision
accuracy, latency of model calls, queue depths, and resource utilization.
These metrics provide insights into system health and performance.

* Distributed Tracing: Crucial for understanding the end-to-end flow of a
request or a "thought process" across multiple agents. If a user query
triggers a PerceptionAgent, which then calls a ReasoningAgent, then an
ActionAgent, tracing links all these operations together, allowing you to
pinpoint where delays or failures occur.

Without these, your Al system becomes a "black box," impossible to understand
or improve effectively.

5. Resilience in Agentic Systems

Agents can fail, just like any other service. Designing for resilience means
anticipating these failures and building mechanisms to recover gracefully.

* Retries and Backoff: If an ActionAgent fails to call an external API, it
should retry with an exponential backoff strategy, preventing overwhelming
the failing service.

 Circuit Breakers: Prevent an agent from continuously hammering a failing
dependency, giving the dependency time to recover and preventing
cascading failures.

* Idempotency: Agent actions should be idempotent where possible,
meaning performing the action multiple times has the same effect as
performing it once (e.g., updating a status). This simplifies retry logic.

* Dead Letter Queues (DLQs): Messages that agents cannot process after
multiple retries should go to a DLQ for manual inspection, preventing them
from blocking the main workflow.
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6. Infrastructure Automation for Al (MLOps)

Deploying and managing Al models and agent infrastructure is complex and
dynamic. Automation is key to ensuring efficiency, consistency, and reliability.
This practice is often referred to as MLOps (Machine Learning Operations).

* Model Deployment Pipelines: Automate the process of packaging,
versioning, and deploying new or updated Al models to inference services.
This ensures that models are consistently and safely rolled out.

* Resource Provisioning: Automatically spin up and tear down GPU
instances or specialized compute clusters based on agent workload
demands, optimizing for cost and performance.

* Experiment Tracking: Tools that integrate with your infrastructure to track
model performance, resource usage, and hyperparameters across different
experiments, facilitating continuous improvement.

By embracing these principles, you can build Al and agentic systems that are not
just intelligent, but also robust, scalable, and manageable.

Guided Scenario: Building an Al Research Agent Workflow

Let's walk through a conceptual example of a sophisticated Al "Research Agent"
designed to answer complex user queries by synthesizing information from
multiple sources. We'll see how distributed system patterns are fundamental to its
operation.

Step 1: The User Request and Initial Routing

Our scenario begins with a user submitting a query, like "Summarize the latest
trends in quantum computing and their potential impact on Al."

1. User Interface: The user types their query into a web application or chat
interface.

2. APl Gateway/Reverse Proxy: The request first hits an APl Gateway. This
gateway acts as the single entry point, handling authentication, rate
limiting, and routing. It then forwards the query to our specialized
Orchestration Service.

* Why a Gateway? It centralizes common concerns and protects our
backend services from direct exposure.
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Step 2: Orchestrating the Research Task

The Orchestration Service is the brain of our Research Agent, responsible for
breaking down the complex user request and coordinating the work of other
agents.

1. Orchestration Service: This service receives the user's query. It uses its
own internal logic or a small language model to break down the query into
smaller, manageable sub-tasks. For example, the query "Summarize
quantum computing trends and Al impact" might become:

» "Search for recent quantum computing advancements."
» "Search for potential Al impacts of quantum computing.”
* "Analyze search results for key themes."
* "Synthesize findings into a comprehensive report."
2. Task Queue: The Orchestration Service publishes each of these sub-
tasks as messages to a Task Queue.

* Why a Queue? This is a critical asynchronous pattern. The
orchestrator doesn't wait for each task to complete. It simply places
the tasks in a queue and immediately becomes free to handle other
user requests. This provides resilience: if a downstream agent is
temporarily busy or fails, the messages persist in the queue until they
can be processed, preventing bottlenecks and cascading failures.

Here's how this initial flow might look:
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Step 3: Specialized Agents at Work (The Distributed Processing)
Now, various specialized worker agents pick up tasks from the Task Queue and
perform their specific functions.

1. Search Agent (Worker Service):

* This agent constantly monitors the Task Queue for "search" tasks.

* When it receives a task (e.g., "Search for recent quantum computing
advancements"), it uses external search APIs (like Google Scholar,
academic databases, news aggregators) to gather information.

* It's a worker service, meaning we can scale multiple instances of it
based on the volume of search tasks.

* After finding relevant results, it sends them to a Memory Service (a
high-performance database or key-value store optimized for
knowledge retention) for persistent storage.

* It then publishes an "SearchCompleted" event to an Event Bus,
signaling that its task is done and the results are available.
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2. Analysis Agent (Worker Service):

* This agent subscribes to the Task Queue for "analysis" tasks and also
listens to "SearchCompleted" events on the Event Bus.

* When triggered, it retrieves the raw search data from the Memory
Service.

* |t then uses a large language model (LLM) to summarize, extract key
points, identify relationships, and perhaps even flag conflicting
information. This is a compute-intensive operation.

* This LLM inference is handled by a pool of dedicated, potentially GPU-
accelerated, inference workers.

* Analyzed data (e.g., key themes, extracted facts) is stored back into
the Memory Service, and an "AnalysisCompleted" event is published
to the Event Bus.

3. Synthesis Agent (Worker Service):

* This agent subscribes to the Task Queue for "synthesis" tasks and
listens for "AnalysisCompleted" events.

* Once all relevant analysis tasks are complete, it retrieves all processed
data from the Memory Service.

* |t then uses another LLM to generate a coherent, comprehensive
report, synthesizing the findings into a user-friendly format.

* The final report is stored in the Memory Service, and a
"ReportReady" event is published to a dedicated Report Queue.

Here's an updated diagram showing the interaction of these agents:
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Step 4: Delivering the Result
Finally, the completed report needs to be delivered back to the user.
1. Notification Service: This service subscribes to the Report Queue.

2. When a "ReportReady" event arrives, it fetches the final report from the
Memory Service.

3. It then delivers the report back to the user, either through the original API
Gateway, a real-time notification channel (like WebSockets), or an email.
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Observability in Action: Throughout this entire process, every agent logs its
actions, success/failure statuses, and latency. Distributed tracing links the initial
user query all the way through to the final report delivery, making it possible to
diagnose exactly where a delay or error occurred. This allows us to see the
"thought process" of our Al Research Agent.

This example illustrates how Al/agentic systems are simply advanced applications
of the distributed system patterns we've explored, emphasizing asynchronous
communication, specialized services, and robust observability.

Mini-Challenge: Design a Personal Shopping Assistant Agent
Now it's your turn to apply systems thinking to an Al problem.

Challenge: Outline the core components (agents/services) and their
communication flow for a "Personal Shopping Assistant Agent" that helps a user
find the best deal for a specific product online. Consider what external services it

might interact with (e.g., e-commerce sites, price comparison APIs) and how you'd
ensure its resilience and scalability.

Think about:

* What's the initial input from the user?

* What different kinds of information does it need to gather (product details,
prices, reviews)?

* How would it compare options from various sources?
* How would it present the final recommendation to the user?

* Where might queues or event buses be useful to manage asynchronous
operations or handle failures?

* What role would a "Memory Service" play in remembering user preferences
or past searches?

What to observe/learn: This exercise helps you practice decomposing a
complex problem into manageable, independent services and thinking about their
interactions in a distributed fashion. It reinforces the idea that an "agent" is a
specialized service within a larger system, leveraging the same foundational
patterns.
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Common Pitfalls & Troubleshooting in Al Architectures

Designing for Al introduces specific challenges on top of general distributed
system complexities. Being aware of these can save significant time and effort.

1. Over-engineering Agent Orchestration Too Early: It's tempting to
design a highly complex, dynamic agent orchestration layer from day one,
anticipating every possible interaction. However, starting simpler (e.g., a
sequential chain of agents) and only introducing more complex
orchestration patterns (like state machines or dynamic task graphs) as
needed can prevent premature complexity and unnecessary technical debt.

* Troubleshooting: Start with a simple, linear flow. Introduce
complexity only when a clear need arises from evolving requirements.
Favor explicit control over implicit, dynamic routing until your system
needs warrant it.

2. Ignoring Al Model Lifecycle (MLOps Debt): Al models are not static
code. They need retraining, versioning, continuous evaluation, and secure
deployment. Failing to integrate model deployment and monitoring into your
infrastructure automation leads to stale models, unexpected performance
degradation, or security vulnerabilities.

* Troubleshooting: Establish MLOps (Machine Learning Operations)
practices early. Implement automated pipelines for model validation,
deployment, A/B testing, and rollback. Treat models as first-class
citizens in your CI/CD process.

3. Lack of Observability into Agent Reasoning: While logging inputs and
outputs is good, understanding why an agent made a particular decision or
followed a specific path is crucial for debugging, improving, and auditing Al
systems. Without this, your agents can become "black boxes."

* Troubleshooting: Instrument agents to log intermediate steps,
confidence scores, the "chain of thought," or the specific reasoning
path taken. This is especially vital for explainable Al (XAl) and for
identifying biases or errors.
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4. Underestimating Compute Costs for Inference: Running large Al
models, especially at scale with high query volumes, can be extremely
expensive due to specialized hardware (GPUs) requirements. Without careful
resource management and optimization, costs can spiral quickly.

* Troubleshooting: Implement dynamic scaling for inference workers
(scaling to zero when idle). Explore model quantization, distillation, or
using smaller, more efficient models for less critical tasks. Leverage
serverless inference platforms where appropriate to pay only for actual
usage.

Summary

Congratulations! You've reached the end of our journey into modern systems
engineering. This final chapter emphasized the enduring value of systems
thinking - seeing the whole picture, understanding interconnectedness, and
anticipating ripple effects. We've explored how to pragmatically navigate
architectural tradeoffs, recognizing that every decision has consequences, and
the best choice is always context-dependent.

Finally, we saw how these timeless engineering principles are directly applicable
to the cutting edge of Al and agentic workflows. These intelligent systems, far
from being magic, are built upon the very distributed system patterns you've
mastered: microservices for decomposition, asynchronous communication for
interaction, worker architectures for compute, and comprehensive observability
for manageability.

Key Takeaways:

* Systems Thinking is Paramount: Always consider the entire system, not
just individual components, to make effective architectural decisions.
Understand how changes in one part affect the whole.

* Tradeoffs are Inevitable: Embrace the reality of tradeoffs (e.g., CAP
theorem, cost vs. performance, complexity vs. flexibility) and learn to
manage them strategically based on specific business needs and
constraints.

* Al/Agentic Systems are Distributed Systems: They leverage
microservices, asynchronous communication, worker pools, and robust
observability just like any other scalable application.

* Decomposition is Key for Al: Break down complex Al tasks into smaller,
specialized agents or services for better scalability, resilience, and
maintainability.
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* Observability is Non-Negotiable: For complex multi-agent systems, deep
logging, metrics, and distributed tracing are critical for understanding agent
behavior, debugging, and improving performance.

* Timeless Principles Endure: While technologies change rapidly, the core
engineering principles of scalability, resilience, observability, and managing
complexity remain constant and will serve you well throughout your career.

As you continue your journey, remember that architecture is a continuous process
of learning, adapting, and making informed decisions. The principles you've
learned here will serve you well, no matter how technology evolves.

References

* Microservices Architecture Style - Azure Architecture Center

» The CAP Theorem - IBM Cloud Learn
» Patterns for Distributed Systems - Martin Fowler

This page is Al-assisted and reviewed. It references official documentation and

recognized resources where relevant.

Systems Thinking, Tradeoffs, and Architecting for AI/Agentic Workflows 209


https://learn.microsoft.com/en-us/azure/architecture/guide/architecture-styles/microservices
https://www.ibm.com/cloud/learn/cap-theorem
https://cloud.google.com/learn/distributed-systems-design
https://cloud.google.com/learn/what-is-mlops
https://martinfowler.com/articles/patterns-of-distributed-systems/

	Mastering Modern Systems Engineering: From Apps to Architectures
	Contents
	From Monolith to Microservices: The Why and How of Distributed Systems
	The Humble Monolith: A Unified Beginning
	What is a Monolith?
	Why Start with a Monolith?

	Growing Pains: When Monoliths Suffer
	Common Monolithic Challenges

	Embracing Distribution: The Microservices Approach
	What are Distributed Systems and Microservices?
	Why Microservices? The Benefits

	The Trade-Offs: When Not to Use Microservices
	The Hidden Costs of Distribution

	Timeless Principles of Distributed Systems Thinking
	Practical Application: Decomposing an AI Agent Workflow
	Common Pitfalls & Troubleshooting in Early Stages
	Summary: The Journey Ahead
	References

	Scaling with Reverse Proxies and API Gateways
	The Foundation: Understanding the Reverse Proxy
	What is a Reverse Proxy?
	Key Benefits of a Reverse Proxy
	1. Load Balancing
	2. SSL/TLS Termination
	3. Caching Static Content
	4. Security Enhancements
	5. Compression and Optimization

	Visualizing the Reverse Proxy Flow

	Evolving to API Gateways: The Microservices Era
	What is an API Gateway?
	Advanced Features of an API Gateway
	1. Authentication and Authorization
	2. Rate Limiting
	3. Request/Response Transformation
	4. Intelligent Routing and Service Discovery
	5. Circuit Breaking and Retries

	API Gateway in a Microservices World
	When to Use Which: Reverse Proxy vs. API Gateway

	Practical Application: Conceptual API Gateway Design
	Step 1: Define Your Entry Point and Basic Routing
	Step 2: Implement Cross-Cutting Concerns
	Step 3: Consider Service-Specific Enhancements

	Mini-Challenge: Designing for a New AI Agent

	Add the new route to the 'routes' section:
	Apply specific overrides for the image generation endpoint within 'route_overrides':
	The global authentication and authorization policies would apply by default.
	We only need to specify overrides or additions here.
	Assuming 'enable_compression' is a specific flag your gateway supports for a route.
	Common Pitfalls & Troubleshooting
	1. Single Point of Failure (SPOF)
	2. Over-engineering and Premature Optimization
	3. Performance Overhead
	4. Complex Configuration and Management

	Summary
	References

	Service-to-Service Communication: Synchronous vs. Asynchronous
	The Dance of Services: Synchronous Communication
	What is Synchronous Communication?
	How It Works: A Direct Conversation
	When to Choose Synchronous Communication
	Advantages of Synchronous Communication
	⚠️ What can go wrong: Downsides and Pitfalls


	The Mailroom Approach: Asynchronous Communication
	What is Asynchronous Communication?
	How It Works: Messages and Events
	When to Choose Asynchronous Communication
	Advantages of Asynchronous Communication
	⚠️ What can go wrong: Downsides and Pitfalls


	Designing a Communication Flow: A Step-by-Step Approach
	Step 1: Identify the User Experience and Immediate Feedback Needs
	Step 2: Evaluate Task Duration and Complexity
	Step 3: Consider Fault Tolerance and Resilience Requirements
	Step 4: Assess Scalability and Decoupling Needs
	Step 5: Diagram the Chosen Flow and Identify Integration Points

	Mini-Challenge: Design Communication for an Image Processing Workflow
	Common Pitfalls & Troubleshooting
	Synchronous Pitfalls
	Asynchronous Pitfalls

	Summary
	References

	Building Resilient Systems: Retries, Timeouts, and Circuit Breakers
	The Inevitability of Failure in Distributed Systems
	Retry Pattern: Giving Operations a Second Chance
	What is the Retry Pattern?
	Why Does it Exist?
	How Does it Work?
	When to Use (and Not Use) Retries

	Timeout Pattern: Knowing When to Give Up
	What is the Timeout Pattern?
	Why Does it Exist?
	How Does it Work?
	When to Use Timeouts

	Circuit Breaker Pattern: Preventing a Cascade
	What is the Circuit Breaker Pattern?
	Why Does it Exist?
	How Does it Work?

	Step-by-Step Implementation: Composing Resilience in Python
	2. Adding Timeouts
	3. Adding Retries with Exponential Backoff and Jitter
	4. Adding a Circuit Breaker

	Resilience in AI/Agent Workflows
	Mini-Challenge: Design a Resilient AI Tool Call
	Common Pitfalls & Troubleshooting
	Summary
	References

	Decoupling Services with Message Queues and Asynchronous Workflows
	Introduction: Breaking Free from Tight Coupling
	The Core Problem: Synchronous Bottlenecks
	Message Queues: The Ultimate Decoupler
	What is a Message Queue?
	Why Use Message Queues?
	How Message Queues Work: A Simple Flow
	When to Use Message Queues

	Worker Architectures and Asynchronous Workflows
	AI/Agentic Systems and Message Queues

	Step-by-Step Illustration: A Simple Asynchronous Task
	Step 1: Define the Message Structure
	Step 2: The Producer Service (Sends Tasks)
	Step 3: The Consumer Service (Processes Tasks)

	Mini-Challenge: Designing an AI Agent Workflow
	Common Pitfalls & Troubleshooting
	Summary: Building Robust Asynchronous Foundations
	References

	Worker Architectures: Designing for Background Processing and Scalability
	The Problem with Synchronous Processing
	Introducing Worker Architectures
	Why Worker Architectures Exist

	Key Components of a Worker System
	1. Task Producer
	2. Message Queue
	3. Worker Service(s)

	Designing Robust Workers
	Idempotency: The Superpower of Retries
	Error Handling & Retries
	Concurrency and Resource Management
	Monitoring & Observability

	Worker Patterns in AI/Agentic Systems
	Step-by-Step Walkthrough: Illustrating an Image Processing Worker's Logic
	Mini-Challenge: Designing an AI Agent Email Campaign Worker
	Common Pitfalls & Troubleshooting
	Summary
	References

	Event-Driven Architectures: Building Reactive and Scalable Systems
	Introduction: Embracing Reactivity for Modern Systems
	The Core Idea: Events as the Language of Change
	What Exactly is an Event?
	Producers, Brokers, and Consumers: The Event Ecosystem

	Key Components in Practice: The Event Broker
	What an Event Broker Does
	Types of Brokers: Queues vs. Topics
	Choosing the Right Broker: Trade-offs

	Event Consumers: Building Resilient Reactions
	Idempotency: The Golden Rule for Consumers
	Error Handling and Dead-Letter Queues (DLQs)

	Step-by-Step: Implementing an Event-Driven Order Flow
	Step 1: The Order Service (Producer) Publishes an Event
	Step 2: The Payment Service (Consumer & Producer) Reacts
	Step 3: The Inventory Service (Consumer) Reacts to Payment
	Step 4: The Shipping Service (Consumer) Reacts to Inventory Reservation

	Event-Driven Design Patterns
	Event Sourcing: The Ledger of Changes
	CQRS (Command Query Responsibility Segregation)
	Sagas: Managing Distributed Transactions

	AI Agents and Event-Driven Systems
	How AI Agents Leverage Events
	Example: An AI-Driven Fraud Detection Agent

	Mini-Challenge: Design an Event Flow
	Common Pitfalls and Trade-offs
	1. Increased Complexity and Distributed Debugging
	2. Event Schema Management
	3. Eventual Consistency
	4. Over-Engineering and Premature Optimization
	5. Ordering Guarantees

	Summary: Mastering Reactive Systems
	References

	The Sidecar Pattern: Enhancing Services with Auxiliary Processes
	Understanding the Sidecar: Your Service's Trusty Companion
	What is the Sidecar Pattern?
	How Sidecars Work Their Magic

	Common Use Cases: Where Sidecars Shine
	1. Observability: The Eyes and Ears of Your System
	2. Configuration Management: Dynamic Settings on Demand
	3. Security: Fortifying Your Services
	4. Networking and Service Mesh: Smart Traffic Management
	5. AI/Agent Workflows: Streamlining Intelligent Applications

	Step-by-Step Implementation: A Logging Sidecar in Kubernetes
	Benefits and Tradeoffs: Is a Sidecar Always the Answer?
	Advantages:
	Disadvantages and Tradeoffs:

	Mini-Challenge: Configuration Sidecar
	Common Pitfalls & Troubleshooting
	Summary: The Power of Modular Enhancement
	References

	Observability: Logging, Metrics, and Distributed Tracing
	The Pillars of Observability: Logs, Metrics, and Traces
	Logging: The Storyteller of Events


	Infrastructure Automation and Deployment Strategies
	The Foundation: Why Automate Infrastructure?
	The Problem with Manual Provisioning
	The Power of Automation

	Infrastructure as Code (IaC)
	What is IaC?
	How IaC Works
	Benefits of IaC

	Step-by-Step Implementation: Building an IaC Definition
	Step 1: Define the Resource Group
	Step 2: Add a Virtual Machine for the AI Agent
	Step 3: Include a Database for Agent State

	Deployment Strategies
	1. Rolling Updates
	2. Blue/Green Deployments
	3. Canary Deployments
	A/B Testing vs. Deployment Strategies

	Continuous Integration and Continuous Delivery (CI/CD)
	Continuous Integration (CI)
	Continuous Delivery (CD)
	The CI/CD Pipeline

	GitOps: The Evolution of CD
	What is GitOps?

	Mini-Challenge: Designing an AI Agent Deployment Strategy
	Common Pitfalls & Troubleshooting
	Summary
	References

	Advanced Scalability: Caching, Data Consistency, and Distributed Transactions
	The Need for Speed: Mastering Caching Strategies
	What is Caching and Why Does It Matter?
	Common Caching Patterns
	1. Cache-Aside (Lazy Loading)
	2. Write-Through
	3. Write-Back (Write-Behind)

	Cache Invalidation and Eviction
	AI/Agent Workflows and Caching

	The Consistency Conundrum: Data Consistency in Distributed Systems
	The CAP Theorem (Briefly)
	Consistency Models
	1. Strong Consistency
	2. Eventual Consistency

	AI/Agent Workflows and Consistency

	The Atomic Challenge: Distributed Transactions
	The Problem with Distributed Transactions
	1. Two-Phase Commit (2PC)
	2. Saga Pattern
	AI/Agent Workflows and Distributed Transactions

	Applying the Principles: A Guided Design Exercise
	Step 1: Optimizing Knowledge Base Access with Caching
	Step 2: Ensuring Consistency for Ticket Status
	Step 3: Handling the "Action Agent" Workflow with Transactional Guarantees

	Mini-Challenge: Caching for an AI Agent Marketplace
	Common Pitfalls & Troubleshooting
	Summary
	What's Next?

	References

	Systems Thinking, Tradeoffs, and Architecting for AI/Agentic Workflows
	The Holistic View: Mastering Systems Thinking
	Navigating Architectural Tradeoffs: The Art of Compromise
	Architecting for AI/Agentic Workflows: Timeless Principles Applied
	1. Decomposition for Agents: Microservices for Intelligence
	2. Asynchronous Communication: Agents Talking to Agents
	3. Worker Architectures for Compute-Intensive AI
	4. Observability for Multi-Agent Systems
	5. Resilience in Agentic Systems
	6. Infrastructure Automation for AI (MLOps)

	Guided Scenario: Building an AI Research Agent Workflow
	Step 1: The User Request and Initial Routing
	Step 2: Orchestrating the Research Task
	Step 3: Specialized Agents at Work (The Distributed Processing)
	Step 4: Delivering the Result

	Mini-Challenge: Design a Personal Shopping Assistant Agent
	Common Pitfalls & Troubleshooting in AI Architectures
	Summary
	References


