Layers of Damage Protection

This is an analysis of the generic concept of damage protection in gaming environments, adapted to City of Heroes.  The ideas in this are not necessarily new or unfamiliar, but you may have never seen them consolidated into a single document. I am writing this guide to share some of my insights and strategies in breaking down this gaming system over the ten months I have been playing.  I would like to thank the forum regulars who have taken the time to provide me (either directly or with their guides and posts) with many insights on both the basic and the complex parameters the game itself runs under.  Without them this writing would not be possible.

Every gaming system that involves combat has some means of damage protection. Whether it is a specific-frequency, electromagnetic, deflector screen, a suit of impact-absorbing armor or simply the possibility that the dice will occasionally come up snake eyes, there is some mechanism that randomizes and/or mitigates combat damage.

For the sake of this discussion, we will focus on damage protection as it relates to concepts in the City of Heroes game.  Further, I will tie the concepts in more tightly to the Scrapper archetype by following up the general presentation of ideas with an analysis of the powersets available to that class.  In an effort to be constructive, I will add some I5 commentary at the end to try and relate the changes to strategizing to cope with those changes.

The idea of damage protection as being composed of independent layers is certainly not new.  It is an intuitive concept that quickly develops in the mind of a player in CoH-style games where independent abilities provide different types of effects that player must manage.  Even Click-and-forget protection does not come without an understanding (hopefully) of what each click is providing.

I am going to try not to bog this down too badly in numbers, but there will be some numerical analysis throughout, but fear not—I will make it as painless as possible for you non-math nerds.  I will keep it all Algebraic; No Differential Equations, I swear.  We will leave the min/maxing, optimization mathematics for another discussion.  This will be good, clean fun sticking to the basic concepts.

Damage Protection—Introduction to layers

There are two basic types of Damage Protection: Environment-Based and Power-Based.

Environment-Based damage protection is the reduction in damage inherently provided by the design of the gaming environment—random numbers and other coded protections as well as topological factors such as distance (e.g. being out of range of an attack) or blocking terrain between you and a foe.   For our purposes, strategies that make use of the particulars of game design will be lumped in with Environment-Based damage protection, which is not going to be discussed beyond the fact of its existence and to separate it from the real subject of this essay—Power-Based damage protection.

Power-Based damage protection is the reduction/elimination of damage provided by ingame capabilities innate to the build of a character.  This includes all passive abilities, toggles, and click powers that affect combat in a non damage-dealing capacity.

Power-Based damage protection can be broken into five distinct layers, listed in order of their relative effectiveness.  It should be noted that in this case reliability and effectiveness have an inverse relationship.  Control is the least reliable from of damage protection, but it is potentially the most effective when it works.  Conversely, Regneration is the least effective layer (as it does not prevent any damage at all), but it is the most reliable overall (as it never fails to heal damage—well usually never).

1) Control—The Control Layer is the most mysterious and variable of all the layers of protection.  Control is any mechanism that breaks the rules of AI (or PI) in terms of a mob’s ability to make decisions and use his combat abilities.  This includes any form of mez, status effects (including Knockdown/up), or alteration of fundamental constants of a mob (e.g. movement/recharge rate).  Control can be further segmented into binary control versus mitigation control.  Binary control either shuts down mobs or has no noticeable effect on them at all.  Some binary control powers have cumulative magnitudes that are stackable such that multiple applications can affect mobs that can ignore a single instance of them.  Control is inherently the most powerful layer of damage protection—If you cannot attack, you cannot cause harm.

2) Defense—The Defense Layer consists of a number that is subtracted directly the buffed “to hit” value for an attack.  Defense comes in several flavors in that it is often categorized as being effective against melee attacks, ranged attacks, or AoE effects.  Defense is not as effective as control, but it is darn close—You cannot hurt what you cannot hit.

3) Debuffing—The Debuffing layer reduces the effectiveness of one or more offensive capabilities (e.g. Accuracy/damage) of a mob by a percentage.  This is a powerful protection mechanism.  It is not quite as powerful as Defense, because although it is proportionally as effective against all opposition, similar magnitudes of Defense are more effective in all but the most extreme cases.  At the highest levels, Debuffing can equal or surpass Defense in effectiveness.  You cannot hurt what you cannot hit, and you cannot kill what you cannot harm.

4) Resistance—The Resistance Layer reduces damage dealt by a percentage.  It is not as powerful as Debuffing because it has not means of keeping you from taking a hit, thus requires you to take some of the damage that you are dealt.  Like Debuffing, at the highest levels it becomes comparable to Defense in effectiveness.  (In actual CoH gameplay, it is arguable that Resistance is the most effective of all the Protection Layers, but that has as much to do with the damage values for mobs and the archetypes that can reach high levels of Defense and Resistance as it does anything.  For our purposes it is better not to be hit at all than to resist damage taken.)  You cannot kill what you cannot harm.

5) Healing—The Healing Layer is the ability to rapidly restore lost health.  Healing is the weakest of all protections in that it is completely reactive, i.e. it neither reduces the chance of a foe to hit nor mitigates any incoming damage, and so it breaks down most quickly against large numbers of foes or small numbers of high damage mobs, as it can be overwhelmed very suddenly.  Healing must be of a very high magnitude before it becomes powerful by itself.

Effective Healing Rate and Damage Shedding Capacity

There are two concepts that I have found especially useful in doing a mathematical evaluation of a given defensive configuration, Effective Healing Rate and Damage Shedding Capacity.

The two are essentially the same concept looked at from two different perspectives.  Effective Healing Rate is the rate a toon recovers health multiplied by his effective overall Defense, which is based on the mathematical relationship between the layers of protection that character has.  Damage Shedding Capacity is a comparison of the Effective Healing Rate to the probabilistic damage distribution of a mob or group of mobs over time against that particular protection scheme.  In order to derive an expression for these quantities, we need a formula that takes into account how mob Accuracy interacts with the numerical components of various protection layers.  First we will need an expression for a mob’s total Accuracy.

There are several expressions for total Accuracy that I have encountered on the forums that do a reasonable job of generating similar numbers to those suggested by tests.  I am going to derive a formula that we will use for our purposes here, based on the following:

Here is what (we think) we know—

1) Defense is subtractive from the buffed/Debuffed chance “to hit”

2) Accuracy Buffing is a direct additive to base “to hit” ala Focused Accuracy tests

3) Accuracy Debuffing is a multiplicative percentage decrease in base chance “to hit” ala Geko

4) Accuracy Bonuses, such as those from enhancements, are applied after Defense and Buffs/Debuffs and are apparently a multiplicative percentage increase in chance “to hit” ala testing with Super Reflexes flooring fully HO’ed attacks

5) There is a floor on chance “to hit” at 5% and a ceiling at 95%

6) There are no caps on Accuracy, buffs or Defense

Other and implicit assumptions

1) “To hit” buffs appear to be very strong, but in order for there to be any sanity to this, they are applied before Debuffs.

2) The chance “to hit” is a function linear in all variables (i.e. there are no exponential or transcendental functions involved and no exponent on any variable that is not equal to 1 or -1).

3) I am not blowing smoke and have any idea what I am doing.

4) There is no 4).

Variables—

Modified chance “to hit” 
= 
M

Base chance “to hit”

=
B

Accuracy Bonuses

=
A

Accuracy Buffs

=
Ab

Accuracy Debuffs

=
Ad

Defense


=
D

M = f(B, A, Ab, Ad, D), where Ab is additive to B and applied before Ad, D is subtractive from B after it is modified by Ab and Ad, and A is multiplicative and applied last.

So our core expression is Base “to hit” additively Buffed then, Debuffed by a percentage, then having Defense subtracted from it:

B * (1 - Ad) + Ab –D

Multiplying this expression by any Accuracy Bonuses should give us a total expression for Modified Accuracy:

M = (1 + A)((B + Ab)* (1 - Ad) –D); .floor/ceiling applies—.05<=M<=.95
Now that we have an expression for mob Accuracy, we can analyze the ideas of Effective Healing Rate and Damage Shedding Capacity.  If you do not like my formula and want to test a different formula for M, just plug it in.  Moving forward, only M is used in future calculations that need to address total Accuracy.

Effective Healing Rate is a toon’s rate of healing multiplied by his probabilistic, effective Defense.  Probabilistic, effective Defense is a mob’s Modified chance “to hit” with Resistance and Control Factored in.

The expression for this adds a Control Factor and an expression with Resistance to the “to hit” equation.  Control Factor is the reduction in effectiveness that a control mechanism hits an enemy with (For example a 25% damage Debuff would yield a Control Factor of .25 from the 25% reduction in his Dps).  Binary control powers (like Oppressive Gloom and holds) are binary control effects, which means that they have an effectiveness level of 0 (no effect) or 1 (complete control).  Other control effects (like slows) affect an enemy with a Control Factor of somewhere in between 0 and 1.  Some powers are difficult to come up with a number for and may require significant testing or analysis to determine.  Once a control factor has been determined, add these variables to the mix:

Control Factor


=
C

Resistance


=
R

Total Damage Coefficient
=
T

Once Control and Resistance have been incorporated into the Modified chance “to hit,” we will have an expression that represents a Total Damage Coefficient.  This is essentially the percentage of a mobs theoretical maximum damage (assuming he never missed) he would expect to deal against a toon with the protection scheme in question.  For Scrappers and Tankers (and many Blasters), a value of 0 is assumed for C, b/c they are interested in getting numbers for actual combat, and control is assumed to be irrelevant.

T = (1-C) * (1-R) * M

Effective Healing Rate is the basic healing rate of the character (Health/240 + any modifiers from powers such as Health) with his Defense against the mobs he is fighting factored in.  

Basic Healing Rate

=
H

Effective Healing Rate
=
E

E = H / T; T <>0
Dps shedding capacity is the ability of a character to stand up to a sustained stream of incoming damage.  This is directly related to Effective Healing Rate over time.  

Incoming pre protection damage (dps)
=
I

Damage Shedding Capacity


=
DSC

Lethal Damage (equals health)

=
L

Time until KO




=
Time

DSC = E – I

When DSC >= 0, there is insufficient damage coming in to KO you.  When DSC < 0, you cannot sustain the amount of incoming damage indefinitely.

The time required to KO a toon for a given value for I is:

Time = -L / DSC, for DSC<0

DSC and Time are important values in character design/optimization because they give you a foundation for setting a baseline for your click powers.  For example, if you want to be able to sustain 100 Dps with your Dark Armor character against a particular opposition, you will have to slot so as to have sufficient protection not to get KO’ed faster than the recharge time of Dark Regeneration at that incoming Dps rate.

As a rule of thumb I like to build my toons to have a maximum Damage Shedding Capacity (DSC when I = 0, or E) of no less than 200 dps against a given damage type.  I really prefer this number to be closer to 300, as that is right around the maximum level of an I4 Regeneration Scrapper with a base health of about 1200.  In the glory days (I3 and I4 with HO’s) of Cloak of Fear, it was possible for a DA Scrapper to have an E value of around 4000 (assuming a 50 hps gain from Dark Regeneration) against opponents with a base “to hit” of 100%.  No wonder it was nerfed.  On paper it is all-powerful; in practice, not so much.  It’s strange how making something a PBAoE, adding the need for it to make a “to hit” roll, and that 5% floor on Accuracy really conspire to randomly annihilate protection schemes based on Accuracy Debuffing and Defense.

In I5, looking at some preliminary numbers, it looks like in many cases for determining E values, we are going to be looking at numbers well below 200 for some protection schemes against any non-smashing/lethal damage.  It is going to be a new world.

Applied concepts to Scrappers

All of this theory is nice and makes for a headache-inducing read, but it is time to put some of it in context with the game we play.  After playing the game for ten months, I can safely say that I am a Scrapper at heart.  If you are interested at all in learning how things work on a mathematical level and you enjoy this kind of analysis, then you ought to try a Scrapper if you haven’t yet.  They are easily the most difficult AT to optimize in trying to balance defense and offense, and in reality there may be no absolutely right or best “build answer” in general Scrapper design, but I can tell you this: There are some definite wrong ways to build a Scrapper, and the number one design error is failing to build a reasonable protection scheme that layers as much as is reasonably possible against incoming damage right up to the edge of weakening the overall offense.  Scrappers are ultimately an offensive AT though, and sacrificing a solid attack chain for a stronger Defense is a bigger mistake than not having a solid Defense at all.

Just about every Scrapper primary and all secondary pools have at least one layer of protection that they provide or enhance.  The following table gives a quick look at which layers are associated with each primary and secondary:




DA
INV
REGEN
SR

Healing Layer

X
x
X


Resistance Layer
X
X
x

Debuff Layer

X

Defense Layer

X
X


X
Control Layer

X









DM
KAT
BS
MA
CLAW

SPINE

Healing Layer

X







Resistance Layer


Debuff Layer

X

Defense Layer


X
X

Control Layer

X
x
x
X

x
X
You can see from observation that the most layer-oriented Primary/Secondary combination is DM/DA, and the least layer-oriented is Claws/Super Reflexes.  Of course Claws makes up for its limitations by having ranged attacks, but that is more relevant to a discussion of Environment-Based protection and tactics and playstyle than it is to one on layers of protection.

Why does SR tend to outperform the other Scrapper secondaries in practice (or Why can Powerfist readily solo AV’s that I can’t—Is he that much better a player than I am?), despite the fact that it lags behind the pack on paper?  SR lives by “the way of the sword.”  It does one thing, evade blows, really well, and it does not do anything else.  Configuring it is straight-forward, and it gets a nice boon from the Fighting power pool in the way of adding the Resistance layer to its protection scheme with Tough and potentially picking up a little extra melee/ranged Defense from Weave.  SR probably benefits more from the Fighting power pool than any other secondary.  Also, chances are that Powerfist is a better player than you.

Invulnerability is the true king of Scrapper secondaries top to bottom.  Invulnerability has the simplest and most effective layering scheme of any Scrapper secondary.  High levels of Resistance and Defense that scales with the number of mobs it faces allow Invulnerability to fight any opposition and have a chance to win.  Optimizing it consists of maxxing out your Resistances, slotting Dull Pain, and deciding how many Defense buff slots you feel like putting in Invincibility.  It’s good to be the king.

Regeneration is probably the most overrated Scrapper secondary because all of its power is right out in the open.  It is similar to SR in that it lives by “the way of the sword,” but it takes every hit before its protection comes into play.  The result is that Regen can get out classed in a hurry by several high damage mobs.  Within its boundaries though, Regen is tough, with nearly unlimited endurance and the ability to recover, given a few moments rest, Regen can roam the zones with negligible down time.  Regeneration gets great benefit from the Fighting Power Pool and is probably the single biggest beneficiary from Purple inspirations, as they layer Defense on a powerful base of healing.

Dark Armor is mysterious and difficult to pin down numbers on.  It uses every layer of Defense in its protection scheme and even has a damage aura to boot.  Whereas the difficulty in optimizing other Scrapper sets is in bringing the primary into balance with the secondary, Dark Armor is impossible to optimize within itself.  With so many powers and layers applicable to different foes, Dark Armor would have to be rebuilt to be optimal against a particular mob type.  It is the biggest challenge of all the Scrapper secondaries to get right, and it is the easiest to screw up.  Unlike other Scrapper secondaries, Dark Armor has no built in Achilles heel—that role is filled by you, the build designer/player.

Can you optimize my Scrapper?

Probably on paper, but the short answer is, “No.”  You will have to optimize your own Scrapper in a way that both takes into account the raw numbers and is complementary to your playstyle.

Sample Optimization

No essay of this nature can be complete without a case study.  As an exercise, I will do an optimization of the controversial and much-maligned Dark Armor powerset based on Damage Shedding Capacity and I4 numbers, as we have not really seen I5, nor do we have hard numbers at the time of this writing.  There are several directions you can go with Dark Armor that can be more control heavy or Defense heavy, but with I5 coming out, Defense and Accuracy Debuffing are probably going to play a smaller role than they have in the past.  Even so, it is the methodology that is important, not the numbers.

Powers available by layer:

Healing

Dark Regeneration

Resistance

Dark Embrace

Murky Cloud

Obsidian Shield

Debuffing

Cloak of Fear

Defense

Cloak of Darkness

Control

Cloak of Fear

Oppressive Gloom

Other

Death Shroud

Soul Transfer

Analysis

The first thing we will want to do is figure out the range of protections that are potentially available to us ignoring slotting requirements and endurance costs, then we will have to work our way back into the reality of what we can build.

We see immediately that Cloak of Fear has good possibilities as it resides in two different protection layers.  It will require a good looking over.

We also see two powers in the Other category that we need to figure out what to do with.  Death Shroud is a damage aura designed to shorten fights by slowly melting down everything in near proximity.  In order to evaluate its effectiveness, we will have to look at how much time it is shaving off fights and compare it with our other options.

Here is what is available in a nutshell with numbers:

Layer 5—Healing 


DR 30% heal/mob hit/30 seconds PBAoE+ [many possible slotting scenarios]


Layer 4—Resistances

DE 22.5% S/L, 15% NE, 15% Toxic (max 53.55%/35.7%/35.7%)

MC 26% Energy/Fire/Cold, 15% NE (59.5%/35.7%)

OS 37.5% Psi (75%)

Layer 3—Acc Debuff

CoF ~20-25% PBAoE (66-82.5%)

Layer 2—Defense

CoD 9.4% melee/ranged (22.3%)

Layer 1—Control

CoF Mag 3 PBAoE Fear

OG Mag 2 PBAoE Disorient

What we see immediately is that DA has some Resistance to just about everything in the game.  Since Resistance and Healing are our most fundamental protection options, they should form the foundation of our protection scheme.  If we invested in maxing out Resistance, we could add Tough and give Invulnerability a run for its money in terms of total Resistance.

The next thing that we notice is that CoF potentially has a heinously powerful Accuracy Debuff (I have tested it several times and gotten results from 23.1 to 26.4%, so for our purposes I am calling it 20-25%) capable of markedly reducing even a base “to hit” of 100% to below minion levels.  Referring to our original calculations, a total “to hit” based on Accuracy Debuffing alone would be M=B*(1-Ad), so CoF by itself can reduce a 100% bas chance “to hit” to something in the 33.3-17.5% range.

If we factor in Defense from CoD, M=B*(1-Ad)-D, so the range of values for this combination against a base “to hit” of 100% is 100%*(1-66%)-22.3% or 11% to 100%*(1-82.5%)-22.3% or –4.8%, which is well below the floor of 5% chance “to hit.”

This combination of Accuracy Debuffing and Defense from CoF and CoD is obviously very powerful, and can be made even more so with the addition of Weave from the Fighting pool, which offers a base Defense of 10% against ranged and melee attacks.  This combination of powers would be very effective against almost every mob in the game.  Archvillains are some of the only truly dangerous AoE-heavy mobs in CoH.

DA’s control mechanisms, Fear and Disorient, are very effective, as few mobs have Resistance to either of them.  At the Mag levels they are set to, DA control is really built to temporarily remove minion (and Lieutenant in the case of CoF) level support from the fight so as to isolate the higher-powered mobs and eliminate them then mop up the support units.  Both CoF and OG are C=.95 type control effects so long as you can keep the affected mobs in PBAoE range (OG) and do not attack them (CoF), assuming that you have a 95%+ chance to “to hit” the mobs you are controlling

If we look at the big picture now, let’s look at the bigger picture of our potential composite protection scheme.  Ignoring control effects for now, T=(1-R)*[ B*(1-Ad)-D].  For B=100% and S/L damage for which R is maxxed out at 53.6%, we find a maximum T value of .051, which gives a unit (Healing Rate = 1) E value of 19.59.  If we take the maximum value for CoF’s Debuff, then we get a T value of .023, which yields an E value of 43.06.  If we add Tough to the picture and cap out S/L Resistance, we see that things get sick as we find T values ranging from .0275 to .0125 which correspond to unit E values from 36.36 to 80.  That means that against mobs with a 100% base chance “to hit” doing only S/L damage, with melee or ranged attacks, who are standing in the PBAoE range of CoF and being hit by it, you take damage from them as if your rate of healing were upward of 80 times your normal rate of recovery.  This is essentially the same as having Regeneration that could completely heal you from zero in three seconds.  Not too shabby.

The other factor in the DA equation is Death Shroud.  An AoE damage field that can save a significant amount of endurance by providing the killing blow on severely wounded mobs or by killing weaker mobs outright in a protracted fight.  I am back and forth on what the protection value of a damage field is, as it is not really that easy to pin down.  A fast-killing effect like Burn takes out the opposition fast enough that it outpaces the game’s mob damage clock, killing every support damage unit in range so quickly that the damage they output beyond the alpha damage is not a real factor.

[Edited after significant I5 testing]: I think that the best way to analyze combat with damage fields is to look at it in terms of how many waves of melee fights you will have to go through to eliminate them (One nice thing in I5 is that the AoE limit makes calculating this pretty easy :p).  Once you have that figured out, calculate how long it would take a single minion to be defeated by damage from the damage field alone.  That is the value of your wave clock.  If you tend to fight “one wave” combats and find yourself taking down everything else (Bosses and Lieutenants) within one cycle of the wave clock and still have endurance left to fight, then the damage field is probably doing you no good defensively, as it is not providing you any reduction in the amount of incoming damage that you are receiving in that first clock cycle.  

An immediate exception to this method of analysis that comes to mind is the “pop four purples, giant corner pull.”  If you like this method of hunting (herding), then you had better have any available damage fields running because your life-expectancy has been set to a clock that is synchronized with the timer on those purple pills you ate.  

Outside of inspiration-driven scenarios and Burn, I am not sure that that damage fields actually act as a form of damage mitigation at all until combat gets more than one full AoE limit layer deep.  This is not to say that they don’t have good value as endurance savers, as XP per minute enhancers, and as mob disruption (damage fields make mobs mad and they go into melee mode when hit by them instead of doing more creative things) over the long term of a fight, just don’t expect to take less damage during the portion of the fight that matters (the time in which you are actually in danger of dying.).

I am not sure how often it is true, but based on my own past experiences and the knowledge of the 12.5% damage increase for Scrappers in I5, I suspect that Death Shroud (I can’t say the same thing for BA, Mud Pots, or Icicles, since Tanker melee damage is significantly weaker (.711 or so) than I5 Scrapper damage) will start to function as a form of damage mitigation around the time that the “average” big fight transitions from the contested phase to the mop-up phase of combat more than it already does now.

Putting it all together, DA Resistance numbers alone contribute a factor of 2 or more (up to the Scrapper maximum of 4) to a given E value for the total protection scheme.  For our purposes, E values are sufficient for a DSC analysis b/c we only need look at DSC=0, or E=I scenario—the breakeven case.  From what we saw earlier, the major contribution to E comes from CoF+CoD, so these should form the heart of our protection scheme along with our base Resistance Shields (and status protections from OS, of course!) and Healing from Dark Regeneration.  Everything else is completely optional.  Even without slotting, Tough and Weave add significant potency to DA’s Resistance and Defense, so they should probably be considered ahead of powers like OG, DS, and Soul Transfer (Metalo!  I just gave a toilet bowl wings to fly so that it can fall on you from a great height if you take Soul Transfer for anything but a concept character).

Thank you for taking the time to read my thoughts.  I hope that you have found something useful in this document, if for nothing else than to give you something with which to line your birdcage.  It is my hope that it gave the reader some basic insights into the way that I break down protection schemes and predict how things should work so that I have a reason to be mad when I put something together that looks great on paper, and it blows up in my face in the game.  That generally does not happen, but it has before, and I am sure it will again.

