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2. Abstract

In the game of EverQuest, players can attempt tkemi@ms through crafts such as
blacksmithing or tailoring. Each item has an assed difficulty level called a “trivial.”
The trivial for most items is known, but not fot af them. This paper seeks to identify
the difficulty level of seven related combines wmeEQuest that produce an item called a
“trophy” by analyzing the success and failure ratésthe attempts to make those
trophies. 1144 success/fail results were collectduch translated into 36 useful data
points. A linear regression analysis was then mrihmse data points to determine that
the cap was 74.0891% = 2.788%, or approximately .7&¥ear regression proved
fruitless when studying the trivial, so a variarittbe regression system was used to
determine that the trivial is likely to be 341 $A4int, or approximately 342.
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3. Introduction

3.1. Background

Have you ever wondered how the world works? Thernsg of physics seeks to explain
the nature of the world around us, but reality ¢en dauntingly complex even for
experienced physicists, let alone a typical laypers

Computer games will sometimes seek to simulateptiysics of reality, and in some
cases, games can even create a new reality withwitslaws of nature. Games can be
fanatically accurate — Microsoft's Flight Simulattine of games can be used to
supplement training to become a flight pilot, ahd Microprose Falcon line of games is
as close as you can get to flying an F-15 Falcgimtéir jet without joining the Air Force.
Other games reduce the physics of reality to a mmapageable set of rules that can be
modeled and processed by a home computer, ang aadiérstood by a player.

Some games will seek to simulate an entire wontch(portion of a world, such as a city).
The player takes the role of one person, or ocnafiipa small group of people working
together, who seek adventures within the world. ke focus of the game is centered
upon the progression and growth of your charaddeneaor she progresses through the
game and upon the interaction of your characten wiher characters within the game
world, the game is classified as a role-playing gam

Within the context of a game, everything is caltedadeterministically. The game uses
established formulae and known values to calculatéain events. Those events may
contain a random element (such as the chance aflet bitting or missing the target),
but ultimately, standardized formulae create cdestisresults. However, to the player,
the results appear to be random. Since they caseetthe individual steps of the
calculations, only the final results, the game appdo be random. Players can use this
data in an attempt to work backwards and deterntiee underlying formulae and
constants that run the game — in other words, pdaga@n unravel the physics that hold the
world together.

3.2. What is EverQuest?

EverQuest is a computer game that is played ontwey the Internet. It is usually
classified as a “massively multiplayer online rplaying game” or MMORPG.
EverQuest allows the player to take part in a |deggasy world with hundreds or even
thousands of other players from all over the wdghdnce, massively multiplayer). The
player creates a character that becomes his aiattre virtual world. Each player
controls his own character, while other charactarsmals, monsters, and so on are
controlled by the computer server that runs theavor

EverQuest simulates the fictional world of Norraitls, moons, and the ethereal planes
surrounding Norrath (which serve as homes for Nbisavarious gods). Players start in
the game by hunting creatures that threaten theepsahome city (ranging from vermin
that plague the city like rats and bats to opposaugs that seek to exterminate the city’s
inhabitants), then progressing to more complicapeelsts and adventures. As characters
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progress, they become stronger (represented igaime as “gaining a level”); characters
start at level 1 and can eventually become leve{agOof this writing). They also have
opportunities to gain new equipment and “alterreateancement” abilities that increase
their power relative to other characters of the esdevel. Eventually, players can
challenge the very gods in combat. EverQuest was rieleased to the general public in
March 1999.

3.3. What are Tradeskills?

One of the alternate methods of play in EverQueghe ability to craft items, called
“tradeskills.” There are seven tradeskills that aneailable to everyone: smithing,
tailoring, fletching (making bows and arrows), poyt baking, brewing, and jewel-
crafting. Four additional tradeskills are restritt® certain races or classes; these are
poison-making, tinkering (the highly unpredictabi¢ of making magical contraptions),
alchemy (potion making), and research (the creaifarew magic spells).

The player will typically start a tradeskill attetr{palled a “combine”) by deciding which
item he or she wishes to make. Then the playetdasllect the necessary components.
Some components are sold by vendors in unlimiteshtijies; others have to be collected
from defeated enemies or through the completioquests; yet other components have to
be crafted using tradeskills (this is referredg¢dsubcombines”).

Once a player has collected all the necessary jtémasplaces them in a “combine
container” — this is a tailoring kit for tailoretems, a forge for smithed items, an oven for
food, and so on — and clicks the “Combine” buttbhe game then runs a complicated
formula that determines whether the player is édleomplete the combine successfully
(yielding the desired item), or whether the plafgglis the combine (usually resulting in a
loss of the components). To the player, the proaepgears instantaneous, and the only
reported result is whether the player succeeddailed the attempt.

3.4. History of Tradeskills within Everguest

When EverQuest was first released, tradeskills wetea significant part of the game.
Over time, the developers of EverQuest added nemstthat players could make and
new abilities that made tradeskilling easier. Asdéskills became more prominent,
players started to investigate the mysterious machdehind their chosen profession.

The investigation basically boiled down into attésnfp guess or predict the chance to
succeed at making items and the chance to incrgase skill. Initial estimates and
guesstimates were made for these formulae; andaasyes were made to the game, these
were updated or refined. In addition, the maker&EwérQuest would hold a periodic
gathering called a Fan Faire at which players efgame could meet and interact with
the developers. At these Fan Faires, tradeskillersld often ask for confirmation or
verification of guesses or estimates by the plagenmunity.

3.5. What are Trophies?

Each tradeskill except research has an item callé@dphy. This item is intended as a
prize for achieving high skill within the matchitigdeskill. It costs a significant amount
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of in-game money (platinum pieces, or plat for shgold, silver, and copper pieces are
sub-denominations, with each piece being worthadkethe next-smaller denomination)
and time to acquire the components, and it hasra mgh complexity level to make

successfully. Players do not know the exact difficlevel.
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4. Description of the problem

4.1. Objective

The objective of this paper is to determine thédlifty level (called the “trivial”) of the
tradeskill trophies and the cap on the chance ¢oemd at a trophy combine, if any.

It is important to players to have accurate infarora regarding their tradeskill
combines. This information is used by players tineste their costs for making items or
for increasing their skill. Inaccurate or missingformation makes this harder. In
addition, there is always a sense of elegance ia$sdcwith having complete
information.

4.2. What factors affect success rates?

There are five factors that affect a player’s cleaiocsucceed a particular combine. These
are as follows:

* The item’s trivial

* The player’s skill

* Any skill-modifying items the player may use

* “Mastery” abilities

» Upper and lower caps on the chance to succeed

4.2.1. Changes in 2004

Between September 2004 and March 2005, the devslafehe game implemented a
number of substantial changes to the mechanicatiddrlay tradeskills. Three particular
changes are of relevance to this study. Each willliscussed more thoroughly under the
appropriate section below. First, the cap on uniremtiplayer skill was raised from 250
to 300, and the cap on modified skill was removetirely. Second, the cap of 250 on
item difficulty was removed. Third, the developgeained the ability to impose a cap on
the chance to succeed for any particular combiegardless of player skill. (For
simplicity, these changes will be referred to as2004 changes.)

4.2.2. Item Trivials and Difficulties

Each item a player can make has an associated ewityplevel called the “trivial” (for
reasons that will soon become apparent). Some iwm®asy to make, meaning they
have a low trivial; while others are much hardeeamng they have a high trivial. In
general, items that are more useful or more poweillhave a higher trivial; thus, it is
more difficult to make these items successfullyviéit values typically range from 15 to
404 (the highest trivial currently confirmed).

When the game was first released, the trivial \@lokeeach item you could make were
not known. Instead, they had to be discovered bygrs. Once a player’s skill exceeded
the trivial of the item, the game would give thessege “This item is trivial for you to
make” when the player successfully made the iterherce the origin of the term
“trivial.” This message was later changed to ardeane (“You can no longer advance
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your skill by making this item”), but the term “tial” is still used to describe the
complexity level of a tradeskilled item.

For example, if you successfully made an item wiill 200 and did not get a trivial
message, then succeeded on the same item witl28kikind received a message that you
could no longer advance your skill by making thésr, then you could conclude that the
item had a “trivial” of 201 — this is the highesdlue to which you could raise your skill
by making this item.

Players collated this information and shared ithwetach other. The majority of such
information was gathered at a Web site called EQ@r's Cornervyww.eqtraders.coin

Around February 2004, the game’s interface was @badrso that players could see the
actual trivial of the combine they are attemptikigwever, not all items were visible in
this manner; the trivial of items not listed renedra mystery to players. The trophies are
the most prominent of these mystery items.

As discussed under the Derivation of Formulae secteach trivial is stored internally
within the game as a number called the “diffictil@rdinarily, players would never have
direct interaction with item difficulties; insteathe game would invisibly convert the
difficulty to a corresponding trivial. The highedifficulty known at that time was 250,
which corresponded to a trivial of 335. Not coiraitally, this difficulty yielded a

success rate very close to 50% at the then-maxiskihof 252 (discussed below).

After the changes in 2004, new items appeareddrgédme that had trivials far in excess
of 335. As of this writing, the highest confirmeadvial is 404, which corresponds to a
difficulty of 302.

4.2.3. Player Skill

In EverQuest, players increase their skill in eaadeskill by attempting combines
whose trivial is above their current skill leveln@ach such attempt, the player has a
chance of getting a “skill-up” and increasing th&kill in the corresponding tradeskill by
one point. For example, if a player has a skil260 and attempts a combine with trivial
252, that player has a chance to get a skill-ugandiess of whether the player
successfully makes the item or not.

Initially, a player’s unmodified skill within a pacular tradeskill could not exceed 250.
Players assumed that skill was stored as a onetmgigned integer, giving a possible
range of 0 to 255.

The changes in 2004 allowed players to raise tn@modified skill to 300. Player skill
levels in each tradeskill can currently range fil@no 300.

4.2.4. Skill-Modifying Items

Certain items in the game grant a bonus to theeplagkill in one particular tradeskill,
expressed as a percentage. For the purposes ciidnee to succeed or fail, the player’s
skill is increased by this percentage. For exampeplayer has a base skill of 200 and a
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5% skill-modifying item, the player's effective #lkiwould be 210. Known skill-
modifying items range from 1% to 15%; by far thestncommon are 5%. Modified skills
are always rounded down to the nearest integer.

When the cap on unmodified player skill was 25adifier would raise this skill to a
cap of 252. For example, if you had a skill of 20@ a 5% modifier, your effective skill
would be 210. However, if your skill was 250 andiysed a 5% modifier, your effective
skill was not 262 as you might have expected. Tdpewould limit your effective skill to
252. Skill values of 253-255 were presumably resgrvalues with special meanings in
the game.

The cap on unmodified skill was removed entirelyhwihe changes in 2004; players
could now get the full benefit of any modifier thesd. For example, the highest known
modifier is 15%. A person with this modifier andrav skill of 300 would have an

effective skill of 345. The formerly-reserved vaduom 253-255 no longer hold any
special meaning; they represent just another lekiél.

4.2.5. Mastery abilities

As discussed previously, players can choose to veorkheir alternate advancement
abilities in lieu of normal progression in the ganine line of alternate advancement
abilities reduces the chance to fail in a partictdadeskill by a set percentage. Thisas
the same as increasing the chance to succeed bpdfwentage. The specifics of how
Mastery affects the chance to succeed or fail @eudsed under “Simplified Formulae”
below.

The individual abilities are called Tailoring MastePottery Mastery, and so on. They all
function identically, save for which tradeskill thaffect. For this document, they will all
be referred to generically as Mastery abilities.

The first rank of each Mastery ability reduces ¢hance to fail a combine in a particular
tradeskill by 10%. The second rank increases tha&b500, and the third and final rank
reduces the chance to fail by 50%. These are egféaras Mastery 0, Mastery 1, Mastery
2, and Mastery 3.

4.2.6. Caps

The chance to succeed is capped at 5% at the lowaed 95% at the high end. This
overrides even the reductions of mastery abilifi¢ee low cap means that regardless of
your skill or the item’s trivial, you always havélaast a 1 in 20 chance of succeeding
any combine attempt.

The upper cap of 95% is raised by 1% for each 46tpgour skill is above the trivial.

For example, if an item has trivial 200 and youitl sk 240, your maximum chance to
succeed is 96%. At skill 280, this chance is 97%slAll 279, your chance is 96% -- the
cap is only raised for whole increments of 40 pmint

In addition, certain items have an individual iteap that overrides the default upper cap.
Normally, this cap is significantly lower than tdefault maximum of 95%. For example,
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an item might have a cap of 60%. So, even if yéur @nd other factors would predict a
success rate of, say, 75%, the individual item @fap0% would override. However, if
your predicted success rate is 50%, then the capdwdo nothing — it is @ maximum on
the chance to succeed, not a set value. Indiviteral cap values are not precisely known
by players.

4.3. What Is the Issue?

Players have very little firm information regarditize trophies. All that is known for
certain is that the trophies are not trivial aaypr skill of 300. The trivial for the poison
making trophy (which is not one of the tradeskifisluded in this analysis) is visible in
the in-game interface, and has a value of 335. Womsld be in line with the age of the
trophies; they were introduced at a time whenras the maximum trivial.

However, the observed success rates at very hiliheslels do not match what would be
expected given the formulae. An item with trivi&53should succeed the vast majority of
the time if the person attempting the combine hlagla skill (over 280 or so), and should
reach the maximum success rate of 95% at a modskddof 295 (or skill 289, with
Mastery 3). Therefore, we must conclude that eithertrivial value of the trophies being
studied differs from the poison-making trophy, tseethe game’s developers must have
implemented a cap on the chance to succeed gblaytcmmbine.

4.4. Discussion of the Formulae

4.4.1. Derivation of Formulae

Around 2002, a number of players collaborated an B Trader's Corner message
boards to generate a tremendous amount of datednegglayer skills and success rates.
Then, some statistically-knowledgeable players uded data to derive a best-guess
estimate of the formulae. Some of the assumptioaisunderlay these estimates were that
skill and difficulty were stored as one-byte ungdnntegers (hence the limits of 250 or
thereabouts). The formulae showed that the mostulpoptem trivials corresponded
directly to round difficulties, and the estimatestomed closely to results observed in
game. At a Fan Faire in 2005, the developers aoefir that the derived formulae were
correct.

Also at that Fan Faire, the developers revealedetigtence of per-item success caps.
There was significant community outcry about theaps because they meant that the
reward for having higher skill (hamely, a betteacbe to succeed, leading to less wasted
expense on failed attempts) was effectively negatiedvever, the developers view the
caps as a way to control the rate at which thesestenter the game world, and insisted
that they would not be going away.

4.4.2. Simplified Formulae

The formulae relating to success/fail rates areteqwomplicated, having several
variations and branches, depending on the iterratrfitems with trivial of 68 or less use
a different formula), the player’s skill (a skilf aero does not use mastery), and the
player's Mastery level. We know for certain thae ttiophy is not trivial at skill 300;
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therefore, its trivial is over 300 and there is m@ed to worry about the formula for
trivials under 68. Purely by chance, all the cabecdata happened to be with Mastery 0
or Mastery 3; no data was collected for Mastery 2.d-inally, no data was collected at a
player skill under 200. Therefore, only the formeulgpplicable to this restricted data set
will be presented here.

The basic formula for success with Mastery 0 amdnitrivial greater than 68 is as
follows:

| UncappedRate = (ModifiedSkill - 0.75 * Trivial + 51 .5) /100 |

This formula leads to a number usually but not gbsvheetween 0 and 1, which is then
capped at 5% at the low end and the lower of 95%@ritem success cap at the high
end. Similarly, the formula for success with Magteiis as follows:

UncappedRate =
1-((1-((ModifiedSkill - 0.75 * Trivial + 51.5) / 10 0))*0.5)

Trivial is a constant for the combines in questisince all of them have the same trivial.
Substitutingx for ModifiedSkill (the independent variable) apdor UncappedRate (the
dependent variable) and rewriting in a more tradai form, the formulae become as
follows, where T is the trivial:

| Pr(Success | Mastery 0) = y =0.01 x +(.515 - 0.0075 x T) |

| Pr(Success | Mastery 3) = y =0.005 x + (0.7575 - 0.00375 x T |

Once the probability is determined, it is then @&ppt 5% at the low end and the lower
of 95% or the item’s success cap at the high end.

From this, two things become apparent. First, thera fixed, linear increase to the
chance to succeed as skill increases (specifictly, slope of the equation, or the
coefficient ofx). Second, the trivial can be determined if yhiatercept of the function is
known. Note that in practical terms, the y-intetcemever seen in game. The lower cap
on success usually prevents that from being visiliés is discussed in more detail in the
next section.
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5. Data Collection

5.1. Methodology for data collection

The first step in conducting the analysis is tdemil data. The only real way to collect

data for this analysis is to perform combine attesmip the game and record the results.
To this end, players were asked to submit theicesg/fail results when making trophies,
along with their raw skill, any modifiers used, aanty Mastery abilities they may have.

Accordingly, 1144 attempts at making trophies weggformed. The majority were done
personally by the author; the remainder were peréar by other players who reported
their results. When possible, the author persoraiserved and verified the results. The
submitters were asked to present the tradeskilihich they attempted the combine; their
unmodified skill at the time; the modifier perceggathey used, if any; their mastery
level, if any; and how many successes and failg ttiael with these statistics.

5.2. Risks and Complications
There are a number of potential risks and compdinatto this analysis.

First, there is always the possibility that somehbwsome horrid streak of bad luck, the
collected data consists entirely of extreme or representative data. As players of the
game often joke, the game’s random number genefatoch plays a significant role in
determining whether players succeed or fail) istieat) vindictive, and hates players!
This risk was mitigated by attempting to collectasge quantity of data points spread
over a large range of skill levels.

Next, there is a risk that the formulae describleova are incorrect in some aspects. The
actual formulae used in the game are not knownageps. Rather, the formulae reported
above were derived by players using a statistinalyais not unlike this one. Although
the developers have confirmed the accuracy of dn@ulae, there is still a chance that
the in-game formulae differ in some significant wegm the known formulae, or that the
in-game formulae were changed at some point dfeedévelopers’ confirmation.

Although there is a risk of deception by people whbmitted their results, | would judge
the risk to be negligible. The veracity of the vamtjority of the results was confirmed by
the author personally by monitoring the people ddhre combines. The other results are
quite few in comparison. If any of them were faysedported, the analysis would likely
reject them as noise in the data.

The biggest concern, however, is that there has aehange to the trivial of the trophies
since the new revisions were introduced. The oaigamalysis to determine the formulae
was performed around 2002. At the time, players’ s&ill was capped at 250, not 300 as
it currently stands. In addition, modified skill svgapped at 252. Likewise, the highest
known trivial was 335, which corresponded to aidifity of 250. Again, it was assumed
that difficulty was a one-byte unsigned integerehwas no evidence that caps on
success rates existed at that time.
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Accordingly, it is difficult to determine whethergarticular combine with low success
rates is due to a high trivial or a low trivial andsuccess cap. Consider the following
three cases. These display graphically the chamsaicceed a particular combine at a
given modified skKill.

The first graph represents the chance to succeed ¢iiree different trivials, no mastery,
and no item success cap.

Predicted Success Rates, Mastery 0, No Cap

100%

90% / / /
80% /é / /
0% / / /
60%

Trivial 335/ /Trivial 351 / Trivial 386
50% / /
40%

30% /
20% / /
10%

0%

Chance to succeed

AN

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
Modified Skill

From this graph, it is clear that the slopes oflthes are parallel. If the lower cap were
not present, the lines would continue until thegcle they-axis. Each would have a
different intercept, and as noted above, the iefgrcs dependent on the trivial.

Next, let us examine the impact of mastery. Th@lgtaelow shows the same three trivial
items, but this time, Mastery 3 is assumed.
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100%

Predicted Success Rates, Mastery 3, No Cap

90%

//

-~

80%

_——

70%

_——

60% -

50%

Trivial 335

Trivial 351

Trivial 386

Chance to succeed

40% /

30%

20% -

10%

0%
200

210

220

230

240

250

260

270 280 290 300
Modified Skill

310 320 330 340 350

Note here that the slope is again constant actbfsree trivials, although it is different
from the slope in the previous graph. Again, if ¢maph were extended to the left and the
lower cap ignored, thgintercept would allow us to determine the trivial.

The next graph below is a repeat of the first chséthis time a cap of 75% is imposed
on the chance to succeed. Notice that it is esdbntdentical, save that the chance to
succeed no longer exceeds 75%.
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Predicted Success Rates, Mastery 0, 75% Cap

100%

90%

80%

60% / /
Trivial 335 / / Trivial 351 / Trivial 386

50%

40% / / /

30% / / /

20%

W 1— A~~~ 4

0% T T T T T T T T T T T T T T

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
Modified Skill

Chance to succeed

The next graph combines elements of the previoeetht represents an item with trivial
335 and no cap, another with trivial 335 and a €& and an item with trivial 386. All
assume no Mastery, for simplicity.

Predicted Success Rates, Mastery 0, Mixed Caps

100%

90%
80% | / /
yd /
/ y

70%
60%

50% / /
40% / /

30% A

20% / /
10%

/

Chance to succeed

0% T T T T T T T T T T T T T T
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
Modified Skill

Clearly, if you only gather data on success resitism people whose skill is 290 or
higher, it would be very difficult to differentiateetween an item with a high trivial and

Copyright ©2005 KyrosKrane Sylvanblade. All rightserved. Page 15 of 36



no cap, and an item with a lower trivial and a cépe best way to differentiate is to
observe the success rates at lower level of skihere the differences are more
pronounced.

Another consideration is that although we rely be y-intercept, it is never found
directly in the game. Consider the following grapiich shows the capped (green) and
uncapped (red) chance to succeed from skill zei®4® The chart assumes trivial 335,
mastery 0, and no item cap.

Capped vs. Uncapped Success Rates
Trivial 335, no cap, no Mastery

150%

100% +

50% -
0%

-50% /

-100% /

-150%

Chance to succeed

'200% T T T T T T
0 50 100 150 200 250 300 350

Modified Skill

‘—Uncapped (formulaic) =—=—Capped (in game) ‘

Notice that the green line, which represents theiahcsuccess rates in the game, is
capped at 5% and 95% at either end. Therefors,ribt possible to get meaningful data

at modified skills under 200 or so. This is unforte, as any data obtained at those skills
would help to stabilize the regression estimate.

Also on the chart above, notice the region highéghin yellow. This is the region in
which all the collected data lies. Therefore, thisra large risk that by extrapolating to
they-intercept, the margin of error becomes so large &sse the value of the estimate.

5.3. Data Cleaning and Summarization

The raw data that was collected is presented ineAgix 2. As previously noted, 1144
individual attempts were recorded.

The raw success/fail results that were collectedevemnverted to success ratios, or
proportions. For each modified skill level, theiwatias calculated as follows:
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# Successes
Total attempts

sl —

Skill levels at which less than five individual sess/fail results were collected were
discarded; less than five results at a skill leweluld give a proportion that was too
coarse to be useful.

This resulted in 29 useful proportions at Masterar@ seven useful proportions at
Mastery 3. For each proportion, a margin of erraswalculated as follows:

o, =SE, a/ﬂ
p p n

ME =20o,

p

These data were collated and sorted, then grapiveal isual analysis, as follows. Note
that the graphs have an upper cap onxtagis of 320, since no data was collected for
modified skills over 315. The error bars on all iraphs represent a two-sigma margin
of error.

The first graph presents the data collected witlstiety O.

Success Ratio, Mastery 0, Clean Data
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The next graph presents the collected data withiéhas.
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Success Ratio, Mastery 3, Clean Data
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6. Analysis

From the above graph of data with Mastery O, it \dcappear that there is a roughly
linear increase in the chance to succeed until sdraee in the vicinity of modified skill
270-285. From skill about 280-315, it is clear ttiegre is some sort of cap on the success
rates, as none of the data points exceed 90%.

For purposes of comparison, here is the first grapleated, with the predicted chance to
succeed if the trivial were 335 and the successvaap 75%.

Success Ratio, Mastery 0, Clean Data
with Average Success Rate, Trivial 335, 75% cap
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Q
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o 50%
[
g 40%
©
<
O 30% -
20%
10% >
0% T T T T T T T T T T T
200 210 220 230 240 250 260 270 280 290 300 310 320
Modified Skill
‘ ®m  Success Ratio == Average Rate ‘

The second graph above (depicting data with Masigry less enlightening, but again, it
is notable that the majority of the data points ameer 90%. This again strongly argues
for a cap.

Accordingly, this analysis will proceed in two parFirst, we will attempt to determine
the success cap. Second, we will attempt to deterthiey-intercept, from which we can
calculate the trivial.

From the graphs, it is not immediately obvious wehéne break between the linear
increase and the horizontal cap effect would berdfore, all data points up to a skill of
285 will be used to determine the trivial, anddata points from skill 280 and up will be
used to determine the cap. This slight overlap hbelp assure that all the relevant data
points are included without corrupting the caldolas.

6.1. Determining the Success Cap

Since the success cap overrides the formulaic ehtmsucceed, even if the person has a
mastery ability, we can safely combine the datanfidastery O and Mastery 3 in the
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relevant range (skill 280 and up). A regressionyamwas then performed on the data.
This created the following data set. (For claritlyures may be restricted to three decimal
places or three significant figures, as appropdiate

Mastery 0 and 3 Combined
Observed | Predicted
Observed | Observed | Observed | Success Success
Modified Skill | Successes Fails Total Ratio Ratio

282 8 3 11 72.727% 78.592%
284 7 3 10 70.000% 78.388%
290 5 1 6 83.333% 77.778%
292 7 1 8 87.500% 77.575%
298 30 5 35 85.714% 76.965%
299 93 24 117 79.487% 76.863%
300 42 12 54 77.778% 76.762%
301 52 25 77 67.532% 76.660%
302 47 11 58 81.034% 76.558%
304 27 7 34 79.412% 76.355%
305 61 24 85 71.765% 76.253%
306 21 5 26 80.769% 76.151%
307 33 6 39 84.615% 76.050%
308 49 27 76 64.474% 75.948%
309 17 9 26 65.385% 75.846%
310 6 2 8 75.000% 75.745%
311 198 83 281 70.463% 75.643%
312 4 1 5 80.000% 75.541%
313 25 7 32 78.125% 75.440%

Total 732 256 988

We are in the odd position of desiringosv R* value, and ideally both¥and the slope
would be zero. In other words, there should be mwetation whatsoever between the
modified skill and the success rate. The margiaradr was calculated using two sigma.

Ho: Slope =0
Ha: Slope  #0
o =0.05
y-intercept = 1.072638545 + 1.096265423, p-value =0 .0670
Range of y-intercept: -0.023626877 to 2.168903968
Slope ( x coefficient) = -0.001016744 + 0.003631608, p-value =0.583
Range of slope: -0.004648352 to 0.002614864

¥ =-0.001016744 x + 1.072638545

R? =0.018109218
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Note the huge p-value on the slope. It is safeayp that we fail to reject the null
hypothesis. Accordingly, the slope is essentialyoz confirming the existence of a cap
on the chance to succeed. The implication of thihat skill is not relevant, and we can
reduce all the skill levels to a single calculaticss follows. Note that this is
mathematically identical to taking a weighed averafjthe observed success rates, since
the observed success ratio is simply the obseruedesses divided by total attempts;
multiplying by the total attempts would just revetle calculation.

Mastery 0 and 3 Combined
Successes | Fails | Total | Success Ratio
Total Attempts 732 256 | 988 74.089%

Average success ratio: 74.0891%
Standard error: 1.394%
Margin of error (two sigma): 2.788%

Estimated cap: 74.0891% + 2.788%

Range: 71.301% to 76.877%

The following graph helps illustrate this conclusidNote that both axis scales have been
changed to show the data more clearly.

100%

90% -

80% ! !

70% A - ’

60%

280 290 300 310

‘ ® Observed Success Ratio === Calculated Cap == Low Cap = High Cap ‘

Human nature being what it is, the developers oéruest probably chose a round
number for the cap. Therefore, | would conclude tha cap is 75%.
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6.2. Determining the Trivial

Unlike the cap analysis, the data for the triviahiwot be combined; the slopes for
Mastery 0 and Mastery 3 are different. Therefoegheshould be analyzed separately.
Note that graphs in this section have an uppet bmithex-axis of 300.

6.2.1. Mastery 0 Data
The results of the linear regression are as follows

Mastery O
Observed | Predicted
Observed | Observed | Observed | Success Success
Modified Skill | Successes Fails Total Ratio Ratio

211 0 10 10 0.000% 11.915%
220 4 13 17 23.529% 19.730%
233 4 8 12 33.333% 31.018%
234 2 5 7 28.571% 31.886%
239 5 6 11 45.455% 36.228%
250 7 6 13 53.846% | 45.779%
262 11 11 22 50.000% 56.199%
267 4 3 7 57.143% 60.541%
271 5 1 6 83.333% 64.014%
278 7 5 12 58.333% 70.093%
282 8 3 11 72.727% 73.566%
284 7 3 10 70.000% 75.303%

Total 64 74 138

Again, the regression was done using two sigm#@margin of error.

y-intercept = -1.71302842 + 0.29305540, p-value < 0. 0002
Range of y-intercept: -2.29913923 to -1.12691762
Slope ( x coefficient) = 0.00868329 + 0.00115508, p-value < 0.0002
Range of slope: 0.00637313 to 0.01099345

¥ =0.00868329 X -1.71302842

R? = 0.849652289

Graphically, the data is as follows. The regres$iimais in black.
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It is interesting to note that there is a significdifference between the observed slope
and the known slope from the actual formula. Theeoked slope is approximately
0.00868 (to three significant figures), whereasftreulaic slope is exactly 0.01. This is
just barely within the margin of error, but it Etiépresents a difference of approximately
13% from the known slope. While this may appearamiit can lead to a huge distortion
in the calculated trivial. The following graph olagrs the previous one with the predicted
success rate of a combine with trivial 335, masfergnd a 75% success cap (in green).
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The visual disparity is striking, but the full ingiacan be seen if the upper and lower caps
are ignored, and both the regression line and thdigied success line are extended to
the zero-point on the&-axis. The observed data are not included for tgfarsake, but
they all exist within the yellow region (which islsa approximately the region
represented in the previous graph).

Comparison of Regression Line and Predicted Success Line
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Modified Skill

‘—Formulaic Chance === Regression Chance ‘

The difference at the zero skill point is considéea The regression line predicts
approximately -171%, while the formulaic line preidiapproximately -200%.

As explained earlier, the trivial can be determidgdsolving backwards from the y-
intercept, as follows:

Pr(Success | Mastery 0) = y =0.01 x +(.515-0.0075 x T)
Point value: -1.71302842 = .515 - 0.0075 x Thoint
Tpoint = 297.070 = 297
Maximum value: -2.29913923 = .515 - 0.0075 x Tmax
Toax = 375.218 = 375
Minimum value: -1.12691762 = .515 - 0.0075 x Tmin

Tmin = 218.922 = 219

Trivial range = 219 - 375
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Clearly, this answer is not useful. For examples iknown for certain that the trivial is
over 300; yet the analysis permits trivials in thege of 219-300. The disparity in slopes
between the regression formula and the known faamsilgenerating such a massive
range when the lines are extrapolated to yhetercept that little useful information
regarding the trivial can be derived.

6.2.2. Mastery 3 Data

Insufficient data was collected to perform an asiglyfor Mastery 3 combines. By
observing the graph of the data presented eailies immediately obvious that a
meaningful linear relationship cannot be derived.

6.2.3. Alternate Analysis

To avoid the problem observed when analyzing thetbtg O data, a manual regression
of sorts was run. Trivials must be whole integeluga, and the range is finite. In
addition, the slope of the equation is already kmdmom the in-game formula. All that is
needed is the intercept, which in turn is basethertrivial.

Therefore, the predicted chance to succeed for eadified skill was calculated for all
trivials in the range of 300-404 (that being thghast confirmed trivial in the game). An
advantage of this system is that it also allowedtli@ inclusion of the Mastery 3 data
with modified skills in the appropriate range. Tlodserved success rate at the
corresponding skill/mastery level was then subé@dctind the difference was squared.
The squared differences for each potential triviedre then added up. The lowest
observed difference was at a trivial of 340.

Seeking further confirmation, a weighed sum ofdhaared differences was taken. Each
squared difference was multiplied by the numbeswicess/fail results it represented,
added up for that trivial, then divided by the tatamber of success/fail results observed.
The lowest difference in this case appeared avialtof 342.

Both these results are within the range of possibleals determined by the linear
regression analysis performed previously. Furtheemibiey are more useful predictors of
the trivial because they are based on the knownuta, rather than a calculated estimate.

6.2.4. Additional Considerations

As previously stated, the trophies were originatlyented when the highest possible
difficulty was 255, which would correspond to avi@l of 342. At that time, the item with
the highest known trivial (335) had a difficulty 850. It is possible that the developers
chose to match the difficulty of those items, ahdsialso possible that they chose to
make the trophies the hardest-to-make items igdmee at that time.

We must also consider that the only known triviad & trophy is 335. This trophy is
made using poison-making, which is not one of tlédskills studied in this analysis.
There is reason to believe that poison-making isdlea differently from the other
tradeskills. Up until very recently, players coumgrease their skill in poison making by
using “training points” at their guild master. Thessentially allowed those players to
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increase their skill without any meaningful eff@amd with minimal cost. The general
tradeskills studied here all required players isedheir skill by actually making items
that are not trivial to them, which entailed a mugteater cost in platinum pieces
(money) and time. Since the trophies are intenddzkta reward for achieving high skill,
it is possible that the poison-making trophy isdiaed differently than the trophies for the
general tradeskills.

Lacking any additional information, | would conctidhat the statistical analysis is
correct and that the trivial is in the range of 3#2, or approximately 341.

6.3. Conclusions

The statistical analysis indicates that the mdsalyi trivial for the trophies is 341 + 1
point, with a success cap of 74.0891% = 2.788%a A®rking approximation, the trivial
is most likely 342 with a success cap of 75%.

6.4. Further Research

The primary problem with this analysis is a pauatydata at low skill levels (200-250).

This created the surprisingly broad range for theial when performing the linear

analysis. There were too few data points to esabdi good regression line, which
resulted in a broad range for possible trivial ealuFuture research would do well to
collect more data in this range.

Although the analysis did not test the slope inttheal analysis against the known slope,
it is interesting to note that the p-value of thee&r regression slope is significant. This
means that we would have had to reject a null thgms that the slope is 0.01. However,
we know for a fact that the slopsust be 0.01 from the in-game formula. Again, this
problem would likely be resolved with additionakaa@oints at the lower range.

Although the cap analysis proceeded smoothly, muidit data points in the cap range
would also help to narrow it down further.
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7. Appendices

7.1. Appendix 1: Raw Data

Mastery O
Modified Skill | Successes | Fails | Total | Success Ratio

210 0 3 3 0.0%
211 0 10 10 0.0%
212 0 2 2 0.0%
220 4 13 17 23.5%
233 4 8 12 33.3%
234 2 5 7 28.6%
238 3 1 4 75.0%
239 5 6 11 45.5%
250 7 6 13 53.8%
251 1 0 1 100.0%
252 1 0 1 100.0%
262 11 11 22 50.0%
267 4 3 7 57.1%
271 5 1 6 83.3%
272 1 0 1 100.0%
277 3 0 3 100.0%
278 7 5 12 58.3%
282 8 3 11 72.7%
284 7 3 10 70.0%
290 5 1 6 83.3%
291 3 0 3 100.0%
292 7 1 8 87.5%
298 6 1 7 85.7%
299 6 3 9 66.7%
300 32 9 41 78.0%
301 15 5 20 75.0%
302 43 9 52 82.7%
303 2 1 3 66.7%
304 27 7 34 79.4%
305 61 24 85 71.8%
306 21 5 26 80.8%
307 33 6 39 84.6%
308 49 27 76 64.5%
309 17 9 26 65.4%
310 6 2 8 75.0%
311 198 83 281 70.5%
312 4 1 5 80.0%
313 25 7 32 78.1%
315 1 0 1 100.0%
Total 634 281 | 915
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Mastery 3
Modified Skill | Successes | Fails | Total | Success Ratio

269 5 1 6 83.3%
270 6 0 6 100.0%
271 4 0 4 100.0%
288 1 0 1 100.0%
298 24 4 28 85.7%
299 87 21 108 80.6%
300 10 3 13 76.9%
301 37 20 57 64.9%
302 4 2 6 66.7%
Total 178 51 229

7.2. Appendix 2: Sample Implementation of the Success/Falil
Formulae

This is a code sample written in Visual Basic fgp#ications. It is designed to be used
as a custom formula in Microsoft Excel. It is inddd here to help the programmatically
oriented understand how the chance to succeedl & talculated.

Function SuccessRate

(

Trivial As Integer ,

RawsSkill As Integer ,

Optional  Modifier As Integer =0,
Optional Mastery As Integer =0,
Optional SuccessCap As Double =1,
) As Double

‘This function calculates the average (predicted) chance of success
‘for a given tradeskill combine.

‘Note: This code is significantly NOT optimized. | t's written
'to promote readability. There are a ton of optimi zations that
‘could be done to speed it up.

‘Expected Inputs:

‘Trivial: Integer greater than or equal to zero
'‘RawsSkill: Integer in the range of 0 to 300

‘Modifier: Integer greater than or equal to zero. 5 indicates 5%,
‘etc. This is optional; you may choose to not incl ude it. The
‘default value is no modifier. However, you must i nclude it if you
'use mastery or a success cap.

'‘Mastery: Integer from 0 to 3, inclusive. 0 = nom astery, 1 =
'Crafting Mastery 1, etc. This is optional; you ma y choose to not
‘include it. However, you must include it if you i nclude a success
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‘cap. If you include this value, you must also pro
‘'value. The default value is no mastery.

'‘SuccessCap: Floating point value from 0 to 1, inc
'the maximum chance to succeed at this item and ov
‘formulaic cap. The default value is 100%, or no ¢

'is optional, but if you include it, you must incl

‘and Mastery.

"The predicted average success rate for a given co
‘Double between 0 and 1, inclusive. Multiply by 10
'‘percentage as a number between 0 and 100.

'If invalid arguments are supplied, the function r

‘Error Checking

If Trivial<O
Or Rawskill <0
Or Rawskill > 300
Or Modifier <0
Or Mastery <0
Or Mastery > 3

Or SuccessCap <0

Or SuccessCap >1

Then

SuccessRate = -1
Exit  Function

End If

‘Combines with trivial 15 or less always succeed
If Trivial <= 15 Then
SuccessRate = 1
Exit  Function
End If

‘The skill modified by a geerlok or similar
Dim ModifiedSkill As Double

‘The base chance of success, before caps are appli
Dim PrecapRate = As Double

'The maximum chance to succeed a combine -- this i
Dim UpperCap As Double

'The minimum chance to succeed is fixed
Const LowerCap = 0.05

‘Calculate modified skill to account for geerloks

ModifiedSkill = Int (RawsSkill * (Modifier / 100 + 1))

‘Calculate the chance of success before the upper
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‘caps are applied

If Trivial < 68 Then

PrecapRate = (ModifiedSkill - Trivial + 66) / 100

Else

PrecapRate = (ModifiedSkill - 0.75 * Trivial + 51 .5) /100
End If

‘Apply mastery if appropriate
If RawSkill <>0 Then

Select Case Mastery
Case 1
‘Mastery 1 reduces the chance to fail by 10%
PrecapRate = PrecapRate + ((1 - PrecapRate) * 0
Case 2
‘Mastery 2 reduces the chance to fail by 25%
PrecapRate = PrecapRate + ((1 - PrecapRate) * 0
Case 3
‘Mastery 3 reduces the chance to fail by 50%
PrecapRate = PrecapRate + ((1 - PrecapRate) * 0
End Select

End If

'Calculate the upper cap for the chance of success

If RawsSkill >= Trivial + 40 Then

'‘Apply check for very trivial combines; it can re

'the chance to fail slightly

UpperCap = 0.95 + ( Int ((RawsSkill - Trivial) / 40)) / 100

'Chance to succeed can never exceed 100%, so chec k to make sure
'we never get above that
If UpperCap > 1 Then UpperCap =1
Else
UpperCap = 0.95
End If

'‘Apply the item cap

If SuccessCap < UpperCap Then
UpperCap = SuccessCap

End If

‘Apply upper and lower caps, and return the approp riate result
If PrecapRate > UpperCap Then

SuccessRate = UpperCap

Elself PrecapRate < LowerCap Then

SuccessRate = LowerCap

Else

SuccessRate = PrecapRate

End If

End Function
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7.3. Appendix 3: Demonstration of an EverQuest Tradeskill
Combine
This section is intended as a visual guide for¢heko have never played EverQuest or
similar games. It is a demonstration of a simplalcme to create a piece of armor called

“Banded Mail.” Our crafter first enters the smithpd purchases the needed supplies
from the vendor. In the background, you can seddige where the crafter will work.

Tells and Guild

Finding the necessary components for a tradesgithline is not always easy. Some
items are sold by vendors in unlimited quantitiesiile others have to be found by
adventuring or defeating enemies. Our adventutigaisded mail is made entirely with
store-bought items, so there is no problem withuactg the components.
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Once our crafter
has purchased the
components, she
approaches the
forge. Clicking on

the forge opens the

tradeskill container,
interface (to the
right) and the
character’s
inventory window
(on the left). From
the inventory
window, the smith
can view her
statistics, equipped
items such as
weapons and
armor, and bags.

N
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Next, our crafter
opens her bags tq
find the necessar
items. One of
each item needed
is placed inside
the forge. (A
Leatherfoot
Haversack is one
type of bag
available in the
game.)

Combine

Done

- Tontainer Xy

Ciane

Once all the items are placed
inside the container, the smith
presses the Combine button.
The game then determines
whether the combine
succeeded or failed. In this
case, it succeeded. The
components are “used up,”
and the resulting piece of
armor appears on the smith’s
cursor.

Our smith is now the proud
owner of a new suit of Banded
Mail!

combine

Fian
wane

FTnntainer | e
| Leatherfoot

L Banded Wail

Diane
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The smith also _
receives a text =
message confirming

the success. Notice i
particular the last twg
lines in blue text. The
first line indicates |
that this combine is
trivial — our smith
can no longer
increase her skill by
making Banded Mail
The second line
indicates a successful
combine.

ctional Mald!

B

For future combine
attempts, our smith can
use the so-called “new”
interface (implemented
around February 2004)
that allows her to see th
exact trivial of the item
she is making. The
Banded Mail she just
made has a trivial of
115. Notice that her
modified skill is
displayed in the upper
right hand corner.

<
fdir. Trivial:
iz, Trivial;

Partial Mame:

ed Helm
Ledoing

500

handed

E: h oy

TR
Blacksrmithing (240)

Forpe

Experiment
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7.4. Appendix 4: Effect of Masteries and Success Caps

As a final note, it is interesting to compare tloeemtial success rates for a combine done
with and without mastery. This allows us to seavhat point mastery becomes useful,
and at what point it ceases to provide a benetiedaradeskiller.

Consider the following graph, which depicts an iteuith trivial 335, no item success
cap, and all three mastery levels.

Comparison of the effect of Mastery
Trivial 335, no item cap, mixed Mastery
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Chance to succeed

‘— Mastery 3 Mastery 2 = Mastery 1 = Mastery O

In contrast, this next graph uses a trivial of 386.
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Comparison of the effect of Mastery
Trivial 386, no item cap, mixed Mastery
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Modified skill
‘—Mastery 3 Mastery 2 = Mastery 1 = Mastery O ‘
Finally, this last chart is an item with trivial 8&nd a 62% item cap.
Comparison of the effect of Mastery
Trivial 386, 62% item cap, mixed Mastery
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