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11 Secrets about LEFT 4 DEAD’s AI11 Secrets about LEFT 4 DEAD’s AI
Director and its Procedural ZombieDirector and its Procedural Zombie
PopulationPopulation
Alex J. Champandard on October 7, 2009

As more games strive for replayability and unique experiences, AI becomes
increasingly important to help synthesize the gameplay and adapt to what the
players are doing. This can help significantly increase the lifespan of single
player games or story-based games, even if they are mostly linear like LEFT 4
DEAD. With large open sandbox worlds, technologies like the AI Director
become even more important to help make the experience a little less
mediocre during the worst moments, since emergence is rarely good enough
on its own!

This in-depth feature article looks into LEFT 4 DEAD's procedural gameplay
systems and the famous AI Director that helped Valve solve such problems,
and secure the "Best Game AI of the Year" in the AiGameDev.com 2008
Awards. You'll learn how the zombie population is generated using a layered
approach that's similar to Perlin noise, and how the results are adapted to
what the players are doing. Dig into the a simple four-state system monitors
and controls the whole experience, and discover what tricks Valve used to
balance and tune the results.

The ideas in this article are based on an analysis and compilation of three
different sources:

Presentations from GDC 2009.

In-game developer commentary.

Articles and interviews in press.

Executive OverviewExecutive Overview

Conceptually speaking, LEFT 4 DEAD has two systems that combine together
to create the gameplay. In most cases, Valve describes these systems
separately, although they integrate together very tightly and are driven by the
same top-level finite state machine — as you'll see in the rest of this article.
The two systems are:

1. The procedural population system that spawns objects and entities
around the survivors, in a designer-controlled pseudo-random fashion.

2. The AI Director which monitors the players in the game, and filters the
procedural population system to adjust the experience.

This architecture, which consists of a generative component and a filtering
component, is also a key ingredient for making the whole design work in
practice. There are more details in Mike Booth's talk at GDC 2009, from which
I've transcribed the important sections below. For reference, the slides are
available here:

Replayable Cooperative Game Design: Left 4 Dead
Michael Booth, Valve, GDC 2009.
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Also, an overarching theme for the rest of this article is summarized by the
following sentence:

“We tried several things. As I'm sure you've found, the more clever
you get the more complicated and worse things end up. What we've
found is that the simplest worked really effectively.” — Michael
Booth, Valve, 2009.

This will confirm the suspicion of many of you; the AI Director and the
procedural population system isn't particularly complex — it's "just" well put
together. The question is, how did Valve put it together?

OutlineOutline

This article is split into to parts, the first about principles:

1. Playtesting, playtesting, playtesting...

2. Understand Gameplay, Fundamentally

3. Working from Known Quantities

4. Limited Mostly Linear Scope

5. Unpredictable by Design

6. Fun Gameplay At All Times

The second part is about techniques:

7. Independent Systems

8. Variations on a Structure

9. Player Centric Design

10. Simple State Machine for Pacing

11. Elasticity of the Infected Behavior

#1#1
Playtesting, playtesting, playtesting, playtesting...Playtesting, playtesting, playtesting, playtesting...

Screenshot 1: How did Valve find out falling off the top floor of Merci Hospital wasn't fun?

Remember the presentation where Steve Balmer (Microsoft) jumped around
on stage shouting "Developers, developers, developers!" for a whole minute?
If there was a Valve equivalent to that, it'd be Gabe Newell at a Game

Conference shouting "Playtesting, playtesting, playtesting!"



Conference shouting "Playtesting, playtesting, playtesting!"

When listening to the in-game commentary, or various presentations at
conferences, almost everything they discuss was prefixed by sentences that
show they playtested the game regularly on a wide variety of players:

“However, it became obvious after a few playthroughs...”

“We play tested the idea that very same day.”

“Not only were experienced teams not able...”

“Through playtesting, we observed sessions where...”

”Playtesting quickly revealed that...”

These aren't examples, they are word-for-word transcriptions. That's how
important playtesting has been. Michael Booth emphasizes this in his short
history of the project during the developer commentary:

“We started working earnest on what was to become Left 4 Dead in
early 2005, and in about a week, we had a very rough but very
playable and fun prototype. We began our daily cycle of playtest,
discuss and modify that continued for the next three years. LEFT 4
DEAD is the result of this evolutionary design process.”

I chose playtesting as the first item in the list to emphasize how important it
is. It opens up the doors for the rest of the techniques described in the article
to work.

#2#2
Understand Gameplay, FundamentallyUnderstand Gameplay, Fundamentally

Screenshot 2: Fun situations in Left 4 Dead: getting pounced by a Hunter and rescued by a team mate.

Designing traditional non-procedural games requires an understanding of how
specific instances of levels fit with the gamplay for that section. In fact, thanks
to scripting and custom mechanics the two are often intrinsically tied together.
For example, it's fun to take out this guy because he's standing near a
balcony and he'll fall into that fountain with a custom prepared animation.

In the case of the AI Director in LEFT 4 DEAD, it requires understanding of the
gameplay generally. Since the procedural code must create many instances of
fun, while implementing it you need to reach an understanding of what makes
the game fun on a fundamental level. For example, it's fun to be submerged
by a wave of zombies and special infected, and almost think that you're not
going to make it, but then at the last moment you survive.

Here are some examples mentioned by the developers during the in-game

commentary:



commentary:

“From a dramatic standpoint, ideally we want to see the survivor
team just about make it to the next checkpoint, limping in being
chased by the horde, so they can celebrate when the door closes
and they yell "We made it!"

These breaks [in the zombie attacks] are critical for a couple of
reasons. The primary reason is battle fatigue; constant fighting and
gunfire is tiring. Secondly, the teams needs an end to these
skirmishes along the way to give them a chance to regroup, heal
and reassess. Lastly, these big exciting battles are only exciting if
there are also periods of quiet, creepy, tension and anticipation to
contrast them against. This dramatic pacing is really critical to
creating a fun experience.”

This was discussed in the context of dramatic pacing, but Valve has a deep
understanding of the gameplay as well, as Mike Booth's comments often
emphasize:

“But players are smart; they figure that stuff out! What happened
just totally killed replayability [...]”

In this case, he was talking about the risks of scripting. But each gameplay
design decision has been equally well understood.

#3#3
Working from Known QuantitiesWorking from Known Quantities

Screenshot 3: Louis fending off zombies standing on a tractor; shooting zombies from above is always fun!

Another principle that helped guarantee L4D's successful innovation is that it
built on gameplay that was already understood and demonstrably fun.
Shooting zombies is a known game style, as also mentioned by Michael Booth
in the developer commentary:

“The reason we decided on a humans vs. the zombie horde motif is
that the actual core game mechanic — shoot lots of zombies — is
kind-of a known fun quantity. That allowed us to take more risk on
the side of procedurally populating our zombie world, and to
experiment with a procedural system that manipulates the dramatic
pacing of the game.”

Beyond that, the team also knew that Horde-style game modes, with waves
of enemies coming at you, was fun to play. More so, they also knew that it



of enemies coming at you, was fun to play. More so, they also knew that it
worked well with the base technology they had in place already:

“While we were developing bots for COUNTER STRIKE: SOURCE, we
discovered that a few of us armed to the teeth with automatic
weaponry against 30 knife-wielding enemy bots was a lot of fun.
After shipping CS:S in late 2004, we started experimenting with new
game prototypes. That basic kernel of a small team of friends
against hordes of clawing enemies was something we kept coming
back to. We soon realized that the co-op vs. the horde game had a
ton of potential.”

Having a working game with instances of fun will help you generalize the
systems that control the gameplay. This of course, also helps with your
experimentation to develop and understanding of the gameplay, as it gives
you a starting point to base your work on.

#4#4
Limited Mostly Linear ScopeLimited Mostly Linear Scope

Screenshot 4: A more open part of the city in an earlier version of the game.

There's a lot of potential, and also a need, for AI Director technology in
sandbox-style games to help drive the action towards the player and provide
a better experience than just something that emerges by chance. Originally,
Left 4 Dead started out as a much more open type of gameplay, which
allowed the players to pick their path, as mentioned in the developer
commentary:

“Our first maps created specifically for the game were giant
nonlinear city sections. The idea was that the survivor team would
have to find their way through the zombie infested city.

Playtesting quickly revealed that keeping track of your team mates
and fending off the horde of zombies completely consumed players'
attention. Adding on the fly discussions of which way to go were slow
and frustrating. More importantly, however, was that the teams
quickly found their favorite route and tended to always run the same
way every time — minimizing their on-the-fly decisions.

By pairing down the city to a representative and fairly linear route,
we could better spend our limited resources making that area highly
detailed.”

In the case of Left 4 Dead, the team decided it was better for gameplay and

production to have mostly linear levels. However, this also simplified many



production to have mostly linear levels. However, this also simplified many
aspects of the procedural logic that populated the levels. In particular, as
you'll see in the rest of this article:

1. Knowing where to place the Tanks ahead of the survivors.

2. Finding good places around the team to spawn Special Infected.

3. Spawning zombie hordes mostly ahead of the team.

4. Keeping an active list of "cleared" areas as the team progresses.

5. Moving the active are a set through the world incrementally.

In practice, this is done with the Active Area Set (AAS), which moves around
the survivor team as it progresses through the world.

  

Knowing where the survivors are going and which path they chose is much
harder in an open world. So while AI Director could be applied to any game
environment, such linear levels certainly helped Valve get comfortable with
the technology and its impact on the design.

#5#5
Unpredictable by DesignUnpredictable by Design

Screenshot 5: Survivors being attacked by a mob from behind. Most come from the back, but some occasionally from the

front.

One of the key franchise goals for LEFT 4 DEAD was to bring together the
replayability of multiplayer games like Counter Strike, together with the story-
driven approach of the Half-Life series. In practice, this meant that the game
could not be scripted in a traditional way, as Mike Booth emphasized during
his presentation:

“This has been something throughout the process that we've tried to
avoid as much as possible: avoid manually placed scripts and
triggers. We did this early on in the project, we had a whole trigger
& script system with generators and triggers and everything like
that. We had many randomized sets where there'd be 3, 4 or 5
possible sets every single run. But players are smart; they figure
that stuff out! What happened just totally killed replayability because
players learned all the scripts, they learned all the locations and you
lose the suspense of about knowing what's going to happen next.”



Going even further, Valve realized that they needed to enforce the
unpredictability of the game in a very methodical fashion. Almost every aspect
of the way the game plays out is done semi-randomly, specifically to avoid the
player figuring everything out in advance. For instance, this was the case with
the mobs:

“We usually create mobs behind the survivors (75% of the time)
because they're moving through the environment and they're
dealing with wanderers and usually focused ahead dealing with the
enemy, so we want to pinch them between those two threats. But
we don't always do that because it'd be predictable, and we don't
want to be predictable.”

This provides good rule of thumb to follow when creating a replayable
experience; it simply requires that kind of randomness or it will prove to be a
loophole.

#6#6
Fun Gameplay At All TimesFun Gameplay At All Times

Screenshot 6: Infested zombie horde on a mostly linear forest path.

When building a game with a procedural component that can lead to a
variable experience for the player, it's important to design for all the different
results — in particular making sure that the base level experience is never
frustrating for the player. By doing this, Valve noticed that they benefited
from human psychology:

“What's interesting is that it's human nature to for remember the
hits and forget the misses. So if we can construct the system in such
a way such that even the "worst possible" game is still pretty
compelling, and all the potential games above that are really
interesting and some of them are totally awesome, the ones that
people are going to be talking about on the forums are the ones
that are totally awesome.”

In practice, building a system such that the baseline game is still fun affects
many different aspect of the architecture, in particular:

The system is broken down into generative components (remaining true
to designer input) and filtering components (taking into account user
experience).

The overall experience is generated by of multiple independent layers of

structured randomness that combine together.



structured randomness that combine together.

The procedural generation is modified and filtered by another separate
system that is entirely driven from player statistics.

Each of these elements guarantee a fun baseline experience that would
otherwise be difficult to achieve using a different archive for procedural
generation. The next section of this article looks into the details how this was
achieved in practice by the LEFT 4 DEAD development team.

#7#7
Independent SystemsIndependent Systems

Screenshot 6: The system for spawning molotovs and pipebombs works separately from the weapons and health packs.

The whole procedural generation system is built in a very similar way to Perlin
noise, which consists of multiple overlapping layers of noise at different
frequencies and amplitudes. In the case of LEFT 4 DEAD, this applies to all the
different elements that build up each game:

“Layers of structured unpredictability create interesting populations.
In a way it's akin to Perlin Noise if you know what that is. Each of
these layers, Wanderers, Mobs, Special Infected, Bosses, Weapon
Caches and Scavenge Items, individually their population systems
are pretty simple. But we stack these randomized populations on top
of each other and we end up with an interesting robust populations
of enemies and items that are engaging to the player.”

This approach is both the secret to creating unique moments, as well as
different games every time you play the same level. Here's how Mike Booth
explains it:

“We try to setup a whole bunch of interesting things that can
happen, but any given run they probably won't. But what's especially
cool about that is they can juxtapose, shuffle around, and may even
stack on top of each other. And when those things do, especially if
they're low probability, that's when you get the crazy stories.”

The fact that the systems are independent also makes the system much
easier to develop and debug. Since there are no intricate dependencies
between the systems, and no possible feedback loops, it becomes a much
more straightforward system that's easier to adjust and experiment with. In
fact, such a simple approach was a key insight shared by Mike during his GDC
presentation, and served as advice for designers generally: keep things
simple!

#8#8



#8#8
Variations on a StructureVariations on a Structure

Screenshot 7: The zombie mobs are spawned randomly, but in patterns controlled by the designers.

LEFT 4 DEAD does not just use pure random numbers to generate the
populations. It relies on specifically tuned equations that include a some
randomness in key places. This is how Mike Booth describes it:

“One thing we do for dramatic potential is something I call
Structured Unpredictability. The basic idea is that we have collections
of interesting possibilities that we create from a library, and we
select them at runtime using intentionally designed randomized
constraints. So basically you've got ranges of times when things that
could potentially happen, and we've got sets of them that are picked
from collections of interesting possibilities, and they're populated
dynamically.”

In practice, this means the designers define a basic numerical value, then
specify a random deviation to produce a range of values. This is applied to the
zombie population system, or the special infected behaviors. Another common
pattern is to have sets of options that are specified by the level designers,
which are then selected at random.

Mike Booth also goes into more details about this:

Populating mobs is done on randomized intervals (90-180 seconds on
normal difficulty). We look for areas in the AAS that haven't been cleared
by survivors, or that are currently invisible to survivors.

Special infected are created at individually randomized intervals, except if
it's a Relax period. The one constraint we loosen there is that we don't
care about cleared areas. We need to make sure these guys can appear
and we want to be able to show up anywhere around you. So we cheat a
bit and we maybe spawn the Special Infected in areas that you may
have already cleared.

Boss population is a simple algorithm. Basically there are three cards:
Tank, Witch, Blank. The algorithm goes down the escape path which
starts at the safe area and heads towards the area you're trying to
reach. (They are created N units along this escape path, plus or minus a
random amount.) The only constraint is that the system doesn't allow
two of the same cards to happen next to each other.

The results look like the image below in practice; it's a timeline from left to
right.



“This is a procedurally generated population where the little white
dots are common zombies, the red guy's a boomer, the yellow
guys's a smoker, blue's a hunter, the big green guy's a tank, and
these big blobs of infected are mobs. So this would be time starting
here, and the survivors moving through space they encounter a
boomer, wanderers, etc. This is the population that they would see
moving through the environment.”

#9#9
Player Centric DesignPlayer Centric Design

Screenshot 9: The AI Director monitors the intensity of each survivor, and uses that to calculate the intensity of the situation

for the whole group.

Technically speaking, Valve calls the "AI Director" the part of the system that
observes the player and modifies the procedural algorithms based on what
their doing...

“In LEFT 4 DEAD the AI Director drives the overall pacing. It creates
peaks and valleys of intensity similar to what we've seen in Counter
Strike. How do we do this? This pacing algorithm is surprisingly
simple.”

There are four key parts of the algorithm use to adapt the game to the
players:

1. Estimate the emotional intensity of each survivor.

2. Track the maximum intensity of all four survivors.

3. If that intensity is too high, remove all major threats for a while.

4. Otherwise, create an interesting population of threats.

There are many advantages to this system, but one of the biggest ones is
that it creates a custom experience tailored to the players. Also, it makes the
games unique — on top of the pseudo-randomness of the procedural
population system.

“The nice thing about this system, is because it's based on the
survivors actions, it helps to make sure the game is different
everytime — in the gross/overall sense.”

#10#10
Finite State Machine for PacingFinite State Machine for Pacing



Screenshot 10: The AI Director lets the procedural population algorithms run wild while the survivors are doing well!

In practice, the intensity levels of the survivors are taken into account using a
four state FSM which responds to this intensity value to effectively control the
procedural population algorithm. The final population generated is determined
by which state is active.

Here's Mike Booth's explanation of the FSM they used on LEFT 4 DEAD. He
uses the same example to illustrate the point:

“The AI Director uses this intensity value to modulate the infected
population. And it does this through this little state machine with four
states. Build Up is the default state, and that's when the director is
doing its full population and threats. Once the maximum survivor
intensity crosses that threshold, it goes into this state called Sustain
Peak which basically holds for 3-5 seconds to try to make sure that
whatever got the survivors into this situation is resolving itself. That
turned out not to be enough, so we added a Peak Fade which
monitors that and makes sure that it doesn't start the Relax phase
until everything is resolved. What we found with this early on is that
in really bad situations the survivors would still be fighting and
finishing up what got them in trouble in the first place, and use up
this whole relax period. Next thing they know they're back in Build
Up and another mob would come.

Finally after Peak Fade and everything they were currently involved
with has resolved itself, it goes into Relax mode. This maintains a
minimal population. In this case, we used 30-45 seconds seem to be
a good value to maintain a lul in the action. Or until survivors had
traveled long enough towards the next safe room. Players are pretty
smart, they figure things out like "Hey it seems pretty quiet, I think
the director is in Relax mode. Let's run!" So we mark the spot where
that happens, and if they go too far then we put them back into
build-up anyway.”

Here's a timeline that Mike was talking about (click to enlarge):

The thing to note is that the FSM originally started out with three states, and
Valve inserted an extra state to keep the pressure on temporarily. This once
again emphasizes that starting simple is the best way to go, and the result in
the end should also remain easy to understand by the designers and explain



the end should also remain easy to understand by the designers and explain
to the players via a variety of audio/visual cues.

#11#11
Elasticity of the Infected BehaviorElasticity of the Infected Behavior

Screenshot 10: A boomer using his special abilities on Zoey. Thanks to its AI, a boomer spawned anywhere nearby can cause

trouble for unaware survivors.

Another factor that makes the procedural population system work well, and its
combination with the AI director, is that the low-level simulation is relatively
tolerant of a variety of starting states. This is thanks to the low-level AI that
can cope with a wide variety of situations, as explained in the developer
commentary of the game:

“Although it sounds ridiculous to talk about advanced Zombie AI, we
spent a great deal of time on the abilities of the common horde.
First and foremost is their ability to navigate. The environments in
L4D are geometrically complex and littered with breakable or
movable objects.

One of the design goals for the zombie horde was that there can
never be a location that a survivor can stand that a zombie cannot
navigate to. Making this happen required not only robust pathfinding
code, but also robust path-following code as well. These path
followers have to continuously evaluate the local geometry around
them, and decide whether to crouch, jump, stand, climb over and
otherwise navigate nearly arbitrary environmental obstacles.”

Likewise, the Special Infected can spawn almost anywhere around the players
in the Active Area Set, and they are built to work from a wide variety of
situations. Boomers try to move into ambush positions, smokers try to find
long distances to split up the survivors, and hunters try to disrupt the survivors
by combining with other infected. All in all, this makes the game much more
tolerant of little details such as timing and placement of the zombies.

ConclusionConclusion

If there's one concept you should take away from this article it's purposefully
simple independent systems that are refined incrementally through play
testing. The ideas about layering Structured Unpredictability can help build
apparently complex systems which are easy to tune and debug under the
hood.

However, beyond that, realize that the ideas in this article were specifically
designed and carefully balanced for LEFT 4 DEAD (i.e. a replayable linear
cooperative game vs. the horde). If you're trying to add an AI Director and



+ Add a Comment

smanier on October 20th, 2009

"Track the maximum intensity of all four survivors. If that intensity is too high,
remove all major threats for a while." Is it possible for the player to control the
difficulty of the game by faking his/her "maximum intensity" ? When survivors
realize that the number of zombies depends on their intensity or energy levels,
how to make them keep wanting to avoid high intensities or injuries ?

alexjc on October 20th, 2009

Hi Samuel, I had the exact same thought. I think it's possible to trick the game by
sending someone ahead, then maxing out their intensity, then having the 3 other
guys save him... Then the whole group would rush onwards until the next mob
appears. That said, it's not very satisfying to get hit and it's fun to shoot, so I
presume that's why no loopholes have been found yet. (This information is public
now.) Alex

Discussion 3 Comments

cooperative game vs. the horde). If you're trying to add an AI Director and
procedural population to your own game, expect to face the same challenges
that Valve did. The tips in this article will help overcome these challenges, but
there are many more aspects of LEFT 4 DEAD that support this design:

Systems to help the player understand situations in the game using
dramatic music, visual outlines, vocalizations, clever fog and lighting, etc.

Experience with procedural music generation based on A-Life techniques,
pioneered in the film industry, which is also adjusted to the player's
situation.

Top-tier production values that helped build a team environment that
could foster the experimentation necessary to see through these
innovations.

As to whether it's feasible to build games like LEFT 4 DEAD or an AI Director
without being Valve, it's certainly possible — although that may require
adopting many of their development practices to do so!

Screenshot 11: Building an AI Director and procedural population is a risky process. Are you equipped to deal with the

crashes and failures along the way?

Like

Related ArticlesRelated Articles

Halloween Special:
Zombie AI That’s Not
Brain Dead

Procedural Level
Geometry from Left 4
Dead 2: Spying on the
AI Director 2.0

There’s a Hole in
Your NavMesh, Dear
Zombie



Brobst on October 23rd, 2009

I'm definitely curious what is tracked in order to come up with that measure of
intensity, judging by the theme though it will be something fairly simple but also
elegant. Tying it closely to a resource that the players are worried about managing
would help reduce the chance of abuse. If the major indicator of player stress was
rate of ammo consumption I'd still be wary of firing my gun wildly in an attempt to
trick the Director.
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