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System Design Master Template

Most engineers freeze the moment they hear this line: “Design YouTube.”
Their mind goes blank. Servers? Databases? Caches? Load balancers? It's chaos.

But here’s the truth: every great software designer—from Google to Netflix—starts with
the same mental map. A structure. A framework.

At DesignGurus.io, we'’ve distilled that chaos into a single visual: The System Design Master
Template — your guiding blueprint for any interview, any system, and any scale.

Once you understand it, you’ll never stare blankly at a whiteboard again.

What Makes System Design Hard?

I's not the concepts. It's the lack of structure. Most people dive straight into components - “Let’s
add a cache here,” or “Use Kafka for events™—without knowing why.

That'’s like throwing Lego bricks on the floor and hoping a spaceship appears.

The real secret? Every system—no matter how massive—revolves around just three
fundamental flows: Control Flow, Data Flow, Coordination Flow

1. Control Flow defines how commands and decisions move through your system.
Example: User -> API Gateway -> Service A -> Queue -> Service B

2. If Control Flow is the brain, Data Flow is the bloodstream.
Example: Client 2 API 2 Cache 2 Database 2 Storage

3. Coordination Flow handles communication, reliability, and synchronization between
services. Example:
Service A 2 Message Broker 2 Service B
N
Monitoring
N
Database

Master these three, and you can design anything.
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The DesignGurus.io System Design Master Template

Imagine a single diagram that turns any vague problem into a clear step-by-step design
roadmap. Here’s what it looks like:

System Design Master Template
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System Design Interview Checklist

Keeping the above master template in mind, let's go through all the important steps to follow
when answering any system design interview question.

1. Clarify Goals & Scope
Start by clearly defining what the system needs to do and what is out of scope.

Identify the primary use cases and features the system must support, the different types of
users or other systems that will interact with it (actors), and outline how data is created, used,
and eventually disposed of (data life-cycle).

This step ensures everyone is aligned on the problem boundaries and focused on the right
objectives.

CLARIFY GOALS & SCOPE

Functional
Requirements

Non-Functional
Requirements

Example: For a messaqing app,
clarify if it must support real-time
chat, media sharing, or

offline delivery

Example: For a messaging app, clarify if it must support real-time chat, media sharing, or offline
delivery—each affects design complexity.

2. Quantify Constraints

Estimate the scale and performance requirements your design must handle.
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For example, determine roughly how many users will use the system (daily or monthly active
users) and how many operations per second it needs to support (read/write requests per
second), noting the difference between average load and peak load times.

Also, set explicit targets for speed and reliability — e.g. expected response latency (Service
Level Objectives) and availability (uptime percentage) — so you can design a system that meets
these numbers.

QUANTIFY CONSTRAINTS

+ Users
—> | = Throughput
s | atency

-

Example: A video platform expecting
1M daily users and 100K concurrent
streams must plan for bandwidth,
storage, and global delivery latency.

Example: A video platform expecting 1M daily users and 100K concurrent streams must plan
for bandwidth, storage, and global delivery latency.

3. APIs & Contracts

Define how internal and external components will communicate through clear interfaces.

This means designing the key API endpoints and specifying what each request and response
should contain, including error codes and messages.

Consider aspects like idempotency (making sure repeating a request won’t cause unintended
side effects or duplicates), pagination for large data sets, and how you’ll enforce rate limits on
clients.

Also, plan out authentication and authorization (authN/Z) — i.e. how clients prove their identity
and what access they have — to ensure the system is secure and uses a consistent, well-
documented contract for every interaction.
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APls & Contracts

-—  _ | API|
Client * DB

nonse

Example: A ride-hailing service might expose APlIs like POST /bookRide (create a trip) and
GET /rideStatus/{id} (fetch status) with authentication and rate limits.

4. High-Level Path

Sketch out the big-picture architecture, showing how a user’s request travels through the
system.

For example, you might describe the flow as: Client — CDN (for caching static content) —
Load Balancer (distributing traffic) — APl Gateway (central entry point) — Backend Services
— and finally to any Databases, Caches, or Queues.

This overview should highlight all major components and their connections.

As part of this, decide whether your design is a single unified application (monolith) or divided
into microservices; this choice affects how components communicate and scale.

A clear high-level path helps everyone understand the system’s structure before diving into
details.
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HIGH-LEVEL PATH
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Request Flow ]

Example: In an e-commerce system, requests go through CDN — Load Balancer — API
Gateway — Product & Payment Services — Database.

5. Data Model

Plan how you will organize and manage the data.

Identify the main entities (objects or records) the system will handle and define their key
attributes and relationships (for example, users, posts, and comments with links between them).

Decide on primary keys or unique identifiers for each entity and think about how different pieces
of data relate (one-to-many, many-to-many, etc.).

Keep in mind the typical access patterns — how the system will query or update data in practice
— so you can design appropriate indexes or efficient lookup keys.
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It's also wise to anticipate any “hot” data issues (e.g. if one item becomes extremely popular)
and have a plan to handle hot keys or heavy traffic to certain records without slowing down the
system.

DATA MODEL

Post ‘ Comment |
> —

'

¥ user_id # user_id
titmstamp

@timestamp

[ Data Relatio nships]

Example: A social app stores User, Post, and Comment entities, linked by foreign keys, with
indexes on user_id and timestamp for fast lookups.

6. Storage
Choose the right storage solutions and layout for your data.

Decide between a SQL database (relational, with structured tables and ACID guarantees) or a
NoSQL store (non-relational, offering flexibility and horizontal scalability) based on the data
shape and query needs.

Plan how data will be replicated for reliability — for instance, a primary-secondary (master-
slave) setup for reads and writes, or multi-leader replication if needed — and how you will shard
or partition data to distribute load (you might split data by user ID range, by geographic region,
or use a directory service to map keys to shards).

If your system serves users in different regions, outline a multi-region strategy (such as having
databases in different data centers for lower latency or failover).

Finally, include a backup and recovery plan: schedule regular backups and define how you’d
restore data in a disaster, noting your Recovery Point Objective (how much data you could lose,
e.g. last 5 minutes) and Recovery Time Objective (how quickly you can be back online).
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[ Storage Architecture ]

Example: A global user database uses MySQL with master-replica replication and region-based

sharding to handle billions of rows efficiently.

7. Caching

Improve performance by identifying what data can be cached and deciding where to cache it.

Consider multiple layers of caching — for example, using an edge cache or CDN for static
assets, an application-layer cache (like an in-memory store on your servers) for frequent
database query results, or even a database cache (cached queries or materialized views).
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CACHING

Fallback
RequestE Cache :

Client
Database

Define a sensible TTL (Time-To-Live) for cache entries, which is how long an item stays in
cache before expiring, and an eviction policy (such as Least Recently Used) for when the cache
is full.

Choose a caching strategy: you might use cache-aside (the application checks cache first, loads
from database on a miss) or write-through (update cache at the same time as the database) or
write-behind.

Also, decide how to invalidate cached data when the source of truth changes — for example,
purging or updating entries on writes — so that users don’t see stale information.

Lastly, be mindful of cache stampedes (when many requests simultaneously miss the cache on
popular data); use techniques like request coalescing or random early expiration to prevent a
thundering herd from overloading your database.

Example: A news site caches trending stories in Redis with a 5-minute TTL to reduce database
load during peak traffic.

8. Async & Queues

Determine which parts of the system can be handled asynchronously to improve throughput and
user experience.

Introduce message queues or streaming systems for tasks that don’t need to be done in real-
time (for example, processing uploads, sending notifications, or heavy computations).

Grokking the System Design Interview




DesignGurus.io

In this model, producers will publish messages or jobs to a queue, and consumers will process
them at their own pace.

Plan the delivery semantics you need: at-least-once processing (where a message might be
handled twice but won’t be lost) vs at-most-once (where it won’t duplicate but could drop if
there's an error).

Implement retry logic for failures and consider a Dead Letter Queue (DLQ) to catch messages
that repeatedly fail so they can be examined or reprocessed later without blocking the main
queue.

Think about how you’ll handle back-pressure as well — if consumers are slow or overloaded, you
may need to throttle producers or scale out consumers to avoid overwhelming the system.

Also, clarify if message ordering is important in your use-case (some queues don’t guarantee
order, or you may need to design for ordering at the consumer side).

Overall, using asynchronous workflows via queues can make the system more resilient and
scalable, but it requires careful design to ensure reliability.

ASYNC & QUEUES

— Queue |—

PrOducer Consumer

v

[ Message Flow]

Example: A video upload service pushes new uploads to a message queue (Kafka), where
worker nodes process and encode them asynchronously.
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9. Search & Feeds

If your system includes a search feature or personalized feed, outline how you will build and
maintain it. Describe the indexing pipeline — how raw data from the main database will be
extracted, transformed, and loaded into a search index or feed cache.

Define the schema for the search index (which fields are indexed, how text is tokenized, etc.) or
the structure of feed data.

Consider how you will keep the index up-to-date with fresh data: will you update in real-time as
data changes, or reindex periodically (and how will you handle reindexing large data sets
efficiently)?

Discuss relevancy and personalization: for search, what ranking signals will you use to show the
most relevant results (text match scores, popularity, etc.), and for a feed, how will you order or
personalize items for the user (time order, user preferences, machine learning
recommendations)?

Essentially, explain the additional components needed for search/feed functionality and how
they integrate with the rest of the system (e.g., maybe using a service like Elasticsearch for
search, or a feed generation service that aggregates content).

SEARCH & FEEDS

Search
Maih Service
DB
Change
Stream/ —
Indexer

Elasticsearch l
Index

‘ Results
A job board that syncs listings from its

main DB to Elasticsearch to enable fast
keyword and location-based searches

Example: A job board syncs listings from its main DB to Elasticsearch to enable fast keyword
and location-based searches.

Grokking the System Design Interview




DesignGurus.io

10. Processing & Analytics
Many systems need background processing for analytics, reporting, or data transformation.

Explain how you will handle batch processing vs stream processing.

Batch jobs might be daily or hourly tasks (for instance, aggregating logs or computing
recommendations once a day) and could be managed by a scheduler like Cron or a workflow
engine.

Stream processing deals with real-time data flows (for example, using frameworks like Kafka
Streams or Spark Streaming) to update metrics or trigger actions within seconds of events
happening.

Whichever the case, emphasize making these jobs idempotent — they should be able to run
multiple times or restart partway without causing duplicate results (so if a job fails and restarts, it
won’t double-count data).

Identify where you will store large processed data or analytics results — perhaps in a data
warehouse or data lake — separate from your production DB, so that running heavy analytical
queries won't affect user-facing operations.

Additionally, mention how the system will collect metrics and support experiments: for instance,
tracking key business and system metrics (user engagement, error rates, etc.) and possibly
enabling A/B testing or feature flags to experiment with improvements.

This shows that your design isn’t just about handling current actions, but also about learning
and improving over time using data.
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PROCESSING & ANALYTICS
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Example: A streaming platform aggregates daily user watch data via Spark jobs to produce
engagement and retention dashboards.

11. Reliability & Ops

Design for high reliability and easy operations by preparing for failures and variability in load.

Include health checks for services (so that load balancers or orchestration systems can detect
if an instance is unhealthy and route traffic away from it) and plan for failover mechanisms (for
example, if a primary database or data center goes down, a secondary can take over with
minimal disruption).

Use auto-scaling policies to add more servers or resources when load increases and scale
down when it decreases, ensuring the system can handle traffic spikes without manual
intervention.

Protect the system from overload by implementing rate limiting (restricting how many requests
a single user or client can make in a given time) and possibly circuit breakers in your services
(a pattern that stops calling a downstream service if it’s failing repeatedly, to prevent cascading
failures).
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Also, design for graceful degradation: if parts of the system are under extreme stress or some
dependency is failing, the system should still provide a basic level of service rather than a full
crash.

RELIABILITY & OPS
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Example: An API service uses health checks, autoscaling, and circuit breakers to stay
functional even when one downstream dependency fails.

12. Observability & Security

Explain how you will monitor the system and keep it secure.

Observability means having the right telemetry in place: collect logs (detailed event records),
metrics (numerical measures like request rates, CPU usage, latency percentiles), and traces
(end-to-end request tracking through different services) so that you can understand what’s
happening inside the system.

Set up dashboards that visualize these metrics and configure alerts for when something goes
wrong (e.g., error rate spikes or latency slowing beyond your SLO).

On the security side, enforce best practices from day one. Use TLS (HTTPS) to encrypt data in
transit and protect user privacy.
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Manage secrets (such as database passwords, API keys, certificates) carefully — for instance,
using a secure vault or environment variables — so they aren’t exposed in code or logs.

Implement RBAC (Role-Based Access Control) or appropriate authorization checks so that
users and services only access data and actions they’re permitted to. Include auditing for
sensitive actions, meaning the system should record who did what and when (useful for security
reviews and compliance).

Additionally, make sure your design considers privacy and compliance requirements (for
example, following GDPR guidelines if user data is involved or ensuring data retention/deletion
policies as needed).

By addressing observability and security, you demonstrate that the system will be maintainable,
diagnosable, and safe against threats.

OBSERVABILITY & SECURITY

. il A
_)% - .

Fintech TLS » Encryption
app » Audit Logs
» Metrics

Example: A fintech app encrypts all data in transit with TLS, stores audit logs centrally, and
monitors latency and error metrics via Grafana.

13. Capacity & Cost

Show that you’ve thought about the practical limits and expenses of your design.

Perform a rough capacity planning exercise: estimate how much storage you’ll need (based on
data size per user * number of users, plus some headroom), how much bandwidth or throughput
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the system will use, and how many servers or instances might be required to handle the
expected load.

It's good to have a buffer (headroom, say 20-30%) above the estimates to accommodate growth
or traffic bursts.

Discuss how you can scale economically — for example, using auto-scaling to add resources
only when needed, and perhaps using cloud managed services that can scale seamlessly.

Be ready to mention cost considerations: for instance, the approximate cost per million
requests served or per GB of data stored/processed, just to show awareness of budget.

If one part of the design is particularly expensive, note if there are cheaper alternatives or why
the cost is justified (maybe it simplifies the system or is needed for performance).

By covering capacity and cost, you reassure that the design is not only technically sound but
also practically feasible to implement and run over time.

CAPACITY & COST

o
5TB/ AN
month = —>
uploads Image
User Compression S3
Service
Capacity & Cost

Example: A photo-sharing app projects 5TB/month of new uploads and optimizes by
compressing images and offloading storage to S3.
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14. Trade-offs & Future

Acknowledge the key design decisions you made, the alternatives, and how the system can
evolve.

Discuss important trade-offs in your design — for example, choices related to the CAP theorem
(did you favor strong consistency or high availability in your data storage, and why?), or any
time you balanced correctness vs. performance, simplicity vs. complexity, etc.

Be transparent about what your design optimizes for and what it sacrifices, as this shows you
understand there is no one “perfect” solution, only appropriate choices for the requirements.

Also, consider the future: explain how the system could be extended or improved as
requirements grow. This might include new features, scaling to many more users, or
incorporating new technologies.

Importantly, outline a rollout and migration plan for any significant future changes — meaning,
if you were to change a major component or migrate data, how would you do it safely?

(For example, gradually shifting traffic to a new service, using feature flags, performing data
migration in phases, ensuring backward compatibility during the transition, etc.)

By covering trade-offs and future plans, you demonstrate strategic thinking — that you can not
only deliver a solution for now but also anticipate how to adapt it and handle changes down the
road.

Example: A chat app chooses eventual consistency for message delivery to stay fast and
available during high traffic, with read repairs later.

15. Interview Flow (Time-Boxed)

If you're in a system design interview scenario, managing your time and covering topics
methodically is crucial.

A good approach is to structure the discussion in phases: start with ~2 minutes of clarifying
the requirements and scope (to make sure you and the interviewer agree on what’s being
designed).

Spend the next ~3 minutes on high-level estimations and constraints — mention the expected
scale and any key assumptions to set context.

Then use around 10 minutes to sketch and explain your high-level design (covering the main
components and data flow as we discussed).

Grokking the System Design Interview




DesignGurus.io

After that, allocate about 8 minutes for a deep-dive into a couple of important or tricky
components — this could be discussing the database schema in detail, a specific algorithm, or
how a particular feature (like caching or queueing) works in your design.

Finally, reserve ~2 minutes at the end to address any remaining issues, discuss potential risks
or trade-offs, and summarize your design decisions.

This time-boxed flow ensures you hit all the important points.

It helps you communicate clearly under interview pressure and demonstrates to the interviewer
that you can organize your thoughts and cover a broad problem space within a limited time.

Example: For “Design Instagram,” spend 2 min on scope, 3 on scale estimates, 10 on
architecture, 8 on storage and caching, and 2 on trade-offs summary.

Wrapping Up

Open-ended system design question can be intimidating, especially for newcomers, because it's
not always clear where to begin or what aspects to cover.

Many beginners struggle with exactly that: knowing the starting point and ensuring they’ve
covered all the important parts of the system.

By following the System Design Master Template above, you can tackle any system design
problem methodically — making sure you address everything from requirements and data
storage to scaling and security — and thus gain confidence that you haven’t missed any critical
aspect.

Check out the 7-Step System Design Interview Guide.

To master system design, explore these courses:

1. Grokking System Design Fundamentals — The perfect starting point to understand
how real-world systems work, from load balancers to databases, in a simple and visual
way.

2. Grokking the System Design Interview — Your go-to guide to confidently approach any
FAANG-level system design interview with clarity and structure.

3. Grokking the Advanced System Design Interview — Learn how to think like a senior
architect and tackle complex design problems involving scalability, consistency, and
reliability.

4. Grokking Microservices Design Patterns — Dive deep into the art of microservices
architecture with practical patterns that power modern, distributed applications.
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