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Foreword

We are delighted you are joining us to become better equipped for system design inter-
views. System design interviews are the most difficult to tackle of all technical interview
questions. The questions test the interviewees’ ability to design a scalable software sys-
tem. This could be a news feed, Google search, chat application, or any other system.
These questions are intimidating and there is no fixed pattern to follow when tackling
them. The questions are usually very broad and vague. They are open-ended, with sev-
eral plausible angles of attack, and often no perfect answer.

Many companies ask system design interview questions because the communication and
problem-solving skills they test for are similar to the skills that software engineers use
in their daily work. A candidate is evaluated on how they analyze a vague problem and
how they solve it, step by step.

System design questions are open-ended. As in the real world, a design can have numer-
ous variations. The desired outcome is an architecture that satisfies the agreed design
goals. The discussions may go in different directions. Some interviewers may choose
high-level architecture to cover all aspects of the challenge, whereas others might focus
on one or more specific areas. Typically, system requirements, constraints, and bottle-
necks should be well understood by the candidate, to shape the direction of the inter-
view.

The objective of this book is to provide a reliable strategy and knowledge base for ap-
proaching a broad range of system design questions. The right strategy and knowledge
are vital for the success of an interview.

This book also provides a step-by-step framework for how to tackle a system design
question. It provides many examples to illustrate the systematic approach, with detailed
steps that you can follow. With regular practice, you will be well-equipped to tackle
system design interview questions.

This book can be seen as a sequel to the book: System Design Interview - An Insider’s
Guide (Volume 1: https://bit.ly/systemdesigning). Although reading Volume 1 is helpful,
it is not a necessity to do so before you read this. This book should be accessible to readers
who have a basic understanding of distributed systems. Let’s get started!



Additional Resources

This book contains references at the end of each chapter. The following Github repositar,,
contains all the clickable links.

https://bit.ly/systemDesignLinks

You can connect with Alex on social media, where he shares system design interviey
tips every week,

L_J twitter.com/alexxubyte

in| bit.ly/linkedinaxu
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1 Proximity Service

In this chapter, we design a proximity service. A proximity service is used to discover
nearby places such as restaurants, hotels, theaters, museums, etc., and is a core com-
ponent that powers features like finding the best restaurants nearby on Yelp or finding
k-nearest gas stations on Google Maps. Figure 1.1 shows the user interface via which
you can search for nearby restaurants on Yelp [1]. Note the map tiles used in this book
are from Stamen Design [2] and data are from OpenStreetMap [3].
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Figure 1.1: Nearby search on Yelp

Step 1 - Understand the Problem and Establish Design Scope

Yelp supports many features and it is not feasible to design all of them in an interview
session, so it’s important to narrow down the scope by asking questions. The interactions
between the interviewer and the candidate could look like this:

Candidate: Can a user specify the search radius? If there are not enough businesses
within the search radius, does the system expand the search?



'n"(‘l"'iewer 1]13"‘ a fIr(‘ﬂt q”(‘g'll\r] '1("\: assume we "Hl\ CAre ]"u: it i-v( MNessIr s with.,
a specified radius. If time allows, we can then discuss how to expand the search if they,
are not enough businesses within the radius.

Candidate: What's the maximal radius allowed? Can I assume it’s 20km (12.5 miles,
Interviewer: That's a reasonable assumption.

Candidate: Can a user change the search radius on the UI?
Interviewer: Yes, we have the following options: ().5km (0.31 mile). lkm (0.62 mile,
2km (1.24 mile), 5km (3.1 mile), and 20km (12.42 mile).

Candidate: How does business information get added, deleted, or updated? Do we nee
to reflect these operations in real-time?

Interviewer: Business owners can add, delete or update a business. Assume we have
a business agreement upfront that newly added/updated businesses will be effective the
next day.

Candidate: A user might be moving while using the app/website, so the search results
could be slightly different after a while. Do we need to refresh the page to keep the results

up to date?
Interviewer: Let’s assume a user’s moving speed is slow and we don’t need to constantly

refresh the page.

Functional requirements

Based on this conversation, we focus on 3 key features:

« Return all businesses based on a user’s location (latitude and longitude pair) and
radius.

« Business owners can add, delete or update a business, but this information doesn't
need to be reflected in real-time.

« Customers can view detailed information about a business.

Non-functional requirements
From the business requirements, we can infer a list of non-functional requirements. You
should also check these with the interviewer.

« Low latency. Users should be able to see nearby businesses quickly.

« Data privacy. Location info is sensitive data. When we design a location-based ser-
vice (LBS), we should always take user privacy into consideration. We need to com-
ply with data privacy laws like General Data Protection Regulation (GDPR) [4] and
California Consumer Privacy Act (CCPA) [5], etc.

« High availability and scalability requirements. We should ensure our system can
handle the spike in traffic during peak hours in densely populated areas.

2 | Chapter 1. Proximity Service



Back-of-the-envelope estimation

Let's take a look at some back-of-the-envelope calculations to determine the potential
scale and challenges our solution will need to address. Assume we have 100 million daily
active users and 200 million businesses.

Calculate QPS

« Seconds in a day = 24 x 60 x 60 = 86,400. We can round it up to 10° for easier
calculation. 10® is used throughout this book to represent seconds in a day.
+ Assume a user makes b search queries per day.
100 million x 5

» Search QPS =
earch QPS 105

= 5,000

M

Step 2 - Propose High-level Design and Get Buy-in

In this section, we discuss the following;

- API design
+ High-level design
» Algorithms to find nearby businesses

« Data model

API design
We use the RESTful API convention to design a simplified version of the APIs.
GET /v1/search/nearby

This endpoint returns businesses based on certain search criteria. In real-life applications,
search results are usually paginated. Pagination [6] is not the focus of this chapter, but
is worth mentioning during an interview.

Request Parameters:

Field Description Type
latitude | Latitude of a given location decimal
longitude | Longitude of a given location decimal
radius Optional. Default is 5000 meters (about 3 miles) | int

Table 1.1: Request parameters

g

L
"total": 18,
"businesses":[{business object}]

}

The business object contains everything needed to render the search result page, but we
may still need additional attributes such as pictures, reviews, star rating, etc., to render

Step 2 - Prépose High-level Design and Get Buy-in | 3



the business detail page. Therefore, when a user clicks on the business detail page_a g,
endpoint call to fetch the detailed information of a business is usually required.

APIs for a business

The APIs related to a business object are shown in the table below.

API Detail o |
GET /v1/businesses/:id Return detailed information about a })Llﬁij_e_sji
POST /v1/businesses Add a business ]
PUT /v1/businesses/:id Update details of a business -

DELETE /v1/businesses/:id | Delete a business ‘ﬁﬂ

Table 1.2: APIs for a business

If you are interested in real-world APIs for place/business search, two examples are
Google Places API [7] and Yelp business endpoints [8].

Data model

In this section, we discuss the read/write ratio and the schema design. The scalability of

the database is covered in deep dive.

Read/write ratio
Read volume is high because the following two features are very commonly used:

« Search for nearby businesses.

» View the detailed information of a business.
On the other hand, the write volume is low because adding, removing, and editing busi-
ness info are infrequent operations.
For a read-heavy system, a relational database such as MySQL can be a good fit. Let’s

take a closer look at the schema design.

Data schema
The key database tables are the business table and the geospatial (geo) index table.

Business table

The business table contains detailed information about a business. It is shown in Table
1.3 and the primary key is business_id.

4 | Chapter 1. Proximity Service
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business_id PK
address

city

state

country

latitude

longtitude

Table 1.3: Business table

Geo index table

A geo index table is used for the efficient processing of spatial operations. Since this table
requires some knowledge about geohash, we will discuss it in the “Scale the database
section on page 24.

High-level design

The high-level design diagram is shown in Figure 1.2. The system comprises two parts:
location-based service (LBS) and business-related service. Let’s take a look at each com-
ponent of the system.

7 Step 2”- Propose High-level Design and Get Buy-in | 5
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Figure 1.2: High-level design

Load balancer
The load balancer automatically distributes incoming traffic across multiple services.
Normally, a company provides a single DNS entry point and internally routes the AP

calls to the appropriate services based on the URL paths.

Location-based service (LBS)
The LBS service is the core part of the system which finds nearby businesses for a given
radius and location. The LBS has the following characteristics:

« It is a read-heavy service with no write requests.

« QPS is high, especially during peak hours in dense areas.
« This service is stateless so it’s easy to scale horizontally.

Business service
Business service mainly deals with two types of requests:

- Business owners create, update, or delete businesses. Those requests are mainly write

operations, and the QPS is not high.
- Customers view detailed information about a business. QPS is high during peak

hours.

6 | Chapter 1. Proximity Service



Database cluster

The database cluster can use the primary-sccondary setup. In this setup, the primary
database handles all the write operations, and mulliple replicas are used for read oper-
ations. Data is saved to the primary database first and then replicated to replicas. Due
to the replication delay, there might be some discrepancy between data read by the LBS
and the data written to the primary database. This inconsistency is usually not an issue
because business information doesn’t need to be updated in real-time.

Scalability of business service and LBS

Both the business service and LBS are stateless services, so it’s easy to automatically add
more servers to accommodate peak traffic (e.g. mealtime) and remove servers during off-
peak hours (e.g. sleep time). If the system operates on the cloud, we can set up different

regions and availability zones to further improve availability [9]. We discuss this more
in the deep dive.

Algorithms to fetch nearby businesses

In real life, companies might use existing geospatial databases such as Geohash in Redis
[10] or Postgres with PostGIS extension [11]. You are not expected to know the inter-
nals of those geospatial databases during an interview. It’s better to demonstrate your
problem-solving skills and technical knowledge by explaining how the geospatial index
works, rather than to simply throw out database names.

The next step is to explore different options for fetching nearby businesses. We will list
a few options, go over the thought process, and discuss trade-offs.
Option 1: Two-dimensional search

The most intuitive but naive way to get nearby businesses is to draw a circle with the pre-
defined radius and find all the businesses within the circle as shown in Figure 1.3.

Figure 1.3: Two dimensional search

Step 2 - Propose High-level Design and Get Buy-in | 7



This process can be translated into the following pseudo SQI. query:

SELEct business_id, latitude, longitude,

[ROM business
WHERE (latitude BEIWEEN {:my_lat} - radius AND {:my_lat} *+ radiy

AND
(longitude BETWEEN {:my_long} - radius AND {:my_long} * radius)

This query is not efficient because we need to scan the whole table. What if we by,
indexes on longitude and latitude columns? Would this improve the efficiency? 4
answer is not by much. The problem is that we have two-dimensional data anfl the daty,,
returned from each dimension could still be huge. For example, as shown in Figure 14,
can quickly retrieve dataset 1 and dataset 2, thanks to indexes on longitude and latiy;,
columns. But to fetch businesses within the radius, we need to perform an inters,
operation on those two datasets. This is not efficient because each dataset containg |

of data.

dataset 2

——

90

= dataset 1
4 §
)
- 0

°
2

3
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-180 -90 0 20 180

Longitude (degrees)

Figure 1.4: Intersect two datasets

The problem with the previous approach is that the database index can only improv
search speed in one dimension. So naturally, the follow-up question is, can we map two-
dimensional data to one dimension? The answer is yes.

Before we dive into the answers, let’s take a look at different types of indexing methods

8 | Chapter 1. Proximity Service



In a broad sense, there are two types of geospatial indexing approaches, as shown in
Figure 1.5. The highlighted ones are the algorithms we discuss in detail because they are
commonly used in the industry.

« Hash: even grid, geohash, cartesian tiers [12], etc.

« Tree: quadtree, Google S2, RTree [13], etc.

Index
Hash Tree
Even Grid Geohash CaTr}gfsian Quadtree Google S2 RTree

Figure 1.5: Different types of geospatial indexes

Even though the underlying implementations of those approaches are different, the high-
level idea is the same, that is, to divide the map into smaller areas and build indexes
for fast search. Among those, geohash, quadtree, and Google S2 are most widely used
in real-world applications. Let’s take a look at them one by one.

Reminder

In a real interview, you usually don’t need to explain the implementation details of
indexing options. However, it is important to have some basic understanding of the
need for geospatial indexing, how it works at a high level, and also its limitations.

Option 2: Evenly divided grid

One simple approach is to evenly divide the world into small grids (Figure 1.6). This way,
one grid could have multiple businesses, and each business on the map belongs to one
grid.
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