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Introduction

One of my north stars is the Onsi Haiku Test:

Here is my source code.

Run it on the cloud for me.

I do not care how.
This is a radical notion of how software can best be developed, deployed,
upgraded, observed, managed, and improved. It must be, because so often it
emerges long after we’ve tried everything else first. It implies:

= That a fast, reliable path to production is a shared goal for everyone.

= That a crisp contractual boundary exists between folks who provide plat-
forms and folks whose work will consume the platform.

= That building software that handles other software is, for most developers,
not the most urgent, most valuable work they could be doing.

Kubernetes, by itself, doesn’t pass the Onsi Haiku Test. The boundary between
development and operation is unclear. Developers can’t walk up to a vanilla Kuber-
netes cluster, hand it raw source code, and get all the basic amenities of routing,
logging, service injection, and so on. Kubernetes gives you a rich toolbox for solv-
ing the haiku test in your own particular way. But a toolbox isn’t a machine. It’s a
toolbox.

This book isn’t about Kubernetes; it’s about Knative. Knative builds on the tool-
box Kubernetes provides, but also sets out to achieve a level of consistency, simplic-
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ity, and ease of use that brings Kubernetes much closer to meeting the Onsi Haiku
Test’s high standard. Knative is a machine.

While it has something to offer many different professional specialties, Knative is
primarily focused on the needs and pains of developers, to elevate them to the heights
of “I do not care how”. Kubernetes is amazing, but it never strongly demarcated what’s
meant to be changed or managed by whom. That’s a strength: you can do anything!
And a weakness: you could, and did, do anything! Knative provides crisp abstractions
that, by design, don’t refer to the grungy physical business of nodes and containers
and VMs. I'll also focus on developers in this book, referring to or explaining Kuber-
netes only when necessary to understand Knative.

What is Knative?

There are several ways to answer this question.

The purpose of Knative is to provide a simple, consistent layer over Kubernetes
that solves common problems of deploying software, connecting disparate systems
together, upgrading software, observing software, routing traffic, and scaling automa-
tically. This layer creates a firmer boundary between the developer and the platform,
allowing the developer to concentrate of the software they are directly responsible for.

The major subprojects of Knative are Serving and Eventing.' Serving is responsible
for deployment, upgrade, routing, and scaling. Eventing is responsible for connecting
disparate systems. Both Serving and Eventing have observability as concerns. Dividing
responsibilities this way allows each to be developed more independently and rapidly
by the Knative community.

The software artifacts of Knative are a collection of software processes, packaged
into containers that run on a Kubernetes cluster. In addition, Knative installs addi-
tional customizations into Kubernetes itself to achieve its ends. This is true of both
Serving and Eventing, each of which installs its own components and customizations.
While this may interest a platform engineer or platform operator, it shouldn’t matter
to developer. You should only care that it’s installed, not where or how.

The API or surface area of Knative is primarily YAML documents that declaratively
convey your intention as a developer. These are “CRDs”, Custom Resource Docu-
ments. They are, essentially, plugins or extensions for Kubernetes that look and feel
like vanilla Kubernetes does.

You can also work in a more imperative style using the kn CLI, which is useful for
tinkering and rapid iteration. I'll show both of these approaches throughout the book.

Let’s take a quick motivational tour of Knative’s capabilities.

1

If you look at early talks and blog posts about Knative, you'll see references to a third subproject, “Build”. Build

has since evolved and spun out into Tekton, an independent project. This decision moved Knative away from
the Onsi Haiku Test, but it also resolved a number of architectural tensions in Serving. Overall, it was the right
decision, but leaves you with the responsibility of deciding how to convert source code into containers. Happily,
there are many ways to do this, and I’ll introduce several later in the book.
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Deploying, upgrading, and routing

Deployment has evolved: what used to be a process of manually promoting software
artifacts through environments (with scheduled downtime, 200 people on a bridge
call all weekend ...) became continuous delivery and blue-green deploys.

But should deployment be all or nothing? Knative enables progressive delivery:
instead of requests arriving at a production system, which is entirely one version of the
software, they arrive at a system where multiple versions can be running together with
traffic being split between them. Deployments can proceed at the granularity of
requests, rather than instances. "Send 10% of traffic to v2” is different from “10% of
instances are v2”.

Autoscaling

Sometimes there isno traffic. Sometimes there’s too much traffic. One of these is waste-
ful, the other is stressful. Knative is ready with the Knative Pod Autoscaler, a request-
centric autoscaler that’s deeply integrated with Knative’s routing, buffering, and met-
rics components. The autoscaler can’t solve all your problems, but it will solve enough
that you can focus on more important problems.

Eventing

Easy management of HTTP requests will take you a long way, but not everything looks
like a POST. Sometimes we want to react to events instead of responding to requests.
Events might come from your software or external services, but they may arrive with-
out anyone requesting something. That’s where Knative Eventing for events comes into
focus. It enables you to compose small pieces of software into flexible processing pipe-
lines, connected through events. You can even prepare to process things that don’t
even exist yet (really).

So what?

I know your secret: somewhere in your repo is deploy.sh. It’s a grungy bash script that
does grep-and-sed and calls kubectl a bunch of times and has some sleeps, and
maybe you got ambitious so there’s a wget floating around in it too. You wrote it in a
hurry and of course, of course, of course you're going to do a better job, but right now
you're busy working getting this thing done before Q3, and you need to implement
floozlebit support and refactor the twizzleflorp and deploy.sh works well enough.

But this is always true for everything; there’s never enough time. Why, really, didn’t
you make the change yet?? Easy: it’s too hard. Too much work when you already have
enough.

Kubernetes itself is great, once you set it up. It absolutely shines at its core purpose
in life: reconcile the differences between the desired state of the system and the actual
state of the system on a continuous basis. If all you ever needed was to deploy your sys-

2 Those of you in the class who're pointing at their Spinnaker instances can lower your hands.
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tem once and let it run forever without changing it, then you’re good to go and lucky
you. The rest of us, however, are on the hedonic treadmill. We have desired worlds
that change. We ship bugs that need to be fixed, our users think of new features they
want, and our competitors make us scramble to answer new services.

And that’s how you wound up with the script. And doing a better job of deploy-
ment doesn’t seem urgent. After all: it works, right? Yes . . . if and only if your goal is to
be afraid to upgrade anything or to have umpteen slightly different versions of
deploy.sh floating around company repos or to write your own CD system without
intending to. Why bother? Let Knative toil for you instead.

I know two of your secrets. Your code knows a lot about all your other code. The
login service knows about the user service and the are-you-a-robot? service. It tells
them what it wants, and it waits for their answer. This is the imperative style, and with
it we as a profession have built incredible monuments to human genius. But we’ve
also built incredible bowls of spaghetti and warm compost.

It would be nice to decouple your services a bit, so that software responds to
reports of stuff happening, and, in turn, reports stuff that it did. This isn’t a novel con-
cept: the idea of software connected through pipes of events or data has sailed under
various flags and in various fleets for decades now. There are deep and important and
profound differences between all of these historical schools of thought. I will, in an
act of mercy, spare you any meaningful discussion of them. Because before you learn
how to chisel apart the monolith, you need a chisel and a hammer.

Where Knative shines

Knative’s focus on event-driven, progressively delivered, autoscaling architectures
lends itself to particular sweet spots.

Workloads with unpredictable, latency-insensitive demand

Variability is a fact of life: nothing repeats perfectly. Nothing can be perfectly pre-
dicted or optimized. Many workloads face demand variability: it isn’t always clear, from
moment to moment, what demand to expect.

The Law of Variability Buffering says that you can deal with demand variability by
buffering it in one of three ways:

1 With inventory: Something you produced earlier and have at hand. For exam-
ple, caching.
2 With capacity: Unused reserve capacity that can absorb more demand without
meaningful effect. For example, idle instances.
3 With time: By making the demand wait longer.
These are all costly. Inventory costs money to hold (RAM and disk space isn’t free),

capacity costs money to reserve (an idle CPU still uses electricity) and famously, “time
is money” and nobody likes to wait.



1.3.2

Where Knative shines 5

NOTE Inventory, capacity, and time are the only options for buffering vari-
ability. It’s basic calculus. Inventory is an integral, a sum of previous capacity
utilization and demand. Capacity is a derivative, a rate of change of inventory.
And time is time. You can rearrange the terms, and you can change their val-
ues, but you can’t escape the boundaries of mathematics. The only alternative
is to reduce variability so that you need less buffering in the first place.

Knative’s default strategy for buffering is time. If demand shows up but capacity is low
or even zero, Knative’s autoscaler will react by raising capacity and holding your
request until it can be served. That’s well and good, but it takes time to bring capacity
online. This is the famous “cold start” problem.

Does this matter? It depends on the nature of the demand. If the demand is
latency-sensitive, then maybe scaling to zero isn’t for you. You can tell Knative to keep
a minimum number of instances alive (no more pinging your function). But if it’s a
batch job or background process that can wait a while to kick off, buffering by time is
sensible and efficient. Let that thing drop to zero. Spend the savings on ice cream.

Regardless of sensitivity to latency, the other consideration is: how predictable is
the demand? Highly variable demands require larger buffers. Either you hold more
inventory, or more reserve capacity, or make folks wait longer. You have no alterna-
tives. If you don’t know how you want to trade these off, the autoscaler can relieves
you of dealing with common cases (see figure 1.1).

A
>
= Knative with Ye OId.e
= . capacity
= minimum scale .
7] planning
c
D
(5]
)
o
ko] Knative Batch / bulk
~ | with scale-to-0 processing
> Figure 1.1 Knative’s sweet spots in terms of
Demand Predictability latency sensitivity and demand predictability.

One thing Knative can’t do much to save you from is supply variability. That is, it can’t
make variability due to your software vanish, or magic away variability due to upstream
systems you rely on. How long your software takes to become live and how responsive
it is remains largely in your court. Upstream variability might be in your court, but
you’ll still be affected by it.

Stitching together events from multiple sources

Sometimes you have a square peg, a round hole, and a deadline. Knative won’t shave
the peg or hammer it into the hole, but Knative Eventing lets you glue things together
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so that you can achieve your original purpose. By design, Eventing is meant to receive
events from heterogenous sources and convey them to heterogenous consumers.
Webhook from GitHub? Yes. Pub/Sub message from Google? Yes. File uploaded? Yes.

A combination of these? Also yes, which is the interesting part. Relatively small,
consistent, standards-based interfaces allow many combinations of elements. To this,
Knative adds simple abstractions to enable you to go from dabs of glue to relatively
sophisticated event flows. As long as an event or message can be expressed as a
CloudEvent, which is pretty much anything ever, Knative Eventing can be used to do
something smart with it.

The flipside of generality is that it can’t be everything to everyone. Should you use
it for CI/CD (continuous implementation/continuous deployment)? Maybe. For
streaming data analysis? Perhaps. Business workflow processing? Reply hazy, try again.

The key is that for all of these, there are existing, more specialized tools that might
be a better fit. For example, you can build a MapReduce pattern using Knative. But
realistically, you won’t get anywhere near the kind of performance and scale of a dedi-
cated MapReduce system. You can build CI/CD with Knative, but now you have to do
homework to implement all the inflows and outflows (see figure 1.2).

A
,-.i‘ Knative
Q| Eventing
[}
e
3 CI/CD,
(1] workflow engines
RN
-~
o
g Batch / bulk
w processing
> Figure 1.2 Knative’s sweet spots in terms of event
Implementation Specialization heterogeneity and implementation specialization.

Where Knative can shine is when you want to connect a variety of tools and systems in
simple ways, in small increments. We all do this in our work, but typically it gets
jammed into whatever system that happens to have room for boarders. And so our
web apps sprout obscure endpoints or our CI/CD accumulates increasingly hairy
Bash scripts. Knative lets us pull these out into the open, so that they can be more eas-
ily tested, monitored, and reused.

Decomposing monoliths in small increments

Microservices describes a family of powerful architectural patterns. But getting to a
microservices architecture isn’t easy, because most existing systems aren’t designed for
it. For better or worse, they’re monoliths.
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Easy, you say: use the strangler pattern. Add microservices incrementally, route
requests to them so that the original code path goes cold, repeat until you’'re done.

Knative makes this easier in two ways. The first is that it’s good at the routing thing.
The concept of routing portions of traffic is key to its design. This matters because the
strangler pattern tends to falter once you’ve strangled the less-scary bits (look boss, we
broke out the cat GIF subsystem!) and move onto the parts where the big money lives.
Suddenly it’s a bit scarier, because (1) a cutover is a cutover, (2) a big-bang cutover is a
bet-your-job event, and (3) Knative makes it easier to stop believing in (1) and (2)
(see figure 1.3).

A
Ball of Mud
S
o9
S S Disciplined
= S Monolith
58
IS 3 Microservices
e
O] )
Knative
>
Toil Needed to Figure 1.3 Knative’s sweet spots in terms
Add a New Service of resisting temptation to grow a monolith.

The second way Knative makes strangulation easier is that you can deploy small units
easily. Knative has a deep design assumption that you’ll have a bunch of little func-
tions that will come and go. A function is less to recreate than a service. The smaller
you can start, the easier it is to start.

It’s a hit
Up to now, I've promised a lot: easier deployments, easier event systems, incremental
development, Martian unicorns—the usual stuff that everyone promises to develo-
pers. But I haven’t given you any concrete details. To support my pitch that we can
start in small increments, I’ll begin with one of the oldest, simplest examples of the
dynamic web and show how Knative makes it faster, smarter, and easier.

Remember hit counters (see figure 1.4)?

0.0.0 1 3 3 6 i

I'sure do. The first time I saw one, it blew my mind. It changed! By itself! Magic!




Not magic, of course, it was a CGI program, probably Perl.> CGI is one of the spiri-
tual parents of Knative?, so in its honor, we’re going to make a hit counter for MY
AWESOME HOMEPAGE, as shown in the following listing.

Listing 1.1 The awesome homepage HTML

<html>
<body>
<stylesbody { font-family: “awesomefont” }</styles>
<center>
<b>MY AWESOME HOMEPAGE</b><br />
<img src=“//hits.png” />
</centers>
</body>
</html>

First, let’s talk about the basic flow of requests and responses. A visitor to the home-
page will GET an HTML document from the web server. The document contains style
and, most importantly, the hit counter, as shown in figure 1.5.

bt | htd | | e | | b

— “GET/’\‘
e ‘H ////

MY AWESOME homepage
HOMEPAGE

0lolo[1]3]3]6] \e
200 OK
(3]

GET hits.png

(4] The flow of
200 OK — requests and responses.

Specifically:

The browser issues a GET request for the homepage.

The homepage service returns the HTML of the homepage.

The browser finds an img tag for hits.png. It issues a GET for hits.png..
A file bucket returns hits.png

In the old world, all of the processing needed to generate the hit counter would block
the webserver response. You’d submit your request, the web server would bestir the
elder gods of Camelbuk and then /CGI-BIN/hitctr.pl would render the image.
It might take a second or two, but nobody could tell, unless they were using one of
those blazing 28.8k modems.

¥ OK, using ImageMagick, but not magic magic.
* Two others are inetd and stored procedures.
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But now everyone is impatient: spending a few second to render an image that
could otherwise be served from a fast data path isn’t going to be acceptable. Instead
we’ll break that responsibility out and do it asynchronously. That way, the web server
can immediately respond with HTML and leave the creation of hit counter images to
something else.

How will the web server signal that intention? It won’t. Instead it will signal that a
hit occurred. Remember: the web server wants to serve web pages, not orchestrate
image rendering. Instead of blocking, it emits a new_hit CloudEvent.

Emits to where?

To a Broker, a central meeting point for systems in Knative Eventing. The Broker
has no particular interest in the new hit event, it merely receives and forwards events.
The exact details of who gets what is defined with Triggers. Each Trigger represents
an interest in a set of events and where to forward them to (see figure 1.6). When
events arrive at the Broker, it will apply each Trigger’s filter and, if it matches, for-
ward the event to the subscriber:

emitter

(0 foo_Tsvc
(<) &

"type": "bar"
"type":

Y
R

"Eool

@

"type": "bar"

Filters Subscribers

bar-svc

Figure 1.6 Broker applying Triggers to CloudEvents.

It’s Triggers that enable the incremental composition of event flows. The web server
doesn’t know where new_hit will wind up and doesn’t care. Given our new_hit, we
can start to tally up the count of hits. Already, we’re ahead of the 1999 status quo: we
could take our original Perl script and have it react to the new_hit event instead of
blocking the main web response.

But since we’re here, let’s go a step further. After all: is rendering images the actual
proper concern of a tallying service? When I perform an SQL UPDATE I don’t get back
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JPEG files. Instead I will have the tally service consume the new_hit and emit a new
count, which can then wing its way to other subscribers.
Putting it together in figure 1.7:

hit

counter D
<) @
"hits": 1337 "new hit"
Broker
(<)
homepage [ [~ "new hit"
[o[ofo[1[3]3]7]
. e Céb
" e 2hits™: 1337
<— PUT hits. | image ‘—‘ )

esspad renderer Figure 1.7 The flow of events.

1 The homepage service emits a new_hit event.

2 A Trigger matches new_hit, so the Broker forwards it to hit counter.

3 hit counter updates its internal counter, then emits a hits event with the
value of that counter..

4 Another Trigger matches for hits, so the Broker forwards it to image renderer

5 The image renderer renders a new image and replaces hits.png in the file
bucket.

And now, if the visitor reloads their browser, they’ll see that the hit counter has incre-
mented.

1.4.1 Trouble in paradise

Except, maybe, they don’t. To see why, let’s put the diagrams together in figure 1.8:
Note that I'm showing two sets of numbers, one for web request/response and
another for the event flow. This illuminates the important point: the web flow is syn-
chronous, the event flow is asynchronous. You knew that, but I handwaved away the con-
sequences, and now I need to slap my wrist. The distinction matters.

Because the event flow is asynchronous (see figure 1.9), there’s no guarantee that
hits.png will have been updated before the next visitor arrives. I might see 0001336,
reload and then see 0001336 again.” And that’s not all: where one visitor might see no
change, another visitor might observe that the hit counter jumps forward, because later
renderings can overwrite earlier renderings before they were served. And that’s not all!
An observer might see the count go backward, because the rendering that increased the

® Assuming that I used cache-disabling headers to force the browser to refetch each time.
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GET /
‘N
MY AWESOME homepage hit
HOMEPAGE counter
ololelikTE || ©
200 OK (3] P2)
"hits: 133% "new hit"
o Broker
200 OK 0
ﬂﬂﬂﬂﬂﬂ — "new hit"
GET hits. png
(5 ) .. {oJofof1[3]3]7] "hits": 1337
<«——— PUT hits.png image
renderer

Combining the flows in one diagram.

number to 0001338 might have finished before the rendering for 0001337 did. Or it
may be that the events arrived out of order. Or some events never even arrived.

I’'m not done. Remember how I said that hit counter was keeping a tally of hits?
I didn’t say where. If it’s just keeping a value in memory, then you have new problems.
For example, if Knative’s autoscaler decides that things are too quiet lately, it will

Blocks you Mocks you
- \ |
GET /

homepage

/ counter
\ 200 OK /

hit

MY AWESOME
HOMEPAGE

[ofoJo[1]3]3]6]

"hits": 1337 "new hit"

Broker

200 OK l
EEEIIIE — "new hit"
GET hits.png l
..{oJoJo[1]3]3]7] "hits": 1337
PUT hits.png image ¢
renderer

Synchronous flows can be inefficient. Asynchronous workloads can be inexplicable.
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reduce that number of hit counters to zero and pow, your tally is gone. Next time it
spins up, your hit count will be reset to zero. But if you have more than one hit
counter, they're keeping separate tallies. The exact hit count image at any moment
will depend on traffic, but not in the way you might have expected.

I'm describing stateless systems, of course. The answer is to keep state in a shared
location, separately from the logic that operates on it. For example, each hit counter
might be using Redis to increment a common value. Or you might get super fancy®
and have each instance listen for hits events. If the incoming event is a higher tally,
jump to that value and hope you’re not participating in an infinite event loop.

You’ve probably noticed that my focus has been on an already-deployed system.
That’s the bad news. The good news is that you can fix a key bug I introduced in the
previous section. Can you guess what it is?

Correct. The font sucks.

You quickly learn that Knative prizes immutability. This has many implications. For
now, it means that we can’t SSH into homepage, open vi, and do it live (see figure
1.10).7 But it does raise the question of how changes get moved from your workstation
to the cloud.

Users Production Environment Developer

vi

homepage
o [l o

. GET / —— »

EEE sarjj.

MY AWESOME
HOMEPAGE

[oJofol1[3]3]6]

+— 200 OK

homepage

MY AWESOME
HOMEPAGE

[ofofo1[3[3]7]

Updating the homepage.

6 Please don’t.
7 And I do not, for the purposes of law, recall ever doing so myself.
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Knative encapsulates “run the thing” and “change the thing” into Services.® When
the Service is changed, Knative acts to bring the world into sync with the change.

1 A user who arrives before the update sees the existing HTML, as served by
homepage vl.

The developer uses kn to update the Service.

Knative starts homepage v2.

homepage v2 passes its readiness check.

Knative stops homepage v1.

o a ~» W N

A second user arriving after the update sees a more professional font.

This blue/green deployment behavior is Knative’s default. When updating Services,
it ensures that no traffic is lost and that load is only switched when it’s safe to do so.

1.5 What’s in the Knative box?

Let’s break this down into subprojects: Serving and Eventing.

15.1 Serving

Serving is the first and most well-known part of Knative. It encompasses the logic
needed to run your software, manage request traffic, keep your software running
while you need it, and stop it running when you don’t need it.

As a developer, Knative gives you three basic types of document you can use to
express your desires: Configuration, Revision, and Route.

Configuration is your statement of what your running system should look like. You
provide details about the desired container image, environment variables, and the
like. Knative converts this information into lower-level Kubernetes concepts such as
deployments. In fact, those of you with Kubernetes familiarity might wonder what
Knative adds. After all, you can create and submit a Deployment yourself; no need to
use another component for that.

Which takes us to Revisions. These are snapshots of a Configuration. Each time that
you change a Configuration, Knative first creates a Revision and in fact, it’s the Revi-
sion that’s converted into lower-level primitives.

But this might still seem like overhead. Why bother with this versioning scheme in
Knative, when you have Git? Because blue/green deployment is not the only option.
In fact, Knative allows you to create nuanced rules about traffic to multiple Revisions.

For example, when I deployed homepage v2, the deployment was all or nothing.
But suppose I was worried that changing fonts would affect how long people stay on
my page (that is, an A/B test). If I perform an all-or-nothing update, I'll get lots of
data for the before and after. But there may be a number of confounding factors, such
as time-of-day effects. Without running both versions side by side, I can’t control for
those variables.

8 Not to be confused with Kubernetes Services. More on that later.
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But Knative can divvy up traffic to Revisions by percentage. I might decide to send
10% of my traffic to v2 and 90% of my traffic to v1. If the new font turns out to be
worse for users, then I can roll it back easily without much fuss. If instead it was a tri-
umph, I can quickly roll forward, directing 100% of traffic to v2.

It’s this ability to selectively target traffic that makes Revisions a necessity. In vanilla
Kubernetes, I can roll forward and I can roll back, but I can’t do so with traffic, I can
only do it with instances of the service. This has important architectural and operational
consequences, which I'll dive into later in the book.

Perhaps you wondered what happened to the Services I was talking about in the
walkthrough. Well, these are essentially a one-stop shop for all things serving. Each
service combines a Configuration and a Route. This compounding makes common
cases easier, because everything you need to know is in one place.

But these concepts aren’t necessarily what get listed on the marketing flyer. Many
of you have come to hear about autoscaling, including scale-to-zero. For many folks,
it’s the ability for the platform to scale all the way to zero that captures their imagina-
tion: no more wasting money on instances that are mostly idle. And similarly, the abil-
ity to scale up: no more getting paged at absurd o’clock in the morning in New York
because something huge happened in Sydney (or vice versa). Instead you delegate the
business of balancing demand and supply to Knative. Sometimes you’ll want to under-
stand what the heck it’s doing, so I'll spend time delving into the surprisingly difficult
world of autoscaling.

Eventing

Eventing is the second, less-well-known part of Knative. It provides ways to express
connections between different pieces of software through events. In practical terms,
“this is my software” is simpler to describe than “here is how all my software connects
together”. Eventing consequently has a larger surface area, with more document
types, than serving does.

Earlier in the chapter you learned that in the middle of the Eventing world is
where Triggers and Brokers live. The trigger exists to map from an event filter to a
target. The Broker exists to manage the flow of events based on Triggers.

But that’s the headline description, light on detail. For example, how does a
CloudEvent actually get into the Broker? It turns out, there are multiple possibilities.
The most powerful and idiomatic of these is a Source. These represent configuration
information about a kind of emitter of events and a Broker to which they should be
sent. A Source can be more or less anything: GitHub webhooks, direct HTTP requests,
you name it. As long as it emits CloudEvents to a Broker, it can be a source.

What kinds of events are there? That’s where the event registry comes along, pro-
viding a catalogue of EventTypes. At a command line you can quickly discover what
events you can react to.
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Great! You’re probably already composing event-processing graphs in your head,
and it won’t be long before you get tired of writing Trigger upon Trigger. It will be
handy if you had a simple way to do things in order. This is what Sequences can express
for you: that A runs before B. Or maybe you want to do more than one thing at a time.
That’s what Parallel does, allowing you to express that A and B can run independently.

Analogous to how Serving provides the convenience of Service, Sequence and
Parallel constructed from the same concepts that you can use directly. They’re a con-
venience, not a constraint. They’ll enable you assemble event flows with much less
YAML than hand-wiring equivalent Triggers would.

Beneath these smooth surfaces lies a fair amount of plumbing: Channels, Sub
scribers, Reply, Addressable and Callable. Right now, these aren’t important. We’ll
get to them in a due time. Meanwhile you can do most of what you need to do with a
mix of Source, Trigger, Broker, Sequence, and Parallel.

Serving and eventing

By design, you don’t need Serving to use Eventing and you don’t need Eventing to use
Serving. But they do mesh pretty well together. For example, if you have long process-
ing pipelines, it’s nice if idle instances don’t sit around burning money waiting on
upstream work to finish. Or, if there’s a bottleneck, it’s helpful if that part of the pipe-
line is scaled up. That’s Eventing gaining a superpower from serving.

And it works the other way. Serving’s focus is on request/reply designs, the simple,
robust but sometimes slow blocking approach. By itself this will favor adding function-
ality to existing services instead of creating new ones. Blocking is still blocking but
blocking on threads is faster than blocking on HTTP. You can easily drift back from
microservices to monoliths in costume.

Eventing relieves a bit of that design pressure (see figure 1.11). You can now off-
load work that doesn’t need to block, or which should react to events instead of fol-
lowing commands. Encouraging smaller units of logic and behavior allows Serving to
really shine: autoscaling the GigantoServ™ is better than nothing. But it’s wasteful to
burn 100Gb of RAM on a system with 300 endpoints when only two of them are seeing
any kind of traffic surge.

In the hit counter system discussed previously, I put both Serving and Eventing to
work. Serving handles the business of homepage, hit counter, and image renderer.
Eventing handles the Broker so that Services will receive and emit events without direct
coordination. In this book I’ll be describing them individually, so that I can go into some
depth. But they’re intended to work well together. Ultimately, I want you to do that.

Keeping things under control

“Knative” is a clever name. First, everyone gets to practice pronouncing it a few times
(“KAY-naytiv”). From personal experience, I know that if folks are struggling to pro-
nounce your name, they’ll really concentrate on it.
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Figure 1.11 Serving runs the services, and Eventing wires them together.

Second, it encompasses some of the design vision. Knative is native to Kubernetes
both in spirit and implementation. In a kind of judo throw, it uses the extensibility of
Kubernetes to conceal the complexity of Kubernetes. But every throw needs a little
leverage to make it work. To give you that leverage, I need to step back a bit from Kna-
tive and give you a basic level of familiarity with a core organizing concept in Kuberne-
tes and Knative: the feedback control loop.

Loops

As a profession, we use terms such as “feedback loop” pretty loosely. Strictly, feedback
loops are any circular causality that amplifies or dampens itself. (I use the word
“strictly” informally).

For example: compound interest is a feedback loop. No humans are involved, only
computers multiplying numbers. But the amount of interest paid is a function of the
accumulated principal, which is itself a function of previous interest paid. After each
period the effect is amplified. Each payment feeds back into the system.

Or consider an avalanche after heavy snow. A small amount of snow slips further
down, making the next spot down slightly heavier. More snow slips further down, mak-
ing the next spot even heavier again. Within seconds, what starts as a few grams of
attractive light fluff transforms into thousands of tons of mindless destruction.

The nature of pure feedback loops is that they require no intelligence or logic.
They can be composed of pure causality. This is why both compound interest and an
avalanche are of the same species. Whether the structure of the system was set by
humans or nature is unimportant to how it will behave.
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We often assume that intelligence is involved in feedback loops, because pure circu-
lar causality is rarely apprehended and understood: purely damping loops disappear
and purely amplifying loops fly apart. At a human level, the universe appears to be
composed of linear causality, but beneath most of it lies a seething world of loops
shoving and pushing each other around an equilibrium.

Because purely causal circularity is rarely apprehended, we attribute intelligence
to those that we do observe, because in our experience humans are necessary to cre-
ate a special case: control loops.’

Control loops are a special case because they add a controller to the loop (see fig-
ure 1.12). A controller observes the actual world, compares it to some reference of the
desired world, then acts upon the actual world to make it look more like the desired
world. This simple description disguises centuries of work and generations of engi-
neering students being unceremoniously doused with calculus. But, at its heart, the
idea of a control loops is simple. Make what we have look more like what we want.

The Desired World

(™

Specification of
the Desired World

Controller
Status of
the Actual World Actions

The Actual World
m Figure 1.12 The basic
structure of a control loop.

The key is that the loop runs repeatedly. The Controller regularly takes in information
about the desired and actual worlds, comparing them, then deciding whether to take

actions in the actual world. The repeated observations of the world are “fed back” to

the controller, which is why this is a “feedback controller”.!

9 Attributing intelligence to causality is human. Lightning isn’t due to angry super-beings, but if you've ever
been near a lightning strike you can understand why “static electricity” wasn’t the first thing people thought
of to explain such a phenomenon.

19 When you design systems without the loop, the controller is using “feed forward”. The designer has often
taken advantage of a property of the controlled system to make feedback unnecessary. For example, you don’t
see many feedback controllers governing the position of concrete slabs, because these will typically stay put
on their own. Feed forward control is a useful, legitimate design technique for many kinds of systems. For
highly dynamic systems like software, though, feedback control is well suited to maintaining an amount of sta-
bility and reliability.
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Controllers vs controllers

“Controller”, in this context, isn’t referring to the Model-View-Controller (MVC) pattern
you might recognize from software frameworks. Trygve Reenskaug is typically credited
with inventing the MVC pattern, initially using the name “Editor” — in a different uni-
verse we’d be talking about the MVE pattern. The name came about because “After
long discussions, particularly with Adele Goldberg, we ended with the terms Model-
View-Controller”.

The Controller, or Editor, was meant to “bridge the gap between the human user’'s men-
tal model and the digital model that exists in the computer. The ideal MVC solution sup-
ports the user illusion of seeing and manipulating the domain information directly.”

This isn’t what Kubernetes, and by extension Knative, mean by “Controller”. Instead
the meaning is taken by analogy from control theory, which deals with how dynamic
systems can be made to behave more predictably and reliably. It's widely applied by
engineers in fields such as electrical and electronic systems, aerodynamics, chemi-
cal plant design, manufacturing systems, mining, refineries, and many others.

You’ll avoid confusion by pretending you’ve never heard of MVC.

From my description so far, it’s easy to form the impression that control loops are all
about counteracting unwanted changes in the actual world. That the desired world is
immutable, fixed, so that bursts of activity are only signaled by the controller when the
actual world shifts out of alignment with the desired world."!

This isn’t true. The Controller doesn’t “see” a change in the actual world in con-
trast to an immutable desired world. What it sees is a difference between one input
and another input.'? On each pass around the loop the controller sees the two inputs
afresh, as if for the first time.'® It doesn’t need to know that the actual changed since
“last time”. It doesn’t know that the desired changed since “last time”. It doesn’t care.
It knows that they aren’t the same.

This leads to a simple conclusion: the controller may act due to changes in either of
the actual world or the desired world. Because it’s reacting to the emergence of the
difference, not to the worlds per se. Something or someone outside the control loop
can change the desired world in order to prompt activity (see figure 1.13).

! This, in turn, leads to the question of “what is the desired world?”. This is the kind of annoying open-ended
question that led to Socrates being fairly permanently voted off the island by his fellow Athenians. Using Soc-
rates as a sockpuppet, Plato argued that there are perfect ideas, perfect forms, independent of mere matter.
He’d be somewhat at home with the mistaken interpretation that control loops are mostly about a controller
(he’d call it a Guardian) continuously striving to return to The Good.

12 That difference isn’t commutative, so the order of inputs still matters. What comes through the “desired” door
does need to be the desired state and what comes through “actual” needs to be the actual state.

13 This isn’t universally true of controllers in control theory: they can have many kinds of “memory” to carry
information forward in time. In the most common approach to control theory, what I'm describing is a purely
proportional controller. Adding averaging over previous states would add integral control. Adjusting the
forcefulness of actions based on how quickly the two worlds are diverging would add derivative control.
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Figure 1.13 The internal structure of a controller.

Loops within loops

Who changes the desired world? Most of us assume that a human will do it at first.
Something like push YAML to update the desired world, knock off, and go home.

This will work, but it has at least one problem. The actual world is complex. Often
obnoxiously so. As a profession we’ve tackled this complexity using abstraction (name
things to banish their complexity) and composition (combine things to amplify their
power). If I could not use abstraction and composition, if I had to define every detail
for every part of my world, then I would (1) send many worlds over the wire and (2)
I would need a very complex controller indeed. About as complex as the world itself.'

In the industrial world this is dealt with by “hierarchical control”. That is, the
desired world of one controller is modified by the actions of a supervising controller.
For example, an industrial kiln will have controllers for managing individual gas burn-
ers, to ensure that they burn the right amount of flammable gas. What’s the right
amount? That’s decided by a supervising controller which is interested in controlling
the temperature of the kiln. Instead of a controller which runs all the way from “right
temperature” to “right gas flow for hundreds of burners”, we have two feedback con-
trol loops that are nested (see figure 1.14).

This should be recognizable as architectural layering according to the Single
Responsibility Principle. Temperature control is a different concern from gas flow
control. And so it is with software systems: the business of shipping photons over fiber
optic cable is distinct from the business of forming frames which is different from
sending packets, which doesn’t at all resemble a GET request. Developing optical con-
trol algorithms is not a precondition for using JavaScript. People might think that’s a
pity, but that’s beside my point.

14 Ross Ashby, an early cyberneticist, called this the “Law of Requisite Variety”: any perfect controller of a system
must be as complex as the system. Of course, “perfect” is impossible in practice and in fact, we don’t need it
(do you really think the kiln controller should include a weather forecaster and an ability to tell if the site
foreperson is angry today?). The tactic of breaking control problems into hierarchies makes each level much
more tractable to solve to a satisfactory standard.
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A hierarchical kiln controller.

Ultimately this hierarchy of feedback control loops reaches up to you. You have a desired
world of “software that achieves such-and-such purpose”. Your desired world changes,
creating a cascade of other worlds that change. Soon a deployment is setting new targets
for lower-level controllers to react to. Most of the time we’re focused solely on the actions
we’re taking, but we (hopefully) don’t act like pure noise. We're purposeful.

Kubernetes explicitly models its architecture on feedback control loops and
provides infrastructure to enable the easy development of a variety of controllers
for different purposes. Kubernetes then uses hierarchical control to layer responsi-
bilities: pods can be supervised by ReplicaSets which are supervised by deployments
(see figure 1.15).

Knative Serving builds on this infrastructure and adopts its norms. It presents the
surface interface of Services, Configurations, Revisions and Routes. These are han-
dled by first-level controllers, which break them into targets for other controllers, and
so on until code lands on a VM you don’t care about and runs code that you care
about very much. Your role is to be the highest-level controller in the hierarchy. Kna-
tive is meant to see to the rest.

Are you ready?

Before we dive in, let me tell you my assumptions about you. The first is that you’ve
done some programming and can get the gist of examples in Java or Go. The second
is that you’re comfortable with installing and using CLI tools. Basically, I'm assuming
that you’re in Knative’s primary audience: developers.
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Figure 1.15 Several of the hierarchy of Knative and Kubernetes controllers involved in running
a Service.

I don’t assume that you know anything about Kubernetes or service meshes. I
don’t assume that you have used a serverless platform before. When I need to intro-
duce necessary information I will, but my goal throughout is that Knative should live
up to its vision of enabling you to ignore Kubernetes altogether.

From the next chapter, I’ll need you to set up several tools. Most importantly, I'm
guessing that you’ve installed Knative or someone is providing it for you. I'm also
assuming that you’ve installed the kn tool, which I'll focus on throughout. See the
appendix for an installation guide for Knative and kn.

If you want to run the samples, you’ll need to have installed Java, Maven and Go.

Take a moment to set up YAML support in your favorite editor. Certain editor
YAML extensions also include specialized Kubernetes support, which is nice to have
but not essential.

Most of all, I want you to have fun. Grab a drink of your choice, and let’s begin.

Summary
= Knative makes it easier to deploy, update, autoscale, and compose event-driven
software.
= Knative has two major components: Serving and Eventing. Serving is focused
on running software, scaling, and routing. Eventing is focused on event flows.

= The world is filled with feedback loops. Some of these are controlled.
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A controller compares a desired world and an actual world, then decides what’s
necessary to make the actual world resemble the desired world. This process
occurs repeatedly, creating a feedback control loop.

Controllers can be nested, arranged into hierarchies. Higher controllers adjust
the desired world of lower controllers.

Control loops are a core architectural principle of Knative.
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Introducing Knatie Serving

This chapter covers

Deploying a new Service with Knative Serving
Updating the Service with Revisions
Splitting traffic between Revisions

Understanding the major components of Serving and
what they do

Serving is where I'm going to start you off in Knative, and the coming chapters will
take you into a deeper dive on the major concepts and mechanisms. To begin with,
I’'m going to spend this chapter getting you warmed up in two ways.

To begin with, I'm going to use Knative. You’ll notice that I ducked and weaved
around this in chapter 1. I did walk you through an example, and that example was
realistic. But it was also intended to whet your appetite for the whole book and so
necessarily needed to touch on many points. A hypothetical with diagrams and nar-
rative is a quick way to do so.

But now I’'m going to put your fingers on a keyboard. We’ll use the kn CLI tool
to deploy software, changing its settings, changing its software, and finally to con-
figure traffic. I won’t be doing any YAMLeering. We’ll try a purely interactive
approach to Knative.

23
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In the second part of the chapter, I'll take a whistlestop tour of Serving’s key soft-
ware components. I'm doing this now because I want to introduce them in one easy-
to-find place. The following chapters are all structured around the concepts that Kna-
tive exposes to developers. I could introduce components as I go, but it would mean
that you might need to hunt through the book to find component information.

This, too, will tie back to chapter 1, where I introduced you to the basic concept of
control loops. In this chapter, we’ll apply that basic concept to explain the high-level
architecture of Serving, which is one based on hierarchical control loops.

By the end of the chapter, my goal is that you can (1) start poking around kn with
your own example apps, and (2) you’ll have a nodding acquaintance with Knative
Serving’s runtime components. These will set up our progress into following chapters,
where we’ll go into greater depth on concepts such as Configurations, Routes, and the
Autoscaler.

2.1 A walkthrough

In this section, I'm going to use kn exclusively to demonstrate several Knative Serving
capabilities.

NOTE kn is the “official” CLI for Knative, but it wasn’t the first. Before it came
a number of alternatives, such as knctl. These helped to explore different
approaches to a CLI experience for Knative. kn serves two purposes. The first
is as a CLI in itself, specific to kn, rather than requiring users to anxiously skit-
ter around kubectl pretending that Kubernetes isn’t right there. The second-
ary purpose is to drive out and Golang APIs for Knative.

2.1.1 Your first deployment

Let’s first use kn service 1list to ensure you're in a clean state. You should see No
services found as the response.
Now we create a service in the following listing using kn service create.

Listing 2.1 Use kn to create our first service

The docker image reference. In this case, we’re using The first argument for kn service
a sample app image provided by the Knative project. create is the name of the service.

$ kn service create hello-example \ X . .
--image gcr.io/knative-samples/helloworld-go \ Imgctaqenvwonmentvanabh,TARGEn
- —env TARGET="First" which will be consumed by the sample app.

Creating service 'hello-example' in namespace 'default':

kn monitors 0.084s The Route is still working to reflect the latest desired
the deployment specification.
z:ﬁ:iig:d 0.260s Configuration "hello-example" is waiting for a Revision to become
ready.
4.356s

4.762s Ingress has not yet been reconciled.
6.104s Ready to serve.
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Service 'hello-example' created with latest revision 'hello-example-pjyvr-1'
and URL:

http://hello-example.default.35.194.0.173.nip.1io kn gives you the URL for the
newly-deployed software

The logs emitted by kn refer to concepts I discussed in chapter 1. The Service you pro-
vide is split into a Configuration and Route. The Configuration creates a Revision.
The Revision needs to be ready before Route can attach Ingress to it and Ingress
needs to be ready before traffic can be served at the URL.

This dance illustrates how hierarchical control breaks your high-level intentions
into particular software to be configured and run. At the end of the process, Knative
has launched the container you nominated and configured routing so that it’s listen-
ing at the given URL.

What’s at the URL? Let’s see in the following listing:

Listing 2.2 The first hello

$ curl http://hello-example.default.35.194.0.173.nip.1io
Hello First!

Very cheerful.

Your second deployment

Mind you, perhaps you don’t like First. Maybe you like Second better. Easily fixed in
the following listing:

Listing 2.3 Updating hello-example

$ kn service update hello-example \
--env TARGET=Second

Updating Service 'hello-example' in namespace 'default':

3.418s Traffic is not yet migrated to the latest revision.
3.466s Ingress has not yet been reconciled.
4.823s Ready to serve.

Service 'hello-example' updated with latest revision 'hello-example-bgbbr-2'
and URL:
http://hello-example.default.35.194.0.173.nip. 1o

$ curl http://hello-example.default.35.194.0.173.nip.io
Hello Second!

What happened is that I changed the TARGET environment variable that the example
application interpolates into a simple template, as shown in the following example:
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Listing 2.4 How a hello sausage gets made

func handler (w http.ResponseWriter, r *http.Request) ({

target := os.Getenv ("TARGET")

fmt.Fprintf (w, "Hello %s!\n", target)
1
You may have noticed that the revision name changed. “First” was hello-example-
pjyvr-1 and “Second” was hello-example-bgbbr-2. Yours might look slightly differ-
ent, because part of the name is randomly generated. hello-example comes from the
name of the Service, and the 1 and 2 suffixes indicate the “generation” of the Service
(more on that in a second). But the bit in the middle is randomized to prevent acci-
dental name collisions.

Did Second replace First? The answer is: it depends whom you ask. If you’re an
end user sending HTTP requests to the URL, yes, it appears as though a total replace-
ment took place. But from the point of view a developer, both Revisions still exist, as
shown in the following listing.

Listing 2.5 Both revisions still exist

$ kn revision list

NAME SERVICE GENERATION AGE CONDITIONS READY REASON
hello-example-bgbbr-2 hello-example 2 2m3s 4 OK / 4 True
hello-example-pjyvr-1 hello-example 1 3ml5s 3 0K / 4 True

I can look more closely at each of these in the following listing with kn revision
describe.

Listing 2.6 Looking at the first revision

$ kn revision describe hello-example-pjyvr-1

Name : hello-example-pjyvr-1
Namespace: default
Age: 5ml5s
Image: gcr.io/knative-samples/helloworld-go (pinned to 5ea96b)
Env: TARGET=First
Service: hello-example
Conditions:

OK TYPE AGE REASON

++ Ready 3h

++ ContainerHealthy 3h

++ ResourcesAvailable 3h

I Active 3h NoTraffic

Conditions

It’s worth taking a slightly closer look at the Conditions table. Software can be in any
number of states, and it can be useful to know what they are. A smoke test or external
monitoring service can detect that you have a problem, but it may not tell you why you
have a problem.
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What this table gives you is four pieces of information:

1 OK gives the quick summary about whether the news is good or bad. The ++ sig-
nals that everything is fine. The I signals an informational condition—not bad,
but not as unambiguous as ++. If things were going badly, you’d see ! !. If Kna-
tive doesn’t know what’s happening, you’ll see 2?2.

2 TYPE is the unique condition being described. In this table we can see four
being reported. The Ready condition, for example, surfaces the result of an
underlying Kubernetes readiness probe. Of greater interest to us is the Active
condition, which tells us whether there’s an instance of the Revision running.

3 AGE reports on when this Condition was last observed to have changed. In the
example, these are all three hours. But they don’t have to be.

4 REASON allows a Condition to provide a clue as to deeper causes. For example,
our Active condition shows NoTraffic as its reason.

This line:
I Active 3h NoTraffic

Can be read as: “As of 3 hours ago, the Active Condition has an Informational status
due to NoTraffic”.
Suppose we got this line:

-- Ready 1h AliensAttackedTooSoon

We could read it as: “As of an hour ago, the Ready Condition become not-OK, because
the AliensAttackedTooSoon”.

What does Active mean?

When the Active condition gives NoTraffic as a reason, there are no active instances
of the Revision running. Suppose we poke it with curl:

$ kn revision describe hello-example-bgbbr-2

Name : hello-example-bgbbr-2
Namespace: default
Age: 7d
Image: gcr.io/knative-samples/helloworld-go (pinned to 5ea96b)
Env: TARGET=Second
Service: hello-example
Conditions:

OK TYPE AGE REASON

++ Ready 4h

++ ContainerHealthy 4h

++ ResourcesAvailable 4h

I Active 4h NoTraffic

$ curl http://hello-example.default.35.194.0.173.nip.io
# ... a pause while the container launches
Hello Second!
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$ kn revision describe hello-example-bgbbr-2

Name : hello-example-bgbbr-2
Namespace: default
Age: 7d
Image: gcr.io/knative-samples/helloworld-go (pinned to 5ea96b)
Env: TARGET=Second
Service: hello-example
Conditions:
OK TYPE AGE REASON
++ Ready 4h
++ ContainerHealthy 4h
++ ResourcesAvailable 4h
++ Active 2s

Note that we now see ++ Active, without the NoTraffic reason. Knative is saying that a
running process was created and is active. If you leave it for a minute, it will be shut
down again, and the Active Condition will return to complaining about a lack of traffic.

Changing the image
The Go programming language, aka “Golang” to its friends, “erhrhfjahaahh” to its
enemies, is the Old Hotness. The New Hotness is Rust, which I have so far been able
to evade forming an opinion about. All I know is that it’s the New Hotness and that
therefore, as a responsible engineer, I know that it’s better.

This means helloworld-go no longer excites me, and I'd like to use helloworld
-rust. Easily done, as shown in the following listing.

Listing 2.7 Updating the container image

$ kn service update hello-example \
--image gcr.io/knative-samples/helloworld-rust
Updating Service 'hello-example' in namespace 'default':

49.523s Traffic is not yet migrated to the latest revision.
49.648s Ingress has not yet been reconciled.
49.725s Ready to serve.

Service 'hello-example' updated with latest revision 'hello-example-nfwgx-3'
and URL:
http://hello-example.default.35.194.0.173.nip.io

And then I poke it, as shown in the following listing:

Listing 2.8 The New Hotness says hello

curl http://hello-example.default.35.194.0.173.nip.io

Hello world: Second

Note that the message is slightly different: “Hello world: Second” instead of “Hello
Second!”. Not being deeply familiar with Rust, I can only suppose that it forbids exces-
sive informality when greeting people it has never met. But it does at least prove that I
didn’t cheat and change the TARGET environment variable.
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You have an important point to remember here: changing the environment vari-
able caused the second Revision to come into being. Changing the image caused a
third Revision to be created. And in fact, almost any update I make to a Service will
cause a new Revision to be stamped out.

Almost any? What'’s the exception? It’s Routes. Updating these as part of a Service
won’t create a new Revision.

Splitting traffic

I’'m going to prove it by splitting traffic evenly between the last two Revisions, as shown
in the following listing.

Listing 2.9 Splitting traffic 50/50

$ kn service update hello-example \
--traffic hello-example-bgbbr-2=50 \
--traffic hello-example-nfwgx-3=50

Updating Service 'hello-example' in namespace 'default':

0.057s The Route is still working to reflect the latest desired
specification.

0.072s Ingress has not yet been reconciled.

1.476s Ready to serve.

Service 'hello-example' updated with latest revision 'hello-example-nfwgx-3'
(unchanged) and URL:

http://hello-example.default.35.194.0.173.nip. 1o
The --traffic parameter allows us to assign percentages to each revision. The key is
that the percentages must all add up to 100. If I give 50 and 60, I'm told that given
traffic percents sum to 110, want 100. Likewise, if I try to cut corners by giving
50 and 40, I'll get given traffic percents sum to 90, want 100.It’s my responsi-
bility to ensure that the numbers add up correctly.

Does it work? Let’s see in the following listing:

Listing 2.10 Totally not a perfect made-up sequence of events

$ curl http://hello-example.default.35.194.0.173.nip.1io
Hello Second!

$ curl http://hello-example.default.35.194.0.173.nip.1io
Hello world: Second
It works. Half your traffic will now be allocated to each Revision.

50/50 is only one split; you may split the traffic however you please. Suppose you
had Revisions called un, deux, trois, and quatre. You might split it evenly, as shown
in the following listing:
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Listing 2.11 Even four-way split

$ kn service update french-flashbacks-example \
--traffic un=25 \
--traffic deux=25 \
--traffic trois=25 \
--traffic quatre=25

Or you can split it so that quatre is getting a tiny sliver to prove itself, as shown in the
following listing, while the bulk of the work lands on trois:

Listing 2.12 Production and next versions

$ kn service update french-flashbacks-example \
--traffic un=0 \
--traffic deux=0 \
--traffic trois=98 \
--traffic quatre=2

You don’t explicitly need to set traffic to 0%; you can achieve the same by leaving out
Revisions from the list, as shown in the following listing:

Listing 2.13 Implicit zero traffic level

$ kn service update french-flashbacks-example \

--traffic trois=98 \

--traffic quatre=2
Finally, if I'm satisfied that quatre is ready, I can switch over all the traffic using @latest
as my target, as shown in the following listing:

Listing 2.14 Targeting @latest

$ kn service update french-flashbacks-example \
--traffic @latest=100

Serving Components

As promised, I'm going to spend some time looking at some Knative Serving internals.
In chapter 1 I explained that Knative and Kubernetes are built on the concept of con-
trol loops. A control loop involves a mechanism for comparing a desired world and an
actual world, then taking action to close the gap between them.

But that’s the boxes-and-lines explanation. The concept of a control loop needs to
be embodied as actual software processes. Knative Serving has several of these, falling
broadly into four groups:

Reconcilers, responsible for acting on both user-facing concepts like Services,
Revisions, Configurations, and Routes as well as lower-level housekeeping.

The “Webhook”, responsible for validating and enriching the Services, Configu-
rations, and Routes that users provide.
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3 Networking controllers that configure TLS certificates and HTTP ingress routing.
4 The Autoscaler/Activator/Queue-Proxy triad, which manage the business of
comprehending and reacting to changes on traffic.

The Controller and Reconcilers

Let’s talk about names for a second.

Knative has a component named controller, which is a bundle of individual "Rec-
oncilers”. Reconcilers are controllers in the sense I discussed in chapter 1: a system
that reacts to changes in the difference between desired and actual worlds. Reconcil-
ers are controllers, but the controller isn’t a controller. Got it?

No? You’re wondering why the names are different? The simplest answer is, to
avoid confusion about what’s what. That may sound silly. Bear with me, I promise it
will make sense.

At the top, in terms of actual running processes managed directly by Kubernetes,
Knative Serving only has one controller. But in terms of logical processes, Knative
Serving has several controllers, running in goroutines inside the single physical con
troller process. Moreover, Reconciler is a Golang interface that implementations of
the controller pattern are expected to implement.

So that we don’t wind up saying “the controller controller” and “the controllers
that run on the controller” or other less-than-illuminating naming schemes, we have
instead two names: controller and Reconciler.

Each Reconciler is responsible for some aspect of Knative Serving’s work, which
falls into two categories. The first category is simple to understand—it’s the reconcil-
ers responsible for managing the developer-facing resources. These reconcilers are
called configuration, revision, route, and service.

For example, when you use kn service create, the first port of call will be for a
Service record to be picked up by the service controller. When you used kn service
update to create a traffic split, you sent the route controller outside to work for you.
I’ll touch on several of these controllers in coming chapters.

Reconcilers in the second category work behind the scenes to carry out essential
lower-level tasks. These are labeler, serverlessservice, and gc. The labeler is part
of how networking works; it essentially sets and maintains labels on Kubernetes
objects that networking systems can use to target them for traffic. I'll touch on this
when we get to routing.

The serverlessservice reconciler is part of how the Activator works. It reacts to
and updates ServerlessService records (say that five times fast!). These are also
mostly about networking in Kubernetes-land. I’ll go into more depth on this in the
routing chapter.

Last, the gc reconciler performs garbage-collection duties, and hopefully, you’ll
never need to think about it again (see figure 2.1).
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Serving Controller

service serverlessservice
reconciler reconciler

route labeler
reconciler reconciler

configuration gc
reconciler reconciler
revision
reconciler Figure 2.1 The serving
controller and its Reconcilers.

The webhook

Things go wrong. A great deal of software engineering is centered on ensuring that
when things do go wrong, they at least choose to go wrong at the least-painful and/or
least-Tweetable moment. Type systems, static analysis, unit test harnesses, linters, fuz-
zers, the list goes on and on. We submit to their nagging because solving the mysteries
of fatal errors in production is less fun than Agatha Christie made it out to be.

At runtime, Serving relies on the completeness and validity of information pro-
vided about things you want to manage (for example, Services) and how you want it to
behave generally (for example, Autoscaler configuration). This brings us to the web-
hook, which validates and augments your submissions. Like the controller, it’s a group
of logical processes that are collected together into a single physical process for ease
of deployment.

The name “webhook” is a little deceptive, because it describes the implementation
rather than its actual purpose. If you’re familiar with webhooks, you might have
thought that its purpose was to dial out to an endpoint that you provide. Not so. Or
perhaps it was an endpoint that you could ping yourself. Closer, but still incorrect.
Instead, the name comes from its role as a Kubernetes “admissions webhook”. When
processing API submissions, the Knative Webhook is registered as the delegated
authority to inspect and modify Knative Serving resources. A better name might be
“Validation and Annotation Clearing House” or perhaps the “Ditch It or Fix It Empo-
rium”. But “webhook” is what we have.

The webhook’s principal roles include:

= Setting default configurations: This includes values for timeouts, concurrency
limits, container resources limits, and garbage collection timing. You only need
to set values you want to override. I’ll touch on these as needed.

= Injecting routing and networking information into Kubernetes: I'll discuss this
when I get to routing.
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= Validating that users didn’t ask for impossible configurations: For example, the web-
hook will reject negative concurrency limits. I’ll refer to these when needed.

= Resolving partial Docker image references to include the digest: For example, example
/example:latest would be resolved to include the digest, so it looks like exam
ple/example@sha256:1la4bccf2. . . .I'm going to revisit this topic a few times,
but generally, this is one of the best things Knative can do for you, and the web-
hook deserves the credit for it.

Networking controllers

Early versions of Knative relied directly on Istio for core networking capabilities. That
hasn’t entirely changed. In the default installation provided by the Knative project,
Istio will be installed as a component and Knative will use part of its capabilities.

However, as it has evolved, more of Knative’s networking logic has been abstracted
up from Istio. Doing so allows swappability of components. Istio might make sense for
your case, butit’s featuresome and might be overkill. But you might have Istio provided
as part of your standard Kubernetes environment. Knative will extend to either
approach.

Knative Serving requires that networking controllers answer for two basic record
types: Certificate and Ingress.

CERTIFICATES

TLS is essential to the safety and performance of the modern internet, but the busi-
ness of storing and shipping TLS certificates has always been inconvenient. The Kna-
tive Certificate abstraction provides information about the TLS certificate that is
desired, without providing it directly.

For example, TLS certificates are scoped to particular domain names or IP
addresses. When creating a Certificate, a list of DNSNames is used to indicate what
domains the Certificate should be valid for. A conforming controller can then create
or obtain certificates that fulfill that need.

I’ll have more to say about Certificates when we dive into routing.

INGRESS

Routing traffic is always one of those turtles-all-the-way-down affairs. Something, some-
where, is meeting traffic at the boundary of your system. In Knative, that’s the
Ingress."

Ingress controllers act as a single entrance to the entire Knative installation. They
convert Knative’s abstract specification into particular configurations for their own
routing infrastructure. For example, the default networking-istio controller will
convert a Knative Ingress into an Istio Gateway.

Knative Ingress has several implementations, which I'll revisit later.

15 This is distinct from a Kubernetes Ingress.
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2.2.4 Autoscaler, Activator, and Queue-Proxy

These three work together quite closely, so I've grouped them under the same head-
ing (see figure 2.2).

Pokes

Autoscaler

Adds/Removes
Ingress

Positive
Handoff

Metrics

Queue-Proxy

Figure 2.2 The triad of Autoscaler,
activator, and queue-proxy.

NOTE When I talk about “the Autoscaler”, I'm generally referring to the Kna-
tive Pod Autoscaler (KPA). This is the out-of-the-box Autoscaler that ships
with Knative Serving. It is possible to configure Knative to use the Kubernetes
Horizontal Pod Autoscaler (HPA) instead. In future the KPA might be retired
as the HPA becomes better suited to serverless patterns of activity, but at time
of writing that seemed to be a fairly distant milestone. In this book, I focus
exclusively on the KPA.

The autoscaler is the easiest to give an elevator pitch for: observe demand for a Ser-
vice, calculate the number of instances needed to serve that demand, then update the
Service’s scale to reflect the calculation. You’ve probably recognized that this is a
supervisory control loop. Its desired world is “minimal mismatch between demand
and instances”. Its output is a scale number that becomes the desired world of a Ser-
vice control loop (see figure 2.3).

It’s worth noting that the Knative Pod Autoscaler operates solely through horizon-
tal scaling. That is, launching more copies of your software. “Vertical scaling” means
launching it with additional computing resources. In general, vertical scaling is sim-
pler—you pay more for a beefier machine. But the costs are highly nonlinear, and you
have an upper limit to what can be achieved. Horizontal scaling typically requires
deliberate architectural decisions to make it possible, but once achieved can face
higher demands than any one machine could handle. The Knative Pod Autoscaler
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Knative Serving Autoscaler is a control loop.

assumes you’ve done the work to ensure that instances coming and going at a rapid
clip won’t be overly disruptive.

When no traffic exists, the desired number calculated by the Autoscaler will even-
tually be set to zero. This is great, right until a new request shows up without anything
ready to serve it. We could plausibly bounce the request with an HTTP 503 Service
Unavailable status—perhaps even, in a fit of generosity, providing a Retry-After
header. The problem is that (1) humans hate this, and (2) vast amounts of upstream
software assumes that network requests are magical and perfect and can never fail.
They’ll either barfing on theirusers or, more likely, ignore your Retry-After and ham-
mer the endpoint into paste. Not to mention (3), which is that all of this will be
screencapped and mocked on Reddit.

But what to do when no instances are running—the dreaded cold start? In this
case, the Activator is a traffic target of last resort; the Ingress will be configured to
send traffic for routes with no active instances to the Activator (see figure 2.4).

Knative
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v

7
o ; Knative Serving

Poke - ]
! e :
: Create

0 e Activator

—— Ingress Buffer :
ie o .
(o)
Response —

. The Activator’s
role in managing cold starts.
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1 The Ingress receives a new request. The Ingress sends the request to its config-
ured target, which is the Activator.

2 The Activator places the new request into a buffer.

3 The Activator pokes the Autoscaler. The poke does two things: first, it carries
information about requests waiting in the buffer. Second, the arrival of a poke
signal prompts the Autoscaler to make an immediate scaling decision, instead
of waiting until the next scheduled decision time.

4 After considering that a request is waiting to be served, but there are zero
instances available to serve it, the Autoscaler decides that there ought to be one
instance running. It sets a new scale target for Serving.

5 While waiting for the Autoscaler and Serving to do their work, the Activator
polls Serving to see if any instances are live.

6 Serving’s actions cause Kubernetes to launch an instance.

7 The Activator learns from its polling that an instance is now available and
moves the request from its buffer to a simple proxy service.

s The proxy component sends the request to the instance, which responds nor-
mally.

9 The proxy component sends the response back to the Ingress, which then sends
it back to the requester.

Does this mean all traffic flows through the Activator? No. The Activator remains on
the data path during the transition from “no instances” to “enough instances”. Once
the Autoscaler is satisfied that it has enough capacity to meet current demand, it
updates the Ingress, changing the traffic target from the Activator to the actual run-
ning instances. At this point that Activator no longer has any role in proceedings.

The exact timing of this update depends mostly on how much traffic has piled up
and how long it takes to launch instances to serve it. Imagine that 10,000 requests
arrive and the Activator then sprayed them at the first instance foolish enough to stick
its head above the trenches. Instead, the Activator throttles its proxy until capacity
catches up with demand. Once requests are flowing smoothly, the Autoscaler’s own
logic will remove the Activator from the data path.

The final component of this triad is the Queue-Proxy. This is a small proxy process
that sits between your actual software and arriving traffic. Every instance of your Ser-
vice will have its own Queue-Proxy, running as a sidecar. Knative does this for a few
reasons. One is to provide a small buffer for requests, allowing the Activator to have a
clear signal that a request has been accepted for processing (this is called “positive
handoff”). Another purpose is to add tracing and metrics to requests flowing in and
out of the Service.

We’ll dig into those two functions—positive handoff and metrics—later in the
book.
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Summary

kn is a CLI tool for interacting with Knative, including Serving.

kn service lets you view, create, update, and configure Knative Services,
including splitting traffic between Revisions.

Knative Serving has a controller process, which is a collection of components
called Reconcilers. Reconcilers act as feedback controllers.

There are Reconcilers for Serving’s core record types (Service, Route, Configu-
ration, and Revision), as well as housekeeping Reconcilers.

Knative Serving has a webhook process, which intercepts new and updated
records you submit. It can then validate your submissions and inject additional
information.

The Knative Pod Autoscaler is a feedback control loop. It compares the ratio of
traffic to instances and raises or lowers the desired number of instances that the
serving controller controls.

The Activator is assigned Ingress routes when no instances are available. This
assignment is made by the Autoscaler.

The Activator is responsible for poking the Autoscaler when new requests
arrive, to trigger a scale-up.

While instances are becoming available, the Activator remains on the data path
as a throttling, buffering proxy for traffic.

When the Autoscaler believes there is enough capacity to serve demand, it
removes the Activator from the data path by updating Ingress routes.

Knative Serving’s Networking is highly pluggable. Core implementations are
provided for two functions: Certificates and Ingress.

Certificate controllers accept a definition of desired Certificates and must provi-
sion new certificates or map existing certificates into your software.

Ingress controllers accept Routes and convert these into lower-level routing or
traffic management configurations.

Ingress controller implementations include Istio-Gateway, Gloo, Ambassador,
and Kourier.
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