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INVENTORIES IN RPGS AND 
ADVENTURE GAMES

Video games came a long way to be 
at where they are today. From the CRT 
Amusement Devices invented by physicists 
Thomas Goldsmith Jr. and Estle Mann in 
1947, to the OXO / Noughts and Crosses / 
Tic-Tac-Toe developed by Alexander Doug-
las in 1952, until we arrive at the Magnavox 
Odyssey, the first home console created by 
Ralph Baer in 1972, the same year Atari re-
leased its first product, the coin operated 
Pong (Dillon, 2011).

Was this long journey worth it? Screenshot from Link: 
The Faces of Evil (Philips Interactive Media, 1993); ex-
tracted from Zelda Wiki (http://zelda.wikia.com/).

The story of items and the inventory sys-
tems in video games started not long after 
that. It is probably mandatory, though, to 
cite the Dungeons & Dragons system of rules, 
developed by Gary Gigax and Dave Arne-
son in 1974, as a huge reference. In their 
system for pen and paper games, Gigax & 
Arneson (1974) created rules for carrying 
capacity and encumbrance, which consid-

ered the weight of the objects carried (even 
considering the weight of money in the 
form of gold pieces, a practice that thank-
fully is not very popular in games today).

The Dungeons & Dragons system was 
a huge inspiration for programmer Will 
Crowther that, in 1976, developed the text 
adventure game Colossal Cave Adventure. 
The game was expanded in 1977, with the 
help of Don Woods, an appreciator of J.R.R. 
Tolkien and high fantasy elements. In this 
game, you could type commands to execute 
actions and interact with objects such as 
keys and bottles. This interaction included 
collecting and later using such objects. Co-
lossal Cave Adventure is one of the most in-
fluential games of all time, and later had a 
graphical version developed, Adventure for 
Atari 2600, famous (among other reasons) 
for the first “Easter Egg” (Salvador, 2017).

All these adventure and RPG games in-
fluenced another wave of games like Aka-
labeth: World of Doom (1979), Wizardry: Prov-
ing Grounds of the Mad Overlord (1981) and 
Might and Magic Book One: The Secret of the 
Inner Sanctum (1986), the first games of re-
spectively the Ultima, Wizardry and Might 
and Magic video game series. Considered 
the establishers of the computer RPG genre, 
they further developed the idea of collecting 
items and using them whenever needed.

From all those popular and influential 
titles, many other video games and other 
very famous items and inventory screens 
appeared. I will talk more about these now 
and about one of them in particular.

http://zelda.wikia.com/


Screenshot from Akalabeth: World of Doom (Califor-
nia Pacific Computer Co., 1979); extracted from Old-
Games (https://www.old-games.com/).

The Legend of Zelda inventory screen (Nintendo, 1986). 
Screenshot from the game; extracted from Video 
Games Database (https://www.mobygames.com/).

INVENTORY TYPES AND THE 
VISUAL GRID INVENTORY 
PROBLEM

There are many different types of video 
game inventories, and ways these invento-
ries are “limited” by the programmers (Del-
laFave, 2014).

One of the most famous inventory types 
is the classic “Rule of 99” inventory, usual-
ly associated with JRPGs like Final Fantasy, 
Dragon Quest and Pokémon. This very sim-
ple inventory considers that the maximum 
number of copies you can carry of an item 
is a specific number defined by the game, 
usually 99 (though other random numbers 
may be possible — I am looking at you, 

Tales series). Also, this inventory type usu-
ally considers that all items are shared and 
can be used freely at any time between all 
party members (also with some notable ex-
ceptions).

Oh yeah… I guess there is this MissingNo. glitch as 
well… Screenshot from Pokémon Red & Blue (Ninten-
do, 1996); extracted from wikiHow (https://www.
wikihow.com/).

Another classic inventory type is the 
weighted inventory, particularly popular 
among western RPGs like Fallout and The 
Elder Scrolls, and in line with the encum-
brance rules of Gigax & Arnerson (1974). In 
the weighted inventory system, each object 
is assigned a numerical value representing 
its weight. A character can carry a limited 
total weight before being affected by a sta-
tus such as fatigue or reduced movement.

Finally, and most important for this arti-
cle, there is the visual grid inventory type. 
In this inventory system, instead of having 
an infinite amount of space to store items, 
you have a grid to organize them in. In this 
inventory system, the size and shape of each 
item may or may not vary. One example of 
grid where sizes and shapes do not vary is 
the Baldur’s Gate inventory system, where 
curiously a character could carry at most 16 
suits of full plate armor or 16 pearls.

The visual grid inventory system is pres-
ent in many games, but probably was pop-
ularized by the action-RPG Diablo and the 
survival horror game Resident Evil.

The visual grid inventory brought an 
interesting dynamic to video games. Now 
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you had limited inventory space and had 
to plan carefully what was worth bringing 
to underground dungeons or to the zom-
bie apocalypse — a small dose of realism in 
worlds full of demons or zombies.

Diablo 2 (Blizzard Entertainment, 2000) inventory. 
Screenshot from the game; extracted from Diablo 
Wiki (https://diablo.fandom.com/).

Organizing your equipment became 
a challenge on itself, and a challenge well 
studied by academics, as we will see.

THE TWO-DIMENSIONAL KNAP-
SACK PROBLEM

The Knapsack Problem is a classical 
problem in combinatorial optimization, be-
ing part of the broader class of Cutting and 
Packing (C&P) problems. In the Knapsack 
Problem, a set of entities are given, each 
having a value and a size, and the objective 
is to select one or more entities so that the 
sum of the sizes does not exceed a given lim-

it (the size of the knapsack), while the sum 
of the values of the selected entities is max-
imized (Martello & Toth, 1990). Knapsack 
problems have been studied by academics 
and practitioners for over a century, being 
able to model many industrial (and survival 
horror) situations. For instance, Salkin & de 
Kluyver (1975) discussed its many different 
applications in industrial situations such as 
cargo loading, project selection, and budget 
control, while also presenting others, like 
capital budgeting and selecting journals in 
a library. But no mention was made on how 
to select equipment for a survival horror 
scenario.

A mathematical formulation of the knap-
sack problem is:

where xj is the binary variable that de-
fines whether item j is “placed in the knap-
sack” or not; pj is the profit obtained by 
placing item j in the knapsack; rij is the units 
of resource i consumed by placing item j in 
the knapsack; and bi is the limit available 
(or budget) of resource i. As can be seen by 
this formulation, it is possible to have m 
different constraints (also called knapsack 
constraints), so that this problem can be 
called multidimensional knapsack problem 
(MKP), m-dimensional knapsack problem, 
multiconstraint knapsack problem, among 
other names (Chu & Beasley, 1998).

The “simple” knapsack problem is very 
similar to the weighted inventory dilemma 
a player faces when deciding which items 
to carry. Each item has a different numer-
ical value attributed to it, representing its 
weight or size, and we, the players, inter-
nally and empirically evaluate each item’s 
usefulness, and attribute to them a value (or 
profit). 

Two-Dimensional Knapsack Problem

https://diablo.fandom.com/


BOX 1. NP-Hardness.

In computational complexity theory (field 
in theoretical computer science and mathe-
matics, that studies and classifies problems 
according to their resource usage when 
trying to solve them computationally), NP 
(non-deterministic polynomial time) is a 
complexity class used to classify decision 
problems – problems with a yes/no an-
swer. 

A decision problem is classified as P (poly-
nomial time) if it can be solved “quickly” 
(note that we use the term “quickly” VERY 
lightly here), that is, if there is an algorithm 
that can solve this problem in polynomial 
time (as opposed to, for example, exponen-
tial time).

On the other hand, a decision problem is 
classified in NP if, given a candidate an-
swer to the problem, it can be verified in 
polynomial time (there are also other com-
plicated definitions here for NP problems, 
that involve solving them in polynomial 
time using nondeterministic Turing Ma-
chines, but we will not go down this path).

A practical example of a NP problem is a 
Sudoku. The decision problem (yes/no 
problem) can be: “given a sudoku puz-
zle, does it have a solution?” It may take a 
long time to find this answer. On the other 
hand, if the solution for the Sudoku is giv-
en, verifying whether the solution is cor-
rect is much quicker.

Other classic example is the problem of 
integer factorization – that is, the decom-
position of a composite number into a 
product of smaller integers. Factoring the 
number is a very hard problem. But verify-
ing whether a solution is true is as simple 
as multiplying the factors and confirming 
the solution.

A problem is classified as NP-hard, if it is 
at least as hard as the hardest problem in 
NP.

This “simple” knapsack problem is also 
known as one-dimensional knapsack prob-
lem. A variation of this problem considers 
that, instead of a subset of items with one 
or more one-dimensional constraints repre-
sented by a single number, the items instead 
are a subset of shapes that are to be packed 
into a larger shape (or multi-dimension-

al knapsack if you will). The most studied 
version of this problem is the orthogonal 
two-dimensional knapsack problem (2KP), 
where the input consists of a set of n small 
rectangles (thus “orthogonal”), each with 
their own width w, height h and profit p, to 
be placed without overlaps into a large rect-
angle of width W and height H, aiming to 
maximize the total sum of profits P. While 
the one-dimensional knapsack problem is 
known to be solvable in pseudopolynomi-
al time by dynamic programming, the 2KP 
is strongly NP-hard (Caprara & Monaci, 
2004).

Hard indeed. Resident Evil 4 (Capcom, 2005) invento-
ry screen. Screenshot from the game; extracted from 
Reddit (https://i.redd.it/6whpbicewnd01.jpg).

By considering the geometry and the ori-
entation of the pieces (or, in our definition, 
items), additional complexities can be add-
ed to the problem. Bortfield & Winter (2009) 
made a list of possible constraints and clas-
sified previous studies considering two 
criteria: (1) the type of stock of pieces: un-
constrained knapsack problem, where the 
number of copies per type is not fixed; con-
strained knapsack problem, where there is 
an upper limit of copies allowed; and dou-
bly constrained knapsack problem, where 
both an upper and lower limit of copies per 
piece are defined; and (2) the problem sub-
type: orientation constraint, whether pieces 
can be rotated or not; and a guillotine cut-
ting constraint, that considers whether piec-
es can be reproduced through a guillotine 
cut – this is more specific to the Cutting and 
Packing class of problems (C&P; see Box 2), 
to which the knapsack problem is a subtype.

Most studies on the two-dimensional 
knapsack problem consider only rectan-
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gular shapes (orthogonal two-dimensional 
knapsack problem, or 2KP). There is also a 
variation of this problem that consider the 
existence of irregular shapes, like the study 
from Del Valle et al. (2012). The present ar-
ticle will not consider this much more com-
plicated variation, though I advise that in 
case of a zombie apocalypse, all optimiza-
tion is valid.

BOX 2. Cutting and Packing Problems.

Cutting and Packing problems (C&P) is 
the name given for a broad range of prob-
lems that follow a similar logical structure, 
under different names, in the literature. 
Some examples are cutting stock and trim 
loss problems; bin packing, strip packing, 
vector packing, knapsack problems; vehi-
cle loading, pallet loading, container load-
ing problems; and capital budgeting and 
memory allocation problems. With few ex-
ceptions, scientific work on this topic start-
ed around the 1960s, with a fast-growing 
volume of articles dealing with different 
variations of the C&P in management sci-
ence, engineering science, information and 
computer sciences, mathematics and oper-
ational research fields (Dyckhoff, 1990).

Dyckhoff (1990) classified the C&P accord-
ing to several other characteristics: Dimen-
sionality (whether one or more dimensions 
of the geometry are considered); Quan-
tity measurement (if the dimensions are 
discrete or continuous); Shape of figures 
(form, size, orientation, regular or irregu-
lar forms); Assortment (shape and number 
of the permitted pieces); Availability (low-
er and upper bounds of quantities for each 
piece, sequence orders for the placement of 
pieces, dates to be cut or packed); Pattern 
restrictions (minimal distance between 
pieces, frequency and orientation of small 
pieces); Assignment restrictions (number 
of assignment stages, number, frequency 
or sequence of patterns, dynamics of allo-
cation); Objectives of the C&P; Status of in-
formation and variability (problem data is 
deterministic, stochastic or uncertain, and 
whether the data is strict or may be vari-
able).

ZOMBIE APOCALYPSE INVENTO-
RY MANAGEMENT HEURISTICS

In this article, I explore solutions to the 
two-dimensional knapsack problem as ap-
plied to Resident Evil, hoping to aid people 
during virtual zombie apocalypses. But 
before we start, we need a crash course in 
heuristics.

Heuristics are techniques designed for 
problem solving, based on previous expe-
riences and knowledge from similar prob-
lems. Heuristics employ a practical method, 
aiming to provide a good enough solution 
for the problem at hand within a reasonable 
time. They are not guaranteed to find an 
optimal solution, though, and are not able 
to recognize an optimal solution if one is 
found; also, no distance to the optimal solu-
tion can be computed or guaranteed.

Heuristic algorithms are usually divided 
into constructive heuristics and improve-
ment heuristics. Constructive heuristics 
build solutions by adding elements until 
the solution is completed, or the process 
is interrupted or finished with no feasible 
solution found. Improvement heuristics, on 
the other hand, start with an initial solution 
– a complete solution obtained by a con-
structive heuristic or a randomly generated 
one – and this initial solution is improved 
by applying small consecutive changes, un-
til a stopping criterion is met. Oliveira et al. 
(2016) discussed the existing heuristics ap-
plied to the two-dimensional rectangular 
strip packing problem (a problem within 
the C&P problems), classifying them as fol-
lows (this is a very brief summary of some 
of the methods, a much more extensive lit-
erature review is made by Oliveira et al., 
20161).

Constructive heuristics

• Positioning-based heuristics: the 
oldest heuristics in academic liter-
ature. They are flexible and able to 

1 Those authors also briefly comment on metaheuristics applied to the C&P problems, but a more specific review 
on metaheuristics is made by Hopper & Turton (2001), where tabu search, simulated annealing, genetic algorithms, 
among other metaheuristics applied to the 2D Strip Packing Problems, are discussed.
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incorporate most usual constraints 
of the problem. The Bottom-Left 
heuristic (BL), proposed by Baker 
et al. (1980), was the first position-
ing-based heuristic ever proposed 
and the most well-known (Oliveira 
et al., 2016). This heuristic is very 
fast, but as a drawback is unable to 
fill “holes”, or empty spaces sur-
rounded by pieces. Many heuristics 
were proposed to solve this issue; 
one of the most famous is the Bot-
tom-Left-Fill (BLF) proposed by 
Chazelle (1983). The BLF consider 
all empty spaces as admissible for 
placing new pieces, even when sur-
rounded by other pieces, and always 
results in solutions that are equal to 
or better than the BL. This search 
for empty feasible spaces, though, is 

much more complex and demand-
ing of computational time. Finally, 
the Improved Bottom-Left (iBL) pro-
posed by Liu & Teng (1999) always 
prioritize the down movement over 
the left movement, moving only the 
necessary minimum to the left when 
moving down is not possible.

• Fitness-based heuristics: these heu-
ristics focus on the empty spaces, 
searching for the best-fit between 
the piece to be placed and the empty 
spaces available. The Best-Fit heu-
ristic (BF) proposed by Burke et al. 
(2004), for example, locates the low-
est free space available, then searches 
for a piece that will perfectly fit that 

Examples of how the bottom-left (BL), bottom-left-fill (BLF), and improved bottom-left (iBL) heuristics work. Fig-
ure reproduced from Oliveira et al. (2016: fig. 3; CC BY 4.0).

Examples of application of the best-fit (BF) heuristic with different placements. Figure reproduced from Oliveira 
et al. (2016: fig. 4; CC BY 4.0).
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space. If there is no such piece, then 
the next largest piece that fits the 
space is chosen and placed. The lo-
cation of the placement can also have 
different rules: leftmost policy, next-
to-tallest policy, or next-to-short-
est-policy.

• Level-based heuristics: these heu-
ristics are very different from the 
previous two types, addressing a 
specific real-world problem where 
the level orientation of the layouts 
is a constraint, for instance when 
planning display of goods on super-
market shelves (Oliveira et al., 2016). 
The strategy for these heuristics is 
to place the pieces on parallel levels, 
where the height of each level is de-
fined by the tallest rectangle placed 
on it. One example is the heuristic 
proposed by Coffman Jr et al. (1980), 
the Next-Fit Decreasing Height 
(NFDH), in which rectangles are 
sorted by non-increasing height, and 
placed one at a time on the current 
open level, in the leftmost position, 
until there Is not enough space to ac-
commodate a new rectangle, and a 
new layer is opened. As mentioned, 
level-based heuristics address specif-
ic real-world problems, but has the 
limitation of not necessarily being 
ideal to optimize space in a knapsack 
for an end-of-world crisis.

Example of an application of the next-fit decreasing 
height heuristic (NFDH). The numbers on the blocks 
are the order they are placed. Figure reproduced from 
Oliveira et al. (2016: fig. 8; CC BY 4.0).

• Profile-based heuristics: the profile 
or contour is a concept introduced 
by Scheithauer (1997), consisting of a 
polygonal line starting from the left 
side of the large rectangle where the 
pieces are being placed, and ending 
on the bottom or right side of it, com-
posed by vertical and horizontal edg-
es. This concept was first introduced 
to build exact methods, but later its 
potential for developing heuristics 
was identified by other authors. One 
example is the study of Wei et al. 
(2011) that proposed the “Iterative 
Doubling Binary Search” heuristic 
(IDBS). In that work, a profile (called 
skyline) composed of the edges or 
extension of edges of already placed 
rectangles defined the feasible place-
ment points. Then, the IDBS ana-
lyzed where to place the next rect-
angle, according to several criteria 
using a scoring method.

Example of a contour line. Figure reproduced from 
Oliveira et al. (2016: fig. 9; CC BY 4.0).

Example of a skyline, used for the IDBS proposed by 
Wei et al. (2011), with the feasible placement points 
highlighted. Figure reproduced from Oliveira et al. 
(2016: fig. 11; CC BY 4.0).
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Improvement heuristics

• Search over sequences: improve-
ment heuristics based on the search 
over sequences strategy resort to 
modifications to the used sequence 
as the basis for the constructive heu-
ristic. There are two different opera-
tions, the insert operation – where a 
rectangle is taken out of the sequence 
and re-inserted in a different posi-
tion – and the swap operation – in 
which two rectangles exchange their 
positions in the sequence. The most 
basic search strategy is the Local 
Search (LS), in which an incumbent 
solution is tested and, if better than 
the current “best solution”, accepted. 
The search stops when a previously 
defined number of changes are test-
ed without improvement to the solu-
tion. Pure local search methods are 
known for getting stuck in local min-

ima (solutions that are better than 
any other solution that can be gener-
ated from it, but with no guarantee 
of global optimality) and, because 
of that, it is common for them to be 
combined with metaheuristic meth-
ods, like genetic algorithms, tabu 
search, or simulated annealing, to 
avoid being stuck in those solutions.

• Search over layout: in this improve-
ment heuristic, modifications are op-
erated directly over the layout of the 
solution, changing the position of two 
or more pieces based on their current 
placement. One example is the algo-
rithm proposed by Alvarez-Valdes 
et al. (2005), which defines a fitness 
value for each piece, based on how 
well it occupied the space, and then 
uses this value to define candidates 
to be replaced.

Overall structure of an improvement heuristic that searches over sequences. Figure reproduced from Oliveira et 
al. (2016: fig. 12; CC BY 4.0).
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TESTING HEURISTICS FOR THE 
RESIDENT EVIL INVENTORY 
MANAGEMENT PROBLEM (REIMP)

One important difference of the pro-
posed Resident Evil Inventory Manage-
ment Problem (REIMP) when compared to 
typical C&P explained above, is that C&P 
usually focuses on minimizing the space oc-
cupied in a deposit when placing all pieces 
(henceforth called “items”), instead of max-
imizing the profit by placing only a limited 
amount of items. The two-dimensional rect-
angular strip packing problem considers 
that the “container” has all dimensions but 
one fixed (in other words, the “height” of 
the deposit is limitless), and the idea is to 
minimize the height of the configuration of 
pieces, while pieces can be stacked indefi-
nitely. As such, there is no need to consider 
the concept of “profit” of each item since 
all of them must be placed. In the REIMP, 
however, the value empirically attributed 
to each item is important and must be con-
sidered for the best solution.

The characteristics of the REIMP are:

• The items are all rectangular, with 
sides varying from 1 to 8 units of 
length, with only integer values al-
lowed. The items cannot change 
their orientation (cannot be rotated). 

Though the non-rotation premise 
differs from what is possible in RE, 
this was considered to simplify the 
problem;

• Each item is assigned a “profit” val-
ue. The profit of each item is pro-
portional to its area, to avoid having 
very small items with very large val-
ues, which could skew the quality of 
the analysis. The profit is an integer 
value, and is calculated by multiply-
ing the area of the item by a random 
factor between 1 and 4 (not necessary 
an integer factor);

• The 2D knapsack (henceforth called 
“inventory” as per common sense) is 
a square of side of 24 units of length. 
The size of the knapsack is variable, 
and this square of 24 units of length 
is obviously different from the inven-
tory in RE, but the knapsack problem 
can be changed in our program;

• 100 items were generated random-
ly, and the objective of the REIMP is 
to maximize the total profit of items 
placed in the inventory;

• Other 2KP characteristics apply, 
such as: items cannot overlap; items 
cannot be placed partially; items can 
be placed next to each other with no 

Example of search over layout heuristic, where rectangle 1 is exchanged with rectangles 2, 3 and 4, resulting in a 
better solution. Figure reproduced from Oliveira et al. (2016: fig. 14; CC BY 4.0).
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gaps.

For this problem, the following heuris-
tics were tested:

• Bottom-Left Heuristic (BL);

• Improved Bottom-Left Heuristic 
(iBL);

• Improvement Heuristic based in 
the search over sequence technique, 
that consists of reordering the prior-
ity that the pieces of a first solution 
are tested, based on the height of the 
pieces (IH). This improvement heu-
ristic was applied to the solutions 
obtained by the BL (IHBL) and iBL 
(IHiBL). Strictly speaking, this is 
technically not really an improve-
ment heuristic, since it does not con-
sist of small and consecutive changes 
being applied to an existing solution 
until a stopping criterion; rather, it is 
more in line with a new priority rule 
for a new constructive heuristic;

• A routine that filled gaps once a first 
solution was defined, using a “brute 
force” approach (FG). This routine 
was possible due to the small size of 
the problem. This improvement was 
applied to the solutions obtained by 
the BL (FGBL) and iBL (FGiBL).

For the testing, 10 instances of 100 items 
each were generated. For each instance, the 
six heuristics were tested: BL, iBL, IHBL, 
IHiBL, FGBL, and FGiBL. The problem was 
modeled in VBA.

Since it is not possible to fit all items in 
the inventory, it is necessary to define the 
order that the pieces are tested and placed, 
or their priority. For this, all heuristics con-
sidered that the “Factor” of each item can be 
considered as the priority for that item (the 
factor being the profit divided by the area). 
In case of two items having the same factor, 
the tiebreaker was the area – the larger ones 
being tested first.

A disadvantage of this strategy is that 
testing the items according to their factor 
guarantees that we are prioritizing items ac-
cording to their profit to area ratio, but we 

are not looking into their shape. As such, 
there will be situations where large empty 
spaces are formed, since items with very 
different sizes are placed side to side. This 
can be mitigated by our Improvement Heu-
ristic (IH), which changes the orders that 
the shapes are placed. Once a solution was 
found for the BL and iBL, this IH was applied 
to both (IHBL and IHiBL, respectively). This 
heuristic considered all the items that made 
the first solution, and reorganized them ac-
cording to their height. Once this new order 
is defined, the same constructive heuristics 
are performed, considering this new order. 
This solution improved the organization of 
the pieces, reducing empty spaces. Then, 
once all previously placed items are placed 
again, the items that did not manage to fit 
the first solution are tested again, according 
to their factor.

Finally, the FG heuristic was applied 
to both the BL and iBL solutions. As men-
tioned before, this brute force approach 
checks all remaining pieces in order of their 
factor, and all empty spaces, trying to fit the 
remaining pieces.

The figures below show these six heu-
ristics tested for one of the instances of the 
problem. Finally, the Table 1 shows the re-
sults obtained for the ten instances.

As can be seen in Table 1, for all cases 
but one, the Improvement Heuristic pro-
vided better or equal results than the orig-
inal solution they started with. Comparing 
the BL and iBL heuristics, though, it is un-
clear which performs better with only ten 
instances of relatively small size; it depends 
on the configuration of the items. Finally, 
the FG routine presented better results with 
very few exceptions. Since this routine only 
tries to place additional items in the empty 
spaces, it will never present a worst result 
than the original ones and could be used af-
ter the IHBL or IHiBL.

Additional ideas could be tested to im-
prove upon these results. For instance, heu-
ristics that delete one of the items from the 
inventory – possibly the largest one – to see 
if the new arrangement reduces the number 
of empty spaces.
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Result for instance 1 of the BL heuristic.

Result for instance 1 of the iBL heuristic.
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Result for instance 1 of the IHBL heuristic.

Result for instance 1 of the IHiBL heuristic.
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Result for instance 1 of the FGBL heuristic.

Result for instance 1 of the FGiBL heuristic.
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CONCLUSION

As I discussed in a previous study (To-
motani, 2015), a zombie outbreak would 
probably have very damaging effects to 
human society as we know. Considering 
this, it is very important to know different 
optimization techniques that can be useful 
when planning for apocalyptic scenarios. 
Curiously, very few optimization studies 
focus on said scenarios, instead prioritizing 
industrial and supply chain problems to 
maximize profit. I emphasize that dealing 
with a zombie apocalypse capable of end-
ing humanity is probably an issue as rele-
vant as making rich people even richer and 
propose that more efforts should be direct-
ed to this area.
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