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This is the third article in a series on backend development in Go that aims to teach
understanding of how backend is put together, rather than just lego-like assembly of
pre-built components. This article will try to be accessible on it’s own, but it will be
much easier to follow if you’ve read the first and second articles in the series.

A brief note before we begin: it’s wild how well the first two articles went over - 60,000
views and counting from reddit alone! An encouraging sign, to say the least. Anyways,
let’s get to it.
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1. Review

« In the first article, we went through the components of the internet up to HTTP -
TCP, IP, & DNS, and built our own HTTP library and basic servers.

« In the second article, we went on a tour through the standard library’s networking
packages and demonstrated how to build HTTP servers and clients in practice,
rather than theory.

« In this third article, we’ll put the pieces together by covering our final missing
pieces.

othe database/sql package (how to connect to a database)

> dependency injection for clients & servers (how to put a database in our
server)

> middleware (adding sophisticated behavior to our servers and clients, like
authentication, logging, and tracing)

o routing requests to the correct handler.
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 The fourth article will be an opinion piece on software design and frameworks in
the large. It may not come out; only if I think I can do it justice rather than make
Yet Another Software Rant.

2. Databases

Sooner or later your backend project will need to store data that falls into one or more
of the following categories:

» Persistent - data that needs to be stored for longer than the lifetime of a single
process; i.e, across program or system restarts.

» Shared - data that needs to be accessed by multiple processes or systems.

 Large - data that’s too large to keep in memory.

There are a variety of ways to solve these problems, including but not limited to:

« writing to files (either locally, using a networked filesystem, or something like aws
s3)

» using a key-value store like redis or memcached

« using a traditional relational database like postgres or mysql

But traditional relational databases are by far the most common, so we’ll focus on that
for now. Specifically, we will use PostgreSQOL, a popular open-source relational database.
SQL is too large of a topic to cover in this article, so I’ll assume you have some
knowledge and stick to the parts about integrating it with Go and backend development
specifically. I hope to eventually do an article series covering SQL and databases more
in-depth.

2.1. Connecting to a Database

Like most databases, PostgreSQL is a client-server application that uses the TCP/IP
stack to communicate with clients. We covered the TCP/IP stack in the first article, so
we won’t go into detail here. Unlike our servers so far, which used HTTP on top of that,
postgres uses it’s own binary application-level protocol. If we wanted to communicate
with postgres directly, the process would look broadly similar to the HTTP-by-hand we
did in the first article. Starting with a URL like “postgres://user:password @host:port/
database”, we’d do something like this:

e Use net.ResolveTCPAddr to resolve the hostname and port to an IP address.

e Use net.DialTCP to connect to the server.

« Spin up a goroutine to listen for responses from the server, and another to send
requests to the server, communicating between them using channels or another
synchronization primitive.
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Unlike HTTP, however, the postgres protocol is not human-readable, and parsing the
requests and responses would be a lot of work, so this time we’ll skip straight to using
libraries. Specifically, the database/sql package from the standard library.

2.2.database/sql

The database/sql package provides a unified interface for interacting with SQL
databases. Each different database needs it’s own driver, which is registered at import
time by convention. A couple of notes before we get started:

» Even though the overall interface is generic, your queries must be written in the
SQL dialect of the database you’re using; there’s no abstraction layer for that. In
particular, watch out for differences in parameter placeholders: postgres uses $1,
$2, etc, while mysql uses ?.

« Similarly, the error messages are specific to the database you’re using and not
particularly helpful. You’ll need to read the documentation for your database to
understand what they mean.

While Go provides a standard interface for interacting with databases, it does not
provide drivers to make the actual connections and translate the requests and responses
to and from the database’s protocol. That’s the domain of third-party drivers. The
github.com/jackc/pgx/v5 provides such a driver for postgres.

If we want to use it, we’ll need to import that package, like so:

import (
"database/sql"

"github.com/jackc/pgx/v5"

Note the *_’: this is a “blank import”, which means that we’re importing the package for
it’s side effects (that is, registering the driver).

2.3.sql.Open

The sq1.0pen function connects to a database and returns a *sq1l . DB object that we
can use to interact with it. It takes two arguments: the name of the driver, and a
connection string. The connection string is driver-specific, but for postgres it looks like
this:

"postgres://user:password@host:port/database?sslmode=mode"
That is, it’s a URL with the following required parameters:

e user - the username to connect with
» password - the password to connect with
* host - the hostname of the database server
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e port - the port to connect to
e database - the name of the database to connect to

And a query parameter:

» mode - whether to use SSL to connect to the database. This is required for most
hosted databases, but we’ll disable it for now.

We covered URLs in detail in the first article, so this should be pretty familiar.

By convention, postgres uses port 5432. Usually, you’ll want to store either the entire
connection string or the individual components in environment variables, so that you

e can change them without recompiling your program
 don’t leak secrets like passwords into your source code or compiled binaries.

The following table shows the environment variables we’ll use, and their corresponding
components of the connection string:

connection string

env var component note

PG_USER user

PG_PASSWORD password be careful not to leak this!

PG_HOST host

PG_PORT bort integer in range 0-65535; 5432 for postgres

by convention
PG_DATABASE database
PG_SSLMODE mode disable or require;optional

2.4. Sidenote: configuration

A brief note on configuration: as backend programs grow, they tend to accumulate a lot
of configuration, which if not carefully managed can make programs fail in mysterious
ways.

It’s always good to let the user know which configuration knobs they’re missing,
rather than just failing with a cryptic error message. Configuration struggles are a
common source of frustration for developers: spending a little bit of time early on error
messages will save you a lot of time in the long run.

I’ve written a handy library for environment variables, enve for this purpose, but for
now, we’ll do it by hand: the concept is easy.

Installing and configurating databases can be a bit tricky, so for the purpose of this
article, we’ll use the wonderful fergusstrange/embedded-postgres to stick the
database directly in our binary. This obviously isn’t suitable for production, since you’ll
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have no persistent storage, but it’s great for testing and development, and means that
my examples will work right out of the box for you on a variety of platforms.

The following complete program, dbping, sets up an embedded postgres database and
connects to it, pinging it to make sure we can connect.

2.4.1. DB Example 1: dbping

package

import (




(

( .

( .
(uint32(




string

string

O (
[1string

string) string {
(key)

append (




() string {

Let’s build and run it:

go build -o dbping ./dbping.go
./dbping

OUT:

2023/09/17 09:52:45 missing 5 required environment
variable(s): [PG_DATABASE PG_HOST PG_PASSWORD PG_PORT
PG USER]

Whoops; we forgot to set the environment variables. Good thing we added those error
messages.
Let’s try again:

=postgres =admin =localhost
=5432 =postgres ./dbping

OUT:

pq: SSL is not enabled on the server

SSL, or Secure Sockets Layer, is a protocol for encrypting network traffic; it’s the S in
HTTPS. (This article series won’t get into SSL and HTTPS, but you should, on your own
time.) Let’s set the PG_SSLMODE environment variable to “disabled”:

=postgres =admin =localhost

=5432 =postgres =disable ./

dbping
OUT:



2023/09/17 10:14:14 postgres configuration error: invalid

sslmode "disabled": expected one of "", "disable", "allow",
"require", "verify-ca", or "verify-full"

... looks like it’s disable, not disabled. One last time:

=postgres =admin =localhost
=postgres =disable ./

OUT:

2023/09/17 10:15:19 postgres 1is running on: postgresql://

postgres:admin@localhost:5432/postgres
2023/09/17 10:15:19 ping successful

OK, looks good. Little configuration errors like this can easily stall a project for hours or
days, so it’s worth taking the time to make sure your error messages are clear and
helpful. If you run into a configuration error, take the time to add a message that
guides your next user to the solution; after all, that next user might be you.

2.5. Using *sqgl.DB

The following table summarizes the basic API of *sq1l.DB. Note that all methods take a
context.Context as their first argument. Never use the non-Context versions of
these methods; they are a deprecated API. If you’re not sure what context to use,
use context.TODO().

Method Returns Description Use Cases

) Ping the database to ensure a
PingContext error § the cat Health check
connection is made.

Result, Execute a query that does not return Create, Update,

ExecContext
error TOWS. Delete

Execute a query that returns a single Single item

QueryRowContext Row
row. lookup

Rows,

QueryContext
error

Execute a query that returns rows.  All other queries

[ had a big section here where I demonstrated the APIs, but it quickly grew so big it
completely overwhelmed the rest of the article, which is already over twice as long as
part 2. Instead, I’ll just point you to the official docs for the database/sql package
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3. Dependency Injection, or, “how do I put a database
in my server?”

So far when we’ve created http handlers, they’ve been self-contained: they don’t depend
on anything outside of themselves; that is, they’re just

func(http.ResponseWriter, *http.Request)s.Butin the real world, we’ll want
to access a database, cache, message queue, or other outside dependency from within
our handlers.

The simplest and best way to handle this is to pass the dependencies in as arguments
to a function that creates the handler.

That is, instead of:

inject the dependency:




}

Alternatively, you can declare a struct containing the dependencies and let that struct
implement the http.Handler interface:

I recommend you stick with closures, since they are lighter-weight: the code is only in
one place rather than two, and you don’t need to create a new struct type for each
handler.

We’ll use dependency injection repeatedly throughout the rest of this article, especially
while writing middleware.

4. client middleware

There’s a lot of shared behavior we might want to add to many of our outgoing HTTP
requests.

A few things that come to mind off the top of my head:

 Timing how long it takes for a request to complete

» Adding an authorization header

« Retrying failed requests with exponential backoff

* Collecting metrics on the number of requests made to each endpoint

» Logging failed requests

» Set Accept-Encoding: gzip header onrequests to let the server know we can
handle gzipped responses

 Transparently unzip responses sent with the 'Content-Encoding: gzip'
header (actually, go’s http client does this for us already, but sshhh)

* etc, etc, etc

The total weight of this code is probably substantial. If we added all of these behaviors
to simple routes that just make a GET request and unmarshal the response to JSON, our
‘wrapper’ code would quickly dwarf the actual business logic.



Another approach might be to make our own DoRequest function that would
encapsulate all this behavior. This is certainly possible, though it gets rather complex.
Here’s what that might look like for a subset of the above behaviors:

<= 200 && < 400:

<= 400 &% sc < 500:
(
)




Then we could simply replace client.Do with DoRequest(client, r).

This has some advantages:

 Only one place to look
 Simple control flow
» Easy to add new functionality

But things get difficult very quickly if we want to be able to add some but not all of this
functionality to a request. For example:

» Different routes might need different authorization headers (what if we’re hitting
two different services?)

» One route might need a longer timeout b/c it’s known to be slow.

« Some routes must be rate limited to avoid overloading the server, but others are
O.K. to hit as hard as we can.

What we really need is some kind of composability, where we can quickly apply some of
the options to a client on an as-needed basis. We can build such a system by using
middleware. Let’s talk about how http.Client works first:

when we call Client. Do, the client sends a request to the server by calling the
RoundTrip method onit’s http.RoundTripper,which is usually
http.DefaultTransport. That RoundTrip method does all the low-level work of
sending the request and receiving the response that we covered in the first article
(though, admittedly, in a much more sophisticated way).

If we substituted out that RoundTripper for our own, we could intercept the request
and modify it before it’s sent to the server. We could also intercept the response and
modify it before it’s returned to the caller. We’d just have to make sure to eventually call
the original RoundTr ip method, so that the request actually gets sent to the server.

That’s exactly what middleware does. Essentially, middleware “wraps” a client, sitting
between it and the outside world. It modifies requests and responses as they pass
through it, and can short-circuit the request/response cycle entirely.

Our desired API will look something like this:
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4.0.1. Building Client Middleware

The RoundTripper interface looks like this:

We’ll follow the example of the http.HandlerFunc and build a RoundTripFunc type
that implements this interface:

4.1. Client Middleware without Dependencies

Let’s build a package, c1ientmw, and implement a few simple middlewares. Each
middleware will be a function that takes a http.RoundTripper and returns a
RoundTripFunc that wraps it.

The most basic kind of middleware has no other arguments, and simply wraps the
RoundTripper in a closure. Here’s an example:

package




4.2. Client Middleware with Injected Dependencies

But generally speaking you’ll want to pass some arguments to your middleware,
injecting the dependencies.

For example, we might want to have configurable retries:

package

error
uint(0) ;
> 0 {

(




D= . ; q
<= 200 && < 400:

’

<= 400 && < 500:
(

4.3. Context and Request Metadata

Most middleware modifies the context of the request; this allows later middlewares to
access the values set by earlier ones. For example, we may wish to trace our requests,
adding a unique ID to each request that will be be associated with every log and carried
from service to service via the headers. We can do this with a middleware that keeps
track of a Trace struct in the context.

Additionally, we’ll use the github.com/google/uuid package to generate unique
IDs. I talk about uuids in some detail in my article on simple byte hacking; don’t worry
about it for now.

package
import
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We’ll use the following generic methods to add and retrieve values of a type from a
context. See my article on Go quirks and tricks, pt 1 for more details on how this works.

package
[

4.4. Tracing & Logging Requests (client-side)

Let’s put together a Trace middleware that adds a Trace struct to the context and adds
the X-Trace-1ID and X-Request-ID headers to the request.

package
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Let’s pick up this trace in the next middleware, one that adds a logger to our requests.
We’ll just use the standard library’s unstructured 1og package for now.

Note: In practice you should probably use a structured logger. Both rs/
zerolog and uber-go/zap are popular choices, and the standard library
has recently introduced it’s own structured logging package, log/slog.I
can happily recommend any of these. But for now, we’ll dodge the question
entirely and leave logging and metrics for a future article.

This will supersede our original TimeRequest middleware, so we’ll add the timing logic

here as well.

package
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4.5. Using Client Middleware

Using our middleware is simple. We just wrap the http.DefaultTransport with our
middleware, and use it to build a new http.Client. It’s important to note that
middleware is applied “first-in, last-out”; that is, the first middleware we apply will be
the last one to run, and the last middleware we apply will be the first one to run!

Let’s test this out. The following full program, clientmiddlewareex makes a GET

request to the specified URL, and prints the response body to stdout, using our
middleware.

package

import (




go run clientmiddlewareex.go https://eblog.fly.dev

OUT:

2023/09/12 06:43:53 middleware: begin trace

2023/09/12 06:43:53 middleware: begin log

2023/09/12 06:43:53 middleware: begin retryOn5xx
2023/09/12 06:43:53 middleware: end retryOn5xx

GET https://eblog.fly.dev/index.html: [8c63dffb-2901-4ebc-
bd7c-73ea8431f89e2 9a56e7e8-0621-42db-b087-7018cd6a3610] :
2023/09/12 06:43:53 clientmw.go:103: 200 OK in 88.321876ms
2023/09/12 06:43:53 middleware: end log

2023/09/12 06:43:53 middleware: end trace

Checking my server logs, I note that the request was received with the following
headers:

X-Request-Id: 9a56e7e8-062f-42db-b087-7018cd6a3610

X-Trace-Id: 8c63dffb-2901-4ebc-bd7c-73ea843f89e2

Looks like everything is working as expected. Let’s move on to server middleware.

A brief final note on client middleware: the documentation for RoundTripper
says that it shouldn’t modify the request or response. I disagree with this;
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it’s simpler and easier to intercept the RoundTripper than to build another
layer on top of http.Client. Over the years, this seems to be the consensus
for backend development in Go. If you disagree, you can always build your
own layer on top of http.Client that wraps it’s Do () method instead, like so:

We don’t need to define our own HandlerFunc type, because the standard library
already provides one.

We can use this to build our own middleware by wrapping handlers in a closure and
returning a HandlerFunc, the same way wrapped RoundTrippers in a closure and
returned a RoundTripFunc.

Let’s add traces and logs to our server. The implementation is broadly symmetrical to
the client middleware:
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ing Requests (server-side

package

import (




string

5.2. Intercepting Writes to the Response

Some server middleware may want to track or intercept writes to the response headers
or body. Let’s list a few examples:

« Automatically gzip-encode writes to the body if the client sent an "Accept-
Encoding: gzip header.

» Track the status code of the response so we can add it to our logs or metrics.

« Track the total number of bytes written to the response body so we can add it to
our metrics.

» Rewrite certain headers so as not to leak internal information to the client.

We can do this by wrapping the ResponseWriter in a custom struct that implements
the http.ResponseWriter interface. This is a bit more complex than wrapping a
RoundTripper or Handler. It’s easiest to demonstrate with an example.

The following middleware, RecordResponse and it’s associated
RecordingResponseWriter struct will track the status code and bytes written to the
response body, and log them when the request is complete.

package







[Ibyte) (int,

This RecordingResponseWriter is broadly similar to the one implemented by the
standard library’s httptest.ResponseRecorder. As usual, Go’s standard library uses
a small set of simple interfaces to cover a wide range of use cases.

5.3. Recovering from Panics

Let’s add one last server middleware, Recovery, to protect our server from unexpected
panics. While ideally we would write perfect code without panics, everyone makes
mistakes, and it would be good to be able to continue some service even if one of our
endpoints panics under certain conditions.

As before, our Recovery handle takes advantage of the log injected into the context (if it
exists). It’s good to have a ‘fallback’ for any context value you use, since context
values are not visible in the type signature or guaranteed to exist.
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([Tbyte(

5.4. Using Server Middleware

The following complete program, servermiddlewareex, implements a simple server
that serves two endpoints. GET /time returns the current time in RFC3339 format, and
GET /panic panics. Any other endpoint returns a 404.

package

import (




Let’s fire it up and visit http://1ocalhost:8080/time, http://
localhost:8080/panic,and http://1localhost:8080/foobar to see what
happens.

IN:

OUT (client):

localhost:8080/time: 2023-09-12T07:55:16-07:00
localhost:8080/panic: internal server error
localhost:8080/foobar: 404 page not found

OUT (server)

2023/09/12 07:50:39 listening on :8080

GET /time: [4c5ef2f9-cd58-4dec-a28f-770b5786fcba fcc3bOlb-
d18d-49a8-96b2-0514c7ac24c6]: 2023/09/12 07:55:16 200 OK: 26
bytes in 3.636us

GET /panic: [98f8f8cc-18ce-4b18-9044-3258c24e57el

88b97381-1866-4689-a23a-fac50beal®dal]: 2023/09/12 07:55:31

panic: oh my god JC, a bomb!

goroutine 6 [running]:

runtime/debug.Stack()
/usr/local/go/src/runtime/debug/stack.go:24 +0x5e

<snip... stack trace ...>

Looks like everything is working as expected. So far, we’ve covered (nearly) everything
you might have used a framework for:

» Requests



* Responses

» Middleware

« Serialization

» Dependency Injection

But we haven’t covered routing yet. Let’s fix that.

6. Routing

Routing is the process of matching a request to a handler via it’s METHOD and PATH. In
Go, there’s nothing particularly special about routing: it’s just something that the
Handler inside your Server does.

The most basic kind of routing is just a swi tch statement, like we saw above. That only
dealt with paths, but routing based off METHOD is just as easy: the following code is the
‘router’ that serves the website you’re reading this on.

6.1. simple routing

(

’

), int(d/ )%24, int(d/ ) %60, int(d)




=604800,

This is all you need for small programs. For convenience, Go’s stdlib comes with a
built-in Router, http.ServeMux, which uses a simple prefix-based matching scheme:
the longest prefix that matches the request path wins. It’s implemented like this:

string) (

ServeMux is perfectly fine for the vast majority of backend programs, but is not very

flexible: it doesn’t even support routing by METHOD. (Fhere-is-an-aceepted-proposal-te

add both this and wildcards to http. ServeMux, but it’s not implemented vet.)

More complicated routers, like the popular gorilla/mux, allow for routing by method, by
patterns matching regular expressions, and for extracting variables from the URL path.

Note to the reader

As of go 1.22, http.ServeMux has much more functionality. I’d stick with that
rather than using goril1la/mux. This article will still duplicate gorilla/
mux’s API rather than http. ServeMux, though - I don’t want to rewrite it.

I’ll quote their documentation here to give you an idea of what this looks like:

o ### gorilla/mux: quoted documentation
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—— GORILLA DOCUMENTATION STARTS HERE ———

Let’s start registering a couple of URL paths and handlers:

Here we register three routes mapping URL paths to handlers. This is equivalent to how
http.HandleFunc () works: if an incoming request URL matches one of the paths, the
corresponding handler is called passing (http.ResponseWriter, *http.Request)
as parameters.

Paths can have variables. They are defined using the format {name} or
{name:pattern}.If aregular expression pattern is not defined, the matched variable
will be anything until the next slash. For example:

The names are used to create a map of route variables which can be retrieved calling
mux.Vars():

Paths can have variables. They are defined using the format {name} or
{name:pattern}.If a regular expression pattern is not defined, the matched variable
will be anything until the next slash. For example:

The names are used to create a map of route variables which can be retrieved calling
mux.Vars():



—— GORILLA DOCUMENTATION ENDS HERE —-

6.2. Building a router with gorilla/mux-like syntax

Let’s build our own router that can handle expressions of this kind.

See the full code, including 100% test coverage, at https://go.dev/play/p/BBGLxgepogO.

6.2.1. Summary of API
The following table summarizes our external API:

Type/Func Description

A router that matches HTTP requests to

Router handlers based on the request path.

Router.AddRoute(pattern,

method, handler) Add a route to the router.

Serves the request by matching it against the

Router.S HTTP (w, i
outer.oserve (w, r) routes in the router.

Amap[string]string of path params to

PathVars their values

Vars(r) Returns the path parameters for the current
request, or an empty map if there are none.
Each route will contain a method (e.g, GET),a pattern(e.g, /articles/
{category}/{id:[0-9]+}),anda http.Handler.Patterns that match a regular
expression corresponding to the pattern will be dispatched to the handler.

That is, we’ll need to convert a pattern like /articles/{category}/{id: [0-9]+}
into a regular expression like */articles/ ([a-zA-Z]+)/([0-9]+)$, and extract
the path parameters from the request path, so that the server can find what we meant by
“category” and “id”.

Each route will look like this:

{

*

[Istring

string


https://go.dev/play/p/BBGLxqepogO

6.2.2. Building the Router

We’ll define a Router type that contains a slice of routes, matching against each in
turn:

{ L] }

We’ll need to compile the pattern into a regular expression, and extract the path
parameters from the pattern.

This entails keeping track of which names correspond to which capture groups in the
regexp.

While we could use named capture groups ((?P<name>. . .)), this is slow and bulky
and requires extra iteration. Instead, we’ll just keep track of the names in a slice, and
use the slice index to determine which capture group corresponds to which name.

That is,suppose we have pattern

/chess/replay/{white:[a-zA-Z]+}/{black:[a-zA-Z]+}/{id:
[0-9]+}

This should compile into the regexp

N/chess/replay/ ([a-zA-Z1+)/([a-zA-Z]1+)/([0-9]1+)%

With the names slice

[Istring{ , , }

We define a function, buildRoute, to do this:

[Istring,




'/
len(f) >= 2 && f[0O] && f[len(f)-1

{

len(f)-1]




We’ll obtain path parameters on the server by creating a map of path parameters to
their values, and adding it to the request context, reusing the ctxut il package we
wrote earlier.

Then, we’ll store those path parametersinamap[string]string and put the map in
the context. We’ll use a unique type for the map so that we can use ctxutil.Value to
retrieve it without stepping on any other context values. (A collision is unlikely, but it’s
good practice to avoid it anyway; types are free.)

[string]lstring

= make ( )

Adding routes is straightforward:

(r * )




int) bool {
) > len(

Building the routes was the hard part; actual dispatch is easy. We pick the first route
that matches the request path, add the relevant path segments to a map in the context,
and serve the request using the associated handler.

[1string,

)




This router is missing some important features: among other things, it doesn’t do any
kind of path normalization, it has no performance guarantees, and it doesn’t properly
handle URL and Regexp escaping and normalization. As such, unlike my usual advice, if
you need more sophisticated routing than the stdlib can provide, I suggest you use an
external routing library rather than build it yourself. But just use a router - don’t
use anything that forces you in to an entire ecosystem of libraries and frameworks.

That being said, this router is perfectly fine for small programs, and more importantly,
now you know how they work, so you can figure out how to fix them if they go wrong.

7. Graduation: Putting it all together

Let’s write ourselves a client and server that puts together all the pieces we’ve written
so far. Our server will route to multiple endpoints. Some of our routes will take a POST
json body, some will take query parameters, and still others will take path parameters.
We’ll use all the middleware we’ve written so far in order to log, trace, and recover from
panics.

The following program, graduation, implements a complete web server that
demonstrates all of the concepts we’ve covered so far.

7.1. building our router

First, we’ll use our router to register all the endpoints we want to serve.

package
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7.2. building & starting the server

In main, we’ll take the router we just built and add some of the server middleware we
previously wrote:

7.3. demo

The following program, graduationdemo, hits the server we just wrote with a variety
of requests, demonstrating all the endpoints we just wrote.

package




= []string{

[stringlstring{

len(g) > 0 {

+=




If you run both programs, you should see something like this (lightly edited and heavily
compressed for space):

/ / / /
- -4 -8 -7
-90ae-4 -85cd-4898456 1: 2023/09/18 10:59:04
39 28.093

/1.1 200
- . 39
- : /
, 18 2023 17:59:04

/ /
- -455e- -3

=/ -4 -8992-0 1: 2023/09/18 10:59:04
39 21.069

39
/
2023 17:59:04

/
%2C+02+ +2006+15%3 %3 &tz= %2
- -4 - -

- -43b1-9 -5 ]1: 2023/09/18 10:59:04
21.901

/1.1 200




/
2023 17:59:04

8. Testing HTTP servers

We’d like to have a better guarantee that our server is working correctly than just “it
seems to work when I run it”, though.

The httptest.Server listens on a random port and serves http using a provided
handler.

The following heavily annotated test suite demonstrates how touse http.Server and
table-driven tests to test our server.

package

import (



https://pkg.go.dev/net/http/httptest#Server
https://pkg.go.dev/net/http/httptest#Server
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ok gitlab.com/efronlicht/blog/articles/backendbasics/
cmd/graduation 0.005s

Or to give a little more detail:

IN:

go test -v ./... | RG

ouT

(0.00s)
(0.00s)
/ /->200- (0.00s)
/ /
(0.00s)
/ / ->403-

/ ->200- (0.00s)

9. Conclusion

That’s it! Congratulations on reading all, uh
IN

WC -W backendbasics.md backendbasics2.md backendbasics3.md

ouT

8152 backendbasics.md
5470 backendbasics2.md

10801 backendbasics3.md
24423 total

24,423 words of this series so far.

With luck, you should feel significantly more comfortable with the basics of building
backend infrastructure ‘from scratch’ (well, from the stdlib) in Go. This article is not
even close to comprehensive. Beyond the fact we only barely scratched the surface of



databases, there are many other topics we didn’t cover, which include but are not
limited to:

« authentication and authorization

» cryptography

 non-tcp transport-layer protocols (udp, unix sockets, etc)
» non-http application-layer protocols (grpc, thrift, etc)

» websockets

« foreign function interfaces (FFI)

« graph databases

« distributed systems

e concurrency

e etc etc etc.

A brief personal note before we finish up: I’'ve been blown away by the
positive response to this article so far. Last time I checked, my reddit post
about this article had nearly 60,000 views, well more than double the
response to my second-most-popular-article. Not bad, considering this
website has no link-trading, no click-bait, no SEO, no ads, ~~ and most
importantly ~~, no javascript - I've deliberately avoided doing any of the
things you’re “supposed” to do to get views on the internet, but an audience
has found me anyway. Nice to know web 1.0 has a little life left in it yet.

A note on libraries and frameworks: there’s nothing wrong with using someone else’s
code to solve a problem. I don’t expect you to walk away from this article, climb on to
the highest peak with nothing but a thin robe, a laptop, and a go compiler, and become
completely self-sufficient. Libraries are just fine, and we’ve used a few in this article. My
issue is with the attitude of reaching for a solution without knowing the problem the
solution is trying to solve. Taking the effort to try and build something yourself is the
only way to evaluate whether a library or framework is actually good or bad for your use
case.
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